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Marine Mammal Council (Russia) examined the book “Whales of the Southern Hemisphere: biology, whaling and perspectives of population recovery” by doctor of biology, professor of anatomy and physiology department of State Pedagogical University (Odessa, Ukraine) Yuri Mikhalev, and concluded that the book is about a very important issue and contains high level scientific researches, and believes the book should be published.

Yuri Mikhalev is a member of the Council, and he works in the area of whale biology more than 40 years (since 1964). He took part as a scientific group member in 6 cruises of Soviet whaling fleets “Slava”, “Sovetskaya Ukraina”, “Yuri Dolgoruky” and scientific-research boat “Bodry-25”. Before starting his pedagogical carrier he was a chief of sea mammal laboratory in Odessa branch of AzCherNIRO. Based on huge amount of scientific data he published more than 100 papers. His first thesis was about biology of Antarctic fin whale reproduction (Scientific Council of All-union Institute of Sea Fishery and Oceanography, Moscow, 1972). Two doctorate theses were about biology of whales of Southern Hemisphere (specialty “environment protection and rational use of nature resources”, Scientific Council of  Institute of Ecology Problems and Evolution, Russian Academy of Science, Moscow, 1997, and “zoology”, Scientific Council of Institute of Zoology, National Academy of Science of Ukraine, Kiev, 2005). He was awarded with 150-years of Antarctica discovery medal for his research of Antarctic cetaceans.

Yuri Mikhalev was actively struggling against illegal catches of whales and falsification of scientific data by whaling fleets authorities. He did a lot to save real whaling data that government was trying to destroy and hide from public.

Since 1994 he is an independent expert of Scientific Committee of International Whaling Commission (IWC).

The presented book is not a compilation of other scientists’ researches. No, it includes only issues that were studied by the author himself. Nevertheless, while arguing with other researchers, many sides of whaling in the Southern Hemisphere as well as whale distribution, laws of growth, biology of reproduction and recovery capability are deeply examined in the book. Also it analyzes the influence of whale killing on Antarctic ecology and forecasts perspectives of whale population recovery. The book has recommendations on control over current state of whale schools and it offers the regions of World Ocean that could be used as research areas for improving scientific methods of whale counting. Solutions by Yuri Mikhalev of many issues are original, and they, as well as his hypotheses, provoke discussions, and even because of this the book could be useful for specialists as well as for beginners. I believe it could be read with interest even by pubic that are interested in biology of these specific animal species - cetaceans.

Chairman of the Council, Member-correspondent of Russian Academy of Science
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   Introduction

Whales, baleen and toothed, being the top links in trophic chains, play the major role in ecosystems of the World ocean. Their huge size has always excited imagination of people: legends, myths, legends were created. Whales became heroes of literary works and the fine arts. At the same time, whales of huge weight have become desired prey. From whale raw material food, medical, veterinary, sperm and technical fat has been produced. Particular interest represented bone fat, from which high-quality lubricant oils for exact mechanisms and devices are prepared. Fresh meat of baleen whales has been consumed by people, and second-grade - by animals on (fur) farms. Whale liver went to food purposes and to manufacture medical preparations – first of all, vitamin A concentrate. The fodder whale flour was added to animal forage (Bodrov, Grigoriev, 1963). Fuller utilization of whale raw materials took place in Japan (Komatsu, Misaki, 2005).

Together with whale catch study of whales took place. In 18th – 19th centuries special consideration was given to anatomy of cetaceans. Researches in this direction proceeded in 20th century. Among morphological researches the attention is paid to cetaceans in V.E. Sokolova's monograph (1973, with. 242-269) "Integument of mammals". Employees of Department on studying of sea mammals of Ukrainian Institute of zoology,  under the direction of G.B. Agarkov, published monographs "Morphology of dolphins" (Agarkov, Khomenko, Khadzhinsky, 1974) and "Functional morphology of cetaceans" (Agarkov, etc., 1979). The breath physiology is considered in A.Z. Kolchinsky, N.N. Mankovsky and A.G. Misjura's book "Breath and oxygen modes of the dolphin organism" (1980).

The detailed generalizing reports in biology of whales began to appear in 20th century. The first monograph description of whales belongs to F.E. Beddard "The book about whales" (Beddard, 1900). Rather in detail large Minke whales have been described by N.A. Mackintosh and J. F. Wheeler in the book "Blue whales and fin whales of the Southern hemisphere" (Mackintosh, Wheeler, 1929). The monograph description of a sperm whale and then humpback whale in " Discovery Reports " was given by L.H. Matthews (Matthews, 1937, 1938).

Post-war period 1950 –1980th proved very fruitful. Among domestic works first of all it is necessary to note M.M. Sleptsov's monograph "Cetaceans of the Far East seas" (Sleptsov, 1955). Basic research “Cetaceans” by A.G. Tomilin (1957) and "Cetaceans of the USSR seas fauna " (Tomilin, 1962) is especially necessary to be singled out. During the same time E. Slijper 's book "Whales" (Slijper, 1962) was published abroad. The collection "Whales, dolphins and sea pigs" under K.S. Norris's edition (Norris, 1966) and "Biology of sea mammals" under G.T. Andersen's edition (Andersen, 1969) was published a bit later. More attention is paid to cetaceans in directories, manuals, determinants:" Cetaceans” in"the Determinant of the mammal of the USSR" N.A. Bobrinsky, B.A. Kuznetsov, A.P. Kuzyakin (1965, p.185-205); directory "Sea mammals" under P.A. Moiseyev's edition (Ivashin, Popov, Tsapko, 1972); the short description of cetaceans in the book "Sea mammals" by V.A. Arsenyev, V.A. Zemsky, I.A. Studenetskaya (1973, 15-101). In detail suborder of toothed whales is described in the second volume "Sea mammals of the Soviet Union" by V.G. Geptner, K.K. Chapsky, V.A. Arsenyev and V.E. Sokolov (1976, p 413-660).

With some delay "The Atlas of the sea mammals of the USSR", under V.A. Zemsky's (1980) edition was issued, the work over which prominent VNIRO experts began in 1950th. The book "Baleen whales" by V.E. Sokolov, A.A. Arsenyev (1994) is published. Monograph descriptions of whales species are made: group of authors S.E. Kleinenberg, A.V. Yablokov, V.M. Belkovich and M.N. Tarasevich (1964) publish the book – "The White whale"; A.A. Berzin (1971) – the book " The Sperm whale"; " History and ecology of a gray whale" by D.V. Rice and A.A. Wolman (Rice, Wolman, 1971). Results of researches of whales had been summed up by then in the book "Whales and dolphins" (Yablokov, Belkovich, Borisov, 1972).

Considerable attention is given to popularization of data about cetaceans. Among the books of this direction we will mention: "In the country of whales and penguins" by V.A. Arsenyev and V.A. Zemsky (1954); "Whales of the Antarctic" by V.A. Zemsky (1962); "Our Friend Dolphin" by V.M. Belkovich, S.E. Kleinenberg and A.V. Yablokov (1967); the book translated into Russian "Whale" under L.H. Metjusa's edition (1973); translation of the book by the American Herman Melvil (1962) – "Mobi Dick or the white whale".

During that period seminars of scientific groups of whaling flotillas were regularly held. All-Union meetings on sea mammals, International conferences. The theses of reports made at those meetings, and collections of articles were issued. After disintegration of the Soviet Union Russia restored those traditions: with a 2-year interval International conferences on sea mammal Holarctic have been held , and these materials (have been) published.

More than a quarter of a century has passed since the catch of whales in the World ocean was almost/practically stopped, the whaling fleet is reorientated/changed the specialty or recycled. And the destiny of the whales which stocks were catastrophically reduced continues to disturb mankind. It is necessary to comprehend, to sum up, to define prospects. First of all, the question whether all kinds and their populations can be restored in their initial number? There are strong grounds for such anxiety, as the published facts of large-scale poaching extraction of whales (Yablokov, 1994); Zemsky, et al., 1994; Zemsky et al., 1995; Zemsky et al., 1995а; Zemsky et al., 1996; Mikhalev, 1997; Mikhalev, 1997a; Zemsky, Mikhalev, Tormosov, 1994; Tormosov et al, 1998; Yablokov, etc., 1998; Kasuya, 1999; Kasuya, 2002; etc.) became known to a wide range of experts and the public. Unfortunately, other in the past whaling countries, which conducted catch during considerably longer time than the Soviet Union, and not less intensively, do not hasten to open the archives and to publish the valid volume of extraction of whales! At present only attempt of Japanese researcher T. Kasuya (Kasuya, 1999, Kasuya, 2002), who discovered poaching of whales at maritime stations of Japan, is known.

To start working at the theory and practice of restoration of whale populations, and then to rational methods of their exploitation (to conduct whale managing), full audit of all our representations about initial stocks of whales is necessary. First of all, it is necessary to find out, what was the valid volume of extraction of whales and what damage was made to populations by poaching catch.

Owing to various economic and political reasons, this problem has appeared  not easy. Departments (successors of old Soviet system), having this sin on their conscience, conceal and destroy archival materials. * (a footnote in the page end: It is difficult to believe, but they literally destroy. It is authentically known that VNIRO's expert M.V. Ivashin, in the early nineties was burning for two days primary sources on extraction of whales in the institute court yard). "Specialists" of these departments are trying to mislead the public by means of their speculative polemic.

All these circumstances dictate the necessity again and again to come back to history, to the analysis of methods of whaling, to the ways of regulation of catch. In the present work the basic attention will be given to trade whales of the Southern hemisphere, where in its Antarctic zone and adjacent waters the catch was most intensively conducted. As appropriate (as a comparative and illustrative material) some data on whales of the Northern hemisphere are also presented.

Research materials were reported:

– At conferences of Scientific committee of the International whaling commission: Puerto Vallarta (Mexico), 1994 ; Galway (Ireland), 1995 ; Dublin (Ireland), 1995 ; Aberdeen (Scotland), 1996 ; Bournemouth (England), 1997 ; Muscat (Oman), 1998 ; Grenada (republic Grenada), 1999 ; Adelaide (Australia), 2000 ; London (England), 2001 ; Shimonoseki (Japan), 2002 ; Berlin, 2003 ; Sorrento (Italy), 2004

– At All-Union meetings on studying of sea mammals: in Kaliningrad, 1969 ; in Makhachkala, 1972 ; in Kiev, 1975 ; in Simferopol, 1978 ; in Astrakhan, 1982 ; in Arkhangelsk, 1986 ; in Svetlogorsk (Kaliningrad region), 1990

– At the International conference on studying and protection of sea mammals, Golitsino (Russia), 1995 At the International scientific conferences on sea mammal Holarctic: Arkhangelsk (Russia), 2000 ; Listvyanka (the Irkutsk region, Russia), 2002 ; Koktebel (Crimea), 2004 ; St.-Petersburg (Russia), 2006

– At republican, regional and university conferences: scientific conference of the Kishinev state university, 1965; conferences of young scientists of the Odessa state university, 1969; conferences of young biologists and physicians, Odessa, 1971; conferences of young scientific AzCherNIRO (nowadays YugNIRO), Kerch, 1973; at conference "Wildlife management and rational use of natural resources of the South of Ukraine", Simferopol, 1977 ; at Inter-university conference on "to Protection of fish stocks and increase in efficiency of reservoirs of the Southern zone of the USSR", Kishinev, 1969 ; at accounting scientific conference of the Odessa pedagogical university, Odessa, 1984; Republican scientific - practical conferences, Odessa, 1989 and 1990; at the Anniversary scientific - practical conference devoted to the 130 anniversary of L.S. Berg, Bendery, 2006; etc.

Data and research methods

The basic area of research is the waters of Southern hemisphere up to coast of Antarctica, and also adjacent waters of the Atlantic and Indian ocean to the north from equator to 30°N. The basic objects of research are trade kinds of whales of Southern hemisphere.

The data are materials collected/gathered by the author as a part of scientific groups on whaling flotillas voyages: "Sovetskaya Ukraina" (1964/65), "Slava" (1965/66), "Yuri Dolgoruky" (1966/67 and 1968/69); on scientific and search whaling vessel "Bodry-25" (1973/74 and 1974/75). The data collected under our program by scientific groups members of whaling flotillas are also included In processing.

Actual (true) data about the catch of whales, which essentially differ from those reported to the International whale commission (IWC) by management of flotillas and inspection service of Ministry of Fisheries of the USSR. Data on marking 21.456 whales, and 759 return labels taken both from databank IWC, and from logs on survey of whales by biologists of scientific groups of flotillas have been corrected. Personally we marked 97 whales, mainly in the Pacific sector of the Antarctic.

Results of weighing of 1250 whales and 888 embryos are processed. Weighing was made on spring dynamo-meters.

Curves of prenatal growth of whales have been constructed on the basis of the sizes (zoological length) of 16,443 embryos from an early stage of development to prenatal fetuses. A series of numerous (standard) measurements 655 embryos and 550 whales were measured. Character of change of the form of a body and coloring were defined from 404 embryos. The age of 18,77 toothed and 12,800 baleen whales was defined. With decalcified polished sections and with polished sections teeth of toothed whales, and ear plugs of baleen whales, more than 2000 recording structure graphs were written. Cards of distribution of whales are constructed on the basis of co-ordinates of places of extraction more than 200,000 animals.

While completing computing programs, methods of biometry, approximate calculus and graphic-analytical ways were used (Rokitsky, 1961, 1964); Plokhinsky, 1961, 1978; Bailey, 1970; Urbakht, 1963; Pogorelov, 1968; etc.). The estimation of reliability of quality indicators was made by range method of Wilcoxon (Urbakht, 1963, 1964). Degree of distinctions of populations and local herds was estimated by criteria of similarity and identity (Zhivotovsky, 1979, 1982).

Decalcification of teeth by formic acid was made by Bow and Purday technique (Bow, Purday, 1966). Content of Ca in tooth stratifications of baleen whales was defined by atomic-absorptive method (Cudgels, etc., 1982). Fat content of whale milk was defined by Butera metric method. During histologic researches of teeth, ear stoppers, hypophysis and "pair formations", coloring by nitrate silver, hematoxylin and eosin was used. For graphic records of lamination of teeth and ear stoppers (recording structure graphs), domestic profilograph was used - M-201, English profilograph Talyline-4 registering microphotometer IFO-451 and plethysmographs with the special sensor/gauge of our own design.

For convenience of stating and perception of the material, the techniques used are described in more details in the chapters, in which they are applied. The literary data and the materials transferred to us by other researchers, are stipulated in corresponding places.

The following representatives are examined in more detail:

Cetaceans group –Cetacea Brisson, 1762

Suborder Baleen whales – Mysticeti Flower, 1864

Blue whale – Balaenoptera musculus Linnaeus, 1758

Pygmy blue whale – Balaenoptera brevicaudis Zemsky, 1972

Fin whale – Balaenoptera physalus Linnaeus, 1758

Sei whale – Balaenoptera borealis Lesson, 1828

Bryde's whale – Balaenoptera edeni Anderson, 1878

Minke whale – Balaenoptera acutorostrata Lacépède, 1804

Humpback whale– Megaptera novaeangliae Borowski, 1781

Humpback (Arabian sea) – Megaptera indica Gervais, 1888

Southern – Eubalaena glacialis Muller, 1776

Pygmy Right whale – Caperea marginata Gray, 1846

Gray whale – Eschrichtius gibbosus Erxleben, 1777

Suborder of Toothed whales – Odontoceti Flower, 1867

Sperm whale – Physeter macrocephalus Linnaeus, 1758

Pygmy sperm whale – Cogia breviceps Blainville, 1838

Killer whale – Orcinus orca Linnaeus, 1758

Short-bodied killer whale – Orcinus nana Mikhalev, 1981

Small black killer whale – Pseudorca crassidens Owen, 1846

Bottle-nosed whale – Hyperoodon ampullatus Forster, 1770

Cuvier’s beaked whale– Ziphius cavirostris G. Cuvier, 1823

Pilot whale – Globicephala melaena Traill, 1809

Beluga – Delphinopterus leucas Pallas, 1776

Gray dolphin – Grampus griseus G. Cuvier, 1812

White-beaked dolphin – Lagenorhinchus albirostris Gray, 1846

White-sided bottlenose dolphin – Lagenorhynchus obliquidens Gill, 1865

Gulf porpoise – Phocoena sinus Norris and McFarland, 1958

Black finless porpoise – Neophocoena phocoenoides G. Cuvier, 1829

Blue-white dolphin – Stenella coeruleoalbus Meyen, 1833

 2  Historical review of whaling

From prehistoric times natives hunted on whales for their subsistence in the coastal shallow waters of Europe, Chukchi Peninsula, Kamchatka, the Japanese islands and Alaska. The volumes of their catch were minimal and did not affect strength of populations.

Quick expansion of whaling areas and volumes of catches started in the Middle Ages. The initiative belonged to the Basques. Shortly the area from the Biscay Bay extended up to Spitsbergen and Newfoundland where right and, probably, gray whales were taken. Then whalers of different countries developed Davis Channel, the Baffin Bay and the whole European Russian North. Northern Russian princes back in the 9th century received taxes in the form of whale production from Saami and Finn people (Zenkovich, 1955). At the coast of Arctic Ocean people from Novgorod also caught whales and walruses. M.V. Lomonosov, having referred to the Novgorod chronicles, specified, that prince's retinue took part in and often supervised over whaling expeditions. Pechenga monastery conducted whaling at Spitsbergen (Russian pomors called this archipelago Grumant). Well-known are hunters from the Starostin kin, the Novgorod natives, who were trading on Grumant in course of more than 400 years. The last one from the Starostin family died in Saint Petersburg in 1875 (Zenkovich, 1955).

In the XVI century foreign whalers also started to visit waters of the Russian North (Sidorov, 1867). Up to the end of XVI century the Novgorod authorities imposed tax on whaling trade. The domestic industry stopped with the reign of Peter the Great. At the expense of the state treasury the first Russian enterprise "Kola Peninsula Whaling Trade" (Veberman, 1914) was founded. With accession of Katherine the Great monopoly of the state was stopped and private whaling was allowed. In 1786 the "Onega River Whaling Company" of Count Vorontsov, a relative of the well-known Odessa General-Governor, was organized. In 1803 the "White Sea Company" was founded with the Emperor Alexander I among other shareholders. Later more companies - "Goebel's Whaling Trade", "Whaling Trade Company on the Murman", "Sheremetiev's Whaling Trade" were created. However, being low-profitable in their trade, the companies lost everything and ceased to exist.

In 17th century Spaniards, Englishmen, Dutchmen, Germans, Norwegians, Americans were actively engaged to whaling in the Arctic Waters. Englishmen and Dutchmen seized the initiative from Basques. At that time more than a thousand sailing ships went to whaling business (Zenkovich, 1955; Sidorov, 1867). Basically right whales were taken. There is no exact data on whaling of that time, but from 1669 till 1787 whalers of all countries (mainly Dutchmen) took no less than 200,000 Greenland whales. That is, on the average about 1,700 animals were withdrawn from the populations annually. In due course stocks of this species considerably reduced, which led to searching new whaling areas.

In XVIII-XIX centuries the Bering Strait, the Chukchi Sea, the East Siberian Sea, the Northern Pacific were already covered with whaling. As to the Russian Far East, natives of Kamchatka and Chukchi Peninsula hunted on whales from time immemorial, using raw material as food, fuel, a material for constructions, etc. Since 1794 a number of companies were created here: Russian-American, Shelekhov's, Pigota and Partners, Russian-Finnish, etc. (Elfsberg, 1863; Lindholm, 1888; Tikhomirov, 1894). "The Russian-Finnish company" was establishes in 1850. Merchant O.V. Lindholm from Vladivostok conducted a trade of whales here since 1864. The first steam whaling ships, constructed in Norway, appeared here by the end of a century: the "Gennady Nevelskoy", "Nikolay" and "Georgy". By 1903 "Count G.G. Keyserling's and Co Pacific whaling fishing joint-stock company" even had a rather powerful floating whaling base "Michael", 5,000 t capacity. At the end of 19th - the beginning of 20th century foreign industrialists appeared in the Russian waters. The governor of the Kamchatka area Monomakhov in his report for 1912-1913 wrote: "the trade of whales and walruses is visibly decreasing every year due to extermination of these animals by Americans".

 In 1923 the Soviet power granted a concession contract to a Norwegian businessman Christiansen till January, 1938, which allowed catching all kinds of whales within the 12-mile strip from Cape Serdtse-Kamen up to Cape Lopatka. His company "Vega" had 4 whalers and a base "Comodoren 1", displacement 9000t. The company was obliged to train citizens of the USSR how to conduct whaling.

In 1930 the government appropriated funds to construction of a floating base and purchase of 4 whalers. The steamship "Glen Ridge" constructed in 1919 was bought in the USA on this money. It was the two-deck dry-cargo ship 115 m long and 16 m wide, displacement 10,573tt. The dry-cargo ship in the docks of Kronstadt was converted in fishing base "Aleut". Whalers were ordered In Norway for the "Aleut". The fleet "Aleut" arrived Vladivostok in 1933 and started whaling. The fleet was written off 1968 .

In 19th century whaling started in the Southern hemisphere. Gray whales went on being taken in the Northern Pacific. The initiative in whaling was seized by Americans. In 1876 735 American sailing whalers conducted business. The English followed them. Sperm whales became the object of catch, than southern right whales. In 1800 -1889 American whalers made about 14,000 voyages (Best, 1983). As calculated by A. Starbuck (Starbuck, 1878), 225,521 sperm whales were taken by all countries in 1804 – 1876, on the average 3,000 sperm whales annually. By R. Gambell's calculations (Gambell, 1983) the Americans annually took much more - 4600-5100 sperm whales annually. Taking into account that 10-20% of whales (Brand, 1940) annually were lost about 6,000 sperm whales were caught, that is about 430,000 sperm whales were withdrawn out of population. Life and romanticism of this craft was realistically described by the American classical writer in his novel "Moby Dick, or the White Whale" (Melville, 1962).

Apart from sperm whales, right whales continued to be extracted. For the period from 1800 to 1875 about 200,000 southern right whales were taken only by Americans, that is 2,600 annually. Excessively intensive, unregulated predatory craft, first by American, English and Dutch whalers, strongly undermined stocks of sperm whales, gray, Greenland and southern right whales. Only Minke whales were untouched out of great types. Whaling shifted to the Antarctic waters.

 2.1  Whaling in the Antarctic and nearby waters

The time of more intensive whaling starts at the beginning of the 20th century. The initiative comes to the Norwegians. In 1864 Svend Foyn modernized a whaling ship. A harpoon cannon was set on its bow, a harpoon line when the harpooned whale jerked was shock absorbed by a special brake system. The caught whale was inflated with the help of the compressor, as a result the whales with negative floatation did not sink. Such whaling ships cover the North Atlantic where the Norwegians take more than 1000 Minke (and, probably, gray) whales annually, then they come to the Antarctic. In 1892-1895 the Norwegians in their attempt to find new whaling regions made expeditions in the Antarctic, but the first whale (humpback) they took in 1902 in the Magellan strait.

In 1904 an Argentinean company built a shore station headed by the Norwegian K. Larsen on the island of South Georgia. The following season a Norwegian floating base "Admiral" came into these waters. The Norwegians were followed by the English. An intensive whaling started in the most rich in whales region of the World Ocean- in the Antarctic and nearby waters.

Construction of whaling ships with a slip (a sloping platform to haul a whale up to the deck), introduced by P. Sorlle, contributed to intensification of whaling in the Antarctic That innovation was first used in 1923 by a Norwegian whaling company "The Globe". Since then whales we dissected on deck of a whaling base. 

Due to modernization of whalers and new regions of whaling catches started increasing from season to season. It could not have been compared with what was before. By 1923/24 14 fleets of different countries, 66 whaling ships, worked in the Antarctic. There were also 6 whaling bases, but their catches were not great. Their number grew up to 41 in 1930/31. Because the stocks of right whales had dramatically reduced, the comparatively slow humpbacks began to be intensively taken. They were more actively hunted in 1908-1916 and 1934-1938, 4,000, 5,000 and even 8,000 of humpbacks were taken per season. Also Minke whales and fin whales start to be taken..The highest catches were in the 1930s when all countries altogether took 13,000 to 30,000 blue whales and 5,000 to 28,000 fin whales. The Antarctic became the main region of whaling (Table 1.1)

Table 1.1: Whaling catches in the world’s oceans and in the Antarctic, according to IWC data.

	Whaling season
	Whaling catches by the Soviet Union’s fleets in the Southern Hemisphere and data submitted to IWC. World's catch
	Antarctic catch
	Antarctic percentage

	1909/10
	12301
	6099
	54%

	1923/24
	16839
	7271
	43%

	1930/31
	43130
	40201
	93%

	1931/32
	12988
	9572
	74%

	1932/33
	28907
	24327
	84%

	1933/34
	32586
	26089
	80%

	1934/35
	39311
	31808
	81%

	1935/36
	44868
	30991
	69%

	1936/37
	51586
	34579
	67%

	1937/38
	54,902
	46,039
	84%

	1938/39
	45783
	38356
	84%

	1939/40
	37705
	32900
	87%

	1940/41
	23638
	16365
	69%


As we see, the volumes of catch in the Antarctic reached 80% out of world catch. Such an active whaling flooded the market, which forced the Norwegians to leave the trade for some time. As a result, whaling in the Antarctic had reduced a little before the 2 world war, and was insignificant during the war.

