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Abstract

1. Archived logbooks detailing landings at Scottish shore-based whaling stations

between 1903 and 1951 were used to map whale catch locations. Historical

distribution and occurrence are inferred and summary statistics on total landings

are updated for blue (Balaenoptera musculus), fin (Balaenoptera physalus),

humpback (Megaptera novaeangliae), North Atlantic right (Eubalaena glacialis), sei

(Balaenoptera borealis) and sperm (Physeter macrocephalus) whales: a total of 9,996

whales were caught during this period, which is 3.7% higher than previously

reported and 25% higher for blue whales.

2. The most frequently caught species were fin and sei whales. Whaling off Scotland

in the 1920s contributed to the likely extinction of right whales in the eastern

North Atlantic. Blue whales, once regularly hunted to the west of Scotland, are

now rarely documented there and North-east Atlantic whaling appears to have

had a significant and lasting impact on sei whales.

3. Analysis of whaling effort indicates that catch rates remained high despite the

depletion of some species. This, may be a consequence of two features of

Scottish shore-based whaling: (1) the mixed species catch composition; and

(2) the catching of whales as they migrated through Scottish waters.

4. The findings of this study highlight the historical significance of the shelf-seas

around Scotland as a habitat for some species, which was not apparent from

previous studies. These results can inform where there may be potential for the

recovery of some species in the future.

5. Current major threats in the North Atlantic include entanglement, ship strike and

displacement owing to the effects of climate change. The baseline and historical

information on distribution and seasonal occurrence examined here is important

for informing spatial and temporal measures to reduce these threats. If

populations are to recover post-whaling there is an increasing need to reduce

threats such as ship strikes and entanglement, whose magnitude is proportional

to whale density.
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1 | INTRODUCTION

Whaling data offer useful insights into historical and pre-exploitation

ecosystems (Lotze & Worm, 2009), and can inform conservation and

management objectives (McClenachan, Ferretti & Baum, 2012; Smith

et al., 2012; Jackson et al., 2015). In this way, accurately documenting

and reviewing historical data is a step towards redressing the ecological

and socio-economic costs of past overexploitation (Pauly, 1995; Rocha,

Clapham & Ivashchenko, 2014). This study uses archived data from

whaling vessel logbooks to gain insights into the occurrence and

seasonality of whales in Scottish waters a century after the peak of the

whaling industry. Such information can help contextualize results from

ongoing acoustic and visual monitoring efforts and hopefully inform

future conservation measures. A brief history of industrial whaling in

Scotland is required before a comprehensive interpretation of the catch

data can be made. Thus, information on the political, economic and

legislative contexts of Scottish whaling is outlined in the following

paragraphs to help build the setting of the present study.

Referred to as the Atlantic Frontier, waters to the north and west

of Britain and Ireland (Figure 1) comprise a broad shelf, bounded by a

deep trench that curves north (the Rockall Trough) and east (the Faroe–

Shetland Channel). This area has historically been, and continues to be,

an important migratory and feeding area for species such as blue

(Balaenoptera musculus), fin (Balaenoptera physalus), humpback

(Megaptera novaeangliae), sei (Balaenoptera borealis), common minke

(Balaenoptera acutorostrata), sperm (Physeter macrocephalus) and

northern bottlenose (Hyperoodon ampullatus) whales (Evans, 1980;

Clark & Charif, 1998; Charif, Clapham & Clark, 2001; Harwood &

Wilson, 2001; Weir et al., 2001; Hastie et al., 2003; Macleod,

Simmonds & Murray, 2003; Waggitt et al., 2020). Between 1903 and

1951 all of these species, except minke whales, were hunted from

seven shore-based whaling stations in Shetland, the Hebrides and

Ireland (Thompson, 1928; Brown, 1976). North Atlantic right whales

(Eubalaena glacialis, right whales hereafter) were also caught until 1923

but are now considered very rare or perhaps even extinct in the region

(Clapham, Young & Brownell, 1999). Since whaling ended in 1951,

there have been few sightings or strandings of blue and sei whales

(Coombs et al., 2019; Crawley, Coomber & Kubasiewicz, 2020);

however, fin and humpback whales are still found in the area

(MacLennan et al., 2020; Waggitt et al., 2020). Sperm whales still occur

in former whaling areas in deep, offshore waters (Hastie et al., 2003).

Current monitoring of waters around Britain and Ireland provides

data on habitat use and seasonal presence of whales, e.g. passive

acoustic data collected through long-term monitoring projects such as

the COMPASS programme (Collaborative Oceanography and

Monitoring for Protected Areas and Species; https://compass-

oceanscience.eu/). Large-scale visual surveys such as SCANS and

CODA derive abundance estimates for some species approximately

once per decade; however, these are brief snapshots in time and

confined to summer owing to limitations of daylight and weather

conditions (Hammond et al., 2009; Hammond et al., 2013; Hammond

et al., 2017).

Recently, there have been more sightings of humpback whales in

the inshore waters of Britain and Ireland (Crawley, Coomber &

Kubasiewicz, 2020), where they face a high risk of entanglement in

static fishing gear (Ryan et al., 2016; MacLennan et al., 2020).

Dedicated strandings schemes (e.g. Scottish Marine Animal Strandings

Scheme) have found an increasing rate of baleen whale strandings in

F IGURE 1 Map of the Atlantic Frontier, showing bathymetry (100–1000 m contours) and the location of each whaling station and places
mentioned in the text. Convex hulls were produced from all catch locations, showing the whaling ground extent for each shore station.
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Britain since the 1980s, largely of coastally occurring minke and

humpback whales, for which entanglement accounts for the highest

number of non-natural mortalities (Coombs et al., 2019; MacLennan

et al., 2020). Entanglement risk may be lower for species moving

through deeper waters where static gear is rarely used. If whale

populations continue to recover in the region and the wider North

Atlantic (Stevick et al., 2003; O'Neil, Cunningham & Moore, 2019),

there are likely to be more entanglements, ship strikes and other

threats whose impact is proportional to density, some of which have

developed since whales were depleted by whaling. This has been

observed for example in the western North Atlantic, where a regime

shift in ocean conditions over the past two decades and the change in

whale distribution have led to an increase in entanglement and collision

risk (Meyer-Gutbrod et al., 2021). Shipping presents several threats to

whales, including collision and underwater noise (Leaper, 2019). Other

known threats include anthropogenic noise from navy sonar, seismic

surveys, renewable energy installations and offshore aquaculture.

A more detailed analysis of historical whale catch data could help

inform management actions to reduce these risks, assuming that

future distribution will be similar to historical distribution. Thus,

historical spatio-temporal occurrence and species diversity could be

used to identify potential high-risk areas. The distributions of some

whale species, such as right whales, are changing owing to climate

change and its effect on their prey (Davis et al., 2020; Meyer-Gutbrod

et al., 2021). Knowledge of previous habitat preference can serve as a

baseline, allowing predictions for the future under a range of climate

change scenarios. To date none of the formerly hunted species of

whales have been afforded protection by marine protected areas

(MPAs), but site designations have been made for minke whales: the

Southern Trench MPA and the Sea of the Hebrides Nature

Conservation MPA (Order 2020; 17 December 2020). However, an

effective monitoring and management programme for these and other

MPAs in Scottish waters is yet to be developed. Historical information

on whale occurrence, such as that presented in the current study, has

been used to inform the designation and management of MPAs

elsewhere (Jaquet, Whitehead & Lewis, 1996; Smith et al., 2012;

Jackson et al., 2015; Eguiguren et al., 2021).

