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Presenter
Presentation Notes
A short introduction to whales, dolphins and porpoises – they are mammals, they breathe air and they suckle their young with milk. However, they are highly adapted to life in the ocean. There are two main groups – the toothed whales (Odontocetes), and the baleen whales (Mysticeti) whose teeth have been replaced by baleen, a hairy material through which they strain their food from the seawater. The so-called Great Whales are all baleen whales, except for the sperm whale, which is by far the largest of the toothed whales. Most baleen whales undertake extensive annual migrations between cold-water feeding grounds in the summer and warm-water tropical breeding grounds in the winter.  Whales that over-winter in the Pacific islands generally migrate to Antarctic waters in the summer.  During its 50-plus year lifespan, a PI humpback whale will swim the equivalent distance of the moon and back.



Whales and whaling of the past 

Both species 
were driven to 
near extinction 
in the Pacific 
Islands by sail 
whalers and are 
only now 
making a slow 
recovery

The primary targets of 19th century whaling were southern 
right and sperm whales
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Presentation Notes
The Pacific islands, especially what is now Kiribati, was one of the main hunting grounds for sperm whales. Southern right whales are generally a cooler water species.



19th century catches of 
humpback whales

Cook 
Islands

French 
Polynesia

Chesterfield 
Reef

Tonga

July

August

September

Whaling logbooks from 1805 - 1909 suggest about 3,000 humpbacks were killed, 
mostly in Tonga and the Chesterfield Reef.

Townsend 1935, 
Richards 2000
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Presentation Notes
ANIMATION: FIRST WILL APPEAR THE MAP WITH AUSTRALIA/NEW ZEALAND, THEN NEW CALEDONIA/TONGA, THEN THE BIG RED CIRCLE, THEN THE COOKS IS AND FP AND THEN THE SMALL CIRCLE ON COOKS. Note that Tonga was the main area for hunting humpbacks in the 19th Century, but the numbers taken were small compared to what was to come later in the 20th Century.Later Towsend analyzing catches data for mostly the 19th century whaling didn’t show any information for this region, except for Rarotonga where some whales were captured on july as shown on this map. However the aggregations around the Chesterfield is. (W of New Caledonia) and around Tonga were evident, mainly between August (open red circles) and September (closed red circles), with whales captured between july and october. One explanation for this  could be a lack of effort by whalers in the central South Pacific, but ….



Migratory interchange as 
described by Discovery

marking

Area IV Area V Area VI
95 W

83 -115 W
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Presentation Notes
The first evidence of migration routes came from the use of Discovery tags in the 1950s. These were steel or brass tags fired into a whale from a modified shotgun, where they were generally lodged in the blubber until the whale was later harpooned, and the tag was retrieved when the blubber was stripped off (a process known as flensing), to be heated and converted into whale oil.



Distribution and migrations of 
humpback whales based on modern 

whaling

II IIIaIV V
VI IIIIb

?

Feeding ground distributions were once the basis for 5 - 6 stocks
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Presentation Notes
Most of the early studies on the genetics of baleen whales were conducted on animals that were harpooned by industrial whaling fleets in the Antarctic, which was divided for the sake of convenience into six areas, each of 60 degrees longitude. It is only in the last 20 years that genetic studies have been carried out on Pacific island breeding grounds. 



Rough Estimates of Initial 
Abundance in the Southern 

Hemisphere

Blue Whale 200,000
Fin Whale 350,000
Sei Whale 150,000
Humpback Whale 120,000
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Presentation Notes
Rough estimates of initial abundance in the Southern Hemisphere in 1900 – note that an adult blue whale weighs between 75 and 100 tonnes, and adult fin whale 60-70 tonnes, a sei whale up to 60 tonnes, and a humpback up to 45-50 tonnes.  There was a huge biomass of whales in the Southern Hemisphere only 115 years ago.