Whaling revived after the war. 14 fleets worked in the Antarctic in the first after-war season of 1945/1946. The following season there were 17 fleets, in the 1950-60s their number grew up to 21. The Netherlands, Panama, the USSR, SAR, Japan and other countries went whaling. The number of fleets was twice lower than before the war but the modernized and new whalers were much more powerful. As a result, whaling became more aggressive. The population of whales started to reduce dramatically. The necessity of taking measures to limit catches and to control whaling became evident.

 2.2  Periods of whaling

The short review of whaling allows us to distinguish several periods (epochs), which differ from each other (Mikhalev,2002). Historically the longest is the epoch of coastal whale hunting for the subsistence of local people. It was followed by the period of activation of whaling in the Middle ages. Then, at the period of capitalism growth in the XVIII-XIX centuries, the epoch of large-scale whaling comes. Period from the beginning of the 20th century till the 2nd World War differs from the previous epochs: the most active whaling moves to the Antarctic, that is why Minke whale becomes the main object of whaling.

1972 ,the year when International inspection was introduced and when Minke whales exclusively were allowed to be caught, can be denoted as the end of the post-war period. Then comes a very short period (1972-1987) – the epoch of reduction and nearly complete cessation of whaling.

There is no need to discuss prehistoric and early historical whaling period. They were comparatively passive, natural and ecologically harmless. Beginning with the Middle ages whaling became more and more intensive. More countries started whaling, the USA began playing the leading part. What saved the populations of whales from complete destruction was constant search and new regions of discovery of considerable concentrations of whales. Still, technical possibilities of whaling at that time and restricted need for whale raw material, the regime of whaling of that time made it possible to continue whaling in the course of 10 centuries.

The reduction in whaling by the end of 19c was greatly determined by usage of oil (products) in industry. The cost of whale-oil went down. The development of other brunches of industry and "gold rush" contributed to capital and people outflow from whaling (Brand 1940).

In the pre-war period of the 20th c practically all waters of the World Ocean had been developed. Whaling took threatening scale.

The number of whales dramatically reduced. During the war that process slowed down. After the war whaling resumed. In addition to traditional participants, Argentina, Brazil, Chili, Peru and the USSR joined in whaling. The USSR only started Antarctic whaling. The country had had great political authority by that time, it was not connected with negative tendencies. Had they signed 1946 Convention on Whaling Rules, they could have actively worked out methods and rules of rational regulated whaling, organization of efficient control over whaling. Had the USSR taken that stand the whaling process and the destiny of whale populations could have been absolutely different.

But what actually happened? Let's have a good look at the period from 1946 till 1972.

If the 1st period of active whaling lasted for 10 centuries, the following one– for about 2wo or three hundred years, the pre-war period - for less than 40 years, the post-war period - for 25 years.

The intensity of whaling I in inverse proportion to the length of the epoch. The shortest post-war period had the most negative impact. The 1950s period was the period of whaling restoring and growth. The 1960s is the time of the most destructive whaling with the USSR playing the leading part. We'll come to this matter later. Now let's study the history of whaling regulation.

 2.3  Attempts to regulate whaling

Spontaneous attempts of whaling regulation were first made long ago, E.G. in 1281 Iceland whalers agreed on how to decide the matter when one whaler harpooned a whale and another one fond it. At the end of the 19th c a serious situation took place by the Norwegian coast, when the development of whaling business led to a conflict between fishermen and whalers. By the king's edict of February 1st, 1904 whaling on Finnmark was banned for 10 years. As a result, 4 out of 10 whaling companies were liquidated, 5 started whaling near Spitsbergen, 2 – by the Faroe islands and near the Bear island.

When whalers came to the Antarctic, the regulation meant paying fees for rent of the shore stations and usage of territorial waters in the area of South Georgia, Orkney and Folk land islands. Duty on catch of one or another whale species was paid. The number of whales to catch (the norm) was restricted. Catching suckers and nursing female whales with suckers was banned. Fine had to be paid for the unlicensed whaling. But the inspection did not exist, and the business was developing so intensively that these measures got no positive result. It was more getting money by the territorial water owners rather than regulation of whaling. 

At the beginning of the 20th c scientists and public start worrying about the dramatic decrease in the number of whales. At the conference on wild life conservation in 1913 a Swiss naturalist P. Savatsin predicted quick depletion of whale stock and urged to limit and regulate whaling (Brand, 1940). The research of English and Norwegian scientists in 1920s confirmed their fears (Harmer, 1920). At the same time the modernized whaling fleet was increasing its power. The volume of catches grew. A prominent English scientist S. Harmer (Harmer, 1920) (Harmer, 1920) urged to take efficient measures to regulate whaling. The businessmen also started to be worried. The association of Norwegian whaling companies in 1923 addressed a petition to the government to take necessary measures. But the legislative measures prepared by Norway were not approved by other countries. Special conferences were necessary for the problem to be thoroughly discussed. 

The first conference took place in Paris in 1927. Two leading in whaling trade countries, Norway and Great Britain, agreed on common rules. In 1929 Norway adopted the law prohibiting catch of right whales, suckers and females with suckers. Complete usage of whale raw material was ordered by law. The following year the law was completed by limitation on minimal size of blue whales and fin whales to be taken.

In 1930 the League of Nations held a conference of experts from different countries. In 1931 in Geneva on the basis of Norwegian law 26 countries with the aid of the League of Nations signed an International agreement restricting whaling trade. According to the Agreement it was prohibited to take right whales all types and feeding females with suckers. Licensed system of whaling was introduced. Information on whaling results had to be reported to the Bureau of international whaling statistics. It came into force in 1936 after ratification of the agreement by all the countries participants.

The second international conference took place in London in 1937. Some rules of whaling were specified: minimal sizes of taken blue whales, fin whales, humpback and sperm whales were determined. Pelagic whaling in the Antarctic was limited by 40 degrees South latitude and within the period from December,8 till March,7. The countries (with the exception of Japan) agreed to introduce inspection of whaling trade. It should be noted that not international inspection was meant, but the inspection on behalf of the country interested in whaling. 

The following year conference in London prohibited whaling on humpbacks in addition to right whales. At the 1939 conference the necessity of the inspection was confirmed, with the request for one of the inspectors to be a biologist. In 1944 at the conference it was agreed for the first time for the limitation of the number of taken whales- up to 16,000 "conventional whales". Notion "conventional whale" (c.w.) appeared as a result of agreement between the Norwegian and English whaling companies in 1931. The mass of the c.w. was agreed as 83.9 tons, with 110 barrels of oil (I.E. 18.7t). One c.w. meant one blue whale, or two fin whales, or two and a half humpback whale, or six sei whales (and later Bryde's whales). That is, the quota was not set for each species separately but was generalized by "c.w.", which led to taking the biggest whales. After the 1972/73 season the notion "c.w." was left out, the quota started to be determined for each species separately. 

Unfortunately, all agreements and legislative proposals proved ineffective. They could not have given positive effect without International inspection. Whaling volume grew (20000-4000 whales were taken per season), reaching its maximum in 1937/38 (46,039 whales), mainly the biggest Minke whales – blue and fin whales.

The victory of antifascist coalition in the war created favorable political situation for the leading whaling countries to agree on the rules of whaling trade. In 1946 international convention on regulation of whaling was signed in Washington and the International Whaling Committee (IWC) was organized. All the participants of the convention agreed on regulations signed before and written in the Rules of Whaling. Unfortunately, it was allowed to take humpbacks again, but no more than 1250 per season. 

More progressive was the agreement of 1958 when common quota on baleen whales in the Antarctic was distributed between the countries. Besides, the IWC Scientific committee founded so called "Committee of 3" to evaluate the population of whales. The reliability of such evaluation could not have been high and relied on method of determination of age and on knowledge of biology of reproduction.

Beginning with 1974 the whale stock was evaluated by 3 categories: original, stable and protected. The principle of whaling regulation was based on "the maximum stable (balanced) catch"(MDS). The volume of catch was determined for every whale species separately and for whaling sectors and regions of the Antarctic. The Antarctic waters were divided into 6 sectors for baleen whales, into 9 regions for sperm whales. Still the whale stocks continued to reduce. More radical measures were needed. After 1976/76 it was banned to take fin whales, after 1978/79 – sei whales. In 1979 a new reserved zone was proclaimed by the IWC within 20° E and 130° E, including African and Asian coast in the Northern hemisphere, I.E. all the Indian ocean and the adjacent Antarctic waters became a whaling reservation. In the same year the decision was made to prohibit hunting on all whales (apart from Bryde's whales) in the open waters of the World Ocean.

Beginning with 1985/86 the IWC proclaimed moratorium on commercial whaling of all types of whales in all waters. It was a temporary measure to be reconsidered in 1990, but actually commercial whaling discontinued.

Why were all the measures taken ineffective? Why nearly all whale types had been dislodged and other stocks were undermined? The main reason is that independent international inspection on fulfillment of the IWC decisions was not founded. For lack of such inspection poaching and falsification of data reported to the IWC flourished. It's impossible to use these data without serious correction in scientific study. But it is not very easy "separate the wheat from the chaff", we'll speak about it in a separate chapter by the example of Soviet whaling practice. 

P. Best was the first who paid attention to inaccuracy of the information sent to the IWC (Best, 1989). On the basis of his contacts with whalers at the period 1957/58 and 1978/79 he indicated that not all taken whales were reported to the IWC. Sometimes the species was incorrectly identified, the sizes of the animals taken were diminished, and the embryos found were hushed up. On the other hand, the length of so called "small-sized" whales were enlarged, the sizes of the embryos approximated. He mentioned also the inaccuracy of data on stomach contents. P. Best (Best,1988) referred to 2 cases when the USSR representative did not report about humpback and right whales taken. The article (Best,1989) was discussed at the Scientific Committee of the IWC (SC/40/O 20).

After the collapse of the USSR a group of scientists led by A. Yablokov started collecting data on actual Soviet whaling. First the data were divulged in November 1993 at the plenary meeting of the 10th biannual conference of the Society of Sea mammals in Galveston (Texas,USA). D. Tormosov and A. Yablokov made a report and informed that "Yuri Dolgoruky" fleet illegally took 717 right whales, 7,207 humpback and 1,433 blue whales in the Antarctic (Yablokov,1994). The leaders of the fleet reported to the IWC the following: 0 right whales, 152 humpback and 156 blue whales. 4 scientists of the former USSR:V. Zemsky, A. Berzin, Y. Mikhalev and D. Tormosov, who used to be in charge of laboratories studying cetaceans and participated in scientific groups on soviet fleets, reported about the actual catch of whales in the Southern hemisphere. They informed about 3,349 right whales, 48,477 humpback and 8,439 pygmy blue whales taken by all 4 Soviet fleets. The leaders of the fleets informed the IWC about 4 right whales, 2,710 humpback and 10 pygmy blue whales(Zemsky et al.,1994). When these data were published the Scientific committee recommended to make all southern hemisphere a reserved territory.

The information on falsification of data about sperm whales taken in the northern part of the Pacific ocean by Soviet pelagic fleets and Japanese shore stations was given at the Scientific committee meeting in 1998 (Brownell Jr., Yablokov, Zemsky,1998). The catch of males and females was underestimated 1.3 end 9.6 times.

T. Kasuya (Kasuya, 1999) gave information about large scale falsification of statistics by Japanese whaling company in the post-war period: underestimation of total number of whales taken, overstatement of small-size whale body length, fabrication of correspondence between male and female sperm whales taken. Other scientists also suspected Japanese shore stations in fabrication statistics about sperm whales (Balcomb, Goebel, 1977; Allen 1980; Cook, De La Mare, Beddington,1983; Kasuya, Brownell Jr., Balcomb, 1998). On consideration of these facts at the meeting of Scientific committee of the IWC the scientists had to state that "the data by Japanese shore stations are unauthentic". 

 2.4  Characteristics of the Soviet time whaling

Let's start with the soviet whaling in the Antarctic. After the 2nd World War the USSR received a former German whaling base "Vikinger" and several steam whalers as reparations. But the English retained them and used them during the season of 1945/46 in the Antarctic under their flag. Only in the summer of 1946 in Liverpool they started to prepare the fleets to the voyage flying the Soviet flag. The whaling base was named "Slava" and Odessa became its home town. It made 20 successful voyages. Whaling fleet Administration was created in Odessa , its first head was captain-harpooner A.N. Purgin, who made voyages with the fleets "Aleut" and then "Slava" (Purgin,1953).

After the repair works, the fleet "Slava" (whaling base and 8 steam whalers) left Liverpool for her 1st voyage in December,1946 and started whaling in the waters of the Antarctic in January,1947. Among the crew members were those who had had practice on board the "Aleut" in the Northern Pacific. The novices were the former participants in the 2nd World War. The Norwegian specialist were invited to be instructors and consultants in whaling, whale dissection and using the equipment.

On January 28th the first mate of the whaler "Slava-5" Morozov discovered the 1st whale, which was taken on the lat. 51d25m South and long. 11d10m West. It was a fin whale. The epoch of Soviet whaling began. They took 154 blue whales, 226 fin whales, 5 sperm whales and 1 humpback whale – 386 whales total. Having gained some experience, they nearly doubled that in the 2nd voyage: 185 blue whales, 592 fin whales, 47 sperm whales – 824 whales total. After the first two voyages the government refused the service of the Norwegians. Whale catch dramatically rose, unfortunately, mainly due to poaching. Inaccurate data began to be sent to the Bureau of international whaling statistics. For instance, the catch of 112 humpback whales was held back. Instead of 69 taken fin whales 718 was reported to BIWS, instead of 97 sperm whales-173, because their quota hadn't been reached, and they wanted to retain the quota for the following voyage. The lie technology was put into practice for nearly a quarter of a century.

Appetites grew with every next voyage. The region borders and the terms of whaling started to be violated openly. Catch with every voyage increased up to 2,000, 3,000, 4,000, 5,000 and even 6,000 whales, mostly of humpbacks, although the quota for them was limited to 1500 at that time. In 1957/58 the fleet "Slava" alone took 2,235 humpbacks, but informed the BIWS about 60. Next voyage the fleet took 4,039 humpbacks, and informed the Bureau about 420.

Some countries (Norway,Holland, Great Britain, the USA, Canada, Australia) had stopped pelagic whaling by 1960s due to a comparatively low efficiency because of objective reduce in number of whale storks and thanks to growing efficiency of cattle breeding. The USSR, on the contrary, increased their whaling power. In 1959 a whaling base "Sovetskaya Ukraina" , in 1960 "Yuri Dolgoruky", in 1961 "Sovetskaya Rossia" were built. In 1963 and 1964 …fleets "Vladivostok" and "Dalny Vostok" were sent to the North Pacific. Slow-speed steam whalers were substituted by more powerful diesel ones, doing 16 miles per hour. The Soviet whaling fleet became the most powerful in the world. With the quick decrease in the number of whales they counted on poaching only.

By that time the IWC allowed Antarctic whaling of the baleen whales to start not earlier Dec,12 and to finish not later April,7,the whaling area was restricted by the 40 South parallel. But the Soviet Antarctic fleets started taking baleen whales in September(!) and sometimes on their way to Southern hemisphere. Most severely soviet poachers went on taking humpback whales. In the Antarctic voyage 1959/60 soviet fleet 18 times exceeded the quota (720 humpback whales) by (12,945 whales), and during the following voyage they took 12,529 humpback whales, exceeding the quota 40 times(!) (Table 1.2)

Table 1.2: Whaling in the South Hemisphere by the USSR, 1959-1972.

	Season


	Blue whale
	Blue whale pygmy
	Fin whale
	Sei whale
	Bryde's whale
	Hump-back whale
	South right whale
	Sperm whale

	1959-

1960
	129
	0
	521
	350
	0
	12945
	79
	59

	
	526
	0
	3554
	1188
	0
	720
	0
	840

	1960-

1961
	160
	0
	1844
	933
	0
	12529
	18
	497

	
	301
	0
	4373
	1070
	0
	302
	0
	974

	1961-

1962
	275
	0
	3976
	2556
	0
	5507
	1443
	2893

	
	407
	0
	4851
	2138
	0
	270
	1
	1321

	1962-

1963
	296
	677
	2813
	2639
	4
	2925
	649
	3487

	
	196
	0
	4197
	2498
	0
	263
	0
	2220

	1963-

1964
	164
	1267
	2081
	4149
	42
	664
	349
	7105

	
	74
	0
	2724
	3390
	0
	0
	0
	4,034

	1964-

1965
	104
	3,133
	1529
	4585
	574
	234
	80
	8763

	
	20
	0
	1826
	3931
	0
	0
	0
	5087

	1965-

1966
	153
	865
	1560
	4489
	247
	2059
	250
	5851

	
	0
	0
	973
	4489
	0
	0
	0
	4954

	1966-

1967
	150
	270
	1991
	5709
	47
	1035
	160
	6665

	
	0
	0
	1662
	1441
	3
	0
	0
	5197

	1967-

1968
	57
	342
	1573
	8135
	23
	929
	4
	5820

	
	0
	0
	1182
	2566
	0
	0
	0
	3668

	1968-

1969
	94
	580
	1671
	6981
	4
	2
	0
	5441

	
	0
	0
	1199
	2281
	0
	0
	0
	3907

	1969-

1970
	40
	884
	1082
	6368
	40
	0
	78
	7427

	
	0
	0
	1177
	2340
	1
	0
	0
	5008

	1970-

1971
	35
	798
	1700
	4369
	18
	0
	2
	6746

	
	0
	5
	1282
	2016
	4
	0
	2
	4907

	1971-

1972
	14
	529
	979
	2308
	487
	3
	0
	11225

	
	0
	3
	1431
	1141
	1
	0
	0
	6319

	Total:
	1670
	9344
	23320
	53571
	1486
	38832
	3212
	71971

	
	1519
	8
	30431
	28611
	9
	1555
	3
	48432


(Notes: first bold line - real data, second line - data reported to the IWC)

This whale species becomes rare. Since 1963/1964 season the IWC prohibits its whaling. But nothing could stop poaching by the Soviet fleet, and they take what was left from the humpback stocks. After 1968 only solitary humpbacks could be met, but those were also taken. Together with extermination of humpbacks the remains of South right whales stocks were taken (their whaling was prohibited in 1937, the decision was ratified by Convention of 1946. Still, during the post-war whaling period in the southern hemisphere 3,364 right whales were taken by the soviet fleets.

It's important to speak about blue whales singly. The biggest whale species had been nearly exterminated before it was studied more or less well. At the beginning of the 1960-s the existence of its another sub-species (Ichichara, 1961, 1963, 1964; Zemsky and Voronin, 1964; Gambell, 1964) or species (Zemsky, 1972) was set-blue whale-pygmy, a whale whose size is close to that of the fin whale. Now, backdating, according to regions and terms of whaling, we can approximately set how many blue whale-pygmies there were among the taken blue whales.

It's important to note that commercial exploitation of all blue whales was prohibited (beginning with 1965/66 season). After the cessation it was reported to BIWC that only 12 blue whales were taken. But the real situation was different.

Soviet whalers went on taking blue whales till 1972. From 1959 they took 10,944 blue whales, 1,622 of them "real" ones (1,519 reported to BIWC) and 9,322 pygmy -blue whales, not reported at all. After it was prohibited in 1963, soviet fleets took 543 blue whales and 4,268 pygmy -blue whales.

Remember that the number of whales was overstated or understated depending on the situation in order to retain the quota. For example, in the season of 1959/60 521 fin whales and 350 sei whales were taken. The unduly overstated figures were reported – 3,554 fin whales (by 682%) and 1188 sei whales (by 339%). On the contrary, in 1965/66 1560 fin whales and 4,489 sei whales were actually taken, and only 973 fin whales (understated by 62%) and 2,611 sei whales (understated by 58%) were reported to the IWC. 

The number of taken sperm whales usually was more than twice understated, because usually females were caught, their weight being much less than that of the males. Their size was smaller than the permitted to be whaled. That's why instead of 2 or 3 small females 1 big male was registered. In the 1960s soviet fleet took 71,979 sperm whales, most of which were females (many pregnant, nursing and of small size). 48,432 sperm whales were reported to the IWC, which is by 67.3% less. Actually, Soviet whalers inexorably led it to complete destruction of whales and closure of whaling. 

The table above (Table 1.2) vividly shows the scale of poaching and falsification of the data presented to the IWC. These data are documentary proved , were reported at the meetings of the IWC Scientific committee and published in press (Zemsky, Mikhalev, Tormosov, 1994; Zemsky et al., 1994, 1995, 1995a, 1996; Zemsky, Mikhalev, Berzin, 1996; Mikhalev, 1997, 1997a; Tormosov et al., 1998; Yablokov at al., 1998; Mikhalev, 2000, 2000a, 2002b, 2002c; Zemsky, Mikhalev, 2000, 2000a; Tormosov et al., 2000; et al.).

So much hypocrisy is in the words of those who had prepared and presented fabricated material on whaling and who were the representatives of the Soviet Union in the IWC: "None of 4 whaling fleets practically gave falsified data to the IWC, and all quotas were strictly observed"(Nikonorov "Mystery of whales" Moscow, VNIRO Press,1995-4. Preface was written by the Director of VNIRO A. Elizarov) In the second chapter(Nikonorov, 1995.p.22) cautiously confesses that the "Slava" surpassed quota by 32%, and the "Yuri Dolgoruky" by 4% only.

The same is being pushed through in another work by the VNIRO members I. Nikonorov and R. Borodin, and in the book by R. Borodin(1998). The following table illustrated the real situation (Table 1.3)

Table 1.3: Whaling catches by the Soviet Union’s fleets in the Southern Hemisphere and data submitted to IWC.

	Fleet
	Seasons
	Whales  caught
	Reported to the IWC
	Difference 

(percent of quote)

	"Slava"
	1947/1966
	59378
	43212
	16166

(37.4%)

	"Slava"
	1959/1966
	25285
	12643
	12642

(100.0%)

	"Sovetskaya Ukraina"
	1959/1972
	73776
	41723
	32053

(76.8%)

	"Yuri Dolgoruky"
	1960/1972
	46006
	23543
	22463

(95.4%)

	"Sovetskaya Rossia"
	1961/1972
	57984
	33395
	24589

(73.6%)

	TOTAL:


	1947/1972

1959/1972
	237140

203047
	141893

111324
	95247

(67,1%)

91723

(82.4%)


As we see, the Soviet fleets did not strictly observe the quota in whaling. The "Slava" surpassed the quota not by 32% but by 37.4%. The difference seems slight, but biological indexes, terms and area of whaling, real correlation of sexes, etc were misrepresented. In the 1960s the quota was surpassed by 100%, I.E. twice(!) more whales were taken than reported to the IWC . The "Yuri Dolgoruky"surpassed the quota not by 4%, but by 95.4%. Total, speaking about the quantity only, all Soviet fleets surpassed the quota by 80%, on average. The percentage of falsification was considerably higher, as the data was at one moment overstated, at another understated. Besides, terms and region of whaling, types, size and biological condition of the whales were violated. The data reported to the IWC were absolutely, 100% falsified. 

That is why, with all respect to I.P. Golovlev, the former Chief Inspector of the Soviet whaling fleets, who plucked up the courage and informed the public about the poaching character of the Soviet whaling (Golovlev, 2000, p.22), I cannot agree with his statement, "I can assert that on average the Soviet whalers took whales in 60% case violating the rules". As we can see from the information given above, the norm of the whales taken was exceeded by no less than 80% , and taking into account all other infringements (size and biological state of the animals, terms and regions of whaling, etc) the data were absolutely inadequate. That is why the statistics having been sent to the IWC has to be replaced by the actual data. I cannot agree with his statement that at the period when Japanese observers were present at the Soviet fleets there were no violations (pp 17-18). The characteristics of whaling in the presence of the Japanese observers will be scrutinized later.

I knew Igor Golovlev as an honest man and it is not improbable that when he was inspecting the fleet he registered all the infringements and informed the Ministry about them. But in my and my colleagues' on scientific groups on the fleets practice, the inspectors rarely registered all the violations. All the inspectors only informed the IWC about 2 or 3 infringements. 

In the end, large-scale poaching of the Soviet whalers, which led to dramatic decrease in population of fin whales, sei whales, sperm whales whose stocks had already been sapped, and to extermination of right whales and blue whales forced the USSR to reduce their whaling capacities and to bear losses. In 1966 the fleet "Slava" was dismissed from whaling, other fleets followed.

