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ABSTRACT

Aim To obtain a plausible hypothesis for the historical distribution of North

Atlantic right whales (NARWs) (Eubalaena glacialis) in their summer feeding

grounds. Previously widespread in the North Atlantic, after centuries of hunt-

ing, these whales survive as a small population off eastern North America.

Because their exploitation began before formal records started, information

about their historical distribution is fragmentary.

Location North Atlantic and North Pacific oceans.

Methods We linked historical records of North Pacific right whales (E. japon-

ica; from 19th-century American whaling logbooks) with oceanographic data to

generate a species distribution model. Assuming that the two species have simi-

lar environmental preferences, the model was projected into the North Atlantic

to predict environmental suitability for NARWs. The reliability of these predic-

tions was assessed by comparing the model results with historical and recent

records in the North Atlantic.

Results The model predicts suitable environmental conditions over a wide,

mostly offshore band across the North Atlantic. Predictions are well supported

by historical and recent records, but discrepancies in some areas indicate lower

discriminative ability in coastal, shallow-depth areas, suggesting that this model

mainly describes the summer offshore distribution of right whales.

Main conclusions Our results suggest that the summer range of the NARW

consisted of a relatively narrow band (width c. 10° in latitude), extending from

the eastern coast of North America to northern Norway, over the Grand Banks

of Newfoundland, south of Greenland and Iceland, north of the British Isles

and in the Norwegian Sea. These results highlight possibilities for additional

research both on the history of exploitation and on the current summer distri-

bution of this species. In particular, better survey coverage of historical whaling

grounds could help inform conservation efforts for this endangered species.

More generally, this study illustrates the challenges and opportunities in using

historical data to understand the original distribution of highly depleted

species.

Keywords

Boosted regression trees, Eubalaena, historical distribution, right whale,

species distribution models, whaling.
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INTRODUCTION

The North Atlantic right whale (NARW, Eubalaena glacialis)

is a migratory species that feeds during the summer at high

latitudes and migrates in the winter to calve in temperate

coastal waters (Kenney et al., 2001). It is thought to have

occurred previously as at least two populations (eastern and

western Atlantic), although genetic analyses suggest they were

not genetically differentiated (Rosenbaum et al., 2000b). Its

commercial exploitation spanned over a thousand years, first

by the Basques (Aguilar, 1986), then by the Dutch, English,

Americans and other nationalities, as one of the most desir-

able targets of the 17th- to 19th-century whaling industry

(Reeves et al., 2007). By 1750, NARWs were considered com-

mercially extinct (Allen, 1908), but as the few remaining

individuals continued to be opportunistically taken by whal-

ers, the species became close to biological extinction before it

was given full legal protection in 1935 (Reeves et al., 2007).

Today, it is classified as endangered by the International

Union for Conservation of Nature’s Red List of Threatened

Species (Reilly et al., 2012). There are currently around 500

right whales in the western North Atlantic (Pettis, 2013). In

the eastern Atlantic, they are considered functionally extinct,

with only a few records in the past 50 years (Reilly et al.,

2012).

Understanding the historical pre-whaling distribution of

NARWs can shed light on the impact of past hunting and

on the potential for recovery now that the main historical

threat has been eliminated. However, given the ancient his-

tory of exploitation, data on this species’ historical distribu-

tion are very fragmented, with ancient observations plagued

by taxonomic and spatial uncertainty. As we go back in time,

it becomes more difficult to identify records to species, as a

combination of less detail and fuzzier whale taxonomy

(Romero, 2012). Older records also often have little geo-

graphic precision, particularly those corresponding to sum-

mer occurrences. Indeed, whereas right whale exploitation in

the winter mainly targeted females and calves in calving bays

or along their coastal migration routes, summer whaling was

not necessarily coastal. With methods for accurately measur-

ing longitude at sea only available from the late 18th century,

earlier offshore records are scarce. Even today, a bias remains

towards coastal occurrences, with the bulk of monitoring

effort on the eastern North American coast (Winn et al.,

1986; Pettis, 2013; Whitt et al., 2013).

Correlative species distribution models (SDMs) can be

generated from relatively simple distributional data com-

bined with environmental information to produce a geo-

graphic description of the potential distribution of a species

(Guisan & Zimmermann, 2000; Guisan & Thuiller, 2005;

Elith & Leathwick, 2009). Given their wide applicability,

they have been described as the main predictive tool in

ecology (Dawson et al., 2011; Bellard et al., 2012). In a con-

servation context, they can help identify priority areas for

additional sampling of rare species (e.g. Engler et al., 2004;

Guisan et al., 2006) or support conservation planning efforts

(Rondinini et al., 2006). SDMs have even been used specifi-

cally to guide management decisions affecting threatened

whale populations (e.g. Keller et al., 2012; Mannocci et al.,

2013; Bombosch et al., 2014; Gowan & Ortega-Ortiz, 2014),

sometimes on the basis of historical exploitation data (Torres

et al., 2013). SDMs can be extrapolated across space (e.g. for

predicting the potential distributions of invasive species;

Peterson & Vieglais, 2001; Ficetola et al., 2007), across time

(e.g. for predicting range shifts under future climate scenar-

ios; Ara�ujo et al., 2005; Thuiller et al., 2005; Garcia et al.,

2012) and even across species (e.g. to identify areas likely to

harbour still undescribed species; Raxworthy et al., 2003).

The North Pacific right whale (NPRW, Eubalaena japon-

ica) was also nearly driven to extinction by whaling, but its

exploitation history is quite different. Despite some ancient

whaling (Omura, 1986; Huelsbeck, 1988; Lee & Robineau,

2004), the bulk of its exploitation occurred in relatively

recent times, mainly in the mid-19th century (Josephson

et al., 2008). Whaling took place across all its summer range,

as American pelagic whalers explored the entire North Paci-

fic. This particular episode of the history of whaling is well

documented in the logbooks of American whaling ships

(Smith et al., 2012), which thus provide a unique snapshot

of the summer distribution of this species prior to its severe

depletion.

These two species of right whales have a similar feeding

behaviour, being both slow cruisers and specialist copepods

filter feeders (Kenney, 2009), and share the same body mor-

phology in adaptation to this particular diet (Woodward

et al., 2006). In fact, for lack of evidence of significant differ-

ences, they were long considered a single species (Rice, 1998)

and only recently distinguished through genetic analyses

(Rosenbaum et al., 2000a; Sasaki et al., 2005). Phylogeneti-

cally related species often share the same ecological traits that

affect how their distributions relate to environmental condi-

tions (Wiens et al., 2010). Historical occurrence data for the

NARW are too deficient to generate a basin-wide SDM. But

if these two species share similar environmental preferences,

data from the well-documented historical summer distribu-

tion of the NPRW can inform the little-known historical

feeding grounds of the North Atlantic species.

Here, we predict the potential summer distribution of

NARWs from a SDM incorporating environmental data and

whaling records of NPRWs, assuming that the two species

select the same type of environments. We then investigate

how informative such predictions are by discussing whether

they are supported by historical records in the North

Atlantic.

METHODS

Historical records of NPRWs

Distribution records of NPRWs were obtained from 19th-

and early 20th-century logbooks kept aboard American off-

shore whaling ships (Maury, 1852; Townsend, 1935; Smith
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et al., 2012). Logbooks provide information on the date,

location and species of whales seen or caught, as well as

information on the days when none were reported. We

examined records of NPRW presence and absence in sum-

mer (June–September) north of 20°N, obtained from a sam-

ple of these logbooks (Smith et al., 2012). The dataset

included c. 46,000 point records, including c. 4400 presences,

between 1819 and 1904 (91% of presence records from 1840

to 1850). Point records were gridded at a 1° 9 1° resolution,
excluding cells with fewer than three observations to mini-

mize the effect of false absences (Appendix S4 in Supporting

Information). We tallied the number of observations of right

whales and the number of observations where no right

whales were reported. The sampling effort was 2176 grid

cells, of which 611 were presences. See Appendix S1 for

details.

Environmental data

During the summer months, right whales are actively

engaged in feeding, and their distribution is believed to be

mostly driven by the distribution of their prey, mainly cope-

pods (Nemoto, 1970; Murison & Gaskin, 1989; Mayo &

Marx, 1990). No dataset is currently available on the distri-

bution of copepods at a global scale, but other oceano-

graphic and topographic variables correlated to their

distribution can be used (Rutherford et al., 1999; Friedlaend-

er et al., 2006; Gregr & Coyle, 2009).

We considered three climate variables – sea surface tem-

perature (SST) (Norberg & DeAngelis, 1997; Rutherford

et al., 1999; Gregr & Coyle, 2009), mixed layer depth (MLD)

(Baumgartner & Mate, 2003) and net primary productivity

(NPP) (Norberg & DeAngelis, 1997) – and three bathymetric

variables – depth (DEPTH), slope (SLOPE) and distance to

land (LANDDIST) (Hamazaki, 2002; Kaschner et al., 2006;

Gregr, 2011; Torres et al., 2013). They were selected for

being known to be correlated with the presence of right

whales and/or copepods in summer (see Appendix S2). SST,

MLD and NPP were averaged over the summer months

(June–September) to capture the environmental conditions

encountered during the main feeding period of NPRWs

(Clapham et al., 2004). A long-term climatology was

obtained by averaging SST and MLD over almost the entire

20th century (1900–92) and for NPP, which relies on more

recent satellite data, over the period 1998–2007. Environ-

mental data were aggregated at a 1° 9 1° resolution, using

the ‘raster’ package (Hijmans, 2014) in R 3.0.2 (R Develop-

ment Core Team, 2013) to match the occurrence data.

Species distribution modelling

We used boosted regression trees (BRT, Elith et al., 2008)

to combine environmental data with NPRW historical

records to generate predictions of the environmental suit-

ability for right whales in the North Atlantic. BRTs are

based on classification trees, avoiding assumptions regarding

variable distributions and optimizing model predictions

through iterative bootstrapping. They are able to fit com-

plex nonlinear relationships between predictors and the

response variable (Elith et al., 2008) and have been shown

to perform among the best when evaluating presence–
absence classification rates (Elith et al., 2006). Model

parameters were selected to optimize the model using the

‘caret’ (Kuhn, 2008) and ‘dismo’ (Hijmans et al., 2013)

packages in R. Fitted functions and relative influence of

each variable, measured by the number of times this vari-

able is selected for tree splitting (Elith et al., 2008), are pre-

sented in Appendix S3. Predictions of environmental

suitability from the BRT were mapped on a 1° 9 1° grid in

the North Pacific and the North Atlantic, by assigning a

probability value to each cell based on its environmental

values and the model’s fitted functions. Before predicting

into new areas, we eliminated cells with environmental val-

ues outside the range used to calibrate the models. The

envelope of predicted presence was defined by applying a

threshold which maximizes the sum of sensitivity and speci-

ficity (defined, respectively, as the proportion of accurately

predicted absences/presences) (Jim�enez-Valverde & Lobo,

2007). Statistics on classification rates were then calculated

to check on the predictive ability of the model within the

calibration area by performing a fivefold cross-validation

with a training and test dataset (a random selection of,

respectively, 75% and 25% of the whaling data). The area

under the receiver operator curve (AUC) (Pearce & Ferrier,

2000) and the true skill statistics (TSS) (Allouche et al.,

2006) were used to evaluate the model in this context

(Appendix S3).

To test the extent to which the modelling assumptions

affect the results, we also generated a SDM using a general-

ized additive model (GAMs; Hastie & Tibshirani, 1986).

Results are similar to those of the BRT model (see Appendix

S4) and are not further discussed.

Historical records of NARWs

We reviewed the literature for confirmed or likely records of

NARWs up to 1950, known or strongly suspected to have

occurred between June and September. We concentrated on

secondary sources reviewing the history of whaling by the

main people known to have exploited right whales in the

North Atlantic (Spanish and French Basques, Norse, Ameri-

cans, English and Dutch), complemented by selected primary

sources. We focused on records for which there was high

confidence in species identification and high spatial precision

(close or within 1°), but we have also included records with

some taxonomic ambiguity (in particular, risk of confusion

with bowhead whales Balaena mysticetus) as well as some

records for which location was less precise. For further con-

text, we also mapped recent records (post-1950) outside the

main areas where the species is currently found. Data were

entered into a database capturing each record’s location,

time, spatial/taxonomic uncertainty and sources.

Diversity and Distributions, 21, 925–937, ª 2015 John Wiley & Sons Ltd 927
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The resulting dataset is not of sufficient quality for a

quantitative validation of the model’s predictions in the

North Atlantic. It was therefore used in a qualitative valida-

tion, contextualized by broader information on the history

of whaling across the North Atlantic.

RESULTS

Historical records of NPRWs

Records of NPRW presence or absence were widely distrib-

uted across space, with a bias in sampling effort towards

exploited whaling grounds and corridors connecting whaling

grounds and main ports (e.g. Hawaii) (Fig. 1a). As shown by

previous authors (Maury, 1852; Clapham et al., 2004; Gregr,

2011; Smith et al., 2012), whaling records indicate that

NPRWs were historically concentrated in the summer in five

main areas: the Gulf of Alaska, the south-eastern Bering sea,

east of Kamchatka and the Kuriles, the Sea of Okhotsk and

the Sea of Japan (Fig. 1b).

Species distribution model

The BRT fitted the data very well, explaining 67.2% of the devi-

ance. An AUC value of 0.93 illustrates its good discrimination

ability, that is the ability to correctly distinguish between occu-

pied and unoccupied sites. The TSS value of 0.74 indicates a

good agreement between the predicted and observed values. The

BRT prediction was mostly driven by SST, NPP and MLD

(respectively 43.1%, 23.4% and 13.5% of relative influence). The

fitted functions indicated that the suitable feeding habitat for the

NPRW was characterized by a surface temperature comprised

between 5 and 15 °C, NPP above 500 mg C m�2 day�1 and

MLD < 20 m (Fig. S1). DEPTH and LANDDIST contributed,

respectively, to 10.9% and 9.0% of the model. SLOPE contrib-

uted to < 5% to the model and was removed from the analysis.

Gulf of Alaska
Bering Sea

KamchatkaSea of 
Okhotsk

Sea of Japan
Yellow 

Sea

Washington
Oregon

Kuril
Islands

Bering Strait

10° N

20° N

30° N

40° N

170° W170° E 180° 120°140° 160° 150° 140° 130°130° 110°160°150°

(a)

224

1

(b)

(c)

1

0.32

E
ffo

rt

p

Figure 1 Historical data and model

predictions in the North Pacific. (a)

Sampling effort (measured as number of

days when whalers were present in each

cell according to 19th-century American

whaling records) and geographic

locations mentioned in the text. Effort

was concentrated in the main whaling

grounds for: sperm whales, around 30°N;
bowhead whales near the Bering Strait;

and North Pacific right whales (NPRWs)

in the Gulf of Alaska, east of Kamchatka,

in the Sea of Okhotsk and in the Sea of

Japan. (b) Historical distribution of

NPRWs in the summer months (June–
September), based on the whaling

records. Data include both presence (red,

where right whales were seen or caught)

and absence records (blue, cells visited by

whalers, but where no right whales were

reported in the examined logbooks);

white cells were not visited. (c) Predicted

environmental suitability from a species

distribution model fitted to the historical

records. Shades of red indicate

progressively higher suitability as

predicted by the BRT models (above the

P = 0.32 threshold); blue cells

correspond to areas where the species is

predicted as absent; and white cells are

areas for which no reliable predictions

can be made. All data are presented on a

1° 9 1° grid in Bonne projection

(standard parallel: 30°N; central
meridian: 170°W). BRT, boosted

regression trees.
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Model predictions

In the North Pacific (Fig. 1c), the model predicts high envi-

ronmental suitability in a wide band across the northern

extent of the basin, including all the whaling grounds but

extending somewhat into a few other areas such as coastal

Oregon and Washington States (USA) and the Yellow Sea.

In the North Atlantic, high environmental suitability is

predicted in a wide continuous band extending from the

eastern coast of North America (north of Virginia) to north-

ern Norway (Fig. 2b). A few small pockets of high suitability

were predicted around the Iberian Peninsula and in the

northern Mediterranean Sea.

The species’ potential presence envelope was defined in

both basins to encompass cells with a predicted environmen-

tal suitability superior to a threshold P = 0.32 (Fig. 2c).

Areas in the North Atlantic for which no predictions could

be made (i.e. with environmental conditions that were not

adequately sampled by whaling records in the North Pacific;

Appendix S3) include a patch east of Greenland as well as

most of the Arctic regions, the Baltic Sea and the southern

North Sea.

Historical records of NARWs

We found a total of 145 pre-1950 records, generally related to

whaling activities and spanning a period of nearly 400 years

(Table S2; Figs 2c and S3). These included 19 records for

which species identity was not certain and 33 for which the

location was only approximate. We also recorded and mapped

30 recent records (post-1950) outside the main current sum-

mer grounds (Table S3; Figs 2c and S4). Both historical and

recent records cover a wide area across the North Atlantic.

DISCUSSION

We found good – but not perfect – agreement between the

model’s predictions (Fig. 2b) and the spatial extent of the

historical records of the NARW (Fig. 2c). Both suggest that

this species’ historical feeding grounds extended across the

North Atlantic, in a wide band from eastern North America

to northern Norway, over the Grand Banks of Newfound-

land, south and east of Greenland’s Cape Farewell, south of

Iceland, north of the British Isles and in the Norwegian Sea.

This distribution pattern was mainly driven by cold tempera-

tures, high productivity and low MLD.

Before discussing in more detail the extent to which the

historical records support the model’s predictions, we discuss

key assumptions and caveats of our study that must be taken

into consideration (also see Appendix S6).

Assumptions and caveats

Species distribution models represent the realized distribu-

tion of a species at a given time and place (Peterson et al.,

2011), not differentiating among the factors limiting species

distribution (such as prey availability, presence of competi-

tors or dispersal limitations). This calls for caution when

interpreting the results of models transferred across species

and across temporal or geographical scenarios (Randin et al.,

2006; Sinclair et al., 2010).

The model we have generated is only informative of the

historical distribution of the NARW if this species’ environ-

mental requirements are similar to those of the NPRW. Given

this strong assumption, the model’s predictions must be

interpreted as a hypothesis for – rather than as a reconstruc-

tion of – the historical distribution of the NARW. As previ-

ously discussed, the species’ similarities in ecology and

morphology justify that we explore this hypothesis. The main

drivers of our prediction (SST, NPP and MLD) are consistent

with those found in previous studies on the distribution of

right whales (Baumgartner & Mate, 2003; Gregr, 2011; Torres

et al., 2013), reinforcing our assumption that right whales’

distributions are generally driven by the same mechanisms.

The North Pacific whaling records are an exceptional data-

set for developing a SDM. They can nonetheless include a

number of false absences and false presences, as a result of

biases (in sampling effort across space and time) and errors

(in location and in species’ identifications). We attempted to

reduce these by analysing only cells with a reasonable sam-

pling effort and by reducing sources of confusion with bow-

heads (Appendix S1). Nonetheless, we were unable to correct

for the poor representation of shallow-depth data in the

NPRW records (given that they correspond to offshore whal-

ing operations) and its potential effects on the model’s dis-

criminative power in shallow-depth areas.

Our analysis is based on a geographic extrapolation from

the North Pacific to the North Atlantic. We restricted predic-

tions to the environmental envelope sampled by whalers in

the Pacific Ocean to ensure that areas where we predict high

environmental suitability are represented in the dataset used

to calibrate the model, reducing one of the main sources of

uncertainty under predictions of new scenarios (Zurell et al.,

2009). We were, however, unable to control for other poten-

tial differences between basins (e.g. in prey availability, in the

interactions between oceanographic conditions) which might

limit the transferability of the statistical correlation found in

one ocean basin into the other one (Randin et al., 2006).

Process-based models combining behavioural and environ-

mental factors could lead to a better understanding of the

underlying processes driving right whales distribution (Pala-

cios et al., 2013) but would require extensive physiological

and behavioural information that are difficult to gather for

these rare species.

By fitting the model using occurrence data mainly from

the mid-19th century (1840–50) and environmental data

from the 20th century (MLD and SST 1900–92; NPP 1998–
2007), we necessarily assumed that the environmental spatial

structure of the data has remained unchanged. Climatic vari-

ation, both longer-term directional changes (e.g. warming

since the end of the Little Ice Age; Mann et al., 2008)

and shorter-term cycles (e.g. El Ni~no Southern Oscillation,

Diversity and Distributions, 21, 925–937, ª 2015 John Wiley & Sons Ltd 929
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Nicholls, 2008; Pacific Decadal Oscillation, Mantua & Hare,

2002), is known to affect the distribution of marine species

(e.g. Evans & Bjørge, 2013) and may therefore affect the

results of our analyses. However, the use of occurrence data

collected throughout the 19th century and of environmental

data obtained by averaging long-term climatology is likely to

mitigate these effects, by retaining the strong, persistent, sea-

sonal signals in the data (Gregr, 2011). Furthermore, in a

previous study facing a similar challenge, Gregr (2011) found

that a review of climatic reconstructions did not reveal major

differences in the North Pacific climate between the

mid-19th and the 20th centuries.
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Figure 2 Model predictions and historical data in the North Atlantic. (a) Map of the North Atlantic indicating place names mentioned

in the text. (b) Predicted historical distribution of the North Atlantic right whale in the summer months (June–September) based on a

species distribution model (BRT) fitted to whaling records for the North Pacific right whale and extrapolated geographically into the

Atlantic. Shades of red indicate progressively higher environmental suitability as predicted by the model (above the P = 0.32 threshold);

blue cells correspond to areas where the species is predicted as absent; and white cells are areas for which no reliable predictions can be

made. (c) Historical records, obtained by reviewing the literature for confirmed or likely records from June to September. The area

shaded in pink corresponds to the envelope of predicted presence as mapped in (b) (presented to facilitate comparisons with b).

Symbols correspond to 142 historical (pre-1950) records from 1583 to 1935, distinguishing those for which there is higher (red symbols)

or lower (open symbols) confidence in the species’ identity and those for which there is higher (circles) or lower (triangles) precision in

location. In addition, the map includes 26 recent (post-1950) records outside the main summer grounds (black crosses). See Figs S3 and

S4, and Tables S2 and S3 for details on each record. All data are presented on a 1° 9 1° grid in Bonne projection (standard parallel:

30°N, central meridian: 20°W). BRT, boosted regression trees.
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The NARW historical records we compiled constitute the

most comprehensive dataset currently available on the histor-

ical summer occurrence of this species. Yet, it is biased spa-

tially (towards coastal areas, where whales were more

accessible) and temporally (towards a recent period when

records became more detailed, despite the species being

rarer) and plagued by geographic imprecision (location is

only approximate for 23% of records) and by taxonomic

uncertainty (for 13% of records). These limitations preclude

the use of these data in a quantitative validation of the mod-

el’s predictions. Instead, we discuss qualitatively, region by

region, the extent to which the historical (Table S2) and

recent (Table S3) records either support or contradict the

model’s predictions (Figs 2c, S3 and S4), keeping in mind

the strengths and limitations of both the data and the

model.

We place this discussion within the broader background

of the history of whaling in each region, which provides

additional records at the regional scale (too imprecise to

map) and insights into whaling effort that contextualize the

records in each region. Moving from west to east across

the Atlantic, we discuss in particular the few instances where

the model and records disagree.

Comparison between the model predictions and

species records in the North Atlantic

The model predicts an area of suitable habitat for NARWs

off the eastern coast of the United States south of Cape Cod,

supported by a few historical records from coastal whaling

operations, as well as by recent records (NOAA-NEFSC,

2013).

North of Cape Cod, the model predicts suitable areas

over the continental slope, but absence in the shelf areas

(Gulf of Maine, Nova Scotia; no predictions for the Bay of

Fundy). The records show little evidence of historical pres-

ence of right whales in summer along this coast (Reeves

et al., 1999, 2002) and therefore present no major contra-

diction to the model predictions. However, both the model

predictions and the historical records disagree with today’s

known distribution of NARWs, as this shelf area appears

to be the main region where right whales currently concen-

trate in the summer (NOAA-NEFSC, 2013; Wikgren et al.,

2014). This discrepancy likely results from the model’s

poor capacity to discriminate habitat in shallow waters

(having been calibrated mainly with deep waters data; Fig.

S1). But the scarcity of historical records also raises the

possibility that this region might not have been as impor-

tant historically this species, at least in relative terms, as it

is today.

The model predicts a broad suitable area over and around

the Grand Banks of Newfoundland, well supported by 18th-

century American whaling records (e.g. specifically referring

to right whaling ‘east of the Grand Banks’; Reeves & Mitch-

ell, 1986; and an earlier map of an ‘abandoned’ right whale

ground in this general area; Clark 1887).

Historical and recent records also support the predictions

of suitable habitat around the coast of Newfoundland and

into the Gulf of Saint Lawrence. This region was well known

to 16th- and 17th-century Basque whalers (Ciriquiain-Gaizt-

arro, 1961; Du Pasquier, 2000), but studies of the history of

Basque whaling have focused on the northern Gulf of Saint

Lawrence and Strait of Belle Isle (Barkham, 1974), with

recent genetic studies indicating that bowheads were the

focus (McLeod et al., 2008). But a 1538 report explicitly

mentions whaling in south-east Newfoundland (Hakluyt,

1889), suggesting Basques exploited a wider area. Further-

more, historical references to separate summer and early

winter whaling seasons suggest that both right whales and

bowheads were targeted (but see McLeod et al., 2008).

A few historical records off northern Labrador are not

supported by the model’s predictions. However, species iden-

tity is uncertain for these records, which may plausibly corre-

spond to bowheads, as this falls within the historical summer

distribution of this species (Reeves et al., 1983). These

records are therefore not a main challenge to the model’s

predictions.

A large area of high suitability is predicted south and

south-east of Greenland, and south of Iceland. This includes

the area known as the Cape Farewell Ground, where the his-

torical presence of NARW is well supported by 19th-century

American whaling records (Reeves & Mitchell, 1986; Reeves

et al., 2007). Basque whalers might have also caught right

whales in this region during the 17th–18th centuries (Du

Pasquier, 2000). Furthermore, it is one of the few regions

outside the eastern North American coast where NARWs

have been recorded recently (Brown et al., 2007; Mellinger

et al., 2011).

Predictions of presence off the southern coast of Iceland

are supported by historical records, including some too

imprecise to map (‘about 50 miles to the west of that island’,

‘to the south-east of Iceland’; Collett, 1909; Du Pasquier,

2000). Several historical records off north-western Iceland

seem to contradict the model’s predicted absence (Lindquist,

1994; Edvardsson & Rafnsson, 2006) but are in fact located

within coastal cells where the model makes no predictions.

The Faroe Islands are well within the model’s predicted

area of historical presence, whereas the Shetlands are at the

edge. Historical records indicate that right whales were taken

off both archipelagos (Jonsg�ard, 1977).

Model predictions are contradicted by a concentration of

historical records off the Hebrides and Ireland, a region pre-

dicted as unsuitable. This may again reflect the model’s lim-

ited predictive capacity in shallow-depth regions. However,

these records correspond to a specific whaling period, whose

well-documented details (Haldane, 1905, 1907; Collett, 1909;

Thompson, 1918) suggest an exceptional rather than regular

presence of NARWs. Indeed, despite ongoing whaling effort

(for fin and sei whales, Balaenoptera physalus and B. bore-

alis), no right whales were reported off the British Isles

between 1889 and 1904. In contrast, 63 were captured

between 1905 and 1914, with ‘several hundred’ seen in 1908
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(Collett, 1909). This is reminiscent of concentrations occa-

sionally observed in other pelagic fisheries, associated with

exceptional oceanic conditions (e.g. Fonteneau et al., 2008).

If an oceanic anomaly is the explanation for these records,

they would in any case be impossible to predict with a model

based on a long-term averaged climatology.

The model predicts suitable habitat in the Norwegian Sea

and around the North Cape. This is supported by a few

coastal whaling records, reflecting a 17th- to 18th-century

right whaling ground (see Smith et al., 2006 for a review).

Du Pasquier (2000) collected > 200 records of Basque whal-

ing trips to ‘Norway’ that we could not map but which

could have plausibly corresponded to whaling in this area.

There are also two recent records for this region.

Outside the main band of predicted suitability, the model

predicts a few patches of suitable habitat around the Iberian

Peninsula and in the northern Mediterranean Sea. Of these,

only in the Gulf of Biscay we found an historical summer

record, but in an area where whaling historically took place

in the winter (Aguilar, 1986; Azpiazu, 2000; Barkham, 2000).

These areas are known to have high concentrations of zoo-

plankton that support feeding populations of whales (e.g. of

fin whales Balaenoptera physalus in the north-western Medi-

terranean Sea; Notarbartolo-Di-Sciara et al., 2003), but given

the lack of support for the predicted presence of NARWs, we

cannot rule out the possibility that the model overestimates

the historical distribution of the foraging grounds for this

species.

Conversely, there are a few records outside the area pre-

dicted by the model. A historical record off Jan Mayen (of

low species certainty) and a recent record in the Baltic

(where the model makes no predictions) are not major chal-

lenges to the model. But a historical record north of the Az-

ores and two recent records to the northwest of the Iberian

Peninsula contradict the model’s predicted absence. These

are reminiscent of a few isolated records in the central North

Pacific (between 20° and 40°N, also outside the area pre-

dicted by the model; Fig. 1a), where their rarity despite high

whaling effort (for sperm whales) suggests that they corre-

spond to migrating individuals rather than regular feeding

grounds.

CONCLUSIONS

The generally high agreement between the model predictions

and the historical records suggests that the model based on

NPRW whaling data is informative of the historical summer

distribution of NARWs. If so, this distribution extended

across the North Atlantic in a wide continuous band from

eastern North America to northern Norway, including sub-

stantial areas of offshore habitat outside known records.

Nonetheless, there are discrepancies between the model’s

predictions and the historical data that point to potential

limitations. In particular, failure to predict both the current

summer grounds off North America and the historical whal-

ing grounds off the British Isles suggests lack of predictive

power in shallow-depth, shelf regions. Additionally, predic-

tions in areas for which we have no evidence that they were

historical NARW foraging grounds (e.g. in the Mediterra-

nean) suggest further limitations in the model. The model’s

predictions should therefore be mainly seen as a hypothesis

for the summer offshore distribution of the NARW.

Our results pave the way for additional research and mon-

itoring with potential implications for the conservation of

the endangered NARW. Indeed, the model predictions raise

hypotheses that should be further explored in two ways.

Firstly, exploration of the surviving historical record in the

light of these results can help to clarify the history of the

exploitation of this species. In particular, the model’s results

suggest that more attention is warranted to whaling records

in and around Newfoundland, in offshore grounds around

the Grand Banks, in south of Greenland/Iceland and in the

Norwegian Sea. Secondly, the model highlights regions

potentially used by today’s populations. Indeed, nearly all

recent records outside the main known summer grounds fall

within the area predicted as suitable by the model, suggesting

that these records correspond to purposeful visits to suitable

feeding areas rather than vagrancy or extra limit straying.

With many individuals not accounted for every year in the

intensive surveys at the main grounds (Hamilton et al.,

2007), identification of other regularly used areas is key to

guiding strategic conservation efforts. Passive acoustic meth-

ods such as those used by Mellinger et al. (2011) may be a

cost-effective option for sampling such areas.

More broadly, our analysis illustrates the challenges and

opportunities of combining historical and environmental

data to improve understanding of the original distribution of

highly depleted species. Because the quality of the historical

record generally declines strongly as we go back in time, rela-

tively recent population declines are much better docu-

mented than ancient ones, which are often underestimated

or even forgotten (Pauly, 1995). Nonetheless, the spatial het-

erogeneity of historical human impacts creates opportunities

for using information from the more recently impacted, bet-

ter-known regions to fill gaps in knowledge elsewhere, using

SDMs to extrapolate between the two. The challenges are

particularly significant for species that have suffered ancient

impacts across their entire range. For some of these, extrapo-

lation from ecologically similar phylogenetically related spe-

cies can be used to generate hypothesis that add depth to the

fragmentary historical record. As understanding of the pro-

cesses that drive species’ spatial distribution improves, the

informative value of these extrapolations across space and

taxa will increase, making historical data even more useful.
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