•Reported 
catches

•Unreported
•Soviet 

catches
•Total catch

•Blue • 351,645 • 8,999 • 360,644
•Fin • 735,087 • -9,971 • 725,116  
•Sei • 179,923 •23,615 • 203,538
•Bryde’s • 6,310 • 1,447 • 7,757
•Minke • 117,469 • -901 • 116,568
•Humpback • 162,528 • 45,831

• 208,359
•Sperm • 380,013 • 21,657 • 401,670
•Right • 988 • 3,350 • 4,338
•Uncertain • 11,631 •- • 11,631
•Total •1,945,594 •94,027 •2,039,621

20th century whaling in the Southern 
Hemisphere

Source: Clapham and Baker 2001
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And here’s what happened to the whale populations during industrial whaling, mainly in the Antarctic Ocean. The unreported Soviet catches will be explained soon. But they had a devastating impact on Pacific island populations.



20th century shore-based whaling
Perano whaling station, Tory Channel, 
Cook Strait, New Zealand  (1912 – 1964)
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Presentation Notes
However, it wasn’t only industrial fleets in the Antarctic – both Australia and New Zealand took humpbacks from shore stations as they came close to the coast on their migrations.



Regional hunting in Area V
(excluding illegal Soviet catches)

Year NZ Ant. E Aus Norfolk Total
Island

1912-1928 N/A        1478 1478
1929-1931 N/A 289 816 1105
1932-1937         N/A 292 0 292
1938-1941 N/A 348 225 573
1942-1949 N/A 794 0 794
1950 79 903 982
1951 111 162 273
1952 122 146 600 868
1953 109 504 700 1313
1954 180 0 718 898
1955 112         1097* 720 1929
1956 143 194 720 150 1207
1957 184 0 721 120 1025
1958 183 0 720 120 1023
1959 318 885 810 150 2272
1961 80 293 731 170 1274
1962 32 0 173 4 209
1963 9 0 0 0 9

Total 5,224 6,156 7,423 884      19,687
•

13500

Catches from shore-
based stations totalled 
about 13,500 
humpbacks.
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Aristotle Onassis, who went on to become one of the world’s richest men, with a fleet of oil tankers, originally made his fortune from an illegal whaling operation involving the factory ship Olympic Challenger, which was the only vessel hunting humpbacks in the Antarctic Area V (the feeding ground for many Pacific island humpbacks) in the 1950s. The vessel processed almost 6.000 humpbacks. Although the annual take for the New Zealand station in Cook Strait between 1912 and 1949 is not available, the total catch is accurately known.



Number 
of Fleets

2
3
4
4

Number of Humpbacks Taken by Soviet 
Pelagic Fleets in the Southern Hemisphere 

1959 - 1968 (Mikhalev 2000)

Season

1959/60
1960/61
1961/62
1962/63

Humpbacks 
Taken
12,945
12,529
5,507
2,925

Reported to 
BIWS

720
302
270
263

Number 
of Fleets

4
4
4
3
3

Season

1963/64
1964/65
1965/66
1966/67
1967/68

Humpbacks 
Taken

368
940

1,830
729
748

Reported to 
BIWS

0
0
0
0
0
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The real damage that was done to Pacific island humpbacks happened after they were officially protected by the International Whaling Commission (IWC). The former Soviet Union conducted an illegal whaling operation on the Antarctic feeding grounds of PI humpbacks, reporting to the Bureau of International Whaling Statistics (BIWS) only a small fraction of the whales they killed.



Soviet 
whaling in 
Area V/VI, 
1959/60

Dec Jan Feb Mar Mar

Area V Area VI• A total of 12,945
humpbacks killed 
directly south of 
New Zealand and 
Tonga during this 
single summer.

Tonga

(Source: Mikhalev, 2000)

New Zealand

Australia

Presenter
Presentation Notes
This deception was only exposed in 1996, many years after the collapse of the Soviet Union.  This map records the positions of one of the several fleets during a four-month whaling season, during which they killed about four times the current total population of Oceania humbacks alive now.



Rough estimates of current 
abundance in the Southern 

Hemisphere
Blue Whale 1,255 - 3,300
Fin Whale 8,000 - 15,000
Sei Whale 10,000 – 12,000
Humpback Whale 20,000 – 30,000

Source: IWC discussions
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Presentation Notes
Contrast with original abundance estimates in 1900, which we saw earlier.  Most species are now at less than 10% initial abundance – blue and fin whales are less than 5%, even after more than 50 years for recovery to occur. Humpbacks have recovered better than the other large whale species.



GATHERING INFORMATION - GENETICS

Presenter
Presentation Notes
How do scientists go about collecting the data to piece together what is happening with whales in the Pacific islands?  There are three main areas of study – the first is genetics.



Genetic sampling

Paxarms biopsy system
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Presentation Notes
Tiny skin samples are collected from whales with a biopsy dart, which involves firing a small dart from a crossbow or a rifle. The dart bounces back off the whale, taking a small sample of skin and blubber, which can then be analysed in the laboratory.



1) Sequencing mtDNA for 
maternal lineages

226 167157 111 113

222 226 163 111 115

2) Genotyping for sex 
and individual 
identification

♂

♀
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A sequencing machine then analyses the skin tissue to determine the whale’s sex and its relationship through its mother to other whale populations (‘maternal lineage’)We can use the Polymerase Chain Reaction (PCR) -which is in a sense a molecular photocopying technique to amplify up multiple copies of the gene fragment of interest. These fragments are then sequenced, and the resulting sequences aligned and compared and the unique mitochondrial types or (haplotypes) identified.  So here - the first two individuals in the alignment share the same haplotype -which we have designated  haplotype A, individual three represents different haplotype-differs by 2 nucleotide substitutions - call this haplotype B, and so on - here the five individuals represent four unique haplotypes



NEW 
CALEDONIA

TONGA
COOK 

ISLANDS

FRENCH 
POLYNESIA

COLOMBIA

Samoa

Area IV Area V Area VI Area I Area II
Antarctic 
Peninsula

EAST AUSTRALIA

n = 9 for Area V, 
4 of which match 

n = 46 for 
Area IV 

Genotype matches between 
breeding grounds and the 

Antarctic
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Genetic analysis can also tell us where whales journey – here are some examples of whales whose skin samples have been taken in both tropical breeding grounds and Antarctic feeding grounds.



Which way in one 
season?

NEW 
CALEDONIA

TONGA

COOK 
ISLANDS

Samoa 5 within year 
matches

1 within year 
match

Cook Islands to Tonga

• Male, 31st Jul – 2nd Sept 
2000

• Female, 23rd Aug – 8th Sept 
2002

• Male, 31st Jul – 17th Sept 
2003

• Male, 4th Sept – 19th Sept 
2003

• Cow-calf, 19th Aug – 11th

Sept 2003

Cook Islands to New 
Caledonia

• Female, 24th Jul – 31st Aug 
2000
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And some examples from tissue anaysis of whales who have journeyed to different Pacific island countries – both within and between seasons.



Western 
Australia 
(WA)

New 
Caledonia (NC)

Tonga (Tg)
Cook 
Islands (CI)

French
Polynesia (FP)

Colombia (Col)

Area I
Area VIArea V

120°W170°W 130°E

Area IV

0°

Genetic structure of populations

Analysis of more than 1,000 samples shows genetic differentiation among regional 
wintering grounds as a result of maternal fidelity to migratory destinations

Source: Olavarria et al. in press
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Presentation Notes
Genetic analysis of 1087 samples taken in the Pacific islands over the past 15 years has identified two previously unknown and genetically distinct populations of humpbacks, each with 2 distinct populations, in our region, which is more than three times the size of the Atlantic Ocean.



GATHERING INFORMATION - ACOUSTICS

Presenter
Presentation Notes
Male humpback whales on the breeding grounds sing some of the most complex songs on Earth, and they can be recorded using an underwater microphone (hydrophone) and analysed back in the laboratory.



HUMPBACK WHALE SONG
Only males sing
Sing to attract a female/repel a rival male
Song made up of sounds that are grouped together
All males sing similar songs
Song changes each year

Return to same breeding population
Song shared between populations in 
an ocean basin
Similarity depends on distance
Cultural transmission
Fashion
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One of the most interesting features of humpback song is that it changes in subtle ways every year – a few whales will introduce a new phrase, often from an adjacent breeding ground, and it will quickly be adopted by the other males.  It is akin to what people would call fashion, and is an example of cultural transmission.




Tracking humpback song in Oceania

New 
Caledonia

Tonga Cook 
Islands

French 
Polynesia

East 
Australia

American 
Samoa
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During this century, humpback whale songs have been collected annually from several parts of the region



Song change and spread

East 
Australia

New 
Caledonia

Tonga American 
Samoa

Cook 
Islands

French 
Polynesia

2008

2007

2006

2005

2004

2003

2002
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Careful analysis of hundreds of hours of recordings have found 11 song types from 5 song lineages.The song generally spreads in a easterly direction, originating from the East Australia population. The exception is the purple song type which spreads west.Time lag between movement.



GATHERING INFORMATION – PHOTO-IDENTIFICATION

Presenter
Presentation Notes
The third important source of information is the underside of the tail of humpback whales.
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Many Pacific island whale tails are similar, mainly white with a few black spots.
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Some whales’ tails are very different, however.
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And the tails of a few Pacific island whales have black undersides.
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Some whales can be identified by disfiguring pox viruses
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And a few have very strange dorsal fins.



Migratory interchange across Oceania 
and connectivity to EA

Although whales generally show fidelity to regional wintering grounds, some 
individuals are capable of ‘voyaging’ between different regions. Tonga is the 
hub for Pacific island whales.

3

4

Presenter
Presentation Notes
Analysis of a database of almost 1,000 tail fluke photos shows that every year, most whales return to the island group where they were born. But a few travel to a different group.  Some will travel from one group to another in the same season.
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Presentation Notes
Photo-i.d. and genetics can tell us the broad picture of whale migrations, but new technologies like satellite transmitters can tell us individuals do on a daily basis (until the tag stops functioning or is pushed out of the blubber).



A new understanding

Presenter
Presentation Notes
For Pacific island whales, the deep Tonga trench appears to be a highway to the Southern Ocean.



Estimating regional abundance:
Capture-recapture of Tongan humpback whales

Year Fluke ID 92-93  1994   1995  1996  1997  1998   1999 2000

1991 13 0 1 1 2 0 0 2 0
1992 1 0 1 0 0 0 0 0 1
1993 2 - 1 0 0 0 0 0 0
1994 31 - 0 1 1 0 3 3
1995 31 - 2 0 5 2 1
1996 44 - 0 0 3 2
1997         9 - 0 0 1
1998 52 - 6 2
1999 92 - 4
2000 71 -

Total 376 - 3 1 5 1 5 16 14

Presenter
Presentation Notes
Photo i.d. not only allows us to broadly understand the migratory routes of humpback whales, it can also be used to estimate the size of the population. After each field season, photographs are examined to see which whales have been seen before and which are new ‘captures’. Every time the same whale is photographed, it is effectively ‘recaptured’.



Updating population estimates:
capture-recapture by photo-ID

Example: Tonga 1999 to 2003
Total individuals = 441; Total captures = 516
Best estimate of about 1,485 whales

model N-hat SE lowerCI upperCI
Mt Chao 1,247 241 877 1,842
Mt Darroch 1,215 214 881 1,734
Mh jacknife 735 39 665 816
Mth 1,485 334 987 2,331

Estimates for 1999-2003 Tonga

From Baker, Madon, Russell et al. 2006. IWC comprehensive 
assessment of southern hemisphere humpback whales, Hobart, 
Tasmania

Presenter
Presentation Notes
Various mathematical models can be used to estimate the size of a whale population from the number of captures and recaptures over several seasons.  Here we see the results for four field seasons in Tonga from 1999 to 2003.



New 
Caledonia

Tonga

Cook
Islands

New Zealand

Australia

E1
E2

E3
F

5,714

114
8,685

Total ‘true’ catches for 
Group V and VI = 56,522

34,069 7,940

170W 120W130E

French 
Polynesia

F

14000

7000

1959 1960

Area V Area VI Area IArea IV

Large catches in 
1959 and 1960
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Presentation Notes
For convenience, since humpbacks are highly migratory, the IWC have divided the southern ocean up into feeding areas 1 to 6. Feeding areas directly south of humpback breeding grounds in the South Pacific are Areas 5 and 6. Since the start of the 20th century, over 56,000 humback whales were killed in this region - about 14,000 from coastal whaling stations in Australia and New Zealand, and about 42,000 in the Southern Ocean. However, this hunt was not even distributed across the 20th century, as this chart shows. In fact 27,000 whales, nearly half of all those taken, were killed in just two years, leading to the collapse of the coastal whaling industries in 1963, with only 3 whales taken in east Australia. 



Updating population dynamics models

Best guess: 

• About 60,000 killed 
in the South 
Pacific

• Reduced to a few 
hundred by 1964-
68

• Increase to about 
10,000 by 2005 
(about 7,000 along 
EA and the rest 
throughout 
Oceania)

Population trajectory for east Australia and Oceania under abundance scenario 1
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From Jackson et al. 2006. IWC comprehensive assessment of Southern 
Hemisphere humpback whales, Hobart, Tasmania 
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Putting all this information together, we can reconstruct the history of whaling for Pacific island humpbacks. Our best estimate is that from an initial population of 40.000 or so in 1900, the population crashed to a few hundred whales over the vast region of Oceania by the late 1960s.  Fortunately,  extinction was prevented, and Pacific island governments have done a good job of looking after their whales in the last few decades, and the outlook is much better now than it was 50 years ago.



Population assessment of 
South Pacific humpbacks

•How many whales were there prior to whaling?
•East Australia: 22,000-25,700
•Oceania: 17,800-20,600

•How fast are these populations growing?
•East Australia: 10.4-10.5% PA
•Oceania: 5.1-6.4% PA

•What is the current level of recovery (2009)?
• East Australia: 44-46%
•Oceania: 23-30%

Presenter
Presentation Notes
Compared to Australia, the recovery of humpbacks in the Pacific islands has been much slower – the population is still probably only about one-quarter of its original numbers. However, we are on the right track.



Trends – what is the future for 
Oceania’s humpback whales?

Presenter
Presentation Notes
Hopefully, we have entered a new era and a more benign relationship between people and whales in the Pacific islands.



THREAT – HUNTING FOR SCIENTIFIC 
RESEARCH

Presenter
Presentation Notes
But the threat of “research whaling” remains – although Japan currently only hunts the smaller minke whale for research purposes, it might be possible in the future that humpback and fin whales may be hunted for scientific research (although, as we have seen, we can find out all we need to know about whales without killing them).
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Here is a minke whale on the processing deck of the Japanese research vessel Nissin Maru – it takes less than 15 minutes to process the carcass.



THREAT - MARINE DEBRIS

Presenter
Presentation Notes
And in a changing ocean, whales face a whole new suite of hazards and threats. This whale, photographed in Tonga in 2010, has rope wrapped tightly around it - the pink organisms are small lice that feed on rotting flesh



Presenter
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You can see the trailing rope streaming out behind the whale.  Attempting to remove such material from an entangled whale is a dangerous job, and only trained personnel should attempt it.  SPREP and the International Whaling Commission have undertaken such a training in Tonga, and are hoping to provide training in other Pacific island countries during the Year of the Whale.



ENTANGLEMENT IN FISHING GEAR

Presenter
Presentation Notes
The two divers in the water are in extreme peril – don’t try this yourself!



Other threats 
include climate 
change, 
collisions with 
ships, and by-
catch 

Their future is in our hands

Presenter
Presentation Notes
Join SPREP’s efforts during the Year of the Whale to Protect Pacific Whales – Our Ocean Voyagers.
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