1.1 | History of industrial whaling in Scotland

The impact and catch composition of whaling in Scotland was last

examined over 40 years ago (Brown, 1976; Evans, 1980). To better

understand the context of this industry, a brief outline of the

development of industrial or ‘modern’ whaling, which began in

northern Norway in the late 19th century (Tønnessen &

Johnsen, 1982), is presented. Shore-based whaling stations were

sequentially established to the south and west of these early whaling

grounds, starting at Finnmark in the north of Norway. Objections by

herring fishers led to a ban on shore-based whaling there (for all

species except minke whales) from 1886 to 1890 and from 1904 to

1912. As a direct consequence of whaling prohibitions (and

apparently owing to the overexploitation of whales in coastal waters),

shore-based Norwegian whaling stations were relocated further

south, including to Britain and Ireland (Jenkins, 1921), a trend which

continued over the next two decades.

Shore stations were established in Iceland (1883), Faroes (1894),

Newfoundland (1898), Shetland (1903), the Hebrides (1904), Ireland

(1908) and Spain (1921) (Tønnessen & Johnsen, 1982). Tønnessen &

Johnsen (1982, page 94) note that this strategy of relocating whaling

stations to the south was to gain a competitive advantage over those

in the north, where whale densities were already in decline

(Tønnessen & Johnsen, 1982; Christensen, Haug & Øien, 1992),

allowing the relocated whaling companies to intercept northbound

whales earlier in the year (Tønnessen & Johnsen, 1982; Christensen,

Haug & Øien, 1992). From 1946 to 1972, the post-war phase of

whaling continued elsewhere in the eastern North Atlantic from

pelagic factory ships and from 11 shore stations in the Faroes,

Iceland, Norway, Spain and Portugal (Tønnessen & Johnsen, 1982)

and further south in Morocco, Cape Verde, Maderia and the Azores

(Tønnessen & Johnsen, 1982; Brito, 2008; Cabral & Hazevoet, 2011).

1.2 | Scottish industrial whaling: economics,
politics and legislation

This study focuses on catch statistics and all available catch locations

from the five shore-based whaling stations operating from 1903 to

1951 on Scottish islands (Hebrides and Shetland). There were two

additional whaling stations in the west of Ireland, operating from 1908

to 1922 (Fairley, 1981). However, there appear to be no detailed

records of the catch locations for Ireland (Burfield, 1913). While

ownership of some of the Scottish stations changed several times, all

but one (Olna Whaling Company, Shetland) was founded with

Norwegian capital and employed Norwegian crews and vessels, as was

also the case in Ireland (Jenkins, 1921; Brown, 1976; Fairley, 1981).

Up until 1906, the focus of the Scottish whaling industry was

blubber and baleen, with the remainder of the whale carcass usually

disposed of at sea. In Shetland, carcasses were dumped in offshore

waters, seemingly to reduce conflict with coastal fishers, as many

Shetlanders believed that a decline in the herring fishery was due to

the disposal of whale offal in coastal waters (Jenkins, 1921). The

Whale Fisheries (Scotland) Act (1907) prohibited the dumping of any

whales or whale parts in the sea. The Act also stipulated that whaling

companies had to be registered in Britain, had to apply for whaling

licences, had to be limited to one catcher vessel per station (initially),

could not use additional towing vessels, should not conduct whaling

within 40 miles of the coast during the 5-week summer herring

fishery and must not operate between 1 November and 31 March

(Jenkins, 1921). Licences were granted provided that the species,

length, stomach contents and date and location of capture were

recorded. The data for this paper came from these records, sourced

from national archives in Scotland and Denmark.

A reduction in whaling effort began with the Whale Fisheries

(Scotland) (Amendment) Act (1922), after which no further licences

were issued to new companies. This Act was supported by

RYAN ET AL. 3



Shetlanders out of concern for the herring fishery but was opposed

by the Member of Parliament for the Western Isles (Hebrides), who

had a clause inserted to ensure that future whaling licences could be

granted in the Hebrides, where the industry was supported by

constituents (House of Commons Debate, 30 May 1922, volume

154, column 2010). Although relevant to whaling in Scotland only

during the final 2 years (1950 and 1951), the Whaling Industry

Regulation Act (1934) permitted whaling only beyond 3 nautical miles

from the coast and prohibited the capture of right whales, fin whales

of <50 feet and blue whales of <60 feet in length.

A comprehensive summary of whaling in British and Irish waters

by Brown (1976) was largely based on reports by Thompson (1928),

Haldane (Haldane, 1904; Haldane, 1905; Haldane, 1906;

Haldane, 1907; Haldane, 1908; Haldane, 1909) and Risting (1922).

While Brown (1976) provided a detailed annual timeline of landings

by species, records for 1924 (N = 632) and 1925 (N = 379) were

missing because they were unpublished at the time. Furthermore,

Brown (1976) reported neither detailed locations nor monthly totals

of catches, which are the focus of the present study.

Archive material detailing whale catch locations and basic biological

information including species, body length and sex was used in this

study. Such data have been widely used elsewhere to gain a better

understanding of the distribution of whales (Smith et al., 2012;

Eguiguren et al., 2021), the timing and routes of migrations (Reeves

et al., 2004), the impacts of commercial whaling, and subsequent

population recoveries, or lack thereof (Jackson et al., 2015). For the first

time, a spatial assessment of catches is provided from which inferences

on distribution can be made. The total annual catch estimates presented

by Thompson (1928) and Brown (1976) are updated and catch

composition is discussed with reference to contemporary knowledge on

species distribution in the region. Pre-whaling abundance and post-

whaling recovery rates are poorly known for most whale species in the

North Atlantic. The results here provide context for the potential for

post-whaling recovery, such as that documented for fin whales

(Víkingsson et al., 2009) and humpback whales (Stevick et al., 2003),

which may result in more individuals being exposed to threats such as

entanglement, ship strikes and underwater noise.

2 | METHODS

2.1 | Catch data sources

The key aim of the study was to analyse the spatial and seasonal

occurrence of whale catches. Two datasets were used. The first is a

‘Catch Locations’ dataset with dates and coordinates for some, but

not all, of the whales landed, which is a subset of the International

Whaling Commission (IWC) individual catch database v7.1

(Allison, 2020b). This dataset was compiled by the IWC using three

sources of archived historical information all derived from catch

logbook entries. These sources were: (1) company records at the

National Archives of Scotland (NAS); (2) the Danish Government

Archive in Copenhagen, provided to the IWC by Dorete Bloch in

2004; and (3) Risting (1922). Because the Catch Locations dataset is a

compilation of data from three sources, it was necessary to identify

and remove duplicate records which would otherwise bias any spatio-

temporal analysis (see Supplementary Material).

A second dataset, ‘Catch Totals’, is the latest global catch

database (v7.1), also compiled by the IWC (Allison, 2020a).1 It is based

on material from the Bureau of International Whaling Statistics

supplemented by a comphrensive list of primary sources included in

the Supplementary Information. It is the most comprehensive source

of information on all known annual catch totals by species in

the modern whaling era, but it lacks the coordinates of catch

locations. All known shore-based whaling records for Scotland

were extracted to provide an updated summary of catches by species

and by year (Table 1). This allowed estimation of the proportion of all

known catches present in the Catch Locations dataset and hence, the

proportion of data missing from the subsequent spatio-temporal

analyses of catches (see Supplementary Material).

The primary source of the data used in this analysis is catch

records detailed in logbooks, believed to have been completed by

those directly involved in catching the whales, as required by law

(Figure 2). Logbook entries were made by catcher vessel crews, who

were chiefly Norwegian (Collett, 1909; Risting, 1922). The Catch

Locations data from Risting (1922) were compiled by Sigurd Risting –

the editor of Norsk Hvalfangst-Tidende.2 Sections of Risting (1922) of

relevance to Scotland were translated by a native Norwegian speaker.

Data coding and error checking between the multiple sources were

completed by IWC data preparation analysts.

The reliability of the original logbook entries cannot be evaluated.

However, potential errors arising from unit conversion and

transcription from the various archive sources can be examined. The

Danish Government Archive data have been assessed previously by

comparison with data logs held by the Icelandic Marine Research

Institute and were determined to be identical (Sigurj�onsson &

Gunnlaugsson, 2006). Further checks were conducted between data

sources and using date, body length and sex to identify duplicate

records (Supplementary Material).

2.2 | Determining catch locations

A key aim of this study was to derive catch locations (latitude and

longitude) for whales landed at Scottish whaling stations. Catch

locations from logbook entries were given as bearings and distances

to landmarks (Figure 2). The placenames of landmarks were assessed

for duplicates, misspelling or phonetic spellings (e.g. ‘Barry
Head’ = ‘Barra Head’ = ‘Barraigh Head’). These place names were

assigned locations in consultation with local naturalists living in the

Hebrides and Shetland to ensure that both official and vernacular

place names were correctly assigned.

1These data are available from the IWC.
2Norsk Hvalfangst-Tidende. This was published in English as the Norwegian Whaling Gazette

and was the journal for members of both the International Association of Whaling

Companies (Den Norske Hvalfangerforening) and the Federation of Norwegian Whaling

Companies (Hvalfangstforbund).
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Bearings to catch locations originally recorded in Norwegian

128-point compass points (Figure 2) were translated to English, where

e.g. ‘NtNV’ becomes ‘north by north west’. Bearings were then

converted to degrees in R (R Core Team, 2022). For units of distance,

the original sources were used and then converted to metric. Risting

(1922) used Norske mil, which had already been standardized to

10,000 m during metrication in 1875–1889 (https://snl.no/mil).

Observations from the NAS were presented as ‘mile’ or ‘geographic
mile’, the latter only being used in 1904; however, all NAS

observations were assumed to be nautical miles (1,852 m). Those

compiling the logs were seafarers and were unlikely to have used any

miles other than nautical miles. In the unlikely event that the 1904

observations were in fact recorded as land miles (1,609 m), they will

be overestimated by 13%.

The coordinates of catch locations were estimated for each of

the three data sources independently using the distPoint function

in the Geosphere package in R (Hijmans, 2019). The date and

vessel associated with each catch record were then used to

identify duplicates of the same catch among the three data

sources. There were no instances of triplicates among the three

sources. Pairwise comparisons were made to determine how well

the locations corresponded (Figures S1 & S2). Duplicate records

were removed and catch locations were mapped using the ggplot2

and marmap packages in R using rnaturalearthhires for topography

(South, 2017; Pante, Simon-Bouhet & Irisson, 2020; Wickham

et al., 2021). Most figures were plotted using the ggplot2

environment with ggridges used for frequency distribution plots

(Wilke, 2021).

TABLE 1 Landings at all whaling stations in Scotland, from the International Whaling Commission (IWC) catch database (Allison, 2020a). The
year column is not continuous because of hiatuses in whaling activity. Discrepancies between Brown (1976) and IWC (Allison, 2020a) totals are
indicated: underlined = decreases; bold = increases. Key additions here are the inclusion of killer whale and species totals for 1924–1925, which
were missing from Brown (1976)

Year Species Count Blue Bottlenose Fin Humpback Killer Right Sei Sperm Total

1903 4 0 0 117 5 0 0 5 1 128

1904 5 40 0 442 13 0 0 8 6 509

1905 6 37 1 450 6 0 0 34 5 533

1906 7 59 1 328 5 0 6 332 1 732

1907 7 12 2 530 5 0 24 149 10 732

1908 6 17 0 379 2 0 20 232 1 651

1909 7 33 2 425 12 0 22 235 7 736

1910 7 21 2 383 12 0 9 191 3 621

1911 6 5 2 344 4 0 0 132 18 505

1912 6 12 8 291 0 0 10 111 9 441

1913 7 2 7 260 1 0 1 158 8 437

1914 5 20 0 327 2 0 5 248 0 602

1920 7 56 4 308 1 1 1 259 0 630

1922 3 11 0 226 0 0 0 44 0 281

1923 4 23 0 312 0 0 2 10 0 347

1924 5 59 0 501 1 0 0 57 14 632

1925 4 37 0 315 0 0 0 18 9 379

1926 4 36 0 400 0 0 0 21 4 461

1927 4 3 0 263 0 0 0 33 15 314

1928 5 8 1 139 0 0 0 28 8 184

1929 5 4 0 73 2 0 0 4 2 85

1950 2 2 0 33 0 0 0 0 0 35

1951 4 4 0 13 0 0 0 3 1 21

Total — 501 30 6859 71 1 100 2312 122 9996

Brown, 1976 — 401 26 5894 70 0 100 2217 96 9638

Difference (n) — 100 4 965 1 1 0 95 26 a358

Difference (%) — 24.9% 15.4% 16.4% 1.4% 100.0% 0.0% 4.3% 27.1% 3.7%

aBecause Brown (1976) reported annual totals for all species, but not within species for some years, the difference in totals between the datasets is not

the sum of the species totals.
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2.3 | Data reliability

Interpretation of the results in this study relies on three key

assumptions: (1) species were correctly identified when initially

recorded; (2) the Catch Location dataset is a spatio-temporally

representative subset of the Catch Totals dataset; and (3) date

(nested by vessel) is a reliable field for identifying and removing

duplicates among the three sources of information used to compile

the Catch Location dataset. Assumption (1) is a caveat and species

misidentifications are possible, which can be investigated using

recorded body lengths. Regarding assumption (2), when the Catch

Location and Catch Totals datasets were compared, a large number

of Catch Locations were missing. This could bias spatial

comparisons among species in the Catch Locations dataset (e.g. if

one species is over- or under-represented relative to Catch Totals).

Therefore, annual and monthly total landings, per species and per

station, were compared between the two datasets (i.e. Catch

Totals versus Catch Location). Monthly species totals per annum

were compared using Kendall’s rank correlation coefficient (τ),

where weak correlations indicate poor correspondence between

the datasets. A threshold of τ = 0.30 was used, below which

data were considered unrepresentative or possibly biased (see

Figure S3). Finally, for assumption (3) it was important to verify if

catch date was a valid field for identifying and removing

duplicates. To check this, other data fields were compared:

distance-to-landmark, body length and sex of individual whales.

Regardless of units used (distances were all converted to metres),

these fields should correlate if the data were accurately recorded

and transcribed among the three data sources. Finally, species

records were cross-checked with historical stranding records to

determine if catch records were consistent with known species

occurrence in the study area from stranding records maintained by

the Natural History Museum, London from 1913 (Coombs

et al., 2019).

2.4 | Catch effort and efficiency

The number of catcher ships per station, per annum is also known but

it is an inappropriate proxy for catch effort because the vessel size

(gross tonnage and horsepower) changed in response to lower whale

densities (Somner, 1984; Maclennan, 2008). However, the total

number of whaling trips per annum was available, albeit from 1908 to

1927 and for British-owned stations only, i.e. Bunavondeader,

Collafirth and Olnafirth (Thompson, 1928). Trip data from Thompson

(1928) were combined with the Catch Totals dataset (Allison, 2020a),

using date to link them. Multiple regression was used to determine

trends in the number of whales landed per trip (square-root

transformed to conform to normality) for the British-owned subset of

stations during 1908–1927. Another metric of interest is the

operational range of the whaling fleet among whaling stations. This

was calculated using catch locations as evidence of vessel

movements: the 75th percentile of the distances between respective

catch locations and whaling stations.

2.5 | Spatio-temporal analysis of catches

Maps of catch locations were plotted using hexagonal bins to

accommodate the low precision in bearing and distance estimates

F IGURE 2 Example of logbook entries accessed through the National Archives of Scotland. The example here is from the Norrona Whaling
Company at Ronas Voe, Shetland. Reproduced with permission from the Shetland Archives, Lerwick.
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(rounded to 2.8� and 5 miles by recorders). This approach reduces

bias when visualizing connectivity among incidental points over large

areas (Birch, Oom & Beecham, 2007). The location, seasonality and

species composition of the catches can allow for some ecological

inferences to be made and these are reported. However, the mixed-

species nature of the whaling operations makes analysis of inter- and

intra-annual trends in species occurrence challenging.

3 | RESULTS

3.1 | Updating catch statistics

Until now, Brown (1976) has provided the most comprehensive

overview of domestic commercial whaling in Scotland, citing a total of

9,638 whales landed at five stations between 1903 and 1951. The

updated figure according to the Catch Totals database

(Allison, 2020a) is 9,996 or 3.7% (n = 358) higher than reported by

Brown (1976). Updated estimates by species for the total of 9,996

whales landed at all Scottish stations between April and October from

1903–1951 are given in Table 1, which shows that blue whale

landings were high during those years (1924/1925) in which species

totals were missing from the catch statistics by Brown (1976). This

appears to account for the discrepancy in blue whale totals between

this study and Brown (1976).

3.2 | Data reliability

Body length in the Catch Totals dataset was investigated for evidence

of inaccuracies in species identification (Figure 3). Mean body lengths

(± SD) generally suggest that species identification was reliable: killer

whale, 5.5 m; bottlenose whale, 6.4 ± 1.1 m; humpback whale,

13.1 ± 2.0; sei whale, 13.5 ± 1.4 m; right whale, 14.1 ± 1.8 m; sperm

whale, 16.7 ± 1.9 m; fin whale, 18.5 ± 2.1 m; and blue whale,

21.4 ± 2.4 m. Length distributions were approximately normal for all

species except blue whale, which was bimodal, indicating possible

inaccurate species assignment for some blue or fin whales.

No minke whales were recorded and there was no bimodality in

length distributions for those species most likely to be confused

based on physical appearance (e.g. sei and fin whales). Only 1.4% of

the 1592 sei whale length measurements were within the 7–10 m

range for minke whales in Scotland (Pierce et al., 2004). If these

length estimates are reliable, sei whales were unlikely to be

misidentified as minke whales. There were some outliers – whales

considered to be unfeasibly large for their assigned species: such as a

22.6 m right whale and a 22.9 m sperm whale.

3.3 | Spatio-temporal analysis of catches

The Catch Locations dataset is incomplete, containing 41.4%

(N = 3,992) of all known records in the Catch Totals dataset

(Allison, 2020a). Because the annual catch totals (among datasets)

were found to correlate among species, we considered that the Catch

Locations dataset was representative of the Catch Totals dataset

(assumption 2), for all except blue whales, which were under-

represented. Further information on data handling, error checking and

the identification of duplicate records (assumption 3) is provided in

the Supporting Information. Distinct geographical areas were covered

by catcher vessels from Shetland and the Hebrides (Figure 1).

Although fewer catches were made from Bunavoneader (Hebrides),

the station operated for the longest period and was the only one to

resume whaling after World War II, from 1950 to 1951. Apart from

Olnafirth, the Shetland stations all had similar sized and overlapping

whaling grounds to the north of the islands (Figure 1).

F IGURE 3 Length distribution of whales landed, from the Catch Totals dataset. Vertical bars indicate means.
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Overall, the highest numbers of whales were caught to the north

west of Shetland (Figure 4a). The highest concentrations of catches

were of fin and sei whales in this area (Figure 4d and g). Here, fin

whales were hunted in waters beyond the edge of the continental

shelf; however, in the Hebrides catches were more broadly

distributed in shallower waters, to the west of the Hebrides

(Figure 4d). Sei whale catches were more widespread in shallower

waters than for fin whales; however, most were caught off Shetland

(Figure 4g). Northern bottlenose whales were also caught mostly in

this region (Figure 4e). For blue whales, the highest catch

concentrations were west of the Hebrides around N 58� and W 9�

(Figure 4c). Most humpback whale catches were to the north of

F IGURE 4 Catch locations of whales
landed in Scottish whaling stations from
1903 to 1951. Note that scales differ for
each species. Hexagon sides are 20 NM
(nautical miles), i.e. the hexagon area is
�1,000 NM2 or �3,500 km2

8 RYAN ET AL.



Shetland, although several were taken to the west of the Outer

Hebrides at the continental shelf edge and within 40 km of

Bunavoneader station (Figure 4b). Of the baleen whale landings,

humpback whales comprised a very small proportion of the total

(Table 1).

Right whale catches were concentrated to the west and south of

the Outer Hebrides, where they were hunted in shallower waters

than most other species (Figure 4f). Eight individuals were caught

less than 100 km from the station at Bunavoneader (Figure 4f).

Those few caught off Shetland were in deep, offshore waters

(Figure 4f). The biggest daily and monthly catch totals for right

whales were six and 23 individuals, respectively, both in June 1909.

Sperm whales were typically caught in deeper waters than baleen

whales, in depths of 700–1,000 m (Figure 4h). Of the 101 sperm

whales that were sexed, 97 were male and just four were female.

The biggest daily sperm whale catch was seven individuals in June

1909. Many sperm whales (and some fin whales) were caught

far from the whaling station, for example during trips to Rockall

Bank, where the greatest distance travelled was 453 km from

Bunavoneader. A single northern bottlenose whale was caught off

the Hebrides and a single female killer whale was landed in Shetland

(neither reported by Brown, 1976).

3.4 | Catch effort and efficiency

The annual fleet size for all whaling stations combined grew rapidly to

a maximum of 15 vessels in 1913, declining thereafter to one vessel

in 1950–1951. The minimum number of whaling days per annum

(dates during which whales were caught by one or more vessels)

ranged from 57 to 1,047 days. The operational range of the whaling

stations was calculated as the 75th percentile of distance between

stations and their respective catch locations. The operational range

was larger for the Hebrides station (Bunavoneader = 183 km) than

for those in Shetland (Collafirth = 161 km; Norrona = 157 km;

Olnafirth = 156 km; Ronas Voe = 156 km).

A significant (P < = 0.05) interannual trend in whales-landed-per-

trip was found for all species except for blue and sperm whales during

1908–1927 (Figure 5). The multiple regression model described 89%

of the variance (F6,77 = 103, standard error of residuals = 0.13). The

most remarkable declines in whales-landed-per-trip were in sei whales

followed by right and humpback whales (Figure 5). The positive trend

for fin whales landed-per-trip is consistent with a significant increase

in catch efficiency and/or a bias towards targeting this more abundant

species as other species became scarce (Table 1). Total catches of fin

and blue whales, regardless of effort, dropped notably in 1928 and

1929, prior to a two-decade hiatus in whaling (Table 1). Documented

evidence of whales struck but not landed was only available for 1950

and 1951, when three out of 46 fin whales were not landed, i.e. a loss

rate of 7%.

4 | DISCUSSION

The findings of this study highlight the historical significance of the

shelf-seas around Scotland as a habitat for some species, which was

not apparent from previous analyses of whaling records which did not

include detailed catch locations (Brown, 1976). Results suggest that

after whaling ceased in Scotland 70 years ago, the effects of

overexploitation still persist and may be effectively replaced by a

combination of contemporary pressures including climate change and

habitat degradation from noise pollution or overfishing. The Atlantic

Frontier and the Faroe–Shetland Channel is an important and

biodiverse region for whales where intensive shore-based whaling

F IGURE 5 Trends in the

number of whales landed (Catch
Totals dataset) per vessel trip
(data from Thompson, 1928) for
the period 1908–1927
(Bunavondeader, Collafirth and
Olnafirth only). The catch
efficiency was species dependent.
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occurred from seven whaling stations in Scotland and Ireland

between 1903 and 1951. Whaling was particularly intensive in the

Faroe–Shetland Channel (Shetland), where effort and landings were

highest. There was also whaling in these waters by floating factories

and the Faroese shore factories, targeting the same species

(Allison, 2020a). However, as the motivation for the present study

was to reveal partially forgotten archived information detailing the

dates and catch locations for some Scottish landings, the focus of the

analysis was restricted to Scotland and the Scottish whaling fleet. The

total known number of whales landed in the wider eastern North

Atlantic (Azores, Faroes, Iceland, Ireland, Norway, Scotland, and Spain)

between 1865 and 2019 is 136,997, of which 7.3% were landed at

Scottish whaling stations (Allison, 2020a). All landing statistics

presented here represented minima for the region because of

presumed under-reporting and mostly unknown struck-and-lost rates.

4.1 | Whaling and abundance

In Scotland, both the species diversity and total landings were highest

between 1906 and 1920. The present analysis revises the estimated

total number of whales landed in Britain between 1903 and 1951

upwards by 3.7% from 9,638 to 9,996 (Table 1). These numbers

represent increases for all species except for right whales, compared

with those published previously (Thompson, 1928; Brown, 1976). In

the case of blue whales, the revised estimate is 25% higher (n = 100),

because Brown (1976) consolidated species in his reporting of annual

totals in 1924/1925, which obscured the large number of blue whales

landed.

The mixed species nature of the whaling appears to have enabled

the continued exploitation of low-density species such as right,

humpback and, later, blue and sei whales. The economic support from

catching more profitable or more abundant species such as fin whales

may also have enabled the continued opportunistic whaling of those

less abundant species such as right and humpback whales, further

pushing them towards local extinction (Branch, Lobo & Purcell, 2013).

All formerly hunted species occur in very low densities in the region

today, except for fin whales, which are now the most commonly

encountered of these species (Hammond et al., 2011; Hammond

et al., 2017), and right whales, which are not encountered at all (Clark

& Charif, 1998; Charif, Clapham & Clark, 2001; Harwood &

Wilson, 2001; Weir et al., 2001; Hastie et al., 2003; Macleod,

Simmonds & Murray, 2003). Right whales were probably virtually

extirpated in the North-east Atlantic by whaling (Table 1, Figure 5).

Scottish waters were the last area in the North Atlantic with such a

mixed-species whaling industry (Allison, 2020a). This facilitated the

continued exploitation of the North-east Atlantic population of right

whales at levels that would have been economically unviable in a

single-species whaling operation.

In this study, catch efficiency was examined using a crude catch-

per-unit-effort (CPUE) metric: landings per trip (Figure 5). This is

subject to factors such as variation in trip duration, daylight hours, sea

conditions and communication between vessels. Regarding catch

efficiency, Maclennan (2008) noted that despite obtaining three more

efficient vessels after World War I, catch efficiency at one station

(Bunavoneader) continued to decline. Available data show that for

vessels operating in 1904–1914 (mean, n = 5) the horsepower was

350 hp (Somner, 1984) while for 1950–1951 (n = 2) it had increased

almost fivefold to 1,560 hp (Harland, 1992). This suggests much

greater catching potential per vessel in the later period. Catch

efficiency declined for northern bottlenose, right and sei whales but

remained unchanged or increased (at least for some time) for blue, fin

and sperm whales (Figure 5), possibly owing to the increased

capability of the catcher vessels.

CPUE does not always accurately reflect abundance, particularly

where catching technology improves (Maunder et al., 2006; Erisman

et al., 2011). When animals aggregate or are concentrated in a

migration corridor, densities can remain constant within the whaling

area even as overall abundance declines (Hilborn & Walters, 1992).

This has been termed ‘hyperstability’: high CPUE despite low or even

rapidly declining abundance (Hilborn & Walters, 1992). Hyperstability

can mask a population collapse, particularly where exploitation occurs

in bottlenecks and areas of high density (Rose & Kulka, 2011). The

findings are consistent with population declines in whales hunted

while moving through Scottish waters, despite the CPUE remaining

steady (sperm whale) or even increasing (fin and blue whales;

Figure 5).

Exploitation on bottlenecks has been more thoroughly studied for

birds (Kamp et al., 2015) and fishes (Rose & Kulka, 2011) than for

whales. It is particularly damaging to migrating populations because

susceptibility to overexploitation increases where animals are both

moving and concentrated, even in scenarios where catch effort is

limited (Kamp et al., 2015; Brochet et al., 2016; Caruana-Galizia &

Fenech, 2016). In the Scottish whaling industry, catches were taken

from whale populations as they fed or moved through the region,

restricted by a coastline or shallow shelf seas and hence likely to be

particularly vulnerable to depletion. This bottleneck effect may

explain why the CPUE remained high despite a decline in abundance

(Figure 5).

4.2 | Blue whale

This study significantly increases the minimum known catch of blue

whales in Scotland by 25% to 501 individuals. Risting (1922)

highlighted the importance of the Hebrides for blue whale catches,

which is corroborated by this study’s findings (Table 1, Figure 4c).

However, the rate of blue whale stranding records declined in the

first half of the 20th century (Coombs et al., 2019) and recent

records of blue whales in the region are scarce with just 15 sighting

records in British and Irish waters since 1980 (Coombs et al., 2019;

Crawley, Coomber & Kubasiewicz, 2020). The dedicated CODA and

SCANSIII sightings surveys also detected no blue whales west of the

Hebrides (Hammond et al., 2011; Hammond et al., 2017). As

elsewhere in the North Atlantic, it appears that the effects of

overexploitation of blue whales have had a lasting impact on their
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occurrence in Scottish waters. In 2015 there were estimated to be

3,000 (1,377–6,534 95% CI) blue whales in Icelandic and Faroese

waters (Pike et al., 2019).

4.3 | Fin whale

Fin whales were the mainstay of the industry in Scotland and the

only species caught in every year that whaling occurred, accounting

for just over two-thirds of the total catch (Table 1, Figure 4d). This

species was also caught in every month of the whaling season from

April to October (Figure S4). While the number of fin whales landed

per trip increased through the 1910s and 1920s (Figure 5), this may

have been due to factors other than abundance, including an

expanding operational range of whaling vessels further offshore, the

use of faster catcher vessels or preferentially targeting larger species

as technology improved. Although targeted by whaling in Icelandic

waters in recent years, estimates have suggested that fin whale

abundance is slowly increasing at around 4% (CI 1–8%) per annum

in the eastern North Atlantic (Víkingsson et al., 2009), although

there are no estimates of trends for Scottish waters (Hammond

et al., 2013; Hammond et al., 2017). Fin whale abundance estimates

in the former whaling area were 204 (163–255 95% CI) in 2007 and

820 (308–2188 95% CI) in 2016; however, survey areas differ, which

precludes inference on trends (Hammond et al., 2009; Hammond

et al., 2017). Finally, although based on very few observations

(N = 3), loss rates for fin whales in the final 2 years of the whaling

operations do provide a crude loss rate of 7%, which is similar to

rates previously reported for rorquals hunted in the 1950s in

Portugal (14.5%) and Spain (2.3%) (Aguilar & Borrell, 2022).

Presumably loss rates were higher in the preceding years when

catching technology was less adequate.

4.4 | Humpback whale

Humpback whales were caught closer to the coast on average than

other species (Figures 1 and 4b). Comprising just 0.7% of the entire

catch, fewer humpback whales were landed than any other baleen

whale species (Table 1), indicating that populations were already

heavily depleted by whaling when the industry commenced in

Scotland. As of 1993, humpback whale abundance has been

increasing at 3.1% per annum in the western North Atlantic (Stevick

et al., 2003); however, a distinct breeding population in Cape Verde

remains precariously small (less than 300 individuals) with no

discernable post-whaling recovery (Ryan et al., 2014b; Wenzel

et al., 2020). Numbers of humpback whales in Scottish waters remain

very low (Hammond et al., 2017); however, opportunistic sightings

suggest an increase in occurrence in inshore waters since 2010

(O'Neil, Cunningham & Moore, 2019; Leaper et al., in review). No

contemporary abundance estimate exists for humpback whales in

Scottish waters and SCANS and CODA visual surveys did not detect

any between 1994 and 2017 (Hammond et al., 2009; Hammond

et al., 2011; Hammond et al., 2013; Hammond et al., 2017). Estimated

rates of entanglement of humpback whales in static fishing gear in

Scottish waters could have a substantial impact on population

recovery if these entanglements are from populations breeding in the

eastern North Atlantic (Ryan et al., 2016; MacLennan et al., 2020).

However, individual humpback whales in Scottish waters have been

matched with both recovering (western North Atlantic) and non-

recovering (Cape Verde) breeding populations (Berrow et al., 2021;

Leaper et al., in review).

4.5 | Right whale

By the 1900s, Norwegian whalers had considered right whales to be

extinct in the eastern North Atlantic, given that none had been caught

in Norway for decades (Risting, 1922). Collett (1909) reported

biological data on the right whales landed at Bunavoneader, noting

that in 1907 all 12 of the females landed were pregnant and that a

calf was landed in Iniskea, Ireland in the following year. He describes

‘several hundred’ being seen in the eastern North Atlantic in 1908,

noting mating behaviour near the Hebrides. Given the slow

reproductive rate of right whales, it seems likely that whaling in the

Hebrides completed the centuries-long trajectory towards extinction

in the eastern North Atlantic. While occasional records of the species

in the eastern North Atlantic have been documented since the 1990s,

photo-identification evidence indicates a western North Atlantic

provenance for some of these individuals (Martin & Walker, 1997;

Jacobsen, Shelden & Øien, 2004). However, the fact that some

individuals have been seen only rarely or not at all in the well-studied

western habitats leaves open the possibility that a very small relict

eastern population still exists (Reeves, 2001). There are no

contemporary stranding records of right whales in Britain or Ireland

(Coombs et al., 2019; O'Callaghan, 2019; Richard Sabin, pers. com.).

4.6 | Sei whale

For a species so rarely documented in the region today (Hammond

et al., 2013; Hammond et al., 2017; Coombs et al., 2019; Crawley,

Coomber & Kubasiewicz, 2020), sei whales stand out as being

particularly heavily exploited, comprising 23% of the total catch

(n = 2,312). This number is comparable with the most recent

abundance estimate in 2015 (3,767, 95% CI 1,156–12,270) for sei

whales in the Iceland/Faroes area of the eastern North Atlantic,

although it is not certain what component of the eastern North

Atlantic population is included in this estimate given that the

survey timing was not coincident with when sei whales are

believed to have been at peak abundance in the area that was

surveyed (Pike et al., 2019). Sei whale distribution in the North

Atlantic is often said to be characterized by high interannual

variability: ‘sei whale years’ (Jenkins, 1921; Risting, 1922;

Christensen, Haug & Øien, 1992; Prieto et al., 2012; Pike

et al., 2019). However, this pattern is not borne out by the data in
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this study; rather sei whales were caught in high numbers

continually throughout the reporting period. Similarly, Christensen

et al. (1992; Figure 3 therein) show consecutive annual catches in

Norway from 1918 to 1940.

The overexploitation of sei whales occurred early in the

development of modern whaling, firstly in a feeding area off

northern Norway, with 4,000 landed between 1885 and 1900

(Horwood, 2018; Allison, 2020a). A total of 724 sei whales were

landed by Norwegian and Russian whalers in 1885 alone, while in 1887

a single captain landed 110 (Andrews, 1916). The Scottish landings can

be viewed as a continuation of this overexploitation further north in

the preceding decades. Abundance estimates (Pike et al., 2019),

sightings (Crawley, Coomber & Kubasiewicz, 2020) and strandings

(Coombs et al., 2019) data all indicate that the sei whales are now

extremely rare in Scottish and adjacent waters to the north and west.

The former regular occurrence of this species in Scottish waters3 and

coastal Norway raises the possibility that there was once a distinct

population which was greatly reduced or even extirpated before it

could be identified. While erratic migration patterns have been

observed in the western North Atlantic (Phil Clapham, pers. com.), the

findings suggest that overexploitation probably accounts for the lack of

contemporary sei whale records in the eastern North Atlantic.

4.7 | Seasonality, distribution and conservation

Analysis of temporal trends from these landing data is problematic

because it is not known how search patterns may have changed

inter- and intra-annually, e.g. prioritizing larger, more profitable

species when available. Therefore, it is generally not possible to

know if seasonal changes in catches reflect genuine changes in the

seasonal abundance of certain species. As a minimum, the catch data

provide evidence of the seasonal presence of each species as

discussed below. Overall, the data indicate that some species (i.e. fin

and sei whales) occurred in the study area throughout the period

April to October during the early to mid-20th century (Figure S4).

Although not analysed in the present study, the IWC individual catch

database (Allison, 2020b) contains stomach content information

(e.g. ‘krill’, ‘small fry’) for 2,660 individual catch records, indicating

that feeding behaviour in the region was typical in all species caught.

Feeding during lactation and overwintering at high latitudes

challenge the paradigm that some species or populations of baleen

whales are pure capital breeders (Moore et al., 2012; Pirotta

et al., 2018). Nevertheless, it is a reasonable assumption that baleen

whales in the eastern North Atlantic generally move between

breeding areas to the south of Scottish waters and feeding areas to

the north (Clark & Charif, 1998; Charif, Clapham & Clark, 2001;

Kennedy et al., 2014; Lydersen et al., 2020; Pérez-Jorge et al., 2020).

Given the geography of this region, the most obvious route was and

still is through the former Scottish (and Faroese) whaling grounds.

This presented the potential for consistently high catches even as

populations became depleted, as noted by Tønnessen & Johnsen

(1982). In this respect, the Scottish shore-based whaling industry

had elements in common with those in Western Australia

(Chittleborough, 1965) and California (Henderson, 1984), namely the

potential for rapid overexploitation of whale populations moving

through mid-latitudes restricted by a coastline.

4.8 | Blue whale

The core distribution of blue whale catches was shelf and shelf-edge

waters west of the Hebrides from June to October. That blue whales

were not caught from April to June suggests a genuine absence in the

region, because they were unlikely to be overlooked in favour of

other species, given their high value to the whalers. The annual peak

in historical catches may suggest an increase in occurrence during

August in shelf seas between the Hebrides and the Rockall Trough,

which warrants further investigation. With sufficient monitoring it

may be possible to better understand contemporary seasonal

movements through Scottish waters. If the timing of blue whale

occurrence is discrete, measures such as seasonal restrictions on

noise emissions (e.g. seismic surveys, renewable energy installation

operations, acoustic military exercises) would benefit blue whale

recovery by improving habitat quality in Scottish waters.

4.9 | Fin whale

Fin whales occurred widely throughout Scottish waters from April to

October, particularly along the shelf edge of Shetland. Historical and

contemporary records indicate that some fin whales remain in higher

latitudes throughout the winter and spring (Ingebrigsten, 1929;

Jonsgård, 1966; Clark & Charif, 1998). They regularly occur in coastal

waters of the Celtic Sea during autumn and winter, where they were

never targeted by whaling (Ryan et al., 2014a). In contrast, they are

rarely documented in inshore waters of the former whaling grounds

near the Hebrides and Shetland (Crawley, Coomber &

Kubasiewicz, 2020), but do occur offshore to the west of Britain

(Waggitt et al., 2020). As for blue whales, restricting noise emissions

(particularly in offshore waters) will benefit fin whales as they recover

from the effects of whaling. Stopping the continued hunting of this

species in Icelandic waters and reducing ship strikes in busy shipping

thoroughfares will improve fin whale conservation status in the region.

4.10 | Humpback whale

With so few catch records, it is difficult to infer seasonal trends for

humpback whales from the whaling data. Catches occurred in low

3Haldane (1908) wrote ‘The Seihval are certainly the second most common whales in

Shetland waters, always excepting B. rostrata’, while Millais (1906) reported ‘Both in the

deep seas and the narrow voes and tide-races of Shetland and the Hebrides this species is

common in summer, and within a mile of the northern coasts one is almost certain to see one

or more of these whales in a day’s cruise. I counted seventeen in one day when seal-hunting

between Whalsey- and the Muckle Skerries. The high and hooked back fin renders them easy

to distinguish’.
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numbers between May and October and body lengths indicated that

both juveniles and adults were caught. Ongoing efforts to adapt static

fishing gear and reduce the amount of rope in the water column to

reduce entanglement risk will be required for the protection of

humpback whales in Scottish waters, particularly in coastal waters

(MacLennan et al., 2020; Leaper et al., in review). Ensuring that

optimal foraging conditions prevail in coastal waters, by protecting

preferred prey, including clupeids and sandeels (Pierce et al., 2004),

will improve the chances of humpback whale recovery in Scottish

waters.

4.11 | Right whale

Given the status of right whales, any detail of their seasonal

presence is of particular interest despite the aforementioned caveats

inherent in catch data. Monthly landing totals across the entire

reporting period were: April, 0; May, 7; June, 51; July, 21; August,

1; September, 0; and October, 0. The seasonal co-occurrence of

right and sei whales noted in several sources (Collett, 1909;

Risting, 1922) is corroborated by this study, and may be linked to

a shared preference for consuming Calanus finmarchicus

(Baumgartner & Mate, 2003; Prieto et al., 2012), which is

undergoing a climate-driven northward range shift in the North

Atlantic (Reygondeau & Beaugrand, 2011; Meyer-Gutbrod

et al., 2021). The basking shark (Cetorhinus maximus), an obligate

C. finmarchicus consumer, also occurs widely in the former Scottish

whaling grounds (Sims & Quayle, 1998; Austin et al., 2019). This

species is also in recovery from 20th-century exploitation in Scottish

waters (Fairfax, 1998). Assuming that the ecological niche of basking

sharks may be a reasonable proxy for that of right and sei whales, a

suitable foraging niche may still exist for right and sei whales in the

seas around Scotland, despite the observed northward range-shift of

their preferred prey (Reygondeau & Beaugrand, 2011; Austin

et al., 2019). Conservation measures to preserve what few right

whales may remain in the region should prioritize minimizing

mortality from fishing gear entanglement and ship strike, which are

the biggest factors threatening this species with extinction in the

western North Atlantic, exacerbated by climate change (Kraus

et al., 2005; Moore & van der Hoop, 2012; Meyer-Gutbrod

et al., 2021).

4.12 | Sei whale

Sei whale catches were more widespread in the shallow shelf seas of

Scotland than those of any other species although, as for fin whales,

the majority were caught in deeper waters to the west and north of

Shetland. Catch records confirm the historical occurrence of sei

whales in Scottish waters between April and October. Sei (and right)

whales were the only species caught south of 57�N, mostly in June.

It is difficult to determine if the catch seasonality reflects concerted

efforts by whalers to target these species early in the season, or if

indeed it reflects a discrete seasonal presence in early summer. No

contemporary abundance estimate exists for sei whales in Scottish

waters and SCANS and CODA between 1994 and 2017 (Hammond

et al., 2009; Hammond et al., 2011; Hammond et al., 2013;

Hammond et al., 2017). If ongoing and future monitoring efforts can

determine if the presence of sei whales in Scottish waters is spatio-

temporally discrete, targeted measures to improve habitat quality

could be made by reducing anthropogenic noise, as indicated for fin

and blue whales.

4.13 | Sperm whale

Sperm whales were mostly hunted far offshore over Rockall Bank

where weather will have determined whaling opportunities. As such,

the peak in sperm whale landings during August may be more a

reflection of prevailing weather conditions than seasonal occurrence.

Catches also occurred along the shelf edge to the north and west of

the Hebrides. Catches of sperm whales off Shetland were much

lower, despite the considerably higher whaling effort there, consistent

with lower frequency of occurrence there. Reducing noise in offshore

waters such as shelf-edge and canyon habitats will benefit sperm

whales in Scottish waters (Hastie et al., 2003).

4.14 | Data reliability and caveats

There are some unavoidable issues associated with the use of

historical whaling data to investigate spatio-temporal trends in whale

abundance. As catch dates and locations are only available for 41% of

all known landings, the results here under-represent the scale of

whaling in the area. In particular there is evidence that blue whales

are under-represented compared with other species in the Catch

Locations dataset (Figure S3). Struck-and-lost rates for the industry

represent an additional unknown downward bias in both the Catch

Totals and Catch Locations datasets. Loss rates of 7% are reported for

fin whale catches in 1950 and 1951, but no information is available

for earlier catches. In addition, the landings themselves may have

been underreported.

A key assumption in the presented analysis is that species

identification was accurately recorded. Bans on landing certain

species incentivize the misreporting of landings (Aguilar &

Borrell, 2022), but data on misreporting are not available for this

industry in Scotland. In this study, misreporting of species may have

occurred for right whales (Whaling Industry Regulation Act, 1934) but

it is less likely for other species, including blue and humpback whales,

because bans on landing these species came into force after whaling

ended here (The Whaling Industry (Ship) Regulations Act, 1955).

Bimodality in blue whale length distribution suggests possible

misidentification or misreporting of blue and fin whales. The species

most likely to be confused, based on appearance and body size are:

minke/sei whale and sei/fin whale. Length distribution data (Figure 3)

show that only 1.4 and 0.9% of the 1,592 length measurements for
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sei whales fell within the typical range for adult minke (7–10 m) and

fin whales (17.5–22.5 m), respectively (Pierce et al., 2004; Aguilar &

García-Vernet, 2018). Detailed accounts of the physical appearance

and biology of landed sei whales leave little doubt that sei whales

were being correctly identified by the whalers (Collett, 1909;

Andrews, 1916). Furthermore, although length measurements from

whaling data are not always reliable, the data in Figure 3 are

consistent with accurate species identification of sei whales.

Hiatuses in whaling occurred because of the World Wars. The

effect of war on this industry was complex: increased demand for

whale products on the one hand and the urgent need for vessels for

combat on the other (Harland, 1992). Economics would be the

primary influence on catch composition and landing totals, but

legislation also influenced the species composition, timing and

location of whale catches and may have led to misreporting. Whalers

will generally have prioritized the most profitable species and so the

maps should be interpreted as evidence of presence (potentially

biased depending on whaler search effort and strategy), but no

absence can be inferred. Furthermore, it is unknown whether the

locations given were the point at which a whale was located or

caught, and whether the distance between those points is significant.

Other factors at play included anti-whaling lobbying in Shetland,

which resulted in some closed whaling areas from 1908. In 1922 the

Whale Fisheries Act was amended to prohibit whaling in Shetland by

Norwegian companies, but not in the Hebrides (Risting, 1922).

Therefore, after 1920 only British companies continued domestic

whaling, with the Lever Bros. and Christian Salvesen purchasing the

Bunavoneader and Collafirth stations, respectively, from the Norwegian

owners. Catcher vessels were still crewed by Norwegian whalers until

operations ceased in 1951 (Maclennan, 2008), so the searching and

catching strategies were unlikely to have changed with change of

ownership. In 1920, however, 1 year prior to the prohibition of whaling

by foreign vessels, Norwegian companies had already ceased whaling in

Scottish and Faroese waters. Jenkins (1921) attributed this to a global

downturn in whale oil prices. Nevertheless, this study highlights that

whaling in British waters was sustained and intensive, with impacts on

species abundance which are still apparent today.

Although whaling ceased in Scottish waters 70 years ago, those

species once targeted here were still hunted in adjacent waters until

the 1986 whaling moratorium. Contemporary threats appear to have

largely replaced the effects of whaling. These include direct mortality

(entanglement and ship strike), habitat degradation (noise pollution

and reduced prey from fisheries) and climate change (range shift of

prey), which appear to be frustrating post-whaling recovery in

Scottish waters despite signs of fin and humpback whale recovery

elsewhere in the North Atlantic (Stevick et al., 2003; Víkingsson

et al., 2009).

5 | CONCLUSION

Over 100 years after the peak in shore-based whaling in Scotland, the

impacts on those species targeted in the region still persist, especially for

blue, sei and right whales. Coupled with whaling in adjacent waters at

the time, certain features of Scottish whaling exacerbated the impact:

(1) the number and distribution of whaling stations at a geographical

bottleneck; and (2) the prolonged and mixed-species nature of whaling.

In such a scenario, even small levels of exploitation can have significant

impacts on populations. In the case of sei whales, the regularity with

which they occurred facilitated sustained exploitation, contributing to

their depletion in the eastern North Atlantic. It is reasonable to assume

that the relatively high landings of right whales in Scotland are linked

with their possible extinction in the eastern North Atlantic. However,

the historical occurrence of large whales in Scottish waters

demonstrates the potential for future species recoveries. Fin and sperm

whales were sighted west of the Hebrides on the SCANS III survey in

2016 but there were no sightings of blue or humpback whales

(Hammond et al., 2017). However, although humpback whale numbers

remain very low, there has been an increase in inshore sightings since

2010 (O'Neil, Cunningham & Moore, 2019). Whether or not population

recovery has commenced for other species, some 70 years since whaling

ceased locally, remains unknown. A key question now is have

contemporary threats effectively replaced whaling in suppressing whale

numbers? Long-term monitoring, especially using passive acoustic

moored recorders, is key to understanding whether and how these

recoveries might be taking place.

Any post-whaling population recovery will require measures to

reduce the conservation and welfare risks posed by activities with an

impact proportional to density. These include the risks of ship strikes

and entanglement, which have increased since industrial whaling in

the area ceased, owing to increases in shipping and fishing effort. A

number of measures have been identified which could reduce

entanglement risks in Scottish waters, particularly for humpback

whales (MacLennan et al., 2022). The waters west of Scotland are

included in the Western European Waters Particularly Sensitive Sea

Area designated by the International Maritime Organization, which

has established a deep-water route for shipping west of the Hebrides.

The data presented here, together with current studies, can help

anticipate the possible distribution and seasonality of whales under a

scenario of population recovery and hence assist in identifying areas

where entanglement mitigation measures would be most effective, or

assessing the risk of ship strikes in relation to current shipping routes,

including any proposals to alter the deep-water route west of the

Hebrides.
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