1972 marked a turning point when the world Green movement was invoked. The law on sea mammals protection was adopted in the USA. Under pressure from the public (prominent Soviet scientists as well - Sokolov, Tomilin, Yablokov , 1974 ) the IWC made a decision to introduce International inspection on the fleets. Even after the introduction of International inspectors poachers found way for continuing their poaching, but at a much lower rate. Not randomly they selected Japanese observers to be at Soviet fleets and Soviet ones at Japanese! Nevertheless, we must state that with International observers the catch of blue whales, right and humpback whales stopped. That of fin whaled was reduced and stopped 3 seasons later, of sei whales 5 seasons later. Killing of female sperm whales practically stopped, and then of males as well. Only minke whales were whaled. The USSR had to make redundant 2 other fleets. In 1975 the fleet "Yuri Dolgoruky" went out of business, the "Sovetskaya Rossia" followed 5 years after.

The new epoch started- when only minke whales were taken. It wasn't unclouded either. The Japanese were interested in the Soviet whaling; fresh whale meat was sold to Japan and was reloaded to their ships afloat. That's why the observers connived at 300 to 350 minke whales over the quota being taken during the voyage. Consequently, the scientific data and statistics reported to the IWC were false. We are preparing for publication the correspondent material. 

The authors of aforementioned papers are trying to suggest an idea that the part of the USSR in extermination of whales was not very important, "Soviet whalers started intensive whaling at the end of 1940s when it was not possible to influence substantially the situation" (Nikiforov, 1995, p3). In the preface the already mentioned by us VNIRO deputy director Elizarov says, "The part of the USSR in whaling of the most valuable whales was insignificant. …During the whole whaling period in the Antarctic, beginning with 1919/1920 till its closure, 1.4 million whales were taken, only 210 thousand of which by the Soviet fleets, I.E. less than 15%" (Nikonorov, 1995, p22). What underlies their proof is that "the part of the whales taken by the former USSR in the world whaling practice is only 12-16%" (Borodin, 1996,p 189); Nikonorov, Borodin, 1997,p12) and that by the beginning of whaling by the USSR "the stocks of humpback, blue and fin whales had already been undermined" (Nikonorov, 1995, p5).

No doubt the USSR whaling in the Antarctic started after the 2nd World War, and reached its peak in the 1960s. This is that before the war the main whale stocks in the Southern hemisphere had been undermined. The question is, why should the USSR have spent money on building new whaling ships increasing the whaling capacity from 1 to 4 Antarctic fleets, when other countries had already been reducing their whaling fleet due to law profitability of whaling business? Had the stocks of whales been catastrophically undermined? Is there logic in comparing catches of all foreign fleets during several centuries with that of the Soviet fleets within less than 3 decades? 

As a matter of fact, in the 17th century all the fleets took about 1700 right whales altogether. In the 19th century they took up to 3,000 right whales and 6,000 sperm whales. In the 20th century in the 1930s all countries altogether (41 fleets) took annually 24,000 to 46,000 all types of whales. The average annual catch whales came to 13,670 blue whales, 12,704 fin whales, 1645 humpbacks, only 115 sei whales and 888 sperm whales. 41 fleets and shore stations in the Antarctic caught 18,891 blue whales (including pygmy blue whales), 28,009 fin whales, 4,477 humpbacks, 490 sei whales and 2,585 sperm whales in the best season.

Let's compare these figures with the volumes of Soviet whaling in the 1960s (namely from 1959 to 1972). We'll remind you that only two Soviet fleets, the "Slava" and the "Sovetskaya Ukraina", took 22,564 (!) humpbacks during the seasons 1959/1960 and 1960/1961. That proves the fact that the stocks had not been undermined so much! And the population of humpbacks could have recuperated! But after Soviet poaching only 2 or 3 animals could have been met and taken. 

Stocks of fin whales enabled the USSR to take 1,500 to 3,500 and more whales annually without particular effort. Within a given time the Soviet fleets took 23,320 fin whales. The stocks of sei whales being practically untapped, the Soviet fleets took annually 2,500 to 8,000 of them. 53,571 sei whales and 1486 Bryde's whales total were taken in the 1960s. As a result, the population close to the islands Tristan-da-Cunha was seriously undermined. Considerable damage was incurred to the Bryde's whales of the Arabian Sea. 3,000 to 11,000 sperm whales were taken per season, mainly females in the area of reproduction. The main part of them was small-sizes animals, their whaling prohibited. Total 72,000 sperm whales were taken for that period.

The stocks of blue and right whales had really been undermined by the period of Soviet active whaling. Yet the Soviet whalers took 100 to 200 blue whales and 500 to 3,000 pygmy blue whales, disregard the prohibition. Total in a given period the Soviet fleets took 11,000 blue whales of both types. They didn't have mercy for right whales, their whaling was prohibited. 1443 Southern right whales were taken during the season 1961/62, by the time of introduction of International inspection the USSR had taken 3,212 right whales in the Southern hemisphere.

Let's compare the intensity of active whaling in the 1930s with Soviet fleet whaling in 1960s. in the 1930s average annual catch was 330 blue whales, 310 fin whales, 40 humpbacks, 3 sei whales, 22 sperm whales – 700 whales total. In the 1960s, when the whale stocks had already been undermined, 1 Soviet fleet annually took 242 blue whales (88 blue whales fewer), 512 fin whales (202 more), 1210 sei whales (1207 more), 853 humpbacks (813 more), 70 southern (these were not caught in the 1930s, observing the restriction for whaling) and 1582 sperm whales (1560 more). One Soviet fleet took 4,470 whales during one voyage at average (by 3,770 more than in the 1930s). That means that the intensity of Soviet whaling was more than 6 times(!) higher.

Let's compare the average catch by 1 Soviet fleet with the average catch by 1 fleet of other countries in the 1960s (Table 1.4)

Table 1.4: Average whaling catches per fleet in the 1960s

	Whaling seasons


	World countries 

(without USSR)
	USSR
	Difference

(in %%)

	
	Fleet numbers
	Average catch by fleet
	Fleet numbers
	Average catch by fleet
	

	1959/1960
	18
	1770
	2
	7044
	398%

	1960/1961
	18
	1895
	3
	5323
	281%

	1961/1962
	17
	1742
	4
	4126
	237%

	1962/1963
	13
	1619
	4
	3390
	209%

	1963/1964
	12
	1694
	4
	3965
	234%

	1964/1965
	11
	2190
	4
	4666
	213%

	1965/1966
	7
	2497
	3
	3900
	156%

	1966/1967
	6
	2186
	3
	5359
	245%

	1967/1968
	5
	1908
	3
	5570
	292%

	1968/1969
	3
	1786
	3
	4935
	276%

	1969/1970
	3
	1789
	3
	5312
	297%

	1970/1971
	3
	1976
	3
	4563
	231%

	1971/1972
	3
	1885
	3
	5195
	275%


The intensity of whaling by Soviet fleets in the 1960s compared with the average catch by the fleets of all other countries was 257% higher (I.E. by 2.5 times) and much more intensive than when whaling was at its height in the 1930s. The extermination of whales had no economic ground. The profit of the whaling fleets in the 1960s from catch of 15,000 big whales per season was less than that received in the 1980s from much smaller in mass 3,000 minke whales whose meat was sold afloat to the Japanese 

Whaling did not outlay the expenses on building, repairing and maintaining whaling fleets and bases, on the crews. The money spent could have been sent to the development of more cost-effective animal husbandry, aviculture and pisciculture. Whaling proved to be a disgrace for the Soviet leadership, the same is the mentioned above booklets for their authors (and for those who ordered those publications), who goes on approving of the predatory poaching whaling. 

Resume

Historically whaling included several qualitatively different epochs:

a) primitive aboriginal 

b) expansion of the region of whaling during the Middle Age period

c) active whaling in the 18-19 centuries at the period of whaling fleet modernization and growth of capitalism

d) penetration of whalers into the southern hemisphere and the Antarctic developing at the beginning of 20th century

e) post- war period of most dangerous whale poaching

f) introduction of International inspection and decay of whaling 

In every next epoch the intensity of whaling grows, and the length of the epoch dramatically declines. In the Middle Ages all countries together killed 1,700 whales a year. In the 19th century about 7,000 whales.

Before the 2nd world war up to 50,000 whales were killed in the southern hemisphere.

Whale poaching necessitated passing the common Rules of whaling and whaling regulation. Caused by political situation in the world, low level of knowledge of biology of whales, inadequate information about volumes of whaling and biological conditions of the whales, these attempts proved to be inoperative. The main reason was unwillingness to provide international independent inspection.

 In the post-war period whale hunters killed up to 65,000 whales during the season. 1960s are characterized by abrupt decrease in whale numbers and the rejection of whaling in many countries. Only Japan and the USSR go on whaling actively. The latter builds new modernized whaling bases and whaling ships. Average whale catch by the soviet fleet in that period is more than 2.5 times higher than that by any foreign one and more than 6.5 times higher than by the foreign fleet in the 1930s.

 It was reached by complete disregard of Whaling Rules and large scale poaching. Soviet whaling was annihilating whales as species, was unprofitable, amoral and politically damaging for the country. 1970s are characterized by providing whaling International inspectors, by reduction of whaling and whaling fleet. 

 Beginning with the season 1949-50 Soviet whaling ships sent to the IWC false whaling statistics, that is why it has to be completely replaced by actual data, which is one of the tasks of this work.

 The information about the whale poaching by Japanese part needs to be made more precise. 

 3  Analysis of the correlation between whale length and weight

Size is a fundamental characteristic, a species feature of the animals. Besides, the difference in their sizes can be evidence of ecological particularities of species existence. For practical application it is necessary to know size characteristics of the animal to determine the biomass of different species, population or herd, the quantity of raw material that can be received, and the outcome of different produce.

Studying the animal length is necessary to find the best measure by which their common size can be best characterized and compared. Biologists prefer weight, as weighing is a less laborious procedure compared to the measuring of volume or the determining of body (or part of the body) surface.

But as to the whales, most often their weighing proves to be an extraordinarily complicated procedure, sometimes completely impossible. That is why under the circumstances to characterize the size of the giants we use a more accessible, and sometimes a more informative measure, – the overall length. But using length instead of weight is only justified if the constant connection between these measures is set. It is necessary to define whether this connection exists for whales.

 3.1  Review of previous research studies

In first researches on the basis of a small number of whale test weighing, some formulas were empirically found and, besides length, the girth, or "diameter" of the body was used, which was determined by the body transverse after the head was dissected. Let's mention some of these formulas.

Zenkovich (1937) suggested that the weight of fin whales, gray whales and beaked whales is determined by the formula:

 P=LD2/3,

and the weight of humpback whales:

P=LD2/4.

 To determine the weight of blue whales, A.G. Tomilin (1937) suggested the formula:

P=5LD2/45.

E. Eyerdal (Tomilin, 1957) replaced diameter of the body (D) with the extreme girth (O) and empirically found the following dependence:

P=LO2/41.

Zemsky (1958) believed that in the period of fetus growth the connection between length and weight of the whale embryo does not remain constant. In his opinion, the weight of the body of fin whales increases slowly before the embryo grows up to 75-80 cm, after which it starts gaining weight intensively. He illustrated this conclusion by changes in value of coefficient that determines rate of embryo weight to its length. Thus, with the fin whale embryo length being 50 cm and weight 1.2 kg, the coefficient is 24.2, while with the length 565 cm and the weight 1,250 kg it is 22212.3.

Bodrov, Grigoriev(1963) suggested that the weight of sei whales be determined by the formula:

P=LK,

where K -is an empirically found coefficient.

Rice,Wolman (1971), to calculate the weight of gray whales used the formula:

P=aLD2.

Similar dependencies were offered by many other researchers (Omura, 1950; Ash, 1952, 1953, 1957; Fujino,1955; Laws,1959; Gihr, Pilleri, 1968; Ohsumi, Kawamura,1970).

Different opinions about the character of the connection being researched and numerous inaccuracies in the determination of whale weight according to the suggested formulas demanded further researches and a more theoretically grounded method.

 3.2  Theoretical basis of the method

Galileo , 1914, in his "Dialogues" wrote that the weight of the animals grows like the third power of linear measurements. Many researchers used cubic function for a mathematical description of the correlation between whale weight and length in prenatal and postnatal periods (Zasosov,1965; Hugget, Widdas, 1951; Rice,Wolman,1971; Sh 1987). A small number of control weightings and empirically found coefficient in the formula did not allow them to get reliable results. The inaccuracy of their calculations of whale weight was more than 10%-15%, and that could not satisfy biologists and operatives.

Good prospects were opened by using logarithmic dependence. Body shape of the cetaceans has a certain similarity to that of the fish. For many fish that have ellipsoid, drop-shaped form, it was shown in the 1930-s and later (Dunker, 1924; Tyurin, 1927; Yosipov, 1929; Vinberg, 1971; etc.) that that their weights on the logarithmic chart lie on a straight line .

It follows from this that the dependence between the logarithm of the weights of their bodies and the logarithm of their lengths is a direct proportional dependence with the factor of correlation close to 1(which is very important!), and also can be expressed by power function of the type:

P=aLb,

since, having taken a logarithm of this, we get the formula of a straight line:

lgP = lga + blgL.

The whale body has (similar to many fish) elliptical shape, and one could expect positive results from logarithmic dependence for whales. A number of research works have proved such dependence (Omura, 1950; Ash, 1952, 1953, 1957; Fujino, 1955; Laws, 1959; Mikhalev, 1969, 1970, 1970a, 1970b, 1975, 1984, 1978; Ivashin, Best, 1977; Mikhalev, 1978; Lockyer, 1993, 1995; etc.). That gives grounds, while studying the whale growth, to use competently the length of the body as the characteristic of their sizes instead of the weight.

It's also very important that in this functional binding the coefficients have biological sense: as the constant of proportionality "a" characterizes the weight of the animal per a unit of length, and the exponent "b" shows intensity of weight growth with the body length increasing, which is inherently a characteristic of regression. Another valuable quality of coefficient "b" is its being an abstract value. That's why this coefficient can be compared both with different animal species and within one species, reflecting thus population or ecological distinctions, as it has been established for dolphins (Gihr, Pilleri, 1968), or differences in fatness degree of the same groups of animals in different seasons.

 3.3  Correlation between prenatal length and weight of whales 

We have processed the results of weighing 556 whales (from newborn to physically mature ones) and more than 1,150 embryos (from embryogenesis stage to prenatal fetuses), carried out on whalers "Slava", "Sovetskaya Ukraina" and "Yuri Dolgoruky". Literary data were also used (Tomilin, 1957; Zenkovich, 1937; Omura, 1950; Laws, 1959; Zemsky, 1958; Govorkov, 1934; Dorofeev, Arsenyev, 1936; Drukker, Galichko, 1936; Kiesewetter, 1953; Kleinenberg et al, 1965; Omura et al., 1959; Budylenko, 1970; Vidal, 1995; and etc.)

The results of weighting 888 whales and 1,382 embryos have been processed (Table 2.1).

Table 2.1: Types, quantity and sizes of weighed whales

	Whale species
	Prenatal period
	Postnatal period

	
	numbers, sizes
	numbers, sizes

	
	n
	min
	max
	n
	min
	max

	
	
	L,

m
	P,

kg
	L,

m
	P,

kg
	
	L,

m
	P,

kg
	L,

m
	P,

kg

	Blue whale
	24
	0,17
	0,37
	6,40
	2050
	57
	7,0
	2000
	29,5
	163000

	Fin whale
	216
	0,09
	0,07
	6,00
	1550
	34
	6,0
	1500
	22,5
	58700

	Sei whale
	247
	0,24
	0,27
	3,97
	450
	34
	5,0
	800
	16,8
	31600

	Bryde's
	3
	0,44
	1,42
	0,6
	3
	14
	4,0
	500
	15,5
	20440

	Minke
	522
	0,12
	0,04
	3,16
	340
	330
	3,2
	295
	10,1
	10000

	Humpback
	150
	0,10
	0,04
	2,69
	300
	17
	5,0
	2000
	15,0
	35000

	South
	7
	0,21
	0,21
	2,70
	257
	18
	11,7
	2865
	17,4
	10650

	Sperm whale
	123
	0,06
	0,01
	4,08
	680
	66
	4,0
	800
	18,6
	38520

	Killer whale
	1
	-
	1,40
	-
	120
	95
	2,0
	160
	8,6
	9900

	Beluga
	88
	0,08
	0,02
	1,63
	63
	179
	1,5
	50
	5,2
	1373

	Bottlenose
	-
	-
	-
	-
	-
	5
	5,7
	3800
	7,0
	5200

	Common dolphin
	1
	0,72
	6,7
	38
	0,64
	4,3
	1,48
	44

	TOTAL:
	1382    embryos
	888    whales


 So, to set the correlation connection between the body length and the weight of whales in the prenatal period we have processed the results of weighing 1,382 embryos (from the embryogenesis stage to the prenatal fetal stage).

In all cases, for representatives of baleen whales and toothed whales, their embryo weights on the diagram in logarithm co-ordinate system have lain onto the straight lines with the correlation coefficient close to 1. The exception makes the embryos of the very early embryogenesis stages, when their body still has C –shape and zoological length cannot be measured precisely. We are giving here only the diagrams and calculations of the coefficient of regression that are reliable (2.1-2.8)

As we see, the logarithmic correlation between embryo length and mass for minke whale (Balaenoptera), blue whales and fin whales is described by a straight line (high credibility value). The same is true for minke whales of medium and comparatively small size sei whales and Minke whales. The same picture is for the baleen whales Megaptera (humpback whales) and Balaena (southern) (2.5-2.6).

It is possible to calculate approximate coefficients and exponents for every species within an accuracy of one tenth with the help of the diagrams (2.1-2.8), determining the tangent of the angle between the regression line and the abscissa and defining the shift of this straight line from 0 (zero value).But we'd like to get the most precise coefficients (Table 2.2), as they are specific for each species and, besides, their changes show the conditions of growth of the animals (Farris,1956), which can also be used in ecological research.

Table 2.2: Results of Regression Analysis of Whales' Embryo Weights

	Whale species
	Number,

    n  
	Coefficients of regression analysis

	
	
	Correlation,

r
	Proportion

a
	Regression,

b
	Sigma,

σ±m
	Reliability,

s  

	Blue whale
	24
	0,996
	8,59
	2,958
	0,059
	69,7

	Fin whale
	216
	0,998
	9,94
	2,782
	0,011
	36,4

	Sei whale
	247
	0,995
	10,5
	2,772
	0,016
	6,95

	Minke
	522
	0,996
	12,3
	2,762
	0,010
	3,89

	Humpback
	150
	0,991
	15,6
	2,742
	0,030
	5,31

	South
	5
	0,989
	15,7
	2,608
	0,222
	0,90

	Sperm whale
	123
	0,997
	16,8
	2,726
	0,019
	29,5

	Beluga
	86
	0,995
	16,8
	2,786
	0,028
	2,22


Let's see the specific character of these correlations for different whales. In the cases when the reliability of regression coefficient has been high, for practical reasons, we'll show the defining tables of weights, calculated on the basis of the formulas and the correction tables within 3σ.

   2.3.1. Real blue whales and pygmy blue whales

Speaking about blue whales, we must point out that the embryos were weighed in the years when biologists and operatives had not not distinguished 2 blue whale species yet. As they are rather close species, the correlation was high -0.996. The difference between blue whale species is not great, but still, as the initial material is mixed, the power coefficient is a bit overstated. The embryo weight-length connection for 2 blue whale species is described by the following formula:

P= 8.59L2.958+0.059

Small sampling extracts and, judging by the margin of error (m+0.059), a low credibility of regression coefficient makes the correlation between the length and the weight of the blue whales approximate and, using this formula, one cannot define reliably the weight of the embryos. To define the blue whale embryo weight one can use the definition table for fin whales (Table 2.3)

Table 2.3: Fin whale embryo weights definition table

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	0,018
	0,119
	0,365
	0,809
	1,463
	2,415
	3,787
	5,476
	7,571

	100
	10,14
	13,15
	16,75
	20,93
	25,64
	31,05
	36,56
	43,75
	51,29
	59,70

	200
	68,71
	78,52
	90,99
	101,2
	113,5
	127,3
	141,8
	157,0
	173,8
	191,1

	300
	210,2
	229,8
	251,2
	272,9
	296,3
	321,8
	347,3
	374,9
	404,6
	433,8

	400
	465,2
	498,7
	531,8
	566,6
	590,0
	643,4
	685,7
	709,4
	768,8
	813,9

	500
	862,0
	906,7
	960,2
	1010
	1063
	1119
	1177
	1238
	1294
	1362

	600
	1424
	1489
	1531
	1599
	1662
	1778
	-
	-
	-
	-


Table 2.4: Value of corrections for fin whales embryo’s weights for 3σ.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	-
	-
	0,055
	0,119
	0,218
	0,355
	0,537
	0,769
	1,056

	100
	1,402
	1,811
	2,288
	2,837
	3,462
	4,168
	4,967
	5,834
	6,803
	7,867

	200
	9,030
	10,29
	11,67
	13,15
	14,74
	16,45
	18,28
	20,23
	22,31
	24,51

	300
	26,85
	29,32
	31,94
	34,67
	37,59
	40,63
	43,83
	47,18
	50,68
	54,35

	400
	57,17
	62,17
	66,33
	70,66
	75,16
	79,84
	84,70
	87,74
	94,96
	100,4

	500
	106,0
	111,8
	117,8
	123,9
	130,3
	136,9
	143,7
	150,7
	157,9
	165,3

	600
	173,0
	180,0
	188,9
	197,2
	205,7
	214,5
	223,5
	232,7
	242,2
	251,8


Fin whales. The second biggest whale and the one most actively being whaled in the 1960s and 1970s. The comparatively big sampling and the fact of weighing of embryos of practically all size groups (Table 2.3, Table 2.4) have determined high credibility of the "weight-length" correlation that we have researched:

P=9.94L2.782+0.011

Sei whales and Bryde's whales. Among real minke whales there exists a Bryde's whale, which by its size and appearance is very close to sei whales (in the same way as 2 blue whale species). Operatives started to distinguish sei whales and Bryde's whales in the 1960s, before that time both were registered as sei wales. They were very rarely whaled. In this material, we can speak about 3 Bryde's whale embryos: a female 61 cm of length and 3.05 kg, a female 58 cm and 1.6 kg and a male 44 cm and 1.42 kg.

Out of the rest of the 247 embryos, the majority consisted of sei whales, and some minor number of Bryde's whale embryos (if any) in the samples could not have misrepresented the picture of weight-length correlation for sei whales. According to our calculations, the formula will be:

P=10.5L2.772+0.016

Lockyer C.,(1993) researched the weight-length correlation for the South Atlantic sei whale embryos. According to her, the regression coefficient appeared to be overstated (b=2.9198). To our minds, that happened because she underestimated the proportion coefficient (a=9.68), which, as we already know, must be close to the weight of a one-meter embryo (Table 2.5)

Table 2.5: Sei whale embryo weights definition table.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	0,028
	0,173
	0,507
	1,083
	1,954
	3,159
	3,770
	6,753
	9,208

	100
	12,18
	19,69
	24,34
	29,58
	35,50
	35,50
	42,09
	49,29
	57,38
	66,40

	200
	75,90
	86,24
	95,17
	110,0
	122,7
	136,9
	151,8
	167,3
	184,4
	202,0

	300
	221,3
	240,8
	262,3
	283,9
	307,2
	332,5
	357,6
	384,7
	413,8
	442,4

	400
	473,0
	505,9
	537,4
	571,1
	606,8
	685,3
	-
	-
	-
	-


Table 2.6: Value of corrections for sei whale embryo weights for 3σ.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	-
	-
	0.036
	0.081
	0.153
	0.252
	0.394
	0.574
	0.800

	100
	1.077
	1.409
	1.800
	2.256
	2.780
	3.376
	4.049
	4.804
	5.643
	6.571

	200
	7.593
	8.712
	9.932
	11.26
	12.69
	14.24
	15.90
	17.69
	19.59
	21.63

	300
	23.80
	26.10
	28.54
	31.13
	33.86
	36.74
	39.79
	42.97
	46.32
	49.84

	400
	53.52
	57.38
	61.41
	65.62
	70.01
	74.59
	79.30
	84.31
	89.47
	94.82


 Best (1977) received a power coefficient of b=2.8368 for South African waters' Bryde's whale embryos. Because of the small sample numbers (6 embryos only), this index can be accepted as an approximate one only.

A lot of representative material, which we have used, allowed us to compose a rather precise definition table of sei whale embryo weights up to the newborn stage, excluding germ stage (Table 2.5 and Table 2.6). The table can be used to determine Bryde's whale embryos' weight as well.

Minke whales. Relying on weighing 191 minke whale embryos, Ivashin (1976) got the formula:

P=14.45L2.79.

Active whaling of minke whales in the 1970s gave us the possibility to proceed with gathering material. We (Mikhalev,1978,1984;Ivashin, Mikhalev,1978) have processed the results of weighing 522 embryos, sizes from the earliest development stages to prenatal fetuses (the biggest of which was 280 cm). A large quantity of samples has increased the credibility of our calculations (Table 2.7).

With a high correlation coefficient (r=0.996) and low standard regression coefficient error (m=+0.010), the following formula describes the connection:

P=14.45L2.762+0.010.

Table 2.7: Minke whale embryo weights definition table.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	0.02
	0.15
	0.45
	0.99
	1.84
	3.06
	4.62
	6.68
	9.25

	100
	12.4
	16.0
	20.6
	24.9
	31.4
	37.9
	44.2
	53.5
	64.7
	73.5

	200
	84.0
	94.8
	108
	122
	139
	158
	174
	191
	217
	-


As the variability of minke whale embryo weights and the standard error are comparatively low, we have omitted the table of correction of weights. If necessary, the limits of embryo weight fluctuations can be calculated with the use of the formula given above.

Humpback whales. During our practice few humpback whales were whaled, so we could measure and weigh 150 humpback whales 10cm to 269 cm, which is not such a great number. Unfortunately, data of weighing bigger embryos are absent, which has slightly reduced the authenticity of the correlation being analyzed (Table 2.8 and Table 2.9). As a result of regression analysis, the following formula has been set:

 P=15.6L2.741+0.028.

Table 2.8: Humpback whale embryo weights definition table.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	0.034
	0.225
	0,677
	1,480
	2.718
	4.459
	6.782
	9.754
	13.43

	100
	17.97
	23.15
	29.37
	36.57
	44.68
	53.92
	64.25
	75.61
	88.43
	103.0

	200
	118.0
	134.5
	152.5
	172.8
	193.5
	216.6
	241.2
	266.3
	294.3
	323.2

	300
	355.1
	387.8
	423.3
	459.2
	498.0
	540.4
	582.5
	628.1
	677.0
	725.2

	400
	776.9
	832.6
	943.6
	1005
	1069
	11.39
	-
	-
	-
	-


Table 2.9: Value of corrections for humpback whale embryo weights for 3σ.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	0.034
	0.225
	0,677
	1,480
	2.718
	4.459
	6.782
	9.754
	13.43

	100
	17.97
	23.15
	29.37
	36.57
	44.68
	53.92
	64.25
	75.61
	88.43
	103.0

	200
	118.0
	134.5
	152.5
	172.8
	193.5
	216.6
	241.2
	266.3
	294.3
	323.2

	300
	355.1
	387.8
	423.3
	459.2
	498.0
	540.4
	582.5
	628.1
	677.0
	725.2

	400
	776.9
	832.6
	943.6
	1005
	1069
	11.39
	-
	-
	-
	-


Compared to the previous species, an abrupt increase in the constant of proportionality can be seen (a=15.6), which is undoubtedly determined by the great difference between humpback whales' body shape (their body is shorter and fatter) and that of minke whales. This difference can be also seen on the diagram by the regression line position (2.5).

Right whales. In the period of our practice not many right whales were whaled. We only have 5 reliable results of Southern right whale embryos weighing: 4 male embryos were 21 cm long and weighed 350 g, 36 cm and 840 g, 37 cm and 1.0kg, 77 cm and 7.9 kg correspondingly; the female embryo was 84 cm and 12.0 kg. But even with such a small number of weighing, the connection between length and body mass proved to be rather close (r=0.989).The error of regression coefficient is, naturally, high; consequently, the authenticity of the correlation, which we analyze, is low:

 P=15.7L2.608+0.222.

Omura et al.,(1959) have reported the weight of 2 embryos of Japanese right whales: a male 218 cm and 136 kg, and a female 270 cm – 257 kg. They were big fetuses, which is important, and due to this the dimension line has become much longer, and the reliability of the connection, which we analyze, has increased. Taking into account these 2 embryos, the formula for the right whales becomes more reliable and looks like this:

 P=16.9L2.681+0.088.

Sperm whales. After weighing 13 North Pacific sperm whale embryos, Omura (1950) calculated the regression coefficient = 3.18. The apparently high coefficient is certainly determined by the small number of embryos measured and weighed. Gambell (1965) got a lower coefficient for South African sperm whales of the Durban area = 2.932+0.055.

123 embryos of sperm whales of the Southern hemisphere with a length between 6 and 408 cm, I.E. from prenatal period to newborn stage, have been included into our regression analysis. The following correlation was received, the correlation coefficient being close to 1 (r=0.997), and the definition tables were composed (Table 2.10 and Table 2.11):

 P=16.7L2.726+0.018.

Table 2.10: Sperm whales embryo weights definition table.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	0.034
	0.223
	0.669
	1.460
	2.674
	4.377
	6.649
	9.540
	13.12

	100
	17.49
	22.59
	28.64
	34.81
	43.50
	52.46
	62.46
	73.47
	85.86
	99.74

	200
	114.4
	130.4
	147.8
	167.4
	187.4
	212.5
	233.0
	257.5
	284.5
	312.5

	300
	343.2
	374.5
	408.6
	443.2
	480.6
	521.2
	561.8
	605.4
	652.5
	698.8

	400
	748.5
	801.7
	853.3
	908.2
	966.8
	1029
	1095
	-
	-
	-


Table 2.11: Value of corrections for sperm whales embryo weights for 3σ.

	Embryo length, sm
	Embryo weight, kg

	
	length interval in 10 sm

	
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	0
	-
	-
	-
	0.055
	0.120
	0.219
	0.357
	0.542
	0.776
	1.067

	100
	1.417
	1.832
	2.317
	2.875
	3.511
	4.229
	5.033
	5.927
	6.914
	7.999

	200
	9.186
	10.48
	11.88
	13.39
	15.06
	16.77
	18.64
	20.63
	22.76
	25.02

	300
	27.41
	29.95
	32.62
	35.45
	38.42
	41.54
	44.82
	48.25
	51.85
	55.61

	400
	59.54
	63.64
	67.91
	72.36
	76.99
	81.80
	86.80
	91.98
	97.35
	102.9


Beluga whales. As we have already pointed out, the results of weighing 88 embryos of the White sea beluga whales were given to us by G.A. Oganezov. In logarithmic coordinate system weights of the embryos lay on the straight line, beginning with 15-20 cm of length up to prenatal fetuses. Correlation coefficient for this length limit constitutes 0.989. Regression analysis of this area resulted in the following:

 P=17.0L2.798+0.029

We can point out that G.A. Ognetov (1987) received a much higher regression coefficient (b=2.94). The difference can be explained by the fact that, while calculating, he has mistakenly included minor embryos, whose zoological length cannot be measured precisely and whose weight does not lie on the straight line on the logarithmic graph. It is most likely, that, compared to our regression coefficient, the overstating of the latter in other authors' works about the whales, which we have seen above, happened for the same reason.

 Other species of toothed whales . We'll give several examples for minor species of toothed whales using literature data. For embryos of North Atlantic grinds Globicephalus melas correlation between weight and length was calculated by Lockyer,1993; Bloich, Lockyer, Zachariassen,1993 …by the formula:

 P=13.6L2.677

For porpoise embryos Phocoena phocoena from the British waters Lockyer,1995 set the following correlation:

 P=15.3,L2.633+0.059

For Phocoena sinus of Californian bay we have used the results of weighing 44 embryos published in Vidal's works(,1995), and received the dependence with the correlation coefficient 0.979:

 P=18.4,L2.550+0.080

The examples given above show that in…periods of prenatal development of 2 ….of whales (of both northern and southern hemispheres) there is high credibility value that the straight line describes the correlation between weight and length during the period of embryogenesis in the logarithmic scale. 

 In all cases regression coefficient (power coefficient) happened to be less than 3.It is necessary to note that although the difference from 3 in regression coefficient seems to be moderate, it is really essential. As while calculating weights using lengths close to neonatal fetus size, one can get difference of weight of about 20-30%. And the most important is that the fact of such difference proves the thesis "that with growth of biological objects geometric similarity is not observed" (Winberg,1996, p.278). For embryos of fin whale, sei whale, sperm whale and Japanese right whale of the Kuril islands this disproportionate growth was morphometrically shown by E.I. Ivanova (1961,1961a,1916b,1916c). S. Ohsumi et al.(1958) have come to the same conclusion for fin whales of the Northern hemisphere on the basis of their own data and for those of the Southern hemisphere on the basis of V. Zemsky(1958) data.

It is important to note that the functional dependence is specific-specific. For shorter-bodied but wide in cross-section species (humpback, smooth, sperm whales and others) the constant of proportionality is much higher than that for longer real Minke's whales. At the same time the intensity of weight growth with the increase in length is higher for the bigger Minke's whale species. Thus, the regression analysis has discovered difference in correlation between fin whale and sei whale embryo length and weight, which R.M. Lows(1958) did not notice in his graphic analysis. 

As to the constant of proportionality, it is higher with minor species . In our opinion, the reason is the following. All calculations have been carried out in the system m/kg, therefore the constant of proportionality numerically equals to the weight of a one-meter embryo. But the age of such an embryo of a Minke's whale, for example, is much higher than that of a one-meter blue whale embryo. Consequently, incommensurable are the body proportions of the embryos of different ages. It appears from this, that constant of proportionality is the function of age, whereas the power coefficient (index of regression) is the function of embryo length. 

 3.4  Correlation between postnatal length and weight of whales 

The procedure of whale weighing during the voyage on board whaling ship is rather laborious and complicated. The mast on which the dynamometer is fastened and the whale body is weighed, can only bear 8 tons. That is why the whales heavier than that are weighed (not as a whole but) in parts, with up to 5-7% losses of its mass happening because of blood and other liquids loss. During the voyage only several whales are usually weighed. That is why fewer whales than embryos were weighed, and the inaccuracy is higher. Naturally, the coefficients of correlation turned out to be lower. Nevertheless, for all whale species we have achieved (Mikhalev,1970,1975,1984) rather reliable indexes of correlation and regression analysis of the correlation being researched (in the system meter/ton). And, as well as for embryos, definition tables of weights and amendments in the limits of 3..if the correlation authenticity was satisfactory, have been calculated on the basis of the formulas we've got.

It should be noted that during the period of fattening in the Antarctic waters whales gain much weight. That is why the weight tables for production purposes are composed separately for each month of whaling season. As an example we'll only give definition tables of weights in the system meter/ton for January and February (middle of the season) and for the whales of whaling sizes. Let's take up several examples.

Real blue whales and pygmy blue whales. It's difficult to separate the results of weighing of Antarctic blue whales and pygmy blue whales. That's why the data for both species together have been processed. Regression analysis has shown that the correlation between the blue whale weight and body length can be reliably described by the formula 

 P=6.81L2.933.

Table 2.12: Blue whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	19
	38.3
	38.9
	39.5
	40.1
	40.7
	41.4
	42.0
	42.6
	43.3
	43.9

	20
	44.6
	45.2
	45.9
	46.5
	47.2
	47.9
	48.6
	49.3
	50.0
	50.7

	21
	51.4
	52.1
	52.9
	53.6
	54.1
	55.4
	55.9
	56.6
	57.4
	58.2

	22
	58.9
	59.7
	60.6
	61.4
	62.1
	63.0
	63.6
	64.6
	65.5
	66.2

	23
	67.0
	68.1
	68.9
	69.7
	70.6
	71.5
	72.4
	73.3
	74.2
	75.2

	24
	76.1
	76.9
	78.2
	78.9
	79.8
	80.7
	81.9
	82.8
	83.8
	84.8

	25
	85.7
	86.7
	87.7
	88.7
	89.8
	90.8
	91.9
	93.0
	94.0
	95.1

	26
	96.4
	97.3
	98.4
	99.5
	100.6
	101.8
	102.8
	104.0
	105.2
	106.3

	27
	107.5
	108.7
	109.8
	111.0
	112.2
	113.4
	114.6
	115.9
	117.1
	118.3

	28
	119.6
	120.8
	122.1
	123.4
	124.7
	125.9
	127.2
	128.6
	129.8
	131.2

	29
	132.5
	133.8
	135.2
	136.6
	137.9
	139.3
	140.7
	142.1
	143.5
	144.9


Fin whales. Functional correlation of fin whale weight and length is described by the formula, correlation coefficient being 0.989:

 P=9.89L2.840.

Table 2.13: Fin whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	18
	36.3
	36.9
	37.9
	38.5
	39.1
	39.7
	40.3
	40.9
	41.6
	42.9

	19
	42.8
	43.5
	44.1
	44.8
	45.4
	46.1
	46.8
	47.5
	48.1
	48.8

	20
	49.5
	50.2
	51.0
	51.7
	52.4
	53.1
	53.9
	54.6
	55.5
	56.1

	21
	56.9
	57.7
	58.5
	59.2
	60.0
	60.8
	61.6
	62.5
	63.3
	64.1

	22
	64.9
	65.8
	66.6
	67.5
	68.3
	69.2
	70.1
	71.0
	71.9
	72.8

	23
	73.7
	74.6
	75.5
	76.4
	77.4
	78.3
	79.3
	80.2
	81.2
	82.2

	24
	83.1
	84.1
	85.1
	86.1
	87.1
	88.1
	89.2
	90.2
	91.3
	92.3


Sei whales. Sei whales are much smaller than blue whales and fin whales, that's why in calm weather some small species were weighed as a whole. It seemed that it had to ensure higher accuracy in definition of a body weight. Nevertheless the correlation coefficient proved to be a bit lower (although rather high) than that of the fin whales, with practically the same number of the weighed whales. It is possible that among the weighed whales there was a small part of Bryde's whales. The mixture of two types could have reduced the correlation coefficient a little. Nevertheless, the following formula is for the sei whales:

 P=10.7L2.726.

Table 2.14: Sei whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	12
	8.75
	8.95
	9.15
	9.36
	9.56
	9.78
	10.0
	10.2
	10.4
	10.7

	13
	10.9
	11.1
	11.3
	11.6
	11.8
	12.1
	12.3
	12.6
	12.8
	13.1

	14
	13.3
	13.6
	13.8
	14.1
	14.4
	14.7
	14.9
	15.2
	15.5
	15.8

	15
	16.1
	16.4
	16.7
	17.0
	17.3
	17.6
	17.9
	18.2
	18.5
	18.8

	16
	19.2
	19.5
	19.8
	20.2
	20.5
	20.8
	21.2
	21.5
	21.9
	22.2


Bryde's whales. As it has been already stated, process men usually mistake them for sei whales. But we have processed only the data with no doubt in their species. That may explain the fact that with the comparatively small number of weightings (14 Bryde's whales) the correlation coefficient has been high -0.988. This high correlation can be explained by the fact that Bryde's whales are a bit smaller than sei whales and they were weighed as a whole. The correlation between the weight and length for Bryde's whales is expressed by the formula:

 P=14.2L2.721.

Table 2.15: Bryde's whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	11.0
	9.68
	9.92
	10.2
	10.4
	10.7
	10.9
	11.2
	11.5
	11.7
	12.0

	12.0
	12.3
	12.5
	12.8
	13.1
	13.3
	13.6
	13.9
	14.2
	14.5
	14.9

	13.0
	15.2
	15.5
	15.8
	16.1
	16.5
	16.8
	17.2
	17.5
	17.8
	18.2

	14.0
	18.6
	18.9
	19.3
	19.7
	20.0
	20.4
	20.8
	21.2
	21.6
	22.0


Minke's whales. Active whaling started with the season 1971/72 when the bigger whale types had been whaled so much that the whaling plans could not have been fulfilled. To start active whaling of a new species it demanded more detailed definition tables of weights. The correspondence between this whale species length and weight was calculated separately for males and females, and for internals and different body parts.

Whole Minke's whales, which are comparatively small, have been weighed. 316 Minke's whales were weighed in 1961-1984 at Soviet Antarctic whaling flotilla The results of weighing 12 Minke's whales published in other authors' works (Zenkovich, 1955; Tomilin, 1937; Ohsumi, Masaki, Kawamura, 1970; Sleptsov, 1961, 1965, 1965a). The data about weight of two calves (Scheffer, Slipp, 1948; Sleptsov, 1952) from Northern hemisphere have been used in graphic analysis only as approximate ones. Sample extracts size is very big and, consequently, the coefficient authenticity rather high.

The analyzed males were 6.4 to 9.2 m: their weights were 2,855 kg to 10 tons (r=0.985+0.033). Females were from 6.5 m to 10.1m long .Their weight varied from 3,100 kg to 11,220 kg. Regression analysis for both sexes (r=0.982+0.035) has resulted in the following:

 P=20.0L2.751+0.033.

Table 2.16: Minke whale weights definition table (both sexes)

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	-
	2.62
	2.75
	2.82
	3.03
	3.13
	3.33
	3.49
	3.65
	3.81

	7
	3.98
	4.16
	4.34
	4.53
	4.72
	4.92
	5.12
	5.33
	5.54
	5.76

	8
	5.99
	6.22
	6.46
	6.70
	6.95
	7.21
	7.47
	7.74
	8.01
	8.30

	9
	8.59
	8.83
	9.18
	9.49
	9.60
	10.1
	10.5
	10.8
	11.1
	11.5

	10
	11.8
	12.2
	12.6
	13.0
	13.4
	13.7
	14.1
	14.6
	15.0
	15.4


Table 2.17: Male Minke whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	-
	3.09
	3.22
	3.35
	3.49
	3.63
	3.77
	3.92
	4.07
	4.23

	7
	4.38
	4.55
	4.71
	4.88
	5.05
	5.23
	5.41
	5.59
	5.78
	5.97

	8
	6.16
	6.36
	6.56
	6.77
	6.98
	7.19
	7.41
	7.63
	7.86
	8.08

	9
	8.32
	8.56
	8.80
	9.04
	9.29
	9.55
	9.81
	10.1
	10.3
	10.6

	10
	10.9
	11.2
	11.4
	11.7
	12.0
	12.3
	12.6
	12.9
	13.2
	13.6


Table 2.18: Female Minke whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	2.31
	2.43
	2.56
	2.69
	2.83
	2.97
	3.12
	3.27
	3.42
	3.58

	7
	3.75
	3.92
	4.10
	4.28
	4.47
	4.66
	4.86
	5.06
	5.27
	5.49

	8
	5.71
	5.94
	6.12
	6.41
	6.66
	6.91
	7.17
	7.44
	7.71
	7.99

	9
	8.28
	8.57
	8.87
	9.18
	9.49
	9.81
	10.1
	10.5
	10.8
	11.2

	10
	11.5
	11.9
	12.3
	12.7
	13.1
	13.5
	13.9
	14.3
	14.7
	15.1


 Comparing the correspondence between length and weight according to the region, we have only found reliable difference for Minke's whales to the south-west of Heard and Prince Edwards islands, which …happened to be heavier than Minke's whales from other Antarctic regions.

Table 2.19: Minke whale weights definition table for region to the South-West of Heard and Prince Edward islands

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	4.07
	4.18
	4.29
	4.41
	4.53
	4.65
	4.77
	4.89
	5.01
	5.18

	7
	5.39
	5.52
	5.65
	5.78
	5.91
	6.04
	6.17
	6.31
	6.44
	6.58

	8
	6.72
	6.86
	7.00
	7.14
	7.29
	7.43
	7.57
	7.72
	7.87
	8.02

	9
	8.17
	8.32
	8.47
	8.62
	8.78
	8.93
	9.09
	9.25
	9.40
	9.56

	10
	9.72
	9.84
	10.1
	10.2
	10.3
	10.5
	10.7
	10.9
	11.0
	11.2


Table 2.20: Value of corrections for minke whale embryo weights for 3σ

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	0.255
	0.270
	0.285
	0.300
	0.315
	0.330
	0.350
	0.365
	0.380
	0.400

	7
	0.420
	0.440
	0.460
	0.480
	0.500
	0.520
	0.540
	0.565
	0.590
	0.615

	8
	0.640
	0.665
	0.690
	0.720
	0.740
	0.770
	0.800
	0.820
	0.860
	0.830

	9
	0.925
	0.560
	0.990
	1.025
	1.060
	1.100
	1.135
	1.170
	1.210
	1.250

	10
	1.290
	1.330
	1.370
	1.415
	1.460
	1.505
	1.550
	1.600
	1.650
	1.700


It's important to note that theoretical value of Minke's whale weight gives the summary error within the limits of 0.7-1.0%, while the calculation under the formula of cubic dependence (Zasosov,1965) it is higher than 10-20%.

Weight correlation of the Antarctic Minke's whale body parts and separate organs are given in Table 2.21.

Because of small extracts and great variability of signs the correlation has been low. So has the authenticity of regression coefficients. These can be only accepted as approximate. With some credibility value, it can be said that females gain integumentary fat quicker (b=3.122+0.305) than males (b=2.078+0.353). The weight of the liver also increases quicker with females ((b=3.50+0.52) than males ((b=2.86+0.59) . Biological sense of this phenomenon can be explained by different biological functions of the sexes. Sexually mature females need additional energy storage for reproduction and feeding of the whale-calves.

Table 2.21: Correlation between Minke whale lengths and weights of body parts and internal organs

	Body parts, internal organs
	Number,n
	Correlation index, r±m
	Proportion index,
 a±m
	Regression index, b±m

	fat with peritoneum:
	120
	0,852±0,067
	2,495±0,185
	2,627±0,349

	muscle mass:
	63
	0,647±0,097
	19,104±0,211
	2,267±0,347

	head:
	41
	0,828±0,089
	3,170±0,138
	2,586±0,279

	skeleton without skull:
	27
	0,688±0,145
	0,651±0,205
	3,765±0,793

	heart:
	26
	0,718±0,141
	39,3±4,3
	7,998±1,58

	lungs:
	24
	0,644±0,163
	0,363±0,002
	4,718±1,195

	liver:
	53
	0,801±0,145
	0,247±0,042
	3,504±0,524

	kidney:
	14
	0,502±0,249
	0,900±0,187
	1,498±0,709


Humpback whales.  Humpback whales are the only representatives of Megaptera family. Sexually mature humpback whales are as long as 15-16m. But their body is less oblong than that of the Balaenoptera Minke's whales, and therefore their mass is much bigger. By the time of our voyage the whaling of humpback whales was coming to naught, that's why we weighed only 17 of them. With correlation coefficient 0.973, the connection between humpback whale length and weight is satisfactory described by the formula:

 P=24.8L2.794.

Table 2.22: Humpback whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	11
	20.0
	20.5
	21.0
	21.5
	22.1
	22.6
	23.2
	23.7
	24.3
	24.9

	12
	25.5
	26.1
	26.7
	27.3
	27.9
	28.5
	29.2
	29.8
	30.5
	31.2

	13
	31.8
	32.5
	33.2
	33.9
	34.6
	35.4
	36.1
	36.9
	37.6
	38.4

	14
	39.2
	39.9
	40.7
	41.5
	42.4
	43.2
	44.0
	44.9
	45.7
	46.6

	15
	47.5
	48.4
	49.3
	50.2
	51.1
	52.0
	53.0
	53.9
	54.9
	55.9


 Sperm whales. Out of the toothed whales only sperm whales were actively whaled in the southern hemisphere. Their males are much bigger than their females, but no authentic differences in correlation between body length and weight because of sex have been found. 62 sperm whales were weighted. 

Like for baleen whales, in logarithmic co-ordinates all weight values have satisfactorily lain on the straight line, the correlation coefficient being 0.978. Regression analysis set the following correspondence: 

 P=25.8L2.633.

Table 2.23: Sperm whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	10
	11.0
	11.3
	11.6
	11.9
	12.2
	12.6
	12.9
	13.2
	13.5
	13.9

	11
	14.2
	14.5
	14.9
	15.2
	15.6
	16.0
	16.3
	16.7
	17.1
	17.5

	12
	17.8
	18.2
	18.6
	19.0
	19.5
	19.9
	20.3
	20.7
	21.1
	21.6

	13
	22.0
	22.5
	22.9
	23.4
	23.9
	24.3
	24.8
	25.3
	25.8
	26.3

	14
	26.8
	27.3
	27.8
	28.3
	28.8
	29.4
	29.9
	30.4
	31.0
	31.6


Killer whales. Only several animals of these were whaled during the season. We have weighed 43 killer whales on board "Slava" and "Sovetskaya Ukraina" and used the results of weighing of 12 killer whales from the works by Sleptsov(1952,1961,1965). As these were not large whales, most of them were weighed as a whole. 17 males and 10 females were weighed in parts, and also 2 killer whales whose sex wasn't determined.

Weighing of a whole body ensured a close correlation between the whale length and weight, and between the length and weight of body parts and organs. Correlation coefficients happened to be higher than those of Minke's whales.

Male killer whales are much bigger than the females. But the regression analysis hasn't found differences in correlation between the whale length and weight because of their sex ( the same was true for sperm whales).

The correlation is expressed by the formula:

 P=(16.97 +0.18)L2.97+0.17.

According to our material we can say about the difference between killer whales of the Balleny islands: P=(18.94 +0.03)L2.95+0.28 and the killer whales of Scotia sea: P=(12.93 +0.03)L3.145+0.52 .

 The results of the regression analysis can be illustrated by the following table.

Table 2.24: Results of correlation-regression analysis between length and weight of internal body parts of killer whales

	Body parts, internal organs
	Number,n
	Correlation index, r±m
	Proportion index,
 a±m
	Regression index, b±m

	fat:
	25
	0,95-0,07
	3,25-0,03
	2,95-0,28

	muscle:
	23
	0,95-0,07
	1,96-0,07
	3,41-0,25

	head:
	17
	0,87-0,13
	3,50-0,04
	2,53-0,38

	skeleton:
	20
	0.94-0,08
	4,58-0,05
	3,00-0,25

	heart:
	16
	0,84-0,09
	0,36-0,3
	2,14-0,37

	lungs:
	13
	0.85-0,06
	0,51-0,02
	2,73-0,51

	liver:
	20
	0,76-0,08
	2,59-0,05
	1,63-0,33


Compared with the Minke's whales the intensity of fat and muscle accumulation (loin and abdominal flesh) is higher for the killer whales. Relative weight of the head is approximately the same. Relative weight of the killer whale lungs is much higher than that of the Minke's whales, but not at the expense of the coefficient of the weight growth intensity, but at the expense of a higher correlation coefficient. By the neonatal period the killer whale lungs are already more developed, maybe because they are better divers.

Liver of the killer whales also reaches relatively big size, which is determined by differences in nutrition of Minke's and killer whales. The relative mass of the skeleton is higher than that of the muscles and fat. A relatively heavy skeleton doesn't burden the whales, as they are hydrobionts and practically live in zero gravity state.

As to the comparison of killer and sperm whales, the coefficient of accumulation of integumentary fat intensity of the former is lower than that of the sperm whales, and that of the muscles is higher. The reason for this may be the fact that they are more active predators.

Beluga whales.  179 weighing results have been included into the correlation analysis of connection between length and body weight. A comparatively big material has ensured reliable authenticity of the coefficient according to the formula: 

 P=21.2L2.647.

Table 2.25: Beluga whale weights definition table

	Length, m
	Tenths of meter

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	133
	151
	171
	192
	215
	240
	266
	294
	323
	355

	3
	388
	423
	460
	499
	541
	584
	623
	676
	726
	777

	4
	831
	887
	946
	1006
	1070
	1135
	1203
	1274
	1347
	1422

	5
	1500
	1581
	1664
	1750
	1839
	1931
	2025
	2122
	2224
	2325


 All examples of correlation between weight and length of the cetaceans in postnatal period have shown the same pattern as for the embryos: with growth of whale size their weight grows in power function, the power index always being less than 3. But as some whales were weighed in parts and because of much fewer extracts for every species the authenticity of the index has been reduced a little in comparison with that for the embryos.

Table 2.26: Correlation between length and weight of whales in the postnatal period

	
	Number,n
	Regression analysis coefficient
	Connection formula,
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	Sperm whale
	66
	0,978
	525,8
	2,633
	0,068
	4261
	
[image: image10.wmf]633

,

2

8

,

25

L

P

=



	Killer whale
	95
	0,970
	518,3
	2,938
	0,075
	689
	
[image: image11.wmf]938

,

2

3

,

18

L

P

=



	Beluga
	179
	0,967
	21,2
	2,647
	0,052
	94,8
	
[image: image12.wmf]647

,

2

2

,

21

L

P

=




Nevertheless, one can see that in general the coefficients of proportionality and the coefficient of regression for whales in postnatal period have increased. It might have been caused by intensive fat accumulation in given period. To a certain extent the mass has increased because of the females, gaining weight late in pregnancy. ..The following graphic charts illustrate the directly proportional correlation between the logarithm of weights and length of the researched whales.

Summary

Size is a fundamental characteristic, a species feature of the animals. Cetaceans, like all animals, are most precisely characterized by weight, but the length of the whale is more accessible (and often more informative). It is necessary to find out the existence of constant correlation between these measures.

Having weighed 888 whales and 1382 embryos, by graphic and correlation-regression analysis of the results it has been found that there exists close functional connection between whale embryo length(L) and weight (P) (with the exception of the earliest stages when the fetus body still has a C-shape form):

P=aLb.

This connection is species-specific: constant of proportionality of shorter-bodied but more massive whales (humpback, right, sperm whales) is much higher than of that of real Minke's whales. The coefficients have not only mathematical but also biological sense, viz.: constant of proportionality a characterizes the weight of the animal with length for the unit of measure, and the power index b – the intensity of mass growth with embryo length increase. Regression coefficient b is an absolute value , so it can be compared with different animal species and with taxons within a species, depicting either population or ecological differences.

Within real Minke's whales genus a higher constant of proportionality(a) have smaller species, while bigger species' intensity of weight growth with body length increase (b) is higher. In all cases (baleen whales Balaenoptera, Megaptera, Eubalaena and toothed whales Physeter, Delphinapterus, Phocoena, Globicephalus have been researched) in the formulas of correlation between embryo length and weight the power coefficient proved to be less than 3.

The connection between whale (baleen and toothed) length and weight in postnatal period happened to be, per se, the same as for the embryos. Compared with prenatal period the coefficients of proportionality and regression have notably grown, caused probably by intensive fat accumulation and by fetus development in case of pregnant females.

The definition tables of whale weights and tables of correlation within standard error have been composed on the basis of functional dependence for production purposes. For Minke's whales the definition tables have been differentiate according to the sex, as well as for two regions – to the west of Heard and Prince Edward islands.

The rate of integumentary fat accumulation is higher for Minke's whale females (b=3.122+0.305) than for males (b=2.078+0.353). The same is about the weight of the liver: b=3.50+0.52 for females, b=2.86+0.59 for males. T he intensity of killer whale integumentary fat accumulation is higher than that of Minke's whales, but lower than of sperm whales. As to the muscles, it is higher for killer whales than for Minke's and sperm whales. Relative mass of the skeleton is also higher. Relative lungs weight of killer whales is higher than that of Minke's whales, not at the expense of its mass growth density coefficient , but at the expense of a higher constant of proportionality.

With distinctive sexual dimorphism of sperm and killer whales no essential differences in functional dependence between length and weight have been found. As to the regions, the differences have been found for killer whales of Balleny islands and Scotia sea.

 4  General growth laws

Linear growth of whales during the period of total ontogenesis is considered in this chapter.

 Sexual dimorphism and distinctions in growth rate between males and females. Variational variability and animal growth features. 

Relative growth of body parts (allometry) and morphostructural changes of animals.

 4.1  A brief review of theories of growth of superior vertebrates 

 The problem of animal growth always interested biologists. Especially great interest to questions of quantitative laws of total growth was paid in the period 1900-1940th. Later on, as G.G. Vinberg (1966) fairly notes, this problem was not given "enough attention, in spite of the fact that discussing many actual problems of theoretical and applied biology biologists come across with the necessity of ordering knowledge in this area" (p. 276). 

In the present research we are more interested in the applied side of the question, mathematical expression of quantitative laws, animal growth in formulas, which have, however, deep theoretical ground. The review and analysis of such formulas and theories of total animal growth gave (Hoffmann, 1938; Mikhalev, 1969; 1970; Vinberg, 1971; Mina, Klevezal, 1976; Schmidt-Nielsen, 1987; etc.). Several directions are known.

 4.2  Prenatal growth of cetaceans

Let's define the curve type and specific growth rate of the cetaceans in prenatal period of development. The difficulty of studying prenatal growth of whales first of all is because their seasonal catch allows to receive authentic embryonal material only during 5 to 6 months. In other months of year the material is either lacking at all or is too insignificant. The actual 6-month material has to be extrapolated to the whole embryonal period. The conclusions made depend on the degree of authenticity of this extrapolation. Let's note the major researches of this question.

N. Hinton (Hinton, 1925) and S. Risting (Risting, 1928) believed that during the first 2-3 months the growth of baleen whales embryos is slow , and in the subsequent nine months constantly daily gains.

N. Mackintosh and Z. Wheeler (Mackintosh, Wheeler, 1929), guided by the dot diagram and average monthly large whale species embryo sizes have drawn a concave arch and also considered that embryo growth rate gradually increases. S. Ohsumi, M. Nishiwaki and T. Hibiya (Ohsumi, Nishiwaki, Hibiya, 1958) have drawn an approximate growth curve on the dot diagram for fin whales of the Pacific and without any calculations or theoretical substantiations have accepted it to be a parabola. Empirically were fit corresponding coefficients.

N. Peters (Peters, 1938) used analogy with terrestrial mammal. However comparison of the sizes of different age embryos he made not on weight but on length of fetuses, which should not be made speaking about four-legged animals, when there is no continuous communication between these measures. Comparison of whale embryo growth with that of agricultural animals not on body length but on weight have been made by S. Hugget and U. Widdas (Hugget, Widdas, 1951). Their study is frequently referred to, therefore let's discuss it more in detail. They believed that the increase in weight of whale embryo is the function of age, and their growth is described by cubic dependence:

P=at3,

Where P-is embryo weight,

t- age,

a – coefficient of proportionality.

 They suggested describing linear growth of embryos by the formula:

L=b(t-t0)

Where tо - the short period of time of the accelerated embryo growth curvilinear from conception up to placentary circulation, which depends on duration of pregnancy for different whale types;

t - the period of rectilinear growth,

b-coefficient expressing inclination of the line of regress during the period of uniform growth, named by them "specific growth rate of embryos".

It is necessary to note that calculation of coefficients made by S. Hugget and U. Widdas (Hugget, Widdas, 1951) on length, has given an underestimated result, compared with the calculation on weight. This circumstance specified that there is no cubic dependence between whale weight and length. Hence, the conclusion of the authors about the cubic formula of growth is not quite correct. However they have not noticed this contradiction.

R. Law's work (Laws, 1959 presents certain interest He agreed that in first half of pregnancy whale embryo growth corresponds to the law assumed by S. Hugget and U. Widdas (Hugget, Widdas, 1951). In the second half of pregnancy, in his opinion, the growth rate increases and comes nearer to exponential.

The main reason for disagreements between the researchers of prenatal growth of whales was their non-observing rules of statistical processing of material.

   3.2.1. Prenatal growth of baleen whales

Most fin whale embryonal material was gathered on coastal stations in subtropical and tropical zones in course of the whole year, so the technique applied for drawing the curve of baleen whale growth will be demonstrated in more detail on the example of fin whales.

Fin whales. Data of BIWS including 58,605 embryos for the period 1923 to 1956, published by Naaktgeboren, Slijper, Utrecht (Naaktgeboren, Slijper, Utrecht, 1960) and our own material, 2,539 embryos, were processed. All the lengths of embryos have been shown in monthly variational sets with class intervals of 30 cm, the percent of their occurrence in each class calculated (Table 3.1).

Percentage of fin whale embryo length occurrence in classes of monthly variational sets is shown on the diagram (fig. 3.1).

Table 3.1: Distribution of fin whale embryo lengths in monthly variation sets

	Size classes, sm
	Months

	
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	I
	II
	III
	IV

	0-29
	7
	3
	6
	1
	5
	26
	33
	66
	109
	34
	9
	3

	30-59
	13
	27
	12
	5
	6
	87
	88
	242
	575
	184
	23
	5

	60-89
	25
	43
	20
	18
	6
	104
	145
	457
	1188
	530
	118
	3

	90-119
	23
	54
	64
	19
	7
	84
	167
	722
	1785
	843
	165
	5

	120-149
	14
	73
	59
	24
	9
	53
	153
	969
	2296
	1129
	303
	5

	150-179
	10
	59
	73
	31
	19
	12
	98
	931
	2848
	1546
	421
	6

	180-209
	4
	42
	75
	42
	10
	12
	47
	737
	2977
	1871
	501
	10

	210-239
	8
	39
	71
	39
	20
	5
	14
	517
	2683
	1771
	511
	7

	240-269
	2
	5
	55
	57
	27
	9
	4
	343
	2674
	2135
	728
	6

	270-299
	1
	4
	31
	48
	31
	2
	1
	174
	1961
	1865
	630
	15

	300-329
	-
	-
	21
	61
	36
	8
	2
	86
	1724
	2065
	859
	20

	330-359
	1
	1
	13
	26
	41
	4
	3
	21
	879
	1599
	600
	8

	360-388
	1
	-
	3
	21
	40
	7
	3
	8
	757
	1931
	994
	17

	390-419
	1
	1
	1
	19
	29
	8
	1
	1
	255
	1194
	652
	15

	420-449
	1
	-
	1
	5
	22
	11
	-
	6
	143
	1016
	715
	19

	450-479
	1
	-
	-
	5
	17
	23
	1
	2
	85
	652
	599
	15

	480-509
	1
	-
	1
	1
	6
	7
	-
	-
	18
	316
	389
	15

	510-539
	-
	-
	-
	-
	4
	4
	1
	-
	10
	118
	237
	10

	540-569
	-
	-
	-
	1
	-
	1
	-
	5
	7
	80
	203
	12

	570-599
	-
	-
	-
	-
	-
	2
	1
	1
	3
	24
	54
	5

	600-629
	-
	-
	-
	-
	-
	-
	-
	1
	2
	12
	57
	5

	630-659
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2
	16
	1

	660-689
	-
	-
	-
	-
	-
	-
	-
	-
	1
	1
	4
	-

	690-719
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1
	3
	-

	Total
	113
	351
	506
	423
	335
	469
	762
	5288
	22980
	20919
	8791
	207


On the diagram (fig. 3.1) attention is paid to the presence not one but two groups of embryos: the basic A (in October – April interval) and additional B (May - September) that testifies that presence of the second, less significant season of fin whale with approximately 6 month shift.

For further processing of variational sets transgression of these two groups in October, November and September we had to divide them artificially. For example, in October the basic set of embryo group is limited by dimensional lengths of 120-210 sm, in November - 210-240 see. Only after division of groups A and B average embryo sizes, quadratic deviations and standards mistakes were calculated (Table 3.2).

Table 3.2: Fin whale embryo length statistics for group A

	Month
	Arithmetic median, M, sm
	Deviation,  σ, sm
	Variation, CV, %
	Standard error, m, sm

	October
	85.24
	42.00
	49.20
	2.16

	November
	109.57
	48.60
	44.30
	1.79

	December
	157.54
	60.81
	38.70
	0.83

	January
	207.70
	84.00
	40.04
	0.56

	February
	278.42
	103.20
	37.06
	0,71

	March
	333.07
	111.84
	33.60
	1.11

	April
	385.39
	121.20
	31.40
	8.08


Let's notice by the way that previous researchers did not use quadratic deviation to judge about variability inside variational sets of Minke whales embryo length, yet the application of limits ( -- ) only for this purpose does not give serious results, as "extremes in the sets of are not very steady and are easily shifted when the quantity of analyzed animals changes" (Rokitsky, 1961, with. 35). It is absolutely impossible to judge about variability of embryo lengths in this or that month if (as in case of the Southern hemisphere fin whales) transgression of monthly variational sets of two groups of embryos is observed. Average sizes and extreme limits will for a long time remain constant. A table by A.G. Tomilin (1957, p. 177) with the data on 21,450 Antarctic Region fin whale embryo lengths well illustrates it. It shows that seven out of eight months minimal sizes remain the same, as if the smallest embryos do not grow at all within the 6 month period. 

Again we will address to the percentage diagram of the incorporated material (fig. 3.1) to consider in more detail the group including the bulk of embryo lengths (group A) from October to April. 

In October and November some positive bias in distribution in date occurrence frequencies is shown. In December and January distribution corresponds more to normal, but several peaks appear which will be better seen in the following months. Therefore it is necessary to make these set smoother. Smoothing (fig. 3.2) is executed by a graphic method and by simple sliding average (Rokitsky, 1961; Plokhinsky, 1978).

The smoothed monthly variational sets confirm and evidently show that symmetry of distribution of embryo lengths in October and November is slightly negative, in December, January and February is practically normal, and in March and April is positive. Thus, on the IWC data the same law in distribution of lengths can be found, on which R. Laws (Laws, 1959) paid attention on a rather small material, but collected by biologists more accurately.

What is the reason of abnormal distribution of frequencies of embryo length occurrences in October and November? The main reason is that sets are composed out of different age embryos whose growth rate is different. What also influences the character of distribution is when part of the embryos are for some reason not included into samples. Embryos on embryogenesis stage are not always found (Brinkmann, 1948, Salnikov 1956; Laws, 1959; Mikhalev, 1970, 1978, 1984; Ivashin, Mikhalev, 1978;, etc.). But in October and November there must be a lot of such embryos. Mind that embryos on embryogenesis stage can be aborted before the whale body is cut and the female whale's uterus is examined. The matter is that before villous appear on the the germinal bubble is not fixed in the uterus horn and moves rather freely in it (Sleptsov, 1955). This circumstance makes miscarriage of small size fetus possible when the air-inflated whale body is being drawn up the slip to the whaling base stern.

Miscarriage of small size fetus sometimes occurs on deck when the whale is turned over, especially when the additional rope clasps its belly creating great pressure on it. After this procedure we some times found on deck near the whale embryos up to 10 cm long with intact membranes. In our practice and in the practice of our colleagues in scientific group it happened that with the functioning yellow body of pregnancy the embryo was not found, though the uterus was thoroughly examined. We can say with confidence that loss of fetus is a frequent phenomenon.

Fin whale embryos are rare on embryogenesis stage in December and January. By this time of pregnancy the placenta develops significantly loss of fetus becomes impossible. Therefore it is not surprising that distribution of frequencies of embryo length occurrence in variational sets at these months are normal. And only at late stages of pregnancy, when the female organism is almost ready for natural delivery again we come across the cases of losses of embryos. Functioning yellow body of pregnancy on the ovaries proves the abortion case. Besides in such cases the uterus big, friable and strongly bleeds. The phenomenon is sometimes observed for fin whales at the end of March and in April.

When for some reason it is impossible to find the ovaries indirect confirmation of pregnancy can be the hypophysis. adenohypophysis (fig. 3.3) is enlarged, wrinkled, reddish and knobby on edge (Mikhalev, 1966, 1970).

Harpooners told about the facts of losses of large embryos at the moment when female whales were harpooned and towed. Sometimes fetus loss occurs and at the moment when the whale was taken up the slip on deck (Risting, 1928; Zenkovich, 1935; Mikhalev, 1970, 1978, 1984; Ivashin, Mikhalev, 1978).

The differentiated female of various biological group migrations from fields to fields influence the character of distribution of embryo lengths (Jonsgard, 1951; Laws, 1959; Berzin, 1971). As R. Lows (Laws, 1959) specifies, at the end of a trade season first of all female fin whales pregnant with large (the senior age groups) embryos, move from water area where the catch is conducted (and, hence, where scientific material is being gathered) to subtropical waters. For part of females by this time the season of procreation starts, which reduces the average size of found embryos. A.V. Yablokov (Kleinenberg and others, 1964 section "Reproduction") points out the influence of the season of procreation on the low monthly average of embryos in April for beluga whale.

Probably, there are also other reasons, but in this case the fact of establishments of abnormal distribution of embryo lengths in variational sets is important, as in this case not average arithmetic are "the basic characteristic of position casual sizes of set" but modes, which are "the most probable values" of embryo lengths in the sets researched (Rokitsky, 1961; Ventsel, 1969;, etc.). So, in our case the average arithmetic length of fin whale embryo in October equals 85 cm, and the mode within 55-60 cm. Average arithmetic of March - 333 cm, and mode within 375-385 cm.

Unfortunately, this rule was not observed by previous researchers of prenatal whale growth, which distorted real average sizes, and the growth curves drawn on their basis (fig. 3.4) presented broken lines and essentially differed. 

 However, both arithmetic and mode make sense only in case when the set is qualitatively homogeneous. In variational sets in any month fluctuations of embryo lengths are averaged for the same-age and also for different age (conceived at different time) embryos, and with different growth rate. While studying growing objects it is more correct to use compound values (Rokitsky, 1961, 1964; Plokhinsky, 1961, 1967, 1978;, etc.), as logarithms of embryo lengths in variational sets give distribution closer to normal. Unfortunately, previous researchers of whale growth did not observe that rule either.

But even observing those rules of biometry, because of artificial divisions of two groups of variational sets and necessity of their smoothing as they have several peaks (fig. 3.2), average geometrical fin whale embryo lengths with a sufficient degree of reliability are received for seven month only: for October, November, December, January, February, March and April. It is significant that these values on the schedule make the concave arch like parabola, I.E. is a curve with constant growth rate acceleration 

 Still, though the graphic method of the analysis has "great heuristic value, helping to open law, which by other methods are opened quite often with difficulty" (Schmalhausen, 1935), mathematics analysis of the received data is necessary.

On the basis of the calculated approximated to integers average geometric lengths of fin whale embryos we have determined increments of these average values every next month of embryo growth.

The following average lengths and increments (Table 3.3) are received.

Table 3.3: Fin whale embryo length, geometric means and monthly increments

	Median and increments, sm
	Whaling season months

	
	October
	November
	December
	January
	February
	March
	April

	Geometric mean
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As we see, increments of the second order (an increment of increments of the first order) are approximately identical and, hence, there are bases to consider that the curve we are studying is close to the parabola of the second order. 

For definition of a curve type it is necessary to know average age of embryos in every following month of the researched set. However, it is possible to judge that age only approximately. Therefore in a number of trial variants we took its various values, so that guided by the least value of a quadratic mistake of regression curve we could come closer to the true age.

On trial schedules in logarithmic system of coordinates average geometric fin whale embryo lengths lie on the direct line , when average age of embryos in October has been accepted to equal 3.0 months (a quadratic mistake = 0, 0079), and, hence, average age of embryos in November - four, December - five, etc. months. A similar trial and error method for age definition was used by H. Clark, B. Florio and R. Hurowitz (Clark, Florio, Hurowitz, 1955) studying growth of ribbon snake embryos.

Regression analysis of the received average values has shown the dependence of fin whale embryo lengths L on age t is well described by the formula:

 lgL=lg5.72+1.95lgt

 After potentiation the logarithmic expression we receive the formula of the researched curve:

L=5.72t,

Where L – embryo length, cm;

 t - age, month.

Growth curve (fig. 3.6) constructed on the basis of theoretical values of monthly average fin whale embryo lengths drawn by this formula describes density of location of points on the dot diagram of embryo lengths specified by biologists. They practically coincide with the regress line drawn approximately, which illustrates that sometimes the approximate method of drawing of the growth curve gives rather exact results.

From the received formula of growth curve follows that the size of the animal in prenatal period is determined by coefficient of embryo growth intensity b, parameter of age t, and also depends on "the mass factor", on the size (p - weight growth; l - linear), which the animal reaches during parabolic growth and differentiation per the first time unit. This unit can be various (day, week, month)...and is selected depending on the animal sizes of an animal and durations of the investigated period of growth (Schmalhausen, 1935).

In its turn "the mass factor" depends on fetus size at blastula stage, and at the further growth the embryo remains, in general, proportional to this size. Up to the blastula stage the growth submits not to parabolic but exponential correlation. This period of "pure" growth takes the period of time t-to, which was taken into account and included into the formula of monomial parabola by E. McDowell and E. Allen (McDowell, Allen, 1927). The length of the period for whales is difficult to assume, but, probably, its duration does not differ from those of large terrestrial mammals and (together with the latent period) about 10-15 days.

Some words about specific growth rate. Usually, speaking about growth rate, we mean its speed, which is necessarily connected with absolute or relative gain. Previous researchers of whales operated by pure gain, and on its basis calculated absolute growth rate, 

( l2-l1 )

 which is true only when this value does not change with time, that is when growth goes with the constant pure gain. Such growth is rather rare in the animal world , and even if it is observed it is impossible to compare growth of various animals, as "absolute length gain of approximately 1 cm for the mouse and for the elephant – are absolutely incomparable values" (Schmalhausen, 1935, p. 13). If the gain is expressed in percentage of size of an organism at the initial moment, it becomes possible to measure and compare relative speed of growing animals. Yet both relative and absolute gains only indirectly characterize growth rate at the given period of time and do not fix changes in growth rate.

Growth rate during the given period also do not fix growth rate changes occurring during each subsequent moment. Therefore it is necessary to apply specific growth rate (C) which reflects changes in the growth intensity and truly quantitatively characterizes the growth process as such.

The concept about specific, or true, growth rate was introduced independently from each other by S. Brody (Brody, 1927) and I.I. Schmalhausen (1927). It} is determined by the following formula:

C=b/t ,

where b – is a constant of parabolic growth intensity,

 t - age of the animal at the moment of research.

Empirical values of of linear growth specific speed are determined by the formula:

Lg…..,

where 0.4343 is the basis of the natural logarithm. 

Since specific growth rate is comparable only in biologically equivalent age it cannot be compared on the same month of intro-uterine development of different species, if pregnancy duration of compared animals is not the same. But it is possible to make such a comparison using relative age, for example, to compare specific growth rate in the middle of intro-uterine development period.

We have calculated specific speed of fin whale prenatal growth, and the schedule of its theoretical value changes (fig. 3.7) has been constructed.

As it is proper for the parabolic growth, specific growth rate (С) of fin whale embryos falls with age, and the schedule looks like a hyperbole. Let's notice that specific growth rate is very sensitive to fluctuations of growth conditions and its empirical values usually deviate from theoretical, revealing non-uniformity of growth - periodization. However, a great interval of time is taken (a month), that is why the periodization is not appreciable.

Speaking about the specific growth rate, it is interesting to note that if we connect on the schedule of the smoothed monthly variational lines of the initial material (fig. 3.2) the tops of modal classes, the curve will remind a hyperbole. Is it casual? Probably, this fact is in mathematical connection to specific growth rate, and such a curve should have led in the beginning of research to the assumption that fin whale prenatal growth is parabolic.

As to the research of embryo growth of another group fin whale initial material (fig. 3.1, group B), these data processed have given results of smaller reliability due to small sample when smoothing of monthly variational lines of embryo lengths and finding of the average sizes could not be exact. But these values are also fairly well described by a parabola of the second order with the growth intensity parameter close that found for the basic group of the Antarctic Region fin whale embryos.

Pygmy blue whales. 637 pygmy blue whales embryos were measured in an interval October - May. Except for the basic group of embryos, a group of larger embryos and group of embryos of earlier development stages appeared in addition, which is specially visible in November and December (Fig. 3.8).

According to the technique similar to what has been applied for fin whales we allocate the basic groups of pygmy blue whale embryos and the digital material has been processed. With the least error the compound values of pygmy blue whale embryos received in the logarithmic system of coordinates have lain on the straight line (the variant when the age of November embryos has been accepted to equal six months , hence, December - seven; January – eight, etc.). The regression analysis has shown that the curve of blue whale pygmy embryo growth of embryos in rectangular system of coordinates is well described by the formula:

L=5.39t.

Sei whales. Measurements of 2,416 sei whale embryos cover the period December to April. The data of the British Museum of a natural history have been used as preliminary. 

It is important that in contrast to pygmy blue whales and fin whales, a set of sei whale embryos on the schedule makes only one "basic" group (fig. 3.9). It has allowed to calculate compound values of embryo lengths more precisely. With the least error logarithms of these values have lain on a direct line (variant, when November embryo age has been accepted to equal 4.5 months). 

By means of regression analysis the following linear growth formula is received for sei whales in prenatal period of development:

l= 2.9lt.

Minke whales. More than 1500 minke whale embryos were measured by us on the whaling ships "Slava", "Sovetskaya Ukraina" and the "Jury Dolgoruky". Data on the sizes of about 500 more fetuses have been handed to us by VNIRO employee M.V. Ivashin who measured them on Japanese whaling flotillas. In total 2,222 embryos of Minke whales from embryogenesis stage to prenatal sizes have been processed (3.10). 

During the researched period of time (from November till March) there appeared two groups of Minke whale embryos, like those of fin whales and pygmy blue whales. The second group with embryo length more than 200 cm is small and easily separated from the basic set.

The compound values of embryo lengths of the basic group calculated by us in logarithmic system of coordinates have lain on a direct line, assuming that the average age of December embryos of December equals to 3, 5 months. By means of regression analysis the following formula of Minke whale growth in prenatal period has been received: 

l=3.84t.

Humpbacks. During the period from November till April 1435 humpback embryos from embryogenesis stage up to prenatal fetuses were measured and included in processing (fig. 3.11). 

On the dot diagram the additional group of embryos is well defined in November and is less appreciable in December and January. It is easily separated from the basic set. 

Calculated compound values of embryo lengths in logarithmic system of coordinates have lain on a direct line and gave the least deviation error, assuming that an average age for the basic group of embryos equaled two months in December. As a result of regression analysis of these values the following formula of humpback embryo growth is received:

l=3.84 t

   3.2.2. Prenatal growth of toothed whale

Let's consider prenatal growth of this representative of the cetaceans taking as an example representative of the Southern hemisphere - a sperm whale and of the Northern hemisphere - beluga whales. 

Sperm whales. Prenatal growth of sperm whales is the most uncertain among the cetaceans. We shall specify only the most fundamental researches. R. Laws (Laws, 1959) considers that character of sperm whale embryo growth is slower than that of the baleen whales and on the schedule is described by a straight line. S. Ohsumi (Ohsumi, 1965), having processed many thousands IWC material, has confirmed this opinion. A.A. Berzin (1971), practically on a same material, allocates three periods of sperm whale embryonal growth: slow in the first months, than more intensive, and the third period - again slowed down.

For the greater cleanliness of the initial material, we did not include the IWC data in processing and used the material collected by biologists on the Soviet whaling flotillas. Its volume makes 6,233 sperm whale embryos from embryogenesis stage up to prenatal fetuses (fig. 3.12). 

 As we see, in addition to the basic group of embryos on the schedule there is a group of prenatal fetuses and a group of embryogenesis stage embryos. 

Unfortunately (and it in this case is very important), there are no data from May till October. All this does not allow with sufficient degree of reliability to draw the curve of sperm whale embryo growth. However, the basic group of embryos is easily separated from additional groups, which facilitates processing of the material. As a result, the regression line on the schedule looks like a concave arch of the parabola type.

 The graphic analysis shows, that general law of sperm whale prenatal growth looks like a parabola and does not essentially differ from prenatal growth of other whales. But even if sperm whale embryonal growth were described by a straight line as follows from works by R. Laws (Laws, 1959) and S. Ohsumi (Ohsumi, 1965 there would not have been a contradiction. As function with an exponent equal to one degenerates in a direct line:

L=atb,

when b=1 it gives the formula of a straight line: L=at.

Beluga whales. In the monograph "Beluga whale" (Kleinenberg, etc., 1964) in section "Reproduction" A.V. Yablokov analyzed sizes of 231 beluga whales embryos. Having defined monthly arithmetic lengths, the author could not find any certain law of embryo growth. At the same time (fig. 99, p 328) he drew a curve on the cyclogram constructed with orientation on density of points arrangement determining the general tendency of embryo growth.

On this curve A.V. Yablokov calculated average "linear gain of embryos during pregnancy", and for each subsequent month the following were received: 4 cm; 7 cm; 11 cm; 14 cm; 18 cm; 21 cm; 25cm; 28 cm; 31 cm; 35 cm; ("Beluga whale", page 329).

As we see, monthly gains smoothly grow. However, what is wonderful is that gains of the second order/sequence (a difference between monthly gains) are practically identical. So, a difference between the third and the second month gains equals 3 cm, between that of the fourth and the third - 4 cm, 

the fifth and the fourth - 3 cm, the sixth and the fifth - 4 cm, the seventh and the sixth - 3 cm, the eighth and the seventh - 4 cm, the ninth and the eighth - 3 cm, the tenth and the ninth - 3 cm, and, at last, a difference between the eleventh and tenth months - 4 cm. That is, the gain of the second order is practically constant and on the average it is equal to 3, 5 cm. This implies that the beluga whales prenatal growth is described by monomial parabola with the intensity of growth close to two:

L=at2.

That is another vivid example of hopelessness of use arithmetic-average values of embryo lengths construction the prenatal whale growth curve. The smoothed curve drawn with orientation on density of an arrangement of points, appeared to characterize the general law of embryonal whale growth more precisely. The given example – is another proof of the paradoxical fact that "the graphic analysis also has a big heuristic value, helping to open a law, which is opened by other methods with quite a big work" (Schmalhausen, 1935, p. 35).

***

The given examples allow to assert that cetaceans are not exception among the mammals and the general law of their prenatal growth is parabolic, with the exception of the small period of exponential growth at the earliest stages of development and some deceleration of growth during the prenatal period. It is very important, that in the formula of monomial parabola all constants biological sense. Power coefficient (index of growth intensity) is an abstract value and, consequently, can be compared with the similar coefficients of other types, inside one type and even on different stages of growth of an animal. Factor of proportionality ("the mass factor") determines the size of an embryo which it reaches in process of parabolic growth per the first time unit (Schmalhausen, 1935). Both these factors together with duration of pregnancy determine the size of the newborn.

"The mass factor" in its turn depends on the fetus size developed during the period "pure", exponential growth, which comes to an end when the differentiation of tissue (McDowell, Allen, 1927) begins. It is difficult to say how long this period lasts for fin whales and other whale types, as cetaceans belong to group of highly organized mammals and probably, its duration does not differ much from that for large terrestrial mammal also it equals approximately 10-15 days.

In similar works on terrestrial animals not linear but weight growth is investigated more often, so for comparability we shall determine coefficient of whale embryo increase with the years of weights, instead of lengths (Cw). 

The task is not difficult as the connection between embryo length and weight is expressed by power function, too (see. Section 2). Therefore it is enough just to multiply factors of regress. Blue whale Cw = 5.62; fin whale Cw = 5.42; sei whale Cw = 5.49; minke whale Cw = 5.61; humpback Cw = 5.54; that is minke whales on the average the factor of weight growth intensity in prenatal period approximately equals 5.5.

Let's compare it to mass growth intensity of other kinds of animals of various regular groups: hen of breed leghorn - 3.20; human being - 3.90 (Schmalhausen, 1935); Beijing duck - 4.03; musky duck - 3.988; white Plymouth Rock - 3.711 (Magakyan, 1967); mouse - 3.4 (McDowell, 1928); Northern seal - 3.82 for males and 3.18 for females (Kuzin, 1970). As we see, with prenatal growth the increase in weight of cetaceans goes considerably more intensively, than that of birds and mammal, with whom the comparison has been made.

 4.3  Features of individual growth of embryos

The question whether all cetacean embryos grow with the same speed is disputable. However, this question has not only theoretical, but also practical value, as by the sizes of embryos, found within any month attempts are made to define their age and thus to establish the periods of mating and procreation of whales. For example, in January there are average embryos from one up to four meters. If we assume that they had grown with identical speed the periods of mating and procreation will be determined by the term necessary for the embryo to grow up to three meters. If individual growth of embryos goes with various speed, to calculate the duration of reproductive periods it is necessary to subtract individual fluctuations of their growth rate.

By analogy to other animals and the human being (Harrison, etc., 1969) it seems there should not be doubts about whale individual embryo growth speed being different. Meanwhile, the researchers have different opinion on this question.

R. Laws (Laws, 1959) has drawn the dot diagram of fin whale embryo sizes. The dots have made a cone-shaped graph,according to which he has come to a conclusion, that individual fin whale embryo growth rate is not the same. Naaktgeboren, Slijper, Utrecht, 1960, on the contrary, considered that fin whale embryos grow with the identical speed, to prove which they have cited an extremely unpersuasive fact that the line connecting maximal embryo length values on the dot diagrams goes parallel to the line of monthly average values. Kimura, 1957 has shown that, irrespective of sex, growth of one of the twin embryos passes ahead of the other, and by the moment of birth the difference between them reaches two feet (approximately 60 sm). On the basis of this fact the author considers that about the same distinction in growth rate is true for non-twin embryos. We shall consider this problem in detail.

   3.3.1. Variational variability of embryo growth rate

Distinctions in individual rate embryo growth rate are specified by the difference between minimal and maximal sizes (limits), variability parameter..and monthly dimensional variational lines coefficient of relative variability (CV). We shall illustrate it by the example of fin whale embryos (Table 3.4).

Table 3.4: Variability in fin whale embryo length

	Month
	Number of embryos, n
	Median, M
	Min-Max
	Sigma, σ
	Relative variability, CV

	December
	334
	138,3±3,0
	EE-359,0
	54,7
	39,8

	January
	969
	194,4±2,5
	22,0-468,0
	78,0
	40,2

	February
	795
	257,5±3,3
	24,0-532,0
	92,8
	36,1

	March
	436
	326,3±4,4
	4,0-620,0
	93,0
	28,4


The data shows that with embryo growth their size variability grows with simultaneous reduction of relative variability (CV). I.E., fin whale embryos of younger age show more relative variability of the sizes, which as a general law for fauna was recorded by K.M. Baer (1950) in 1882.

Undoubtedly, first of all variability is determined by distinctions in growth rate of the same age embryos, but also by the fact that in every month there are different age embryos whose growth rate varies. 

Other factors influence the variability of whale embryo sizes. We shall consider some from them.

   3.3.2. Distinctions in male and female embryo growth rate

Sexual dimorphism of cetaceans, in particular, is expressed by the fact that baleen whale females are larger than males, but toothed whale males are larger than females. According to Mackintosh, Wheeler, 1929, and also N. Peters (Peters, 1938,) the difference in length of physically mature males and females is more than that by the moment of approach of sexual maturity. I.E., their difference in sizes increases with years. This fact allows to assume that distinctions are shown in embryonal period.

V.A. Zemsky (1950b) on the basis of the analysis of lengths 66 female and 67 male Antarctic Region fin whale embryos has noted that female embryos are on the average larger (247 sm) than male embryos (221.1 sm). However in his subsequent work V.A. Zemsky (1960) did not find any authentic distinctions. 

R. Laws, 1959 did not find any statistical authenticity of distinctions.

We have analyzed average sizes of Minke whale, sei whale and fin whale male and female embryos during the whole season of catch. 

 Average length of the measured 439 male embryos of Minke whale equaled 36, 27 sm, female embryos - 41, 5 sm (the difference in length 5, 18 sm). 438 male embryos of sei whales had the average size of 229, 5 sm, and 491 females - 237, 9 sm (the difference - 8, 4 sm). Average length of 1260 male embryos of fin whale equaled 223, 8 sm, and females - 231, 0 sm (the difference - 7, 2 cm). I.E., in all cases without exception female embryos appeared longer than male embryos with reliability of distinction within the limits of 93%-96%.

There is no doubt, that without exception of baleen whales expressed in greater length of females is shown as early as in embryonal period and is determined by their various growth rate. Attention draws the fact that practically identical average length of sei whale embryos has more distinctions than fin whale embryos, which are identical in length to sei whales but younger than they. We make the conclusion that distinctions in whale embryo length grow during prenatal period and, probably, by the new-born period become even more significant.

   3.3.3. Dependence of the embryo size on the size of females

We have measured pregnant females and their embryos of 439 Minke whales, 889 sei whales and 1719 fin whales to set such dependence (Table 3.5). 

Table 3.5: Correlation between female size and size of their embryos

	Female length,
	Number,
	Embryo length, sm.

	m
	n
	Minimum
	Maximum
	Median, M

	Minke

	8,5-9,0
	244
	-
	-
	37,46

	9,1-9,5
	195
	-
	-
	40,61

	Sei whale

	13,6-14,0
	4
	110
	340
	196

	14,1-16,5
	36
	73
	296
	181

	14,6-15,0
	125
	63
	356
	199

	15,1-15,5
	228
	57
	475
	224

	15,6-16,0
	233
	63
	480
	244

	16,1-16,5
	206
	65
	455
	257

	16,6-17,0
	52
	98
	410
	265

	17,1-17,5
	5
	210
	356
	265

	Fin whale

	18,6-19,0
	8
	83
	249
	159

	9,1-19,5
	36
	30
	317
	165

	19,6-20,0
	100
	39
	545
	192

	20,1-20,5
	250
	25
	563
	204

	20,6-21,0
	242
	10
	510
	215

	21,1-21,6
	275
	5
	547
	211

	21,6-22,0
	230
	16
	512
	227

	22,1-22,5
	231
	24
	520
	227

	22,6-23,0
	166
	15
	533
	240

	23,1-23,5
	124
	17
	620
	244

	23,6-24,0
	41
	52
	465
	213

	24,1-24,5
	13
	39
	411
	207


From the big enough sample data it is evident that with the increase in the female size the average length of their embryo grows a little. Similar dependence has been marked by S. Ohsumi, 1965, V.A. Zemsky (1950, 1960) and R. Laws, 1961, who considered that this correlation connection is determined by earlier terms of mating of older females. However, in this case with the female sizes minimal and maximal sizes of embryos should have also grown, which has not been observed. Therefore, in our opinion, it is necessary to recognize, that larger females have larger embryos.

Graphically in logarithmic system of coordinates the correlation is well described by direct lines and can be quantitatively expressed by the following formulas:

Minke whales:l=0.00187L

Sei whales=0.00139L

Fin whales =0.00175L,

 Where l - length of an embryo; L - length of a female.

In the investigated limits of the embryo sizes distinctions in the length of sei whale and fin whale fetuses were about 85 cm. Compared average embryo lengths are close to average sizes of fetuses of February, and, obviously, following months this distinction should become bigger. According to Zemsky's data (1960), in March it reaches 120 cm. Probably by the moment of birth the distinction will increase by some centimeters and becomes twice bigger than by S. Kimura's calculations (Kimura, 1957) on the basis of comparison of the sizes of embryos - twins.

Thus, the analysis allows to make the following conclusion: growth rate of the same age cetacean embryos is not the same and depends on the embryo sex, on the female size, individual, genetically inherent features of whale growth. It is necessary to take into account these distinctions in embryo growth rate while calculation the length of mating and calving of the cetaceans.

Saying that the distinctions in lengths of the same age whale embryos can be mainly explained by the distinctions in individual growth rate, we at the same time do not deny some influence of the differentiated introduction into the season of duplication of the same age females on their sizes. It is difficult to say what the quantitative ratio of these two factors is. However, it is evident that distinctions in individual embryo growth rate are significant and, according to our calculations, by the moment of birth makes more than 20%.

 4.4  Relative growth of body parts and changes in morphological structure of cetacean embryos

The detailed study of prenatal development of whales, being the subject of an independent research, is not the task of the following chapter We'll examine some examples of relative growth of body parts and changes in the process of cetacean embryo form and coloring growth. 

   3.4.1. Allometric growth of cetaceans in prenatal period

Study of laws of relative growth of animal body parts in logarithmic system of coordinates, developed by Huxley, 1932, received the name allometry (Huxley, Teisier, 1936), from the Greek word alloios - various (Schmidt-Nielsen, 1987). Allometric growth of body parts or organs is considered as function of the general sizes or sizes of other body and is expressed by the general formula:

Y=axb,

Where y - the size of a body part (either body or the measurement of a body part),

x - the size of an organism as a whole,

 a and b - coefficients.

If power index in the formula is more than 1, the allometry is called positive, if it is less – negative, if it equals 1 - isometric. On the logarithmic schedule such correlations are described by direct lines.

The very first researches have shown that intensity of body parts growth of the highest terrestrial vertebrates occurs explosively. Mathematically it is expressed in change of the power index of allometric correlation (Huxley, 1932; Schmalhausen, 1935).

Let's consider allometric correlation on the example of fin whale and Minke whale embryo growth. 

Fin whales. 55 embryos of various lengths were measured. 125 fin whale embryos measurements published by S. Ohsumi (Ohsumi, 1960) are included in mathematical processing.

The analysis has shown that during fin whale embryo growth the distance from the end of a snout up to the center of an eye increases rather quickly (b=1.16) in the beginning, later its growth becomes isometric. Distance from the end of a snout up to ear aperture during the whole growth shows slightly negative allometry (b=0, 92). Relative growth of the head in width (the distance between eyes centers) is rather intensive (b=1, 23) during all embryogenesis.

The tail part of the body (from an anus and from navel up to a fork of tail blades) grows proportionally to zoological length of the embryo. The back fin practically does not change its relative position, neither does the border of belly strips endings after they have been completely generated.

The chest fin grows lengthwise isometrically at first, and when the fetus reaches the sizes of 110 cm, intensity of its growth increases (b=1, 19). Growth of a fin in width relatively to length of all body is a little slow in the first phase, and then it becomes close to isometric. Fin width to its length correlation changes with constant but lower speed (b=0, 91).

After laying of a back fin its relative growth in height is very intensive at first (b=1, 46). When the fetus reaches length of 120 cm, its growth intensity is reduced (b=1, 19). Relative growth in length of tail fin blades is originally also very high (b=2, 0), then reduced (b=1, 19), and in pre-fetus period of development becomes isometric. Growth of tail fin blades in width shows negative allometry at first (b=0, 69), and then also becomes isometric.

Minke whales. 349 Minke whale embryos from 5 cm up to 300 cm were measured. We shall consider the most precisely fixed measurements. The analysis has shown that in process of embryogenesis the distance from the end of a snout up to the eye grows quickly (b=1.17) at first, then the growth is reduced (b=1.10) and when the embryo is 110-115 cm long it becomes almost isometric. The distance up to ear aperture in the first half of embryogenesis shows positive allometry (b=1, 05-1, 10), and in the second half allometry becomes isometric.

The distance from the tail fork blades up to the anus at first shows slightly positive allometry, then growth dramatically reduces (b=0, 90) and at last stage of fetus development becomes isometric. The measurement from tail fork blades up to navel showed difference by sex. Male growth rate was practically all the time isometric. Females at first shows negative allometry (b=0, 93), by the middle of embryogenesis grows a little (b=0, 95), and then becomes isometric.

Borders of belly strips are completely formed by the second half of embryogenesis. Since this moment the growth of the measurement from tail fork to belly strips shows dramatically negative allometry (b=0, 67), and in the last months of uterine development becomes practically isometric. Distance from the tail fork blades to the back fin by the middle of embryogenesis Increases, showing slightly positive allometry (b=1.06), and in the second half of uterine development its growth rate is sharply reduced (b=0.90).

The length of chest fins in pre-fetus period shows slightly positive allometry (b=1, 05). By fetus period of development their growth rate it is reduced (b=0, 96). But during the last stage of embryogenesis it dramatically grows (b=1, 16). The tendency of the chest fin growth in width is similar.

Growth of a back fin in height in the beginning goes very quickly (b=2, 07), then it is sharply reduced up to negative allometry (b=0, 91). And on the last stage of intro-uterine development it grows again (b=1, 08). Tail fin blades actively grow lengthwise in first half of uterine development (b=1, 40). At the beginning of the second half growth rate is reduced up to b=1, 05, and at the last stage of allometry even becomes negative.

It follows ( from the said) that in the process of fin whale and Minke whale embryo growth geometrical similarity of the form of a body is not observed, and growth intensity of separate body parts during the certain moments changes in leaps. Except for an embryogenesis stage with Minke whales these "leaps"often occur when their body length is10-15 cm and about 55-60 cm. With fin whales change of allometry speed growth occurs at their body length about 25-30 cm and 110-115 cm. 

   3.4.2. Change in the whale embryo body form and coloring 

Let's consider this question taking as an example two species of baleen whales –fin whales and minke whales.

Fin whales. The smallest embryos from our collection were 1-2 cm long. Fetuses up to 10-15 cm have well appreciable visceral arches, early stages of hind legs. In eye layings external pigmentary layer is seen. By the end of germinal period hind legs become reduced, eye lens and eyelids become visible. Blood vessels are slightly appreciable on the body surface. Hemispheres of cerebrum look through ectoderm. Definition of sex by external genitals causes doubts.

Embryos being 35-40 cm, pigmentation starts to appear on the vertex, tail fins and on the left side of the lower jaw. An appreciable white strip appears at an ear aperture. The back fin at this time looks like a rounded fold. Vibrissa can be seen on jaws. Belly strips on the center of a belly and on the bottom jaw are traced. The back fin gets triangular form. On extraembryonic membrane (chorion) pili appear.

Embryos being 100-120 cm, all back is pigmented, a V-mark and asymmetric coloring of jaws are well-seen. All ventral strips and connections between them become apparent.

Chorion of fetuses longer than 500 cm easily come off uterus walls. The height baleen plates of 3-4 sm, asymmetry in their coloring is seen. Tail blades are freely swivel from the "cam". Back fin is tucked and pressed to the body, but is easily straightened in vertical position. The umbilical cord easily comes off at umbilicus.

It is important to note that formation of various morphological structures comes in the same turning-points which are revealed during allometry growth study. The moments of qualitative changes correspond to the ending of germinal, pre-fetus and to the beginning of fetal periods. All features of new-born have embryos of 500 cm. I.E., as well as terrestrial mammal cetaceans show periodization of uterine development. 

Minke whales. Body form of embryos up to 9.5 cm long still remains C-shaped. The frontal department looks like a bubble with visible cerebral hemispheres inside. Rudiments of eyes are visible through the transparent skin. The chord, hepatic outgrowth, ribs can be seen. The rudiment of a back fin is visible. In the tail department there are 11 to 18 segments of a chord. The tail fin looks like a rounded fold.

With embryo growth after it reached 10-15 cm its head and tail departments start to straighten quickly. Vibrissa, back fin appear, anus, sex of the embryo becomes distinguishable and the ear aperture visible. blowhole. "Pair formations" become noticeable at the end of the upper jaw at ventral side (Mikhalev, Green, 1986; Mikhalev, 1991) as white color swellings (see Chapter 4). Blood vessels begin to be seen.

Embryo' body longer than 50-60 cm is almost straightened, the frontal bubble becomes flatter and loses transparency. Crest becomes visible on the upper jaw. Eyelids are divided by a crack through which eyeball can be seen. Blowhole looks like two cracks. In area of blowhole there is skin pigmentation. "Pair formations" become appreciable not only on upper, but also on the lower jaw. Dredging of a back fin and belly strips are visible.

In relation to the general duration of embryogenesis of fin whales and Minke whales germinal period makes approximately 17%, pre-fetus - 11%, fetus - 72%. It is important to notice that this percentage corresponds to duration of the similar periods for in this respect investigated agricultural animals (Schmidt, 1951; Bogolyubsky, 1967;, etc.).

 4.5  Postnatal growth of whales

To establish growth rate of cetaceans , terms of approach of sexual maturity, period of reproduction, life expectancy, age variability, age structure of populations and to solve many other questions of their biology, it is necessary to be able to define the age of an animal.

   3.5.1. Problems of definition of whale age 

Flaky structures in which age and other physiological conditions of animals are fixed are called "recording structures" (Mina, Klevezal, 1970). The best structure for age definition of baleen whales appeared ear plug, of toothed whales - teeth. Age of baleen and toothed whales can be judged also by amount of traces of yellow bodies of pregnancy on the ovary of females. However, it is necessary to know age of approach of a sexual maturity, periods of repetition of reproductive cycles; and to be able to distinguish traces of ovulation from traces of bodies of pregnancy.

The ear plug of baleen whales is formed on a finger-shaped shoot, which projects inside acoustical pass from the ear-drum bone cavity. During whale growth through all its life degrading cells of epithelium of glove outgrowth forms layers of an ear plug (fig. 3.13). 

 P. Purves (Purves, 1955) has suggested using these stratifications for animal age definition. T. Ichichara (Ichichara, 1966) to receive graphic record of stratifications and to estimate them more objectively used photometric plant. We recorded graphic records of lamination (recording structure graphs) of ear plug with the help of registering microphotometer IFO-451 directly from colored histologic preparations and from photographic copies (photographic plates) of these preparations, recorded in … light (Mikhalev, 1971, 1972, 1973, 1975, 1978, 1986, 1990, 1990a, 1990b, 2000, 2002; Lockyer, 1972; Mikhalev, 1977, 1982.1991; Cudgels, etc.,1982; Mikhalev, Ivashin, 1982). 

Recording structure graphs of ear plug of baleen whales reveal a rather complex character of their layering. Layers of physically mature baleen whales of all kinds become more dense and frequent from top to the basis. Change of character of stratifications is observed. Such change has been named "trasphase" (a transitive phase) by K. Lockyer, 1972. More in detail about the moment of sexual maturity we'll say in chapter 4.1.

It is more difficult "to read" ear plug than teeth of sperm whales. Ear wax of young animals is especially badly read. While about 30% ear plug of physically mature Minke whales cannot be read, that of non-mature whales - up to 50%. According to Sigurjonson, 1980, about 42% of that of Northern hemisphere Minke whales cannot be read, of blue whales and fin whales - up to 80%.

Possibility "to read" ear plug is very different for animals from different areas. Insignificant distinctions of sex are appreciable. According to our data, by 4, 7% better can be read plug of Minke whale females, in contrast to fin whales, where by 7, 4% male ones were better read. After K. Lockyer, 1979, the difference is even higher than that - 8-10%.

Layers in the toothed whale teeth are better visible on the painted cuts or on polished sections, pickled by organic acids (usually ant/formic acid). The first researches considered chromaticity and optical density of layers in teeth to be determined by their degree of calcifications, though their opinion differed on which layer is hypo- and which one is hypercalcified.

Some considered lighter but optically less transparent strips to be hypercalcified (McLaren, 1958; Sergeant, 1959, 1962; Berzin, 1961, 1963). Others - narrow, more optically transparent strips, as they are more intensively colored by silver nitrate or hematoxylin (Klevezal, 1963, 1966; Klevezal, Kleinenberg, 1967; Ohsumi, Kasuya, Nishiwaki,1963). This conclusion has been confirmed by X-ray spectrum analysis (Sukhovskaya, Klevezal, 1982).

We have carried out the direct analysis of Ca content in various stratifications and parts of sperm whale tooth. Teeth of eight males 9.2 m to 14.0 m long and one female (10.3m) were investigated. Tests undertook from cuts in various points of tooth: on cement zone; on tooth axis; on average dentin line and on dentin edge on border with cement. Tests from dark and light stratifications were scratched out with laps/reams microsections with wider and more contrast layers under binocular magnifier with small enlargement. Ca content in tests was defined by atomic-absorption method (Cudgels, etc., 1982; Mikhalev, 1990).

The analysis has shown insignificant distinctions by that characteristic. In dentin the amount of Ca in 100 g is on the average less (2.347 g) than in the cement (2.741 g). In more transparent layers there appeared more Ca, but only by 0.085g. And the reliability of distinction is low. Still, the presence of such distinctions is shown by the fact that Ca content on more transparent tooth axis (2.452 g) is higher than on optically less transparent dentin periphery (2.195g). In female tooth the average Ca content was smaller than that in the male and made 1.915 g (1.395 g in dentin; twice more in cement - 2.695 g).

Small distinctions in light and dark stratifications give the basis to believe that optical density of stratifications of sperm whale, and other toothed whales, teeth is determined not so much by the content of carbonic salts but by different organization of collagen fibrils, features of structure of albuminous stromas. This conclusion is proved by the fact that in completely decalcified microsection of a tooth lamination remains appreciable. To similar conclusions on the basis of X-ray spectrum analysis L.I. Sukhovskaya and G.A. Klevezal (1982), who investigated teeth of a bottle-nose dolphin (Tursiops truncatus) also came.

   3.5.2. Expert, or subjective, estimation of stratifications

When defining the whale age the question arises how many and what layers are formed within one year. Opinions differ very much. For example, some consider (Berzin, 1961) that in sperm whale tooth dentin two transparent and two opaque strips are formed; others (Ohsumi, Kasuya, Nishiwaki, 1963) that one opaque with additional transparent and one more transparent strip; the third ones (Lockyer, 1980) that one opaque plus one more, often double, transparent strip. G.A. Klevezal, S.E. Kleinenberg (1967) tried to explain divergences in opinions by the fact that "additional" layers can be so clear that sometimes they are taken for "basic" ones (fig. 3.14). 

Complex character of stratifications in recording structures of toothed whales, uncertainty in qualitative estimation of layers (narrow, wide, dark, light, transparent, opaque, etc.) and mess in terminology were considered at special international conference (IWC, Spec. Issue N 3., 1980). In view of this discussion under the initiative of the international whaling commission Scientific committee it was offered that six experts from different countries (the author was the expert from the Soviet Union) to define the sperm whale age by cuts of 50 teeth (Table 3.6).

Table 3.6: Age estimation by decalcified sections of sperm whale teeth

	№
	№ of whale
	Length, m
	Sex
	Sperm whale age by expert estimation:

	
	
	
	
	№ 1
	№ 2
	№ 3
	№ 4
	№ 5
	№ 6
	№ 7
	№ 8

	1
	2
	3
	4
	5
	6
	7
	8
	8
	9
	10
	11

	1
	655
	10.0
	Female
	18
	19
	16
	6
	14
	16
	18
	15

	2
	4520
	10.6
	Female
	32
	32
	30
	29
	30
	32
	29
	28

	3
	3863
	10.7
	Female
	27
	24
	26
	25
	23
	27
	27
	26

	4
	4125
	10.7
	Female
	30
	30
	31
	31
	30
	33
	34
	30

	5
	3810
	10.8
	Female
	17
	18
	17
	17
	16
	17
	17
	17

	6
	4132
	10.8
	Female
	30
	26
	28
	26
	24
	27
	30
	27

	7
	3683
	10.9
	Female
	21
	22
	21
	22
	20
	18
	22
	19

	8
	3944
	10.9
	Female
	34
	34
	31
	34
	26
	35
	34
	29

	9
	3885
	11.0
	Female
	31
	28
	29
	29
	29
	32
	31
	28

	10
	3645
	11.0
	Female
	26
	23
	22
	22
	18
	23
	24
	21

	11
	4905
	11.1
	Female
	33
	30
	31
	31
	33
	30
	33
	30

	12
	3884
	11.5
	Male
	18
	16
	16
	16
	11
	17
	18
	16

	13
	3284
	12.0
	Male
	18
	20
	19
	20
	17
	20
	20
	18

	14
	682
	12.3
	Male
	21
	28
	24
	25
	23
	23
	22
	23

	15
	3902
	12.3
	Male
	20
	19
	18
	18
	17
	21
	20
	18

	16
	3259
	12.4
	Male
	26
	24
	23
	25
	23
	24
	26
	23

	17
	4009
	12.4
	Male
	25
	29
	25
	25
	22
	30
	25
	22

	18
	4083
	12.4
	Male
	25
	22
	23
	22
	18
	23
	25
	20

	19
	3301
	12.5
	Male
	22
	27
	24
	25
	18
	23
	21
	20

	20
	3883
	12.5
	Male
	20
	18
	21
	21
	19
	20
	20
	19

	21
	4622
	12.6
	Male
	25
	23
	23
	23
	22
	25
	25
	22

	22
	3885
	12.6
	Male
	25
	22
	22
	22
	18
	22
	23
	22

	23
	678
	12.7
	Male
	23
	28
	23
	26
	22
	26
	23
	22

	24
	3771
	12.7
	Male
	27
	25
	25
	25
	14
	24
	27
	23

	25
	4528
	12.8
	Male
	28
	29
	29
	29
	29
	28
	28
	28

	26
	3758
	12.8
	Male
	28
	25
	25
	25
	21
	25
	28
	24

	27
	3772
	12.9
	Male
	22
	24
	22
	22
	22
	21
	23
	21

	28
	4127
	12.9
	Male
	30
	32
	30
	31
	28
	32
	31
	29

	29
	4526
	12.9
	Male
	29
	23
	25
	25
	23
	24
	26
	24

	30
	4403
	13.0
	Male
	23
	24
	22
	22
	25
	21
	23
	21

	31
	4052
	13.0
	Male
	25
	24
	21
	24
	24
	25
	25
	24

	32
	4028
	13.1
	Male
	30
	26
	23
	24
	25
	27
	26
	24

	33
	3928
	13.2
	Male
	24
	25
	24
	25
	19
	24
	24
	22

	34
	4036
	13.3
	Male
	27
	25
	26
	25
	26
	26
	27
	26

	35
	4048
	13.3
	Male
	22
	22
	20
	22
	20
	23
	23
	20

	36
	3485
	13.4
	Male
	22
	20
	22
	22
	19
	22
	22
	22

	37
	3856
	13.4
	Male
	32
	27
	27
	27
	27
	27
	31
	27

	38
	3926
	13.4
	Male
	30
	25
	27
	25
	26
	26
	28
	25

	39
	4140
	13.4
	Male
	27
	20
	23
	21
	20
	20
	21
	21

	40
	3515
	13.5
	Male
	32
	30
	33
	30
	29
	33
	32
	23

	41
	3472
	13.6
	Male
	30
	32
	26
	26
	27
	26
	28
	26

	42
	3984
	13.6
	Male
	31
	33
	27
	31
	26
	26
	32
	29

	43
	805
	13.9
	Male
	40
	40
	39
	40
	40
	38
	38
	37

	44
	5178
	14.0
	Male
	33
	33
	32
	32
	35
	37
	33
	32

	45
	3529
	14.0
	Male
	30
	33
	32
	32
	31
	32
	34
	30

	46
	802
	14.1
	Male
	41
	37
	38
	39
	44
	34
	40
	34

	47
	2641
	14.2
	Male
	40
	36
	35
	35
	34
	38
	35
	35

	48
	1734
	14.3
	Male
	45
	41
	39
	40
	37
	37
	43
	37

	49
	4891
	14.4
	Male
	31
	27
	29
	28
	21
	28
	29
	27

	50
	4004
	14.7
	Male
	29
	21
	22
	21
	23
	27
	24
	28


Age estimation by decalcified sections of sperm whale teeth

Experiment has shown (Donovan, Briwick, Best, 1981) that estimations of all experts considerably varied. The subsequent increase in number of experts (highly skilled experts A.A. Berzin and G.A. Klevezal have joined the experiment) has only increased disorder of estimations (fig. 3.15).

In our analysis (Mikhalev, 1982; Mikhalev, 1986) rang method by Wilcoxon was used for estimation of reliability of data distinctions, which has great capacity (Urbakht, 1964). Paired comparison has shown authentic distinction of estimations among all eight experts. This disorder does not mean that expert estimations can be averaged and average will be closer to truth. Averaging acts only as expression of common, but subjective opinion. It's important that the fact of use of qualitative expert estimation assumes absence of reliable enough ways to reveal annual stratifications. What makes it more complicated is the fact that from the top to the pulp cavity of the tooth (fig. 3.14) character of stratifications varies (Mikhalev, 1990).

   3.5.3. Quantitative characteristic of stratifications

Schedules have in themselves, as academician I.I. Schmalhausen (1935) said, "heuristic value". Therefore we believe that graphic expression of lamination of recording structures (recording structure graphs) I s perspective. At certain scale recording structure graphs allow to measure quantitative parameters of layers and to pass to mathematical processing of figures.

The first to receive recording structure graphs for baleen whales were J. Ruud, 1940, A.G. Tomilin (1945) and S. Ohsumi (Ohsumi, 1966). Then followed Van Utrecht, 1965; Van Utrecht, van Utrecht-Cock, 1967; Mikhalev, 1975, 1986, 1990, 2002; Mikhalev, 1982. Having written down graphically relief of the surface of baleen whale plates ,the authors tried to reveal annual cyclic recurrence of stratifications by comparison of quantitative characteristics of stratifications with physiological condition of animals. Unfortunately, baleen plates erase with years, and the information only about five or six last years of the life of the animal is kept on them.

In our practice (Mikhalev, 1972, 1973, 1975, 1978, 1984, 1986, 1990, 2000, 2002; Mikhalev, 1977, 1978, 1982, 1991; Ivashin, Mikhalev, 1978) to receive recording structure graphs we used plethysmographs, profilographs and microphotometers. The best results have been received with the usage of profilograph N-201, an English device for measurement of surface curvilinearities Talyline-4 and with the help of recording microphotometer IFO-451. baleen plates, ear plugs, teeth of sperm whales, killer whales, pilot whales, bottlenose whales, dolphins. 

Profilograms were recorded from decalcified polished sections of teeth, photograms - from photoplates. To receive the photogram objects were photographed both in reflected (baleen plates, decalcified polished sections of teeth) and in passing through light (microsections of teeth, cuts of ear plugs).

The received charts of tooth lamination (3.16) have allowed to measure quantitative characteristic of stratifications. Experiment has shown that on sperm whale tooth decalcified by 5% formic acid the height of "rollers" fluctuates within the limits from 0.001 mm up to 0.02-0.03 mm. The width of the layers is about 1, 5-3, 0 mm.

On profilograms (fig. 3.16) wavy repeating zones of groups of layers of various configuration and height are appreciable more precisely than on sperm whale polished sections (fig. 3.13). Mature females have it less apparent being deformed by strongly prominent "labels" (fig. 3.17) – the most clear layers correlating with the periods of reproduction (Pike, 1966; Klevezal, Myrick, 1984; Mikhalev, 1973, 1975). 

Labels on male sperm whale tooth polished sections (fig. 3.13) are expressed more feebly. Labels ("ovulation peaks") have also been revealed on baleen plates of baleen whales (Van are Utrecht, 1965).

   3.5.4. Speed of stratification formation

Usually the width of annual stratification of sperm whales was defined by gain of pre-pulp dentin (Berzin, 1961, 1971; Yablokov, etc., 1972; Gambell, Grzegorzewska, 1967). Profilograms allow to make it more precisely. We have processed records of a surface relief of the first or the second pairs of sperm whale of different sizes and biological condition teeth (Mikhalev, 1986).

It appeared that from November till January the gain of dentin was 0, 25 mm, and from January till March - 0, 56 mm, I.E. twice more. During the next months (April-May) the data appeared improbable because of too few samples. Yet it can be noticed that in the second half-year dentin accumulates with the same speed. I.E., the width of an annual layer on the average equals approximately 2, 4 mm. It has also been established that the annual dentin gain reduces with the age of sperm whales: usually the width of light (less transparent) layers on tooth top equals 0.7 mm, and at cavity of the pulp layer width decreases up to 0.4-0.3 mm.

Defining the position of neonatal line in sperm whale teeth one proceeds from the fact that prenatal dentin is homogeneous and has no lamination. However, lamination is also poorly appreciable in the first annual layers, is evidently illustrated by the photo of a young sperm whale tooth profilogram (fig. 3.18).

As a result, the first or even the second layers 5 or more mm from the tooth top are frequently taken for the neonatal line. As a matter of fact the prenatal dentin width is no more than 1.5-2.5 mm. Newborn sperm whale taken by the whaling vessel "Bodry-25" had prenatal dentin about 2 mm (Mikhalev, Shevchenko, 1973, 1986). About the same prenatal dentin width had prenatal embryos.

   3.5.5. Decoding of recording structure graphs

Researches on recording structures of cetaceans decoding have given certain results. With some degree of reliability so-called "Lunar layers" have been revealed; the labels connected with female reproductive cycle are described; the rhythm of annual dentin gain has been determined (Van Utrecht, 1965; Pike, 1966; Cock, 1967; van Utrecht, 1967; Klevezal, Tormosov, 1971; Klevezal, 1973, 1975; Kasuya, 1977; Mikhalev, 1977; Mikhalev, 1978; Kasuya, Brownell, 1979; Hohn, 1980; Myrick, 1980, 1984; Klevezal, Myrick, 1984). Yet the definition of whale age remains problematic.

Homoiothermy of mammal assumes their rather constant physiological homeostasis. Therefore it is necessary to recognize, that lamination of recording structures is basically genetically caused (Klevezal, 1988). Nevertheless it is impossible to exclude influence of exogenous factors, especially such powerful as poor harvest in separate years (starvation), pan-epizootic, cyclic recurrence of solar activity and change of seasons. That is, for example, testified by distinctions in lamination of recording structures at dolphins living in natural conditions and contained in captivity (Grue-Nielsen, 972; Brodie, 1982). Similar orientation recording structure graphs of different individuals also specifies influence of common external factors (Mikhalev, 1990).

We have made attempt to use this fact for decoding events fixed in recording structure graphs, and first of all for defining whale age. With this purpose comparison of profilograms of teeth of male sperm whale taken during the same period (December) in the same area (subantarctic Atlantic), but in various trade seasons (with 1966 for 1975) has been carried out. For comparison we have selected only the profilograms in which it is more clearly appreciable some feature inherent to all (Fig. 3.18). The similar way is widely used in dendrochronology (Schulman, 1958; Kolchin, 1963; Huber, Siebenlist, Niess, 1965; Fergson, 1968; Kolchin, Rybina, 1982;, etc.).

One of general features of the compared profilograms was well appreciable narrow and deepest label ("a dropping out ring", by terminology of dendrochronologists) which, by teeth of 1966, was formed a year earlier, in 1965 (by the way, the previous 1964 was peak of low solar activity). Profilograms are located by us so that these characteristic labels were on one vertical line (on fig. 3.19 vertical line is designated by a dotted line).

As a result it appeared that in each subsequent profilogram the number of peaks from the right side of the initial layer was growing and, hence, their number increased by one year. Due to this the opportunity to define the configuration of annual stratification approach appeared. It is typical, that every new layer (at the pulp cavity edge) is always well defined, but with aging of the animal the layer structure deforms a little. It appears that it is not always easy to define the exact configuration of the annual stratification though it is clear how many years there are in the interval between the initial label and pump cavity. The sperm whale age determined thus, practically coincided with the age calculated by pre-pulp layer gain.

Understanding insufficient validity of demonstrative base of the research we still adduce it as one of search ways which prospects further study should show. 

First of all the collection of sperm whale teeth for much longer period is necessary for this purpose and also the introduction of mathematical computer processing profilograms - the first step in this direction, both for plants and animals (Fritts, Mosimann, Bottorff, 1969; Eckstein, Bauch, 1969; Potters, Smetanin, 1974; Smetanin, Kasyanov, 1979), gave encouraging results.

   3.5.6. Plotting of postnatal growth curves of cetaceans 

Quite a lot of experiments on postnatal whale growth curve tracing are known: fin whales (Ohsumi, Nishiwaki, Hibiya 1958), pilot whales (Sergeant, 1962), sperm whales (Berzin, 1963), gray whales (Rice, Wolman, 1971; Zimushko, 1968), pygmy blue whales (Sazhinov, 1970), other minor cetacean species (Pirrin, Myrik, 1980), etc.

When drawing growth curves, the age of baleen whales we determined by ear plugs, of toothed whales – by teeth. In processing we included only complete ear plugs and the first or the second pairs of teeth with the top and the blank pulp cavity. No reconstruction of missing (rubbed off) tops of tooth was allowed. Only recording structures with clear character of lamination were selected. The age was determined taking into account growth rate of pre-pulp layer and the analysis of recording structure graphs.

Curves of whale and terrestrial mammal growth can be well described by logistical function, Bertalanffy's equation, Gompertz's equation, polynomial parabolas (Bunak, 1946) and other formulas. The curves of postnatal growth drawn by us are well described by monomial parabolas, too. We shall give some examples.

Pygmy blue whale. The age of 444 male and 351 female pygmy blue whale was determined, 12, 5 m to 23, 5 m long. The age varied from 1 year till 58 years (fig. 3.20).

Rather big sample material has allowed to receive rather satisfactory results. The post natal growth curve (regression coefficient mistake m = 0.003) it is described by the formula:

For males: 

L=12, 5(t-1.0) +5.0,

Foe females:

L=12, 5(t-1.0) +5.0,

Where L - length of a whale, m;

 t - age of a whale, years.

By a curve of growth, sexual maturity of pygmy blue whales comes at the age of 5-6 years at male body length 18.0-18.5 m,female - 19.0-19.5 m. Physical maturity of both comes at 10-12 years, body length being 20-21 m. Pygmy Blue whales live, probably, 55-60 years.

Minke whales. The age of 544 males from 6.5 m to 10.0 m long and 630 females from 7.0 m to 10.5 m long were defined. The increase of sample material (in comparison with fin whales) has increased also the degree of reliability of correlation – the mistake of regression factor equaled 0.001. The age of whales varied from 4 to 59 years of males and 3 years to 49 years of females (fig. 3.21).

Middle age of females was 21.5 years, males - 19.9 years. The growth curve of Minke whales is described by the formula

for males: 

L=8.09(t - 5.0)

for females: 

L=8.54(t - 5.0).

According to the diagrams, sexual maturity of Minke whales comes at the age of 5-6 years, body length of about 8 m. Males reach physical maturity at the age of 18-20 years, body length of about 8.5 m, females - 9.0 m, which is by 20-30 cm more than that by S. Ohsumi, J. Masaki and A. Kawamura calculations (Ohsumi, Masaki, Kawamura, 1970).

Humpbacks. During our practice (in the 1960s) this whale species was rarely taken, therefore there is much less material than on two previous species. The age of 45 males and 41 females was determined (fig. 3.22).

Naturally, the reliability of a power parameter - mistake of the correlation factor was lower. The following formulas describe growth curves drawn on the basis of our material

for males: 

L=10.7(t-1.0)

 for females: 

L=10.0(t-1.0)

These materials do not allow to judge with a sufficient degree of reliability about the time of sexual and physical maturity and life expectancy.

Great actual material (561 animals) on the age of Northern Pacific humpbacks has been published by N.V. Doroshenko (2000). And what is extremely valuable these are the data on age of young animals. However, the technique of age definition causes doubts, as, judging by the growth curves published by him, life expectancy of humpbacks does not exceed 27 years. The age is obviously twice underestimated, which led to distortion of growth curves. Intensity of growth of humpbacks is overestimated twice. 

Sperm whales. The age of sperm whale males was determined by 1368 teeth, females - by 453 teeth (fig. 3.23).

Great sample material lowered the mistake of regression coefficient: t=0.002 for males, t=0.003 for females. The growth curve for males is described by the formula:

L=10.6(t-7.0),

Growth rate of females is much lower:

L=9.17(t-3.0)

 Judging by growth curves sexual maturity of females comes at the age of 5-6 years, body length of 8.0-8.5 m. Physical maturity - by 15-20 years, 10-10.5m long, which is a little bit lower than according to A.A. Berzin (1971). Specificity of male growth curve (absence of a well defined excess of growth curve by the moment of puberty) does not allow to estimate even the approximate age of approach sexual or physical maturity, which can successfully be fulfilled by other methods (see below: chapter 4.1).

The resume

Graphic and correlation and regression analysis of embryo sizes has proved that cetaceans are no exception to the class of mammal, so common rule of their prenatal growth is also parabolic: 

pygmy blue whales- l= 5.39t

fin whales - l= 5.72t

sei whales- l= 4.52t

Minke whales - l= 2.91t

Humpbacks - l= 3.84t

Similar is growth among the representatives of baleen whales .The intensity of cetaceans weight growth coefficient is much higher (Cw=5.5), than that of other mammal and birds.

Distinctions in individual rate of growth of cetaceans embryos are significant, and by the moment of birth the difference in sizes makes more than 20%.Great comparative variability (CV) of sizes is shown by younger embryos. The sizes of the same-age embryos depend on the female sizes 

fin whales - l= 0.00175L

sei whales- l= l= 0.00139L 

Minke whales - l= l= 0.00187L

Thus the same-age female embryos overtake in rate of growth male embryos.

While shaping, whales as well as terrestrial mammals, have uterine development periods: the established moments of qualitative changes correspond to the end of germinal, pre-fetus and the beginning of fetus periods. Tables for definition of whale embryo age are composed on the basis of occurrence of one or another morphological attributes.

An insignificant distinction in contents of Ca in dark and light layers of sperm whale teeth has been found by means of atomic and adsorption method 

 Content of Ca in teeth of females is less than that of males. In cement it is twice more than in the dentine. Optical density of layers is determined not so much by the content of carbonic salts but by different organization of collagen fibrils and by features of structure of albuminous stromas.

Subjective (qualitative) estimation of number of annual stratifications in recording structures does not give reliable results. Quantitative estimation of stratifications with the help of record recording structure graphs has allowed to define size of an annual gain more precisely. 

An original method developed for comparison of profilograms allows to speak about the quantity{amount} of annual stratifications, that is to define{determine} the age of whales.

 Curves of post-natal growth of whales are described:

	Whale types
	Males
	Females

	Pygmy blue whales
	L=12.5 (t-1.0)0.081+0.003+5.0
	L=12.09 (t-1.0)0.012+0.003+5.0

	Minke whales
	L=8.09 (t-5.0)0.02+0.001 
	L=8.54 (t-5.0)0.018+0.001

	Humpbacks
	L=10.7 (t-1.0)0.07+0.002 
	L=10.0 (t-1.0)0.12+0.002

	Sperm whales
	L=10, 6 (t-7.0)0.122+0.002
	L=9.17 (t-3.0)0.052+0.003


 Curves of growth have allowed to judge about life expectancy of whales, time of sexual and physical maturity.

 5  Biology of reproduction of cetaceans

• age of sexual maturity 

• defining age of sexual maturity by "transphase" in the aural plugs

• determination of average size of newborns

• correlation between the dimensions of females and their newborns

• period of pregnancy, peaks and phase of mating and calving

• lactation period

• reproductive ability of whales

The most important questions in the biology of reproduction are the duration of the reproductive cycle, time between pregnancies of females and number of such cycles during their life. To decide these questions, it is necessary to determine the age of sexual maturity, average size of newborns, duration of pregnancy, peaks and phase of mating and calving and other questions.

 5.1  Age of sexual maturity

Considering this question, it is necessary to notice that the term is not quite correct. If we take the first maturing of graafian follicle on ovaries as the moment of approach of sexual maturity of whale females, it is still remains unknown how often ovicell maturing results in fertilization and leads to subsequent pregnancy.

We defined the approach of sexual maturity age comparing the results of several methods (Mikhalev, 1984, 1990, 1991). As a rough approximation, we judged about the sexual maturity age by retardation of growth rate. More exact results are yielded by comparison of female age and number of 

ovulation traces on both ovaries. Good results (especially if all age groups of animals are presented in the analysis) give the graphic analysis (cumulative distribution percentage curve) of the percentage ratio of mature and non-mature animals. This method can be corrected by the analysis of primigravida females on early stage of development. Only females with the functioning yellow body of pregnancy on ovaries have been analyzed. 

We can also especially note the method used by us based on the analysis of rate of accumulation of traces of ovulation on female ovaries. The regression line quite exactly specifies the moment of occurrence of the first trace of ovulation, variation line being sufficiently expanded. The advantage of this method is that comparable results are yielded. Its objectivity is significantly high compared to other methods, and consequently its application is more preferable. 

Minke whales. We will consider the use of this method taking Minke whales as an example.

In the Northern Atlantic Minke whales are believed to become mature at the age of 2 years, the length of the female body being 7.3 m and male - 6.7-7.0 m (Jonsgard, 1951; Stephenson, 1951; Sergeant, 1963). The same has been received for the Northern Pacific area (Matsuura, 1936; Omura, Sakiura., 1956).

Having used the data for the Antarctic waters (only 24 females), the Japanese researchers S. Ohsumi, J. Мasaki, A. Kawamura (Ohsumi, Masaki, Kawamura, 1970) estimated the age by lamination of aural plugs and came to the conclusion that Minke whales become sexually mature at the age of 7-8 years. Judging by growth curve- when they are 7.9 year old, and by the rate of ovulation –about 8 years old.

In their subsequent work, S. Ohsumi and J. Masaki (Ohsumi, Masaki, 1975) defined the age of sexual maturity by the ratio of mature and immature females. 3,105 have been examined. They came to the conclusion about sexual maturity coming at the age of 6.3 year. J. Masaki addressed to the question in his work in (Masaki, 1976). According to him, the ratio of mature and immature females appeared equal at the age of animals being 6.2 years. By rate of accumulation of ovulation traces the index fluctuated from 5.7 years in the second sector of the Antarctic to 7.8 years in the sixth sector.

 P. Best (Best, 1982) also defined the moment of approach of sexual maturity for Minke whale females by correlation of mature and immature animals. He specifies the age of 7-9 years. However, according to the data in this work, from the rate of accumulation of ovulation traces (y=0.6469x-2.8819) it follows, that the first trace on ovaries is formed at the age of 6.0 years.

How can this essential discrepancy of results be explained? In our opinion, there exist several reasons. First, in the first years of Minke whale whaling there was not enough data. Secondly, the material was collected at different time and in various areas of the World ocean. Thirdly, the procedure of discrimination of ovulation traces from pregnancy traces on the ovaries is not quite perfect. It is not clear, whether the first ovulation always results in pregnancy, whether traces of pregnancy and ovulation remain forever? Fourthly, the procedure of baleen whale age determination by ear plugs is imperfect, especially for Minke whales. Therefore, to receive more exact assessment, it is necessary to compare and analyze the results received by different methods.

Judging by the Minke whale postnatal growth curve, drawn by us (fig. 3.21), retardation of growth rate is marked in the range of 5-7 years. The analysis of 206 primigravida females during seven voyages and correction of their age by means of microphotograms showed that age of the females fluctuates in the range from 4 till 9 years, body length being from 7.9 m to 8.6 m. 

Most primigravida females there were among six-seven year old ones (48.6%). However, it is necessary to note that selective character of whaling, when larger animals were extracted, leads to average overestimation of age and length of females at the moment of approach of sexual maturity. Average female length has appeared to equal 8.5 m. The average length of primigravida females in various age classes remained constant and equaled 8.5 m. This fact can testify that the age of animals has been defined wrongly, and the actual age of the investigated females fluctuates in much more narrow interval. But another assumption can be made: sexual maturity depends not on female age but on achieving of certain length by the animal.

The percentage ratio analysis of mature and immature animals in various female age classes has shown that this correlation is equal (50% mature and 50% immature) when they achieve the age of 5.7 years.

 By our calculations the regression line of accumulation rate of ovulation traces (Fig. 4.1) is described by the formula: 

 Y=0.852X-3.588;

where Y – number of ovulation traces,

 Х – age.

Calculation under this formula shows that the first ovulation trace occurs when average female age equals 5.385 years, or - in round figures - 5.4 years.

As not each ovulation leads to pregnancy, probably the most likely time of female sexual maturity approach should be within 5.5 - 6.0 years, the length of females being about 8.1 m, which practically coincides with S. Ohsumi's and J. Masaki calculations (Ohsumi, Masaki, 1975).

 5.2  Definition of sexual maturity by aural plugs "transphase" 

Investigating aural plugs of baleen whales, T. Ichichara (Ichichara, 1963; 1966) has noticed that wide enough stratifications at the plug top are replaced by narrower strips. He has connected this phenomenon with the moment of sexual maturity of the animals. Other researchers also noted presence of transition zone ("Transphase") in aural plugs (Best, 1982; Masaki, 1973, 1976; Lockyer, 1974, 1977, 1979, 1981; Ohsumi, 1986; Mikhalev, 1990, 1990a; Mikhalev, 1991). There were attempts to connect change of stratification character on registering frames with the growth periods for toothed whales as well (Berzin, 1971; Mikhalev, 1979; Cudgels, etc., 1982).

The analysis of the "transphase" position in whale aural plugs from 1960 to 1979 led K. Lockyer (Lockyer, 1072, 1974, 1986) to the sensational conclusion that in 1958 fin whales came to sexual maturity being 6 years old, and in 1910 - much later –10. According to similar retrospective calculations (data 1971 - 1977) J. Masaki (Masaki, 1976) has defined that in 1944 females came to sexual maturity being 13.9 years old. Then the age of approach of sexual maturity dropped and in 1965 it equaled 6.4 years. The author tried to explain the cause of such phenomenon by reduction of whale population biomass owing to whaling.

P. Best (Best, 1982) investigated Durban area Minke whales by 1968-1975 data. His retrospective calculation has shown that in 1945 females came to sexual maturity at the age of 10.5 years and by 1973 it dropped to 7.7 years. S. Ohsumi (Ohsumi, 1986) has analyzed aural plugs of 360 minke whale females taken in the Antarctic during the 1971- 1982 seasons. His retrospective calculation has shown that 35 years ago sexual maturity of minke whale females came at the age of 13.5 years, and in 1972– at the age of 7 years.

So big difference in time of Minke whales sexual maturity age many years ago and later gives rise to doubt. Really, modification variability – natural habitat conditions influence on physiological processes and growth rate of organisms -is well-known. As an example it is possible to mention the fact of growth acceleration and earlier sexual maturing of people in the recent years. Well-known are also the facts of artificial breeding of dwarf forms of plants and small aquarium fish by changing their natural habitat conditions.

However in natural, not in artificial conditions, in the same habitat this dependence is poorly expressed. Owing to the tough natural selection, the animals with significant aberrations from norm perish, as they do not meet infraspecific and interspecific competition. And if they do exist, it's only an exception. Therefore the above mentioned conclusions about such a significant change of terms of sexual maturity, based on "transphase" position, seem to us rather doubtful, demanding more careful analysis.

In fact, comparing K. Lockyer's data (Lockyer, 1974, 1986) and J. Мasaki's (Masaki, 1976) on fin whales and those by P. Best (Best, 1982) and S. Ohsumi (Ohsumi, 1986) on Minke whales, the regularity breaks at once and appears groundless. Time of sexual maturity approach for the same year appears different. Retrospective calculations are not grounded by researches of the 1930-40th either. Baleen whales became sexually mature in those years being not 10-15 years old, as in the retrospective assessment, but 3-6 years old (Mackintosh, Wheeler, 1929; Nishiwaki, Ichichara, Ohsumi, 1958; Ohsumi, Nishiwaki, Hibiya, 1958; Laws, 1961; Ruud, 1940; Mackintosh, 1942; Ruud, 1945; Nishiwaki, 1950, 1952, 1957; Symons, Weston, 1958; etc.).

To understand the situation, we examined aural plugs and ovaries of 8,725 minke whale females from 1971 to 1982. What attracts attention first of all is the fact that in aural plugs of old animals sometimes it is possible to see not one but several transition zones (fig. 4.2). 

The first "transphase" from the tooth top is most likely caused by growth retardation of the animal at the moment of sexual maturity approach, but it is difficult to define its place. It is easier to define the transitive phase of larger animals older than 10 years of age, on whose ovaries there were several traces of ovulation.

The analysis has confirmed that, judging by "transphase" position, sexual maturity age increase deep into retrospective is observed both for average data and for each season separately (Table 4.1).

Table 4.1: Retrospective calculation of age at sexual maturity in Minke whales using the transition phase of earplugs

	Whaling seasons
	Year intervals of retrospective calculation

	
	5 years
	10 years
	20 years
	30 years

	1971/72
	4,9
	5,8
	7,6
	9,4

	1972/73
	5,0
	5,9
	7,6
	9,4

	1973/74
	5,8
	6,8
	8,8
	10,9

	1974/75
	5,4
	6,1
	7,6
	9,2

	1975/76
	5,5
	6,4
	8,4
	10,3

	1976/77
	4,8
	5,8
	7,9
	10,0

	1977/78
	5,8
	6,4
	7,7
	8,9

	1978/79
	5,9
	6,6
	7,9
	9,1

	1979/80
	4,9
	5,9
	8,1
	10,2

	1980/81
	5,5
	6,4
	8,2
	10,0

	1981/82
	4,7
	5,5
	7,1
	8,7

	Average
	5,3
	6,1
	7,9
	9,6


However, separately for each age interval from year to year (vertical table columns) regular increase of this index it is not observed, which contradicts the hypothesis. Moreover, the tendency of changing the age of Minke whale female sexual maturity is not grounded by the analysis of rate of accumulation of ovulation traces, age of primigravida females and females with one ovulation body on ovaries, nor by percentage ratio of mature and immature animals. By all three methods this index has not appeared to be dependent on the whaling season and equaled 5-6 years (Table 4.2). 

Table 4.2: Sexual maturity age of minke whales defined by different methods

	Whaling seasons
	Age (years) of sexual maturity

	
	by rate of accumulation of ovulation marks (regression formula)
	by primigravida females
	by correlation of sexual mature and immature animals

	1
	2
	3
	4

	1971/72
	5,5 (y=0,782x-3,301)
	6,1
	5,2

	1972/73
	5,4 (y=0,901x-3,865)
	6,2
	5,3

	1973/74
	5,6 (y=0,872x-3,887)
	5,3
	5,4

	1974/75
	5,7 (y=0,779x-3,408)
	6,3
	5,5

	1975/76
	5,5 (y=0,844x-3,637)
	4,7
	5,3

	1976/77
	5,5 (y=0,911x-4,011)
	5,4
	4,9

	1977/78
	5,3 (y=0,913x-3,866)
	6,1
	5,2

	1978/79
	5,7 (y=0,844x-3,797)
	6,4
	5,4

	1979/80
	5,1 (y=0,785x-3,000)
	6,4
	5,0

	1980/81
	5,6 (y=0,852x-3,729)
	4,2
	5,5

	1981/82
	5,6 (y=0,892x-3,982)
	5,3
	5,3

	Average
	5,4 (y=0,852x-3,588)
	5,7
	5,3


Notes:  y – number of ovulation marks;  x – age in years.

The same values have been received by other explorers, including the supporters of the hypothesis of essential decrease in age of sexual maturity age when they used objective methods, instead of retrospective calculation on the transphase. We will remind that according to K. Lockyer (Lockyer, 1972), minke whales females (data of 1971) matured at the age of 5.5 years. S. Ohsumi and J. Мasaki (Ohsumi, Masaki, 1975) have analyzed 1967-74 data. By their calculations of accumulation rate of ovulation traces on female ovaries, the age of sexual maturity of Minke whales in those years came at the age of 5.6. 

According to the ratio of mature and immature animals –at 6.3 years. When calculated by rate of accumulation of ovulation traces (u=0.883h-3.430) according to H. Kato (Kato, 1982), sexual maturity of Minke whale females comes at the age of 5.0 years, and at 6.2 – by the ratio of mature and immature animals. P. Best (Best, 1982) considers that Durban area Minke whales females mature at 7-9 years, but according to the rate of accumulation of ovulation traces presented by him (у = 0.6469х-2.8819), the calculated age is 6.0 years.

Thus, both our and literary data based on rather objective methods and the material which had been collected for many years, testify that age of sexual maturity of Minke whales (and other species of baleen whales) during the recent decades has not essentially changed. In our opinion (Mikhalev, 1990, 1990a, 2002; Mikhalev, 1991), presence of transitive phases in aural plugs of baleen whales should become the object of careful research, but their position cannot yet be used as a reliable basis for retrospective definition of age of sexual maturity of whales.

 5.3  Definition of the average size of newborns

The international agreements forbid taking of females with suckers. If suckers are taken, they are not always newborns by morphophysical features. As a rule, even the smallest suckers had their navel cicatrized. Cicatrization is known to take not less than two weeks (Sleptsov, 1940). During this period the size of suckers can increase essentially. Therefore, we have to judge the newborns size by indirect reference points.

For sizing newborns we used several various indirect methods of calculation (Mikhalev, 1972; Ivashin, Mikhalev, 1978):

– Analogy to other animal species, whose newborns average size is known; 

– The analysis of embryo lengths in variation lines; 

– The analysis of the largest fetuses length distribution (determination of modal value); 

– The analysis of maturity degree of prenatal embryos and female physiological state; 

– Comparison of size of the largest embryos and the smallest suckers.

When defining the average size of newborns by the size of the largest embryos, they were considered to be longer and heavier than average newborns by some percent. According to L.T. Kapralova (1967), the maximum newborns of sheep are heavier than the average ones by 30-32%. Newborns of cows (Schmidt, 1951) on the average weigh 40 kg, and the maximum ones - 60 kg, that is by 10.5%. The maximum weight of newborn fawns (Irzhak, 1967) is by 45% more than that of average ones. Weight of the maximum newborn roe deer (Wandler, Huber, 1969) is by 54% above the average. Among the pinnipeds weight variations of nine neonatal Bearded seals (Potelov, 1969) was within l20%. K.K. Chapsky (1965) has measured length 10 frozen newborns of the White Sea Harp seal, whose deflection from average length was 7%. Fifty Harp seal newborns, measured by L.A. Popov and Y.K. Timoshenko (1965), had average length of 90.2 cm, while maximum newborns were by 13% from that. M.V. Ivashin (1965) has specified that northern seals and dolphins (porpoise) a deflection from the maximum lengths of average newborns equal 10-20%. He considered that the same fluctuations of the size are peculiar for to newborn humpbacks.

From the examples it is clear that in various orders of mammals (both terrestrial, and marine) the dimensions of newborns vary widely, but, as a rule, when the sample is big enough. Fluctuations of the maximum sizes from average ones are lower than the latter from the minimum ones, being approximately 6-14% in length and 20-40% on mass. Sometimes extreme values strongly deviate from average size. They are exceptions, not taken into calculation.

On the basis of the aforementioned, it follows that when calculating average newborn size of cetaceans by the maximum fetus size, it is necessary to consider the latter to be approximately by 10% longer than newborns.

Blue whales. According to the IWC (Tomilin, 1957), the largest embryos of real blue whales of southern hemisphere often reached 700-800 cm. However, the known taken suckers were much smaller – 610-700 cm (Millais, 1906). Average length of newborn blue whales R. Laws (Laws, 1959) defines as 700 cm. T. Ichichara (Ichichara, 1966) defines the maximum length of pygmy- blue whale embryos as 630 cm. About the same maximum lengths (632 cm and 638 cm) are noted by E.G. Sazhinov (1980) as well. 

The average neonatal size is defined by him as 550 cm. In our practice among 608 embryos of pygmy-blue whales on the basis of a series of features 98 have been attributed to prenatal: 21 in the northwest part of the Indian ocean and 77 in other areas. The largest one was 680 cm long, but the basic group consisted of 500 – 600cm fetuses, thus we define the average length of neonatal pygmy- blue whales as 560-580 cm.

Fin whales. Out of our samples, which include 3,500 embryos and the IWC data, the largest fin whale embryos had length of 690-719 cm, but they consisted only 0.01% , and 0.03% - 630-660 cm embryos. If we take them for the statistically maximum, then, considering them to be 10% longer than average newborns, the average size of newborn fin whales will equal 580-600 cm, weight about 1500 kg.

The analysis of occurrence of fin whale embryos of the maximum size (larger than 520 cm) during various whaling seasons has shown that most frequently there occurred the length of 577 cm (Mikhalev, 1970), which is very close to the size of newborns calculated by us.

Interesting is the analysis of the size of fetus taken from females with signs of prenatal state: swollen and coming out of skin pocket nipples; thickened mammary glands, being cut secreting colostrum. A.G. Tomilin (1957) reports that on October, 18th, 1934 he investigated a fin whale female 19.8 m long , with increased mammary glands. Taken from it quite mature embryo was 573 cm long. N.E. Salnikov (1956) also examined a female with features of prenatal state. The embryo found in it had length of 608 cm.

3 out of the females, investigated by us, had features of prenatal state (in addition to the listed above signs, it is also the adenohypophysis state (Mikhalev, 1966, 1970), which were blown up and the mass increased – 35 g on the average. The taken embryos had length of 540 cm 

(male), 563 cm (male) and 620 cm (female). Coloring of fetuses and belly strips were completely formed, baleens had height of 4-5 cm with setas on the plate ends and were pigmented, the right baleen line is asymmetrically colored; blades of a tail fin were not elastic and were easily unwrap from "cam"; umbilical cords were narrowed at umbilicus and easily came off. All this once again confirms the conclusion that fin whale newborns of the Southern hemisphere have the length on the average of 580-600 cm (Mikhalev, 1972).

The average size of newborns in the Northern hemisphere is smaller. In Northern Atlantic cases of extraction of suckers of 518см are known with baleens slightly showing from gums, and in the natural history museum of Paris the skeleton of a 525 cm long neonatal fin whale from the Mediterranean sea is stored. As usually the skeleton is by 1/10 shorter than the body, the sucker must have been 580 cm long. 

Sei whales. The only taken newborn was 427 cm long (Tomilin, 1957). Among the examined 929 embryos of sei whales, the largest one was 530cm long. Maximum lengths usually were within 480-500 cm (Budylenko, Mikhalev, 1970). In our practice there were 5 sei whale female in prenatal state. Quite mature fetuses of 407 cm, 412 cm, 432 cm, 458 cm and 480 cm were extracted out of them. From the aforesaid it follows that the sizes of sei whale newborns are within the limits of 400 cm to 500 cm, the average being about 450 cm.

Minke whales. The analysis of the dotted graph of the sizes of 4,500 minke whale embryos has shown (Ivashin, Mikhalev, 1978; Mikhalev, 1984) that during the season, apart from the main group of embryos, there is also another one, which is not as numerous and is within 230 cm and 310 cm (a Fig. 3.10). According to the position of the group, these fetuses must be matured. The examination of such embryos has shown that degree of their development completely corresponds to prenatal.

Reduction of the maximum sizes of these embryos by 10% gives the average size of Minke whale newborns of the Southern hemisphere 280 cm, which coincides with the size calculated by S. Ohsumi, Мasaki and A. Kawamura (Ohsumi, Masaki, Kawamura, 1970), and also by M.V. Ivashin (1976). Calculation by N.V. Doroshenko, etc. (1974) – 300-330 cm - seems to us overestimated. 

The report on minke whale from the coast of Tasmania, 216 cm long (Devis, Guiler, 1958), raises the doubts whether the species of the whale was correctly determined. If it had really been a minke whale, it should have been the premature newborn, as its size is considerably below the smallest prenatal embryos. Possibly owing to this it might have been lost and cast ashore by the waves.

Humpbacks. One case of extraction of the humpback newborn aged about one week is known, 

described by R. Chittleborough (Chittleborough, 1958). Its length equaled 465 cm. The maximum size of humpback whale embryos, according to the IWC data for many years, has been

518 cm. Length of the largest humpback embryos, measured by us, fluctuated within 520-530 cm. But they were rare. More often prenatal fetuses were within 470-480 cm. This size reduced by 10%, the average size of the newborn will be within 440-450 cm.

Right whales. The average size of a neonatal Greenland whale is considered to equal 450 cm (Tomilin, 1957), as the maximum registered fetus had that length. We will note, however, that the newborn whale taken in those waters was 407 cm long (Eschricht, Reinhardt, 1866). As to the southern ones, their newborns average size is considered to equal within 450 cm to 600 cm, as the largest fetus was 602 cm long. The skeleton of a sucker stored in the museum of natural history in Paris has length of 450 cm, therefore, zoological length of the whale was 500 cm. About the same lengths should have the newborns of the southern right whales.

Sperm whales. According to S. Ohsumi (Ohsumi, 1965), who analyzed 2,700 sperm whale embryos, the largest fetuses in the dimensional group 490-520 cm, presented only 0.22%. R. Gambell (Gambell, 1966) reports that the maximum sperm whale embryo by the Azores was 410 cm long. By R. Clarke's data (Clarke, 1956), the greatest sperm whale embryo near Durban was 455 cm long. The data on measurements of the least sperm whale suckers are scarce. Their length fluctuates from 371 cm to 562 cm (Berzin, 1971; Gambell, 1966; Bennet, 1840; Jackson, 1840; Wheeler, 1933; Matthews, 1938; Matsuura, 1940). The average size of 10 measured suckers was 419 cm. Hence, the average size of neonatal sperm whales should be slightly smaller.

Out of more than 5,000 sperm whale embryos measured by us the largest had length of 512 cm. However, such large fetuses are rare and should be considered as exceptions. Much more often the maximum size was within 440-480 cm. Therefore, the probable size of the newborn should be about 400 cm. In our practice (Mikhalev, Shevchenko, 1973; Mikhalev, Shevchenko, 1986) we happened to measure the newborn. This case is unique, so describing it in more detail makes sense.

In 1971/72 voyage the whaling vessel "Bodry-25" