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Abstract 
In Antarctica, the failure to establish international agreement on regulations caused an 
overexploitation which reduced the number of blue whales from about 240 000 to less than 
500. I have here taken a closer look at the two main reasons for this decimation: Firstly, a lack 
of appropriate statistical analysis, and secondly, a lack of international procedures to handle a 
multinational whaling fleet with conflicting motivations. 

The total catch of Antarctic blue whales during the last part of the 1930s was analysed by 
linear regression including power analysis. The purpose of this analysis was to investigate 
whether there existed enough evidence early in the history of Antarctic whaling to conclude 
whether or not the blue whale population was being overexploited.  

In classical hypothesis testing, a heavy weight is put to avoid Type I errors, that is, concluding 
that there is an effect (declining population) when in reality there is none (stable population). 
A much-used analogy is found in a modern court of law, where the risk of convicting an 
innocent person is kept so low that there in many cases is a large chance of letting a guilty 
person go free.  

In order to assess the statistical evidence for concluding in 1940 that the stock was seriously 
declining during the 1930s, the power for the test was calculated for a statistical design set up 
with the information available in 1933. A power analysis gives the minimum number of 
seasons (sample size) needed to draw conclusions about whether or not the population is 
actually declining. In this case, 6 seasons was sufficient, such that in 1940, there was a 95% 
probability of detecting that the declining stock was actually declining. This is equivalent to 
minimizing the chance of performing a Type II error: to conclude that a declining stock is not 
declining. The linear regression analysis did show a significant decline in the catches. 

I have in this study shown that there was sufficient statistical information available in 1940 to 
conclude that the hunting was in fact decimating the blue whale population. Therefore, the 
second part of my analysis was to identify the main reasons why the precautionary principle 
was not implemented to stop the systematic decimation. I have investigated the international 
reception of the main requests for establishing an international convention for the creation of 
a system to regulate whaling based on scientific and economic considerations.  

In the discussion of the many international meetings, a recurrent pattern appeared in the 
arguments opposing an international restriction of the blue whale catches. A major underlying 
motivation, more or less explicitly stated, was the concern for protecting the industry rather 
than the blue whale population. For some nations, an important issue was also to expand their 
fleet in order to obtain the same dominant influence as Norway and Great Britain had.  

In particular, it was important to find the reasons why even the International Whaling 
Commission (IWC), which was established in 1946, failed to protect blue whales. Without 
doubt, the single factor which made IWC so weak, was the right for every member to put 
down a veto against any recommendation they felt were going against their own national 
interests. My analysis has hopefully provided a valuable insight into the problems of not only 
establishing, but also enforcing international laws. 
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1 Introduction 
With a maximum length of 33 meters and a weight exceeding 150 tonnes, the blue whale is 

the largest animal that has ever existed on Earth. It is found in all the world’s oceans, and the 

abundance in the Antarctic used to be much larger than elsewhere (Klinowska 1991). In the 

early 1900s, whalers had developed the technology to catch these large and fast-swimming 

whales. Throughout the 20th century, they were commercially hunted in all the world’s 

oceans, and most populations were drastically reduced. In particular, the abundant blue 

whales in Antarctica suffered from commercial whaling. It is estimated that this population 

declined from about 240 000 in 1904 to less than 500 in 1973 (Branch et al. 2004). The 

decimation happened despite that the majority of scientists early realized that the stock was 

being overexploited, combined with political attempts to establish appropriate international 

agreements including the International Whaling Commission (IWC) in 1946. 

In the Antarctica, blue whale hunting started in the 1904/05 season and expanded to the 

maximum season 1930/31 when 29 409 individuals were caught. After this record year 

however, the total catches declined consistently from about 18 000 in the early 1930's to only 

a few hundred in the middle of the 1960's (Tønnesen 1970). This reduction in the harvest gave 

rise to much concern among marine ecologists, as did the declining profit among the whaling 

companies. Despite many utterances for the welfare of both the stock and the industry, all 

efforts to establish an effective management procedure failed (Tønnesen 1970; Small 1971). 

But not only did the politicians fail; the biologists never tried to involve the statistical 

expertise to analyse the population with even simple models in the 1930's and 1940's (Small 

1971). In retrospect, it may be interesting to investigate whether a statistical analysis of the 

catch would have detected the decline in abundance with statistical significance by the end of 

the 1930's. If so, the scientific community could perhaps have contributed more to implement 

an effective management. In parallel it is also important to analyse the sequences of all 

political meetings and conferences during the period 1930–1960 which were held in order to 

get the hunting under control. The failure to establish international agreements on the quota 

regulation of blue whales may provide a valuable insight in the difficulties in creating and 

enforcing laws in international zones. 

In 2012 professor Karl Inne Ugland at the University of Oslo initiated the reading of log-

books in the Antarctic whaling from the Norwegian company 'Thor Dahl A/S'. The purpose 
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was to analyse the information with respect to find more accurate estimates of the structure 

and decline of the blue whale population. Two master students participated in this project. 

First, Ole Edvard Bjørge wrote his Master thesis in spring 2014 where he conducted an 

analysis on (1) the decline in the group sizes over the 30 years from 1933 to 1963, (2) how the 

wind force, wave height and visibility influenced the catches, (3) how the hunting developed 

south and north of 60 0S latitude, and (4) application of the new information from the log-

books to the problem of estimating the abundance of the Antarctic blue whales. 

My thesis provides the second part of this project, and my aim is to analyse both the scientific 

and organisational (political) factors in the exploitation of the Antarctic blue whales. One of 

the results emerging from Bjørge's (2014) analysis is that the total catches from all the 

participating nations may be used as an index of the whale abundance. This raises the 

question of whether a regression analysis of the total catch in the last part of the 1930's would 

have provided sufficient statistical evidence as early as 1940 that the stock was seriously 

declining. In addition, it is of interest to replace myself in 1933 and calculate the chance of 

detecting a downward trend (that is, to calculate the power of a regression analysis of the total 

catch in the last part of the 1930's). With the decimation of the blue whales in the Barents Sea 

fresh in mind, Norwegians had already in the 30s tried to introduce quotas to reduce the total 

catch in Antarctica. However, all efforts to come to an international agreement of an effective 

regulation of the blue whaling failed during the 35 years between 1930 and 1965. My second 

aim is therefore to identify the reasons why it was so difficult to establish an international 

management of whaling which could have prevented the overexploitation in light of the risk 

of decimating not only the blue whale population, but also the whaling industry itself. In 

particular, I shall address the following problems: 

 

1. Would an appropriate analysis of the catch statistics provide evidence in 1940 that the 

Antarctic blue whales were overexploited?  

2. What were the main reasons for the overexploitation during the 1930's? 

3. Why did the Convention for the Regulation of Whaling (ICRW) fail to establish a 

quota system which would secure a stable total catch? 

4. Why did the conference in Washington D.C in 1946 give the right to object to new 

proposals (VETO) when they established the International Whaling Commission 

(IWC)? 
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5. What were the negative consequences of the VETO in IWC during the 1950's? 

6. Why did IWC recommend opening the Whale Sanctuary for whaling? 

7. Why did IWC in the last part of the 1950's fail to protect the blue whales from 

decimation? 

8. When did the blue whale hunting stop in the Antarctica? 

9. What is known about the recovery rate of blue whale populations? 

1.1 Aspects of the biology of blue whales (Balaenoptera musculus)  

The blue whale (Figure 1) belongs to the fin whale family, Balaenopteridae, commonly 

known as the rorquals. This family is characterized by a long, stream-lined body with pleated 

grooves along the throat and belly, allowing the throat to expand during feeding, and a large 

flat head (Groc 2011). They feed by taking a large gulp of water and food, and then pushing 

the water out through the baleens (keratin plates hanging from the roof of the mouth) with 

their tongue, leaving only the food. This way of feeding is called lunge feeding (Figure 2), 

and allows the whale to consume large amounts when they encounter high abundance of fish 

or pelagic crustacea (Goldbogen et al. 2011; Klinowska 1991). Blue whales feed almost 

exclusively on Euphausiids, or krill, which are crustaceans resembling small shrimps (Jenkins 

1932). They can consume 2 tons of krill a day (Fiedler et al. 1998).  

 

Figure 1: The blue whale (Balaenoptera musculus). 

Blue whales are long and slender with a wide rostrum. They are easily identified when 

surfacing, as they have the highest blow (up to 12 meters) of all whales, and there is a 3–4 

second delay from the spout occurs to the dorsal fin appears (Shirihai 2006). Compared to 

other members of the fin whale family, the dorsal fin is surprisingly small, less than 30 cm tall 

and located far back near the tail fluke (Reeves et al. 1998). The color of the blue whale is 

spotted blue-grey, which looks very blue in clear water (hence the name), with a lighter 

underside (Berman-Kowalewski et al. 2010). When feeding in polar waters, they tend to 
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accumulate a film of diatoms on their ventral sides, giving them a yellow tint. Because of this, 

whalers also used to call them “Sulphur bottoms” (Small 1971). Blue whales have a set of 55–

88 throat grooves and 250–400 baleen plates (Berman-Kowalenski et.al 2010; Jenkins 1932). 

As in most species of baleen whales, the females are larger than the males. 

 

Figure 2: (1) A blue whale approaches a densely-packed patch of krill. (2) Upon opening its mouth, the pleated 

grooves on the whale’s throat allows the mouth to expand (3) in order to engulf a large amount of prey and 

water. (4) When closing its mouth, the blue whale pushes the water out through the baleen, leaving the food 

inside.  
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The blue whale calf is born after a gestation period of 10–12 months, measuring about 7 

meters and weighing 2–3 tons (Reeves et al. 1998; Krogh 1934). Because the calf’s blubber is 

so thin and provides little insulation, they are born in warmer waters (Small 1971). The calf is 

fed very rich milk – the lipid content of blue whale milk is 34.62 to 36.59 % (Jenkins 1932). 

At weaning (6–7 months) they have reached a length of 16 meters and 20 tons (Berman-

Kowalewski et.al 2010), corresponding to an average growth rate of 90.7 kilos a day (Small 

1971). 

From growth rings in the earplug, the age of sexual maturity is estimated to be approximately 

10 years (Branch and Mikhalev 2008; Trumble et al. 2013) and the maximum age is estimated 

to be 80–100 years (Berman-Kowalewski et.al 2010; Wilson and Wilson 2006). A female 

gives birth to a calf every 2–3 years (Klinowska 1991). 

In spring blue whales migrate to cold waters which are influenced by physical processes in 

the polar areas. It has long been known that blue whales prefer the ice edge and frequently 

enter the drift ice (Branch et al. 2004). During the summer, these water masses contain a high 

secondary production, especially euphausiids (Reeves et al. 1998; Berman-Kowalewski et al. 

2010). In the fall, they migrate to the subtropics to give birth and mate (Reeves et al. 1998). 

They tend to prefer open sea, so there are only occasional sightings in coastal areas 

(Klinowska 1991).  

The Antarctic blue whale B.m. intermedia is one of three currently recognized subspecies of 

blue whale, together with the northern hemisphere blue whale B.m. musculus and the pygmy 

blue whale B.m. brevicauda (Reilly et al. 2008; Branch et al. 2007).  

1.2  Historical background - the development of modern whaling in Antarctica 

1.2.1 Establishment at South Georgia  

With the invention of the grenade harpoon designed by the sealer captain Svend Foyn in the 

1860s, it became possible to catch large fast-swimming rorquals such as the blue, fin and sei 

whale (Tønnesen 1969). This new hunting method was first used along the coasts off 

Northern Norway and Svalbard, resulting in that these whale stocks quickly became depleted 

at the start of the 20th century. It was therefore enforced a whaling ban in Northern Norway in 

1904, which forced the whaling companies to either close their whaling businesses or search 
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for new hunting grounds outside the restriction zones (Bakka 1992). As a result, attention was 

directed towards the huge Antarctic water masses, where earlier expeditions had discovered 

high abundance of whales (Jenkins 1932). The first to successfully conduct whaling in 

Antarctica was Captain Carl Anton Larsen from Sandefjord, who established the land station 

Grytviken (Figure 3) on the island of South Georgia (Bettum 2016). The very first season, he 

managed to catch 195 whales (Donovan 2009). The enormous catch potential was further 

demonstrated at South Georgia during the season 1908/09, when only 17 catch boats from 

four land stations caught 3516 whales (Small 1971; Jenkins 1932). Being part of the southern 

islands (South Georgia, South Shetland and Grahams Land), it was administrated by the 

government of the Falklands, which was British territory. Whaling from these islands was 

therefore regulated by British authorities, who demanded license for all land-based whaling, 

as well as export fees on whale oil (Headland 1984; Ringstad 2011). Several countries joined 

the rapidly growing whaling industry, so 19 companies had already by 1913 license to operate 

in Antarctica comprising a fleet of 63 catcher boats (Bakka 1992).  

 

Figure 3: Grytviken, the first whaling station in Antarctica, established by C.A Larsen in 1904 (Riksantikvaren 

2016).  

 



7 
 

1.2.2 Expansion of land stations 

Due to the large success during the first seasons, several new companies established their 

businesses in Antarctica, resulting in a rapid increase in the whaling fleet (Table 1). The 

whaling operations from South Georgia were in 1910–1912 followed by establishment of new 

stations on other islands: The Falkland, South Shetland and Kergulen Islands (Ringstad 2011; 

Small 1971). Initially, the primary target was the humpback whale, as these were the most 

coastal (and thus available) species. But the humpback stocks quickly became depleted and 

the hunting efforts shifted to fin and blue whales (Ringstad 2011). 

Table 1: The development of the Antarctic whaling effort during the seasons 1904–1914. The number of land 

stations, floating factories and whale boats increased rapidly during this period, alongside with an increasing 

Norwegian participation. (Extracted from Bakka 1992).  

Season Land stations Floating factories Whale boats Whales NOR percent 

1904/05 1 – 4  195 – 

1906/07 1 2 8  1112 27% 

1909/10 6 7 37  6099 60% 

1911/12 5 17 58  11727 66% 

1913/14 7 17 63  9408 72% 

 

The total catch between 1910 and 1925 was 134 026 whales, of which 47 200 were blue 

whales (Small 1971). The Falkland government received approximately £ 437 000 in taxes 

from the Norwegian whaling companies in the 10 years 1919–1928. For the Norwegians, this 

was a large motivation to move whaling into the open seas where no one could charge them 

for extra fees. However, the land-based whaling depended on sheltered bays for the flensing, 

which was performed alongside the ship, often while walking on top of the floating carcasses 

(Figure 4). Whalers therefore began to experiment with floating factories in order to 

overcome this restriction (Ringstad 2011). 
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1.2.3 Expansion to pelagic whaling 

Two important technological improvements accelerated the expansion of whaling in 

Antarctica. These were (1) the invention of floating factories, which were large ships which 

could boil and store the oil onboard. They were first developed by shipyard owner Christen 

Christensen in Sandefjord (Tønnesen 1969). (2) The invention of the slipway by Captain 

Sorlle from Tønsberg in 1925 which revolutionized whaling. A slipway consisted of a hole in 

the stern of the floating factory, with a ramp leading up to the deck, which made it possible to 

drag the entire carcass directly onboard the ship where it could be flensed and processed in all 

kinds of weather in offshore waters (Figure 5) (Bakka 1992). These new technologies made 

whalers independent of land, and thus, British regulations, marking the beginning of the era of 

pelagic whaling.  

Through the British Colonial Office, land-based whaling had been subject to some regulation. 

However, when whaling shifted to become pelagic, the industry was no longer controllable, as 

the open sea was beyond British legislation. This was to have serious consequences for the 

whales, as well as the industry itself (Small 1971). Only five years after the invention of the 

slipway, 38 ships with a slipway were operating in the Antarctic (Small 1971). The efficiency 

of this new technology was reflected in the total catch. In the plot of yearly catches of various 

species, the sudden increases in the numbers of blue and fin whales in the 30's are readily 

spotted (Figure 6). 

Being the largest and most valuable species, the blue whale suffered the most (Smith 1984). 

From catching 47 200 blue whales during 15 years (1910-1925) before pelagic whaling, the 

new technology and increase in whalers led to an even higher catch number of 49 800 blue 

whales in only 4 years (1926-1930) (Ringstad 2011). 

 



9 
 

 

Figure 4: Before the invention of the slipway, the flensing was performed alongside the ship. This required 

sheltered bays and was a very dangerous practice (Vaughan 2002).  

 

 

Figure 5: Lancing was the first floating factory with a slipway, which allowed the whalers to pull the carcass 

onboard for processing (Johansen 2014).  
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Figure 6: Catch statistics of the different species of rorquals and sperm whales from 1909–2000 (Extracted from 

Ward 2001).  

The year 1931 marked the peak in blue whale catches, with a staggering number of 29 409 

whales caught. From then on, whaling in Antarctica continued almost unimpeded (except for 

a halt during World War II), while the catches of blue whales only declined, despite growing 

concerns about overexploitation (Ringstad 2011). The expansion was lead mainly by 

Norwegians, and then Britain, while new nations, like Japan, Germany, The Netherlands and 

The Soviet joined later on and also expanded their industries. International efforts to regulate 

the whaling industry were initiated in the 1930s, with a series of conventions that culminated 

in the formation of the International Whaling Commission (hereby IWC) in 1946 (Bakka 

1992). However, blue whales were still hunted until there were practically absent in the 1970s 

(Small 1971).  
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2 Materials and Methods 

2.1 Study Area 

Whaling was conducted basically across the entire Southern Ocean; From the seas off the 

Falkland Islands, South Shetland Islands, South Georgia, Kergulen Islands and parts of the 

South Pacific Ocean (Figure 7). There was less whaling intensity in the areas in and around 

the Amundsen Sea and Ross Sea, as these areas were part of the Whale Sanctuary (Figure 8), 

which was closed to all commercial whaling from 1937–1955 (Mitchell 2017; IWC 1955). As 

Bjørge (2014) discovered in his study, the catches made by the Norwegian company Thor 

Dahl A/S comprised 10 % of the world catch, and the catches were representative for the 

entire fleet. Figure 9 can therefore be assumed to represent very closely the hunting intensity 

of the world fleet in Antarctica.  

 

Figure 7: Map showing Antarctica and its surrounding areas. Whaling in Antarctica started at South Georgia, 

and from then on from land stations at several islands (South Shetland Islands, Falklands, Kergulen). After the 

transition to pelagic whaling, almost the entire Southern Ocean was subject to intense hunting, except for the 

areas covered by the Sanctuary (see Figure 8). 
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Figure 8: The Sanctuary (shaded area) was an area where all whaling was forbidden, and covered the waters 

south of 40 degrees South Latitude from 70 degrees West Longitude westward to as far as 160 degrees West 

Longitude (IWC 1950). It was in force from 1937 (enforced from the 1937 Agreement) to 1955 (IWC 1955). 

Map extracted from Tønnesen 1970.  

 

Figure 9: The intensity of hunting in Antarctic waters by the Norwegian company Thor Dahl A/S. Bjørge (2014) 

discovered that the catches by Thor Dahl represented around 10 % of the world catches, thereby being 

representative of the entire fleet. The intensity is illustrated by: green= low, yellow= medium & red= high. 

(Bjørge 2014 unpublished). 
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2.2 Data. 

The number of blue whales caught in the Antarctic pelagic whaling during the seasons 

1932/33 to 1966/67 (Figure 10) was extracted from Branch et al. (2004). This time series 

comprise catches from all whaling vessels of the IWC member nations. Since the southern 

whaling seasons includes New Year, the annotated years in the dataset refers to the year in 

which the season ended (1933 = season 1932/33).  

 

Figure 10: The total catch of Antarctic blue whales plotted against the seasons 1933–1967, based on official 

IWC statistics (Total catch numbers were extracted from Branch et al. 2004. For all total catch numbers, see 

Appendix 1, Table 1). 

2.3 Statistical analysis 

In the analysis of catch statistics I assumed that the total catch numbers reflect the population 

size (Chapman 1964; Bjørge 2014), meaning a downward trend would pose a strong cue 

towards a true population decline. It is therefore of interest to investigate whether the years 

1934/35–1939/40 provided a signal of over-catching which was so strong that the decimation 

of Antarctic blue whales could have been prevented in 1940. The following description of 

ordinary statistical analysis of simple linear regression is taken from the textbook by Løvås 

(2013). All following analyses were performed in Excel 2010. Let 

Ck = The total catch in the year k (k = 1935, 1936, 1937, 1938, 1939, 1940) 
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It is assumed that the yearly total catches C1935, ..., C1940. are statistically independent of each 

other. A simple model for the catch series states that the total catch in each season is equal to 

the sum of the expected catch plus/minus an unknown quantity which is called the random 

error component 

( )k k kC E C e     for k = 1935,..., 1940 

where E(Ck) is the expected catch and ek is the random error (deviation from the expectation) 

in the kth season. The 'error' terms e1935,...,e1940 are independent of each other with expectation 

zero E[ek] = 0 and variance 2Var(e )k   

It is essential to detect as early as possible if the population is declining. An objective 

procedure would be to perform a linear regression of the catches with respect to season. If we 

want to investigate the n = 6 seasons 1935, 1936, 1937, 1938, 1939 & 1940, the simple linear 

regression model is 

[ ]kE C a b k       for k = 1935,..., 1940 

where a and b are the parameters specifying the regression line. 

This means that the yearly catches are assumed to be composed of a deterministic component, 

[ ]kE C a b k   , and a stochastic component ek: 

k k kY C a b k e      

where the 6 error terms e1935,...,e1940 are independent of each other and have a normal 

distribution with mean zero and variance 2. Also, note that the error terms may be written as 

the difference between the observed catches Ck and the expected catches E[Ck]: 

[ ]k k k ke C E C C a b k       

Let us see how this is done by considering a concrete example. In order to operate with 

symbols found in statistical textbooks we shall convert the seasons and catches to the familiar 

X and Y variables: 

n = Number of observations (season) = 6 (i.e. 6 seasons in the period 1935–1940) 

The actual values of the variables are 
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X = Season. X1 = 1935, X2 = 1936, X3 = 1937, X4 = 1938, X5 = 1939 & X6 = 1940. 

Y = Catch. Y1 = C1 = 16 499, Y2 = C2 = 17 709, Y3 = C3 = 14 294,  

   Y4 = C4 = 14 893, Y5 = C5 = 14 071, Y6 = C6 = 11 486 

The estimated regression line in the considered period is 

ˆˆ ˆk kY a bX     for  k = 1, 2, ..., 6 

where the parameters are estimated as 

6

1
6

2

1

( )( )
ˆ ˆˆ&

( )

k k
k

k
k

X X Y Y
b a Y bX

X X





 

  






  

where  
6 6

1 1

1 1&
6 6k k

k k
X X Y Y

 

     are the average values of the considered seasons and 

catches. 

The six error terms [ ]k k k ke C E C C a b k        are then estimated as 

ˆˆˆ ˆk k k ke C C C a b k        i.e. the difference between the observed and estimated expected 

catches. 

The total variability of the catches is defined as   
6
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ˆ( )REG k
k

SS C C


   

Since the average catch 
6

1

1
6 k

k
C C



   is calculated from the 6 observations, the degrees of 

freedom of the total variability of the catches are dfT=6-1=5 and the mean variability of the 

catches is MSTOT = SSTOT/dfT  = SSTOT/5 

The total variability of the estimated catches, i.e the total variability in the regression line,  is 

defined as   
6

2

1

ˆ( )REG k
k

SS C C


    

Since the estimated catches lie on the regression line ˆˆ ˆk kY a bX   the degrees of freedom of 

the variability of the estimated catches is  dfS=1  and the mean variability of the estimated 

catches is MSREG = SSREG/dfS = SSREG. Since the regression line expresses the covariability 
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between the catches and the seasons, we say that SSREG is the variability due to the season, 

and therefore replace the REG-notation with a SEASON-notation; i.e. MSSEASON = SSSEASON 

= SSREG. Another notation which is also frequently used is MOD (model). 

The total variability of the random components (errors, residuals) is defined as the squared 

sum of the differences between the estimated and observed catches:   
6 6 6

2 2 2

1 1 1

ˆˆˆ ˆ( ) ( )RES k k k k
k k k

SS e C C a bk C
  

          

Since the two values  ˆˆ &a b  are calculated from the 6 values of the catches, the degrees of 

freedom of the variability of the errors (residuals) is  dfe=6-2=4  and the mean residual is 

MSRES = SSRES/dfe = SSRES/4.  We say that SSRES is the variability due to the random errors, 

and represents that part of the total variability which is due to unknown factors. 

2.4 Statistical hypothesis testing 

A trend is verified statistically by testing the null hypothesis (H0) of no trend; that is, a 

statistical test of the hypothesis that the value of the regression coefficient is zero, i.e 

H0 : b=0   versus the alternative hypothesis   : 0AH b   

The test statistic for this null hypothesis of no trend is F= MSseason/MSerror , 

that is, the relative magnitudes of the seasonal and random components. 

If there is a trend in the catches, the total catch declines over the seasons which are 

statistically formulated as: the parameter season has an impact on the size of the catch.  If so, 

the variability due to season (MSSEASON) will be large in comparison with the variability due 

to the random errors (MSRES). Thus, trends will generate high values of the test statistic F = 

MSSEASON / MSRES. In other words, a high value of the catch statistics F is taken as an 

indication that the catches change over the considered seasons (the regression coefficient is 

significantly different from zero); that is, a high value of F provides evidence against the null 

hypothesis. On the other hand, if there is no trend in the catches, most of the variability will 

be due to unknown factors and the test statistic will assume low values. 

In order to quantify when the null hypothesis shall be rejected, the level of significance must 

be specified. 
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Since we want to minimize the chance of rejecting a true null hypothesis, i.e. we want to 

minimize the chance of concluding that the expected catches decline when they stay constant 

(i.e. have no trend), the critical value Fcrit is chosen such that the probability that F exceeds 

Fcrit shall be less than say  = 5% when there is no trend in the expected catches, i.e. when the 

true value of the regression coefficient is zero (b = 0). Since F has an F-distribution with 

dfS=1 and dfe=4 degrees of freedom, the critical value is F1,4,crit, 0.05 = 7.7. This means that if 

H0: b= 0 is true, then 

1,4,crit, 0( | H ) or, equivalently, ( 7.7 | 0) 0.05P F F P F b       

We say that = 0.05 is the significance level of the test. 

This test procedure of the null-hypothesis b=0, may be summarized as follows. First calculate 

the test statistics F from the data, and the critical level F1,4,crit, 0.05 = 7.7 from a statistical table. 

If there is no trend (b = 0), the probability of observing a value of F larger than the critical 

value is only 5%. Thus, if we get an F-value larger than 7.7, we reject the null hypothesis and 

conclude that there is a trend in the catches. 

The underlying philosophy of this procedure is that by choosing a significance level of  

 = 0.05 we accept that there is only a small chance of 5% to conclude that there is a trend 

when in reality, there is no trend (to reject the null hypothesis when it is true). In other words, 

the test is constructed such that there is only 5% chance that some unknown or random 

mechanism shall generate a high value of the test statistic. Thus, the significance probability  

= 0.05 simply represents the chance of getting extreme values of the test statistic given that 

the null hypothesis is correct. The hypothesis testing of no trend is summarized in an analysis 

of variance table (Table 1 in the Results).  

2.5 Power Analysis  

Hypothesis testing provides a method for choosing between a null hypothesis and an 

alternative hypothesis based on the available data (Ren 2009). Either of the two hypotheses 

may be true or false, and therefore there are four possible outcomes in any hypothesis test. 

There are two ways to be right: rejecting the null hypothesis when it is false, and accepting it 

when it is true. It is therefore also two ways to be wrong: rejecting the null hypothesis when it 

is true, and accepting it when it is false. These two ways of being wrong are called Type I 
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error and Type II error respectively (Neyman & Pearson 1933a, b; Nickerson 2000). A clear 

overview of these is provided in Table 2.  

Table 2. The four possible outcomes of a statistical hypothesis testing (based on Nickerson 2000). 

Decision H0 Truth state of H0 

 False  True 

 

Rejected Correct rejection  Type I error 

Not rejected Type II error  Correct nonrejection 

 

Type I error. When making a Type I error, we reject the null hypothesis even though it is 

true. In this case, the estimated regression coefficient has a high positive or negative value 

because of random effects, and consequently the test statistic passes the critical value. We say 

that the regression coefficient is significantly different from zero because it is only 5% chance 

that the test statistic F passes the critical value. For blue whales a Type I error means that the 

conclusion is that the expected catches have a downward trend although the population stays 

at the same abundance. We are less likely to make a Type I error when the value of the 

significance probability α is low. Note that this error can only be made when the null 

hypothesis is true (Peterman & M’Gonigle 1992). 

Type II error. When making a Type II error, we fail to reject the null hypothesis even though 

it is false. In this case, the estimated regression coefficient has a small value because of 

random effects, and consequently the test statistic F does not pass the critical value. For blue 

whales, a Type II error means that the conclusion is that the expected catches stay at the same 

level although the population declines. Note that this error can only be made when the null 

hypothesis is false. The probability of making a Type II error is denoted  (beta). Thus, the 

probability of not making a Type II error must be 1-.  Since the event of not making a Type 

II error may be stated as the event of concluding that the expected catches declines when the 

abundance declines, we may use the compact formulation: the probability of correctly 

concluding that the expected catches declines is 1-. Since it is important to detect trends, we 

may use 1- as a measure of the ability of the test to detect trends. We therefore define the 

power of the test as the probability of rejecting the null hypothesis when it is false, i.e. 1-. 

The power of the test increases with increasing sample sizes (Nickerson 2000; Underwood & 
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Chapman 2003). To calculate how large a sample size must be to obtain a prescribed power, 

we must perform a power analysis (Gerrodette 1987).  Obviously, a high power is desirable, 

so a good experimental design has a small value of making a Type II error; that is, is made 

small. 

For the Antarctic blue whales in the period from 1934/35 to 1939/40 the central question is 

whether the small sample size of n=6 seasons provide enough power to put confidence in the 

results of the statistical hypothesis testing in 1940. In other words, will n = 6 provide a power 

of 95% for the period 1935-1940; that is, will our chance of detecting a negative trend (over-

exploitation) be at least 95% if the number of blue whales actually declined under the given 

rate of exploitation? The following description of power analysis for linear regression is taken 

from Gerrodette (1987). 

Suppose the total catch declines linearly with time; i.e. suppose a linear regression gives a 

good representation of the total catches in the considered period of n+1 seasons: 

 0( ) ( ) 1jE C E C j     for  j = 0, 1, 2, ..., n 

where  ( )jE C   is the expected catch in the j-th season and  is a parameter such that the 

product ( )jE C  is the decline in the total catch per year.  

Gerrodette (1987) derived the following inequality for reducing the statistical errors to the 

specified levels  and  

2
/22

0

8( 1)( 2) 12 ( ) (1 )
( ) 2

n n n z z n
E C  




       

where n is the number of seasons after the initial season with index 0, E(C0) is the expected 

catch in the initial season, is the fraction of the initial catch giving the average rate of 

decline in the catches per season, i.e E(C0), and  /2 &z z    are the values where the areas of 

the density function of the standard normal variable (mean = 0 & variance = 1) beyond these 

two values are respectively /2  and . 

A statistical investigation of whether there is a trend in the total catches is a test of the null 

hypothesis of no trend versus the alternative hypothesis of a trend: 
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0 : 0H b  versus : 0AH b   

When the inequality is satisfied, the probability of Type I and II errors are  and : 

1. (Concluding that 0 | 0) (Type I error)P b b     

2. (Failing  to conclude that 0 | 0) (Type II error)P b b     

Thus, if the inequality is satisfied the power of the test is 1-, which means that  

(Conclude  that 0 | 0) 1 (Not  conclude that 0 | 0) 1P b b P b b          
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3 Results 

3.1 Statistical Analysis  

During the seasons from 1934/35 to 1939/40, there was a clear downward trend in the catches 

of Antarctic blue whales (Figure 11). Since the null hypothesis of a zero-regression 

coefficient is rejected at the 5% level (Table 3), it may be concluded that the average decline 

of approximately 1000 blue whales per season is significant. From a statistical table, we can 

see that the probability of observing an F-distribution with 1 and 4 degrees of freedom larger 

than 13.6 is 2.1%. We therefore say that the conclusion of a trend has a significance 

probability of P = 0.021. 

 

Figure 11: Simple linear regression through the total catch of Antarctic blue whales in the six seasons 1935 – 

1940. 

Table 3. Test of the null hypothesis of no trend in the Antarctic catch of blue whales during the six years 1935–

1940. Note that the test observator F = 13.6 which is larger than 7.7 which the critical level at 5% for a Fisher 

distribution with 1 and 4 degrees of freedom (Løvås 2013). 

Source SS f MS=SS/f F=MSs/MSR 

SSseason 17882062.9 1 17882062.9 13.6 

SSresidual 5241690.5 4 1310422.6 

SStotal 23123753.3 5 
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3.2 Power Analysis 

Finally, the inequality derived by Gerrodette (1987) gives the number of seasons required to 

have significance level of  = 5% and power 1 -  = 95%.  Substituting the values 

0 /2( ) 20 000, 1.960 & 1.645E C z z     we may for each of the 10 alternatives  = 0.01, 

0.02, ..., 0.10 calculate the smallest value of considered seasons (n) which makes the 

inequality true (Table 4). In order to get an idea of the meaning of the values of  the 

corresponding number of seasons until the expected catch is halved (T_half) is also shown. 

From the catch series (Figure 11) it is seen that the catches declined by 50% within periods of 

10 years. From Table 4 we see that a period of 6 years will incorporate all declines more 

rapidly than a reduction of 50% in 25 years. Since a half time of 25 years covers all 

reasonable realistic prognoses of whaling, it could be agreed on the basis of an objective 

scientific analysis in 1933, that the power of a linear regression analysis for the next 6 

Antarctic seasons (1934/35–1939/40) would be at least 95%.  

Table 4. Calculation of the least number of seasons after 1935 which is needed to obtain a significance level of 

5% and a power of 95% for different alternative values of the rate of decline (), or equivalently T_half = 

number of years to reduce the abundance by 50%. 

 

 

: 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
T_half: 50 25 17 13 10 9 8 7 6 5

n n(n+1)(n+2)
2 24 683 168 74 41 26 18 13 10 7 6
3 60 679 166 72 40 25 17 12 9 7 6
4 120 676 165 71 39 24 16 12 9 7 5
5 210 672 163 70 38 24 16 11 8 6 5
6 336 669 161 69 37 23 15 11 8 6 5
7 504 665 159 68 36 22 15 10 7 5 4
8 720 662 158 67 36 21 14 10 7 5 4
9 990 658 156 65 35 21 13 9 6 5 3

10 1320 655 154 64 34 20 13 9 6 4 3
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4 Discussion 

4.1 Conflicts between the goals of the whaling industry and population management 

In spite of increased efficiency due to renewal of the fleet, the decline in the total catch of 

Antarctic blue whales continued steadily after the peak in 1931 (Branch et al. 2004). 

According to simple linear regression (section 2.3), the overexploitation (revealed by an 

average drop of 1000 whales per year) was statistical significant as early as in 1940 with a 

power as high as 95%. However, the pre-war hunting regime was essentially continued after 

the war. 

No proper statistical analysis was performed at this time for the blue whale, despite the fact 

that the statistical theory had been developed by Neyman and Pearson as early as 1933 and 

was rapidly applied in several disciplines in order to evaluate evidence for and against 

competing hypotheses (McManus 1991; Neyman & Pearson 1933a,b; Ren 2009). Thus, the 

methods were available at the time, but simply neglected, leaving early concerns from the 

declining catches untested. It wasn’t until many years later, that a proper statistical analysis 

was conducted to evaluate the blue whale situation, but by then, it was practically too late 

(IWC 1963; Branch et al. 2004) 

It is essential to closely monitor target species in order to detect and avoid overexploitation by 

hunting; an objective set of rules for decisions must be based on statistical analysis of the 

results from a monitoring programme. This requires that a power analysis must be conducted 

before the data is collected, in order to get an indication of the sample size needed to get 

reliable results (Bernstein & Zalinski 1981; Underwood 1997).  

In classical hypothesis testing, a heavy weight is often put to avoid concluding that there is an 

effect when there in reality is none (Type I error). A much-used analogy is found in a court of 

law, where the risk of convicting an innocent person is kept as low as possible, and thus 

increasing the chance of letting a guilty person go free (Type II error). In most application of 

statistical hypothesis testing before 2000 it was a common practice to keep the probability of 

making a Type I error as low as 5 % ( = 0.05) and simply ignore the power of the test 

(Peterman & M’Gonigle 1992; Underwood 1997). 
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In the case of whaling, with a null hypothesis of zero overexploitation, a Type I error would 

pose a negative economic effect on the whaling industry, being forced to halt their activities. 

Obviously, it is therefore in the whaler’s interest to avoid such error, and thus the traditional 

statistics put emphasis on not claiming that a stable population is declining (that sustainable 

catching is overexploitation) (Underwood 1997).  

From an environmental perspective however, such an approach is unfortunate and poses a 

great challenge for management (Underwood 1997). A one-sided focus on avoiding Type I 

error is equivalent to allocating the burden of proof on those seeking to protect the 

environment (Belsky 1984). Rejecting a null hypothesis that the industry inflicts no 

environmental impact, with a significance level of 5%, may require a lot of observations 

which may result in a heavy impact before necessary measures have statistical support. The 

failure to accept a rightful alternative hypothesis may thus lead to serious damage, which may 

be irreversible (Thompson et al. 2000; Belsky 1984). This is exactly what happened with the 

Antarctic blue whales. In the lack of any proper analysis providing evidence of 

overexploitation, the hunting continued, and resulted in a population reduction from about 

240 000 individuals in 1904 to less than 500 in 1973 (Branch et al. 2004). 

With regards to long-term harvesting, it is rather surprising that the approach of avoiding 

Type I error was so widely applied in management. By 1930 the whaling industry was already 

experienced with depleting whale stocks from both the Norwegian Sea and the Barents Sea 

(Bakka 1992).  

In short, by giving priority to avoiding Type I errors, the industry, rather than the 

environment, is protected. Therefore, from an environmentalist perspective, focus should 

rather be aimed at minimising the risk of making Type II errors (Belsky 1984).  

There is a considerable asymmetry in the consequences of the two types of error: A Type I 

error would cause inconvenience and economic consequences for the whaling companies, but 

a Type II error risks serious damage to the whale population (Underwood & Chapman 2003). 

Another way of illuminating the asymmetry can be as follows; When an effect has been 

detected, the scientist is often confronted with questions about the validity of the results; how 

can one know that the results are significant, and not biased by factors such as insufficient 

sample size, systematic sampling error and hidden variables not accounted for (e.g. migration 

patterns, weather variations and so on). 



25 
 

Similar critical remarks are generally not given in the opposite situation. When the null-

hypothesis is not rejected, it is often concluded that the hypothesis of no effect can be 

accepted. In other words, the critical attitude towards negative results is often lacking or less 

pronounced, so decision makers may often be confronted with misleading information 

(Peterman & M’Gonigle 1992). This may be particularly unfortunate if the negative result is 

entirely due to low power, and the precautionary principle is not applied.  

The precautionary principle states that, in lack of sufficient information to draw conclusions 

about a potential effect, activities likely to possibly cause some effect should be reduced or 

withheld. In other words, the precautionary principle favours the environment, and if 

followed, will ensure sustainability in the long-term (Underwood 1997). Statistically, this 

principle demands high power, thus, small chances of erroneously claiming that the activity in 

question does not cause any harm (Underwood 1997).  

When power analysis became widespread, it was realized that the conflicting goals between 

industry and biology could be solved by a statistical design which simultaneously reduced the 

chance of not detecting overexploitation to 5% (Belsky 1985). 

Although there was sufficient information available at 1940 to conclude with high power that 

whaling was decimating the blue whale population, the IWC failed to conduct the simple 

analysis yielding this result. If a simple statistical analysis (section 2.3) had been done in 

1940, it would reveal overexploitation, and the systematic decimation could have been 

stopped. 

4.2 Establishment of the International Convention for the Regulation of Whaling  

With the transition to pelagic whaling, the rise in catch numbers were followed by a growing 

concern that the Antarctic stocks would face the same depletion as stocks in all other previous 

whaling grounds had done before. M. José Suarez issued the report “Exploitation of the 

Products of the Sea” to the League of Nations in 1925, requesting an International 

Convention in order to create a system to balance economic and scientific considerations 

(Fitzmaurice 2015). He requested immediate actions against the rapidly expanding whaling 

industry in the Antarctica. This first step was met with mainly British resistance, who claimed 

that regulation should be conducted through bilateral and multilateral agreements rather than 

an international agreement (Smith 1984). 
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4.2.1 overexploitation and regulation during the late 1920s and 1930s  

It appears obvious that the main motivation of the early attempts to regulate whaling was to 

ensure the survival of the industry rather than the whale populations: The Committee of 

Experts stated in 1930 that the main object was to “protect this source of wealth available to 

us all” (Fitzmaurice 2015).  

In 1928, the League of Nations’ Economic Committee submitted a report which 

recommended the formation of an international organisation to study the problem of 

regulation. However, it further stated that only the industry, and not the whales, was in danger 

of being exterminated. It was argued that the industry itself would become unprofitable and 

stop by itself long before the whales risked extinction (Fitzmaurice 2015). This was claimed 

despite the fact that whalers had previously witnessed many whale species becoming depleted 

by whaling on various other whaling grounds. In particular, the bowhead and right whales 

were by 1928 considered almost entirely depleted due to over catching (Tønnesen 1969). A 

relevant question is why Britain argued that whaling would stop before the whales would go 

extinct? Perhaps one answer, although only speculative, may be that all whale species were 

simply considered “whales” with no further differentiation, creating the attitude that species 

did not matter as long as there were still other whales available to be caught. 

Nevertheless, the view that the industry would collapse before the whales would go extinct is 

surprising. Previous experience clearly linked a prolonged high hunting pressure to 

decimation and a following shutdown of the industry. Although blue, fin and humpback 

whales were regarded as plentiful in the 1920's, it is evident that the industry itself was not 

concerned with the danger of depletion (Kellogg 1928).  

During the early 1930s, the highest priority was given to secure the oil prices at a profitable 

level. This initiated attempt to control the whaling industry, but these efforts were effectively 

blocked. In some of these years, the production of whale oil was so large that the price fell 

below the cost of production. The result was that many companies kept their fleets at home; 

Norway for instance, did not send a single factory ship to Antarctica in the season 1930/31 

(Ringstad 2011). Thus, in an attempt of regulating the oil prices, Norway and Britain formed 

bilateral agreements to limit their production by limiting the number of vessels and the length 

of the hunting season (Gambell 1977). However, Japan and Germany refused to participate on 

establishing international agreements and continued their unrestricted whaling. In particular, 

Japan contributed to a significant reduction of the oil prices by selling their oil to the 
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European market. The result was that Norway and Britain’s hunting limitations had the effect 

of stimulated growth of the Japanese and German whaling industry (Small 1971). 

A significant step towards international regulation was taken in 1931, when the Convention 

for the Regulation of Whaling was opened for signature in Geneva. It was based on the 

Norwegian Whaling Act of 1929, and consisted of some, although quite simple regulations. 

Apart from giving complete protection to right whales and introducing obligation to submit 

statistical data on all whales caught, no biological aspects such as minimum lengths or catch 

limits were covered (Smith 1984). Furthermore, it did not come into force until 1935, as it 

took several years for the 28 states to ratify it. It quickly became clear that the convention did 

not meet the expectations. One weakness was that Japan and Germany refused to adhere to it, 

and their objections had a significant effect, as both were expanding their whaling industry. 

Thus, no effective agreement could be reached on the regulation of whaling (Small 1971).  

In the late 1930's it was realised that the 1931 agreement had failed, and that an international 

agreement had to be reached. A meeting in London was held in 1937 where representatives 

from all worlds’ whaling nations were present – except Japan (Smith 1984). In his welcome 

speech, the British Minister of Agriculture and Fisheries, William Morrison. said (Fitzmaurice 

2015, s. 19): 

“The path of conservation is beset by many difficulties, but as we are all gathered to 

pursue a common object, I hope that your united efforts will find a way through or over 

those difficulties, and that we may reach an Agreement which will be beneficial for all of 

us, and which because of its reasonableness and its practical character, may induce 

those who are not with us today to work with us in the near future.” 

This new Agreement for the Regulation of Whaling and the Final Act was signed in 1937. 

Important provisions were the setting of minimum length and the designation of areas closed 

to pelagic whaling (Figure 12) (Tønnesen 1970). 
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Figure 12: Certain areas were closed for whaling in the 1937 Agreement: “In the Atlantic Ocean north of 40deg. 

South Latitude and in the Davis Strait, Baffin Bay and Greenland Sea, and in the Pacific Ocean east of 150deg. 

West longitude between 40deg. South Latitude and 35 deg. North Latitude, and in the Pacific Ocean west of 

150deg. West Longitude between 40deg South Latitude and 20deg. North Latitude, and in the Indian Ocean 

north of 40deg. South Latitude (Mitchell 2017). (Map extracted from Tønnesen 1970). 

Various paragraphs in the Final Act addressed the problems of reconciling the different 

interests of land stations and factory ships, divergent interests of the states having various 

methods of whaling and purposes (only consumption, exportation of whale products, etc.) 

(Mitchell 2017). Therefore, it was stated (Fitzmaurice 2015, p. 20):  

“Any regulation which tend to favor one group of states as against another, even though 

the regulations be scientifically sound, are bound to receive little consideration in a 

general convention.” 

However, despite the 1937 agreement, there had been an increase of 25 % in the production 

from whaling in 1937/1938 season. It was therefore stated in June 1938, by the British 

Minister of Agriculture and Fisheries, William Morrison (Fitzmaurice 2015, p. 23): 
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“Uncontrolled hunting has reduced the stock to the level at which economic exploitation 

will become impossible. The past history of whaling throughout the world, and recent 

statistics, show that we are dealing with an exhaustible stock. Unless we take measures to 

conserve it, we shall within measurable time have no whaling industry at all.” 

He thus emphasized that the overexploitation of the whale stocks could no longer be ignored 

and that urgent action was needed to protect them (Fitzmaurice 2015).  

The International Council for the Exploration of the Sea was also concerned about the high 

numbers of blue whales caught, and urged a new meeting in 1938. One important decision 

was made at the meeting; a specified area where no whaling was permitted, a Whale 

Sanctuary, was established in Antarctica. The sanctuary covered the area South of 40 degrees’ 

latitude and within 70–160 degrees’ longitude (Mitchell 2017). However, the reasoning 

behind choosing this specific area was not because this would protect a high number of 

whales. I fact, the area was chosen because the abundance of whales was less in these waters, 

thus not of great interest to the whalers (IWC 1956). The main issue at the meeting was to 

establish specific quotas to limit how many whales were killed. Japan refused to participate 

and Germany refused to limit their catches (Small 1971). 

The attempts to establish an international agreement on the regulation of whaling during the 

1930's reveals a recurrent characteristic feature of international cooperation: it was always 

possible for one or two countries to block a common effort to agree on a reasonable system of 

arriving at a sustainable yield. A main reason for the lack of international cooperation was of 

course the lack of international laws regarding exploitation of the sea, and no laws preventing 

countries from staying outside international cooperation on regulating whaling (Harrison 

2011). This issue was to remain a big problem throughout the history of whaling regulation.  

It became increasingly obvious during the 1940s and 1950s that the blue whales were rapidly 

declining. However, the difficulties with international cooperation only worsened rather than 

decreased.  
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4.3 Establishment of the International Whaling Commission  

4.3.1 Contradicting aims 

In 1946, a conference in Washington D.C was held to discuss the problems of regulation of 

whaling, and to construct a management plan. Most of the world’s whaling nations attended, 

and the US submitted a proposal which ultimately was adopted, with the focus of relying on 

scientific expertise (Small 1971). The International Convention of the Regulation of Whaling 

(ICRW) was based on US fisheries conventions at the time, and it was argued that the 

conference should illustrate a new era of International cooperation among the nations as a 

solution to conservation issues, and that the whales represented a common resource in need of 

conservation (Gambell 1977; Fitzmaurice 2015).    

The introductory text to the convention emphasised that the history of whaling had been 

characterised by depletion of one whaling ground after the other, but that any stock could 

recover to numbers that would allow for a certain harvest every year. To achieve this, careful 

regulation and effective enforcement of these would be necessary, in order to ensure that the 

total catch did not exceed the maximum sustainable yield per season (IWC 1946). 

It was argued convincingly by the American delegates in the convention that the key to 

sustainable management was science, and that the IWC should therefore be established as a 

“body of scientific excellence” (Fitzmaurice 2015, p. 30) in the International Convention for 

the Regulation of Whaling (ICRW). The convention can be divided into two main parts: 

1) The Schedule: Consisted of specific regulations, such as quotas, minimum lengths for 

each species, sanctuaries, and opening and end-dates of the seasons, inspections, and 

whaling methods (IWC 1946; Knauss 1997). The regulations in the schedule were 

meant to remain open to change and updates when necessary (Smith 1984).  

2) The convention text, which was a set of permanent rules. Among these were the duty 

of nations to enforce the regulations and the details of the Whaling Commission and 

how it should be operated (IWC 1946).  

Each member nation was to have a representative, the commissioner, who might be 

accompanied by experts and advisers. The operation of the commission revolved mainly 

around amending and updating the provisions set out in the schedule, according to the latest 

updated scientific information. It was agreed that annual meetings should be held to discuss 
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the current situation and evaluate data from the recent season (IWC 1946; Smith 1984). For 

an amendment to pass, it was agreed that a majority of three quarters was needed to ensure 

that a greater proportion of the members approved the proposed change (IWC 1946).  

However, the provisions that were set out in the convention text were characterized by 

statements involving contradicting aspects. Among its aims the convention text stated that it 

should ensure “the proper conservation of the whale stocks and the orderly development of 

the whaling industry” (IWC 1946). Article V deals with the amendment of the schedule:  

“These amendments of the schedule 

a) Shall be such that are necessary to carry out the objectives and purposes of this 

Convention and to provide for the conservation, development, and optimum utilization 

of the whale resources;  

b) Shall be based on scientific findings;  

c) Shall not involve restrictions on the number or nationality of factory ships or land 

stations, nor allocate specific quotas to any factory ship or land stations; and 

d) Shall take into consideration the interests of the consumers of whale products and the 

whaling industry. (IWC 1946).  

Note that already in the Commission’s founding document we discover a crucial problem. 

Point b) illustrates the attempt to base its operation on science, but in point d), the convention 

also requires that the interests of whaling industry are considered. There is only a vague 

distinction between industrial and scientific viewpoints. By being bound to please the industry 

in the attempt to construct a management plan for whales, the opportunity to establish a 

management procedure in accordance with precautionary principles was in practice blocked. 

The precautionary principle would in this case have required a considerable reduction of the 

catch of certain species until reliable data on abundance and migration patterns were available 

(Underwood 1997).  

4.3.2 The VETO-right 

The Norwegian delegates advocated that the IWC should be granted the authority to make 

binding decisions, claiming that it should have as its primary task to regulate the industry so 

that the whale stocks could be kept at a level allowing for a long term stable harvest (Small 

1971). However, the Dutch and French delegates were against such a strong IWC, fearing that 
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it could have detrimental effects on their own interests. Settling at an agreement which would 

be accepted by all the nations proved to be challenging (Smith 1984).  

Because some nations refused to sign the convention if the commission was given this 

authority, the US delegates suggested the VETO-rule, which allowed any nation to object to 

whatever conservation measure they disagreed with. Norway and Britain was against this rule, 

but the US delegates claimed that the alternative was that nations would refrain from joining 

IWC, resulting in no international control at all. Hence, the VETO-right was retained for all 

members (IWC 1946; Fitzmaurice 2015).  

A nation could therefore object to any decision, thus becoming unbound by it. This right did 

achieve the result that the American delegates had foreseen, that all pelagic nations would 

become members of the commission, but it may also have been one of the greatest mistakes 

IWC made. It became an important factor in IWC’s lack of success and it allowed for the 

continued undermining of common efforts of conservation (Gambell 1977; Smith 1984).  

4.3.3 Lack of authority in limiting number of vessels 

Beside the veto-right, another great weakness in the convention was point b) in Article V, 

outlined above, stating that IWC should not have the authority to limit the number of factory 

ships nor the allocation of quotas for each factory (IWC 1946). This meant that any nation 

was free to increase their whaling fleets, which was exactly what the two great whaling 

nations Japan and Soviet did, resulting in an increasing number of factories and catcher boats, 

catching fewer and fewer whales (Small 1971). The likelihood of this scenario had even been 

acknowledged and discussed at the Washington conference, but they still failed to address the 

problem and avert the decimation (Smith 1984).  

This decision to not allocate quota or limit the number of ships originated from the principle 

of freedom of the seas, which stated that every nation was free to utilize resources at the high 

seas as it wishes; thus, an allocation of quotas or limits on number of whale boats would 

violate this principle (Small 1971, p. 179):  

 

“The United States Government has taken the position that such allocation is not in the 

interest of free and competitive enterprise, and it is not necessary to the conservation of 

whaling resources.” 
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This was a new and unique argument, advocated by the US delegates, further curtailing 

effective regulation of the industry (Small 1971).  

4.4 A weak IWC gave the priority to the industry during the 1950s and early 60s 

4.4.1 Dutch opposition and threat of objection  

In 1953, a subcommittee of the Scientific Committee met prior to the annual meeting of the 

commission to examine the latest catch reports in order to specify recommendations for the 

next seasons. The reports revealed a serious decline in the blue whale catches, especially in 

Area II (Figure 8). Despite a doubling in the horse power and tonnage of the catcher boats, the 

catch per catcher-days-work had gone from 1.03 in 1934, to only 0.11 in 1952. Additionally, 

the proportion of sexually immature individuals caught had risen. A ban on catching of blue 

whales in Area II was therefore recommended, together with a postponing of the blue whale 

season by two weeks and a reduction in the quota from 16 000 to 15 000 BWU (BWU= Blue 

Whale Unit, which was a measurement used to quantify the number of whales the quota 

consisted of. 1 BWU equalled 1 blue whale, 2 fin whales or 6 sei whales) (Burnett 2012; 

Small 1971). This was later backed up by the Norwegian and British representatives, 

Professor J. Ruud and Dr. R.M Laws, who both in separate scientific reports requested a 

substantial reduction in the blue whale catches (Schweder 2000).   

This was generally accepted by most members of the scientific committee, except the 

Netherland’s scientific adviser, Professor Slijper, who violently opposed it (Tønnesen 1970). 

He submitted a memorandum where he claimed that there was no scientific evidence to 

support a reduction in the quota, arguing that there were still plenty of blue and fin whales to 

be found. He even suggested that the increase in sexually immature individuals indicated a 

growing population, rather than a declining one, supported by comparisons with terrestrial 

animals like ducks and antelopes, where a rise in immature individuals increases with 

population growth. He seemed to overlook the fact that these species can produce several 

offspring every year, while the great whales only produce one every second or third year 

(Small 1971). Considering that Slijper was a well-respected scientist and professor at the 

Zoological laboratory at the University of Amsterdam, his manuscript was very strange – it 

was full of elementary flaws and could not be considered a scientific paper at all (Moore 

1969; Schweder 2000).  
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However, it was accepted by the Dutch delegation, and as they threatened with using the 

VETO-rule to object, the scientific committee was pressed to renounce the proposed 

measurements. The Dutch scientists also demanded that Area II was not closed for whaling, 

and they would only accept a lowering of the quota by 500 BWU. No dissenting votes were 

presented and the recommendations passed. Not surprisingly, the whaling companies were 

pleased with the outcome (Small 1971; Schweder 2000).  

The following year, at the Commission’s meeting in Tokyo, the blue whale catches still 

showed an alarmingly rapid rate of decline, and it was evident for almost all the members of 

the scientific committee. Nevertheless, proposed conservation measurements aroused much 

disagreement, and Slijper continued to deny that the blue and fin whales desperately needed 

extended protection (IWC 1954).  

The problem with Slijper’s opposition consisted through the next meeting in Moscow in 1955 

as well, although most of the scientists had by now began believing that the blue whale stock 

might have reached such low numbers that it could be unable to recover.  Although the 

scientists knew very well that the blue whales required much more extensive protection, the 

only measurements the whaling nations could accept was a further postponing of the season 

by two weeks (IWC 1955). 

The situation with the Dutch opposition can only be regarded as a demonstration of the 

negative effect of the VETO-rule, as it like in the 1930s, allowed one nation to block all effort 

of international conservation.  

4.4.2 Opening of the Whale Sanctuary  

As a response to the disagreement regarding protection of the blue whale, it was 

recommended that the whale sanctuary (Figure 8), which had been in place since the 1937 

Agreement, should be opened for whaling (IWC 1955). The scientists justified this decision 

by the arguments that (1) a shift in the hunting grounds would relieve the pressure on the 

hard-pressed abundance in other areas, and (2) the abundance in the Sanctuary, was so low 

that not much harm could be done anyway (Tønnesen 1970). 

Unfortunately, there were a considerable number of blue whales inhabiting the sanctuary, and 

these were caught as the commission were unable to close it after three years as planned. The 

1956 statistics for the catches showed again that extremely few blue whales were caught. As 
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opposed to thirty years earlier, when 3689 blue whales were caught from South Georgia, only 

3 were caught from the same station in 1956 (Small 1971). The majority of the scientific 

committee members by now agreed that the quota should be less than 11 000 BWU, but the 

Dutch delegation still disagreed, preventing the reduction in the quota (IWC 1956).  

4.4.3 The fin whale was prioritised in the late 1950s  

Because blue whale catches were so few, they had become economically unimportant for the 

industry, and they now depended entirely on the fin whales. Unfortunately, even they were 

also showing unmistakable signs of decline, which led the scientific committee to make a 

strange turn in their view of appropriate management; as the fin whale catches were becoming 

proportionately higher, priority had to be given to protecting the fin whale rather than the blue 

whale (Small 1971; IWC 1956). 

In practice, they were willing to sacrifice the blue whale to avoid the fin whale suffering the 

same fate of depletion. Thus, no recommendation was given for the protection of the blue 

whale in 1956 or 1957 (IWC 1956, 1957).  

4.5 The end of Antarctic pelagic whaling 

The blue whale was finally granted full protection in 1965, after a committee consisting of 

three scientists from non-whaling countries (The Committee of Three) finally presented a 

proper population dynamical analysis demanding a complete catch stop of certain species 

(IWC 1963; Tønnesen 1970). 

In spite of this, some countries which were not members of IWC ignored this highly-needed 

catch stop, and took 450 blue whales (Smith 1984). Even worse, the Soviet Union, which was 

a member of IWC, continued an illegal hunt until the International Observer Scheme was 

introduced in 1973. By then, they had already killed 852 extra blue whales. The total 

population size in the Antarctic has later been estimated as low as 360 animals at this point 

(Branch et al. 2004).  

4.6 Assessment of the restitution time from extremely low abundances 

Since 1970 the Antarctic population has shown evidence of increase, but they are still below 1 

% of pre-exploitation numbers. Branch (2007) estimated the population size to be about 2280 
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individuals in 2007, with an annual increase of approximately 8 %. There are of course a lot 

of uncertainties in the population estimates of 1970 and 2007, but these investigations indicate 

at least that the blue whale has started to recover from its extremely low level when the 

whaling stopped. Taking into consideration the relatively low reproductive capacity (one calf 

every 2–3 years and age at maturity around 10 years) it is rather surprising that the population 

growth is estimated to be as large as 8 % (Lotze et al. 2011).   

Let us be conservative and assume this estimate has a bias of 100% so the real growth rate is 

4% rather than 8%. Assuming a population size of 2500 in 2010, the expected population size 

in 2126 will be 2500*1.04116 = 236 487. This means that the total restitution time from 1970 

is estimated to be of the order 40 + 115 = 155 years. If the growth rate really is 8% we have 

2500*1.0459 = 234 391, which indicates a total restitution time of 100 years. From this simple 

arithmetic, we get an expected restitution time of the order 100 - 200 years. 

However, it should be underlined that the trend of the blue whale stock need not necessarily 

follow an exponential growth curve, because such low population levels may suffer from the 

classical bottleneck effect: a considerable loss of genetic diversity could have reduced the 

reproductive performance (Peery 2012). The population becomes more susceptible to effects 

of deleterious genes, as well as inbreeding depression (Primack 2012). Since the Antarctic 

blue whales were subject to all the negative factors related to extremely low densities 

(Klinowska 1991), it must be concluded that, in all probability, pure chance (luck) also played 

a role in rescuing the Antarctic blue whales. Another factor which also played an important 

role for the survival of this population, is that in such a huge area as that of the Antarctic 

ocean, some individuals will always manage to escape 2–3 illegal ships for a ten-year period.  

It should also be noted that there is a good documentation that an overexploited blue whale 

population has the power to restitute. The population of blue whales in the eastern North 

Pacific also suffered from overexploitation; during the years between 1905 and 1970 about 

3500 blue whales were caught from this stock which initially had an abundance of 

approximately 2500 individuals. At the minimum point, the abundance has been estimated to 

950 individuals, which corresponds to about 40 % of the original level (Monnahan & Punt 

2015). At present, the best estimate of the current size of the North Pacific population is 2200, 

which is fairly close to the estimated initial abundance in 1905.  
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In comparison, the Antarctic population had an abundance relative to carrying capacity of less 

than 1% in 2000 (Branch et al. 2004) and the population off Chile had at least 7.2% (Williams 

et al. 2011), while the status of other blue whale populations is unclear. Thus, the blue whale 

population in the eastern North Pacific is currently the only one that has shown recovery from 

whaling, and the investigation performed by Monnahan & Punt (2015) demonstrates that 

given appropriate time and conservation measurements, a population of blue whales are able 

to recover. The blue whale is today still listed as endangered (Reilly et al. 2008). 

4.7 Future work 

The Antarctic ecosystem has suffered a large perturbation during the 100 years between 1910 

and 2010. The top predators (baleen whales and sperm whales) have been reduced to either 

extreme or very low levels. In addition, both krill and fish are harvested in our time. It is 

therefore important to follow the trend in the blue whale population in order to see that this 

species manage to regrow in its altered food web. Future work should involve managing 

procedures to secure the regrowth of all decimated whale populations. 

Of equal importance is the development of international procedures and agreements on 

exploitation. A successful management is dependent on a system for enforcing the majority of 

scientific agreement. This means that the principles of international laws should be made as 

efficient as possible under the aim of giving priority to the protection of the ecosystem rather 

than the industry and economic benefit of the participating nations. 
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5 Conclusions 
1. There was a significant decline in the total catch of Antarctic blue whales between 

1935 and 1940. (Linear regression; significance probability = P = 0.021). On average 

the total catch declined by about one thousand per year. If an experimental design had 

been established in 1935, the test would have a power of 95% (the probability of 

detecting that a declining yield is declining). With such a high power, there would 

have been no statistical doubt that there was a significant overexploitation in the 

1930's. As early as 1940 it was therefore sufficient scientific evidence to reduce the 

total catches substantially, and thus prevent the overexploitation of Antarctic blue 

whales in the fifteen following years from 1945 to 1960. In other words, the continued 

slaughter after 1940 was performed with a complete neglect of simple statistical 

hypothesis testing.  

2. The main reason for the overexploitation during the 1930's were mainly due to a 

combination of three factors: (1) the primary aim of the whaling nations was to protect 

the whaling industry rather than the whale population, (2) the highest priority was 

given to secure the oil price at a profitable level, (3) there were no international laws 

or instruments to prevent Germany and Japan to stay outside the international 

cooperation to reach an agreement on the regulation of whaling. 

3. The failure of establishing an effective management was rooted in the focus on saving 

both the whale stocks and the industry. The Preamble to the International Convention 

for the Regulation of Whaling (ICRW) includes among its aims “the proper 

conservation of the whale stocks and the orderly development of the whaling 

industry.” 

4. In order to prevent Holland and France to leave the conference in Washington D.C in 

1946, every whaling nation who joined the International Whaling Commission (IWC) 

was given the right to object to new proposals. This VETO-principle was the greatest 

mistake of the 1946 meeting, because it allowed only one or two nations to undermine 

the collective efforts of the majority of nations. Article V of the ICRW denied IWC 

the authority to establish an upper limit for the number of factory ships and total catch. 

Combined with the VETO right, the result was an increasing number of whaling ships 

catching fewer and fewer whales. 
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5. The memorandum submitted by the Dutch scientific adviser, Professor Slijper, where 

he refuted the claims that the blue needed substantial protection, was full of 

elementary flaws and conclusions lacking scientific support. He even claimed that 

because of the increasing number of immature individuals in the catches, the 

population must have been increasing, rather than declining. Unfortunately, the Dutch 

delegation immediately adopted his viewpoints, and thus threated to lodge objection to 

the urgent needed reduction of the blue whale hunting. This demonstrated the negative 

effect of the VETO-rule, that one nation, or just a single person’s flawed opinion, was 

sufficient to block efforts to establish a reasonable management system. 

6. The opening of the Whale Sanctuary was justified by scientists by the argument that it 

would relieve the pressure from whaling in other areas, and that it lacked a large 

abundance of whales anyway, so little harm could be done. This clearly demonstrates 

that the three main reasons for the blue whale decimation were (1) population biology 

was ignored, (2) the VETO-paragraph blocked reasonable proposals agreed by the 

majority of scientists, and (3) practically exclusively industrial considerations were 

guiding the decisions of IWC. 

7. The operation of the International Whaling Commission (IWC) during the 1950's can 

only be regarded as another demonstration of the negative consequence of the VETO 

paragraph. In 1955, many believed that the abundance of blue whales had been 

pressed so low that the stock would perhaps never be able to recover. All concern was 

then given to the fin whales since the blue whales were no longer of economic 

importance. Essentially, IWC sacrificed blue whales to help fin whales. 

8. The blue whale was granted full protection in 1965. In spite of this, some countries 

which were not members of IWC ignored this highly-needed catch stop, and took 450 

blue whales. Even worse, the Soviet Union, which was a member of IWC, continued 

an illegal hunt until the International Observer Scheme was introduced in 1973. By 

then, they had already killed 852 extra blue whales. 

9. A combination of pure luck (avoidance of the bottleneck effect) and the huge area of 

Antarctica (allowing some individuals to escape hunting), seems to have saved the 

blue whale population from eradication. In 2007, the population size was estimated to 

be approximately 2300 individuals. With a growth rate of 3–8 percentage, the 

expected restitution time is of the order 100–200 years. 
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Appendix 1 
Table 1: Total catches of blue whales in Antarctica from 1904-1973 (Branch et al. 2004).  

Year Catch Year Catch 

1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 

 

11 
62 

110 
143 
278 
181 
481 

1504 
2404 
2635 
4206 
4871 
3820 
2552 
1801 
1874 
2617 
4305 
5978 
3727 
6013 
4923 
6474 
8170 

12731 
17997 
29409 
6489 

18318 
17256 
16499 
17709 
14294 
14893 
14071 

 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

 

11486 
4940 

45 
125 
339 

1043 
3601 
9214 
6924 
7624 
6182 
6976 
5042 
3833 
2697 
2170 
1585 
1501 
1660 
1076 
530 
476 
603 
333 
176 
120 
153 
154 
57 
95 
43 
34 
17 
3 
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Appendix 2 
Table 1: Manual calculation of the F-value. Excel 2010 was used for all calculations.  

X= Year Y= Catch  ˆˆ ˆk kY a bX   Y- ( ˆˆ ˆk kY a bX  ) =
ˆˆˆ ˆk k k ke C C C a b k       

1935 

1936 

1937 

1938 

1939 

1940 

x̅ = 1937,5 

16 499 

17 709 

14 294 

14 893 

14 071 

11 486 

Ȳ= 14 825,3333 

17 352,5 

16 341,6 

15 330,8 

573,1 

762,0 

-812,2 

Mean=14 825,3333 

-853,5 

1367,4 

-1036,8 

573,1 

762,0 

-812,2 

Mean: 0,00 

X- x̅ Y- Ȳ E(Ck) -mean ek -Mean 

-2,5 

-1,5 

-0,5 

0,5 

1,5 

2,5 

Sum=0,00 

1673,7 

2883,7 

-531,3 

67,7 

-754,3 

-3339,3 

Sum=0,00 

2527,1 

1516,3 

505,4 

-505,4 

-1516,3 

-2527,1 

Sum=0,00 

-853,5 

1367,4 

-1036,8 

573,1 

762,0 

-812,2 

Sum=0,00 

Ʃ(X- x̅)( Y- Ȳ) = -17 690 

Ʃ(X- x̅)² =17,5 

6

1
6

2

1

( )( )
ˆ ˆˆ&

( )

k k
k

k
k

X X Y Y
b a Y bX

X X





 

  






  

= -1010,8571                             &             1973361,5 
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6
2

1
( )TOT k

k
SS C C



   
6

2

1

ˆ( )REG k
k

SS C C


   
6 6 6

2 2 2

1 1 1

ˆˆˆ ˆ( ) ( )RES k k k k
k k k

SS e C C a bk C
  

         

23123753,3 

 df =5 

17882062,9 

 df =1 

5241690,48 

 df =4 

 

MSREG = SSREG/dfS = SSREG   = 17882062,9/1 = 17882062,1 

MSRES = SSRES/dfe = SSRES/4 = 5241690,48/4 = 1310422,6 

(SSREG = SSSEASON)  

F = 17882062,9/1310422,6 = 13,6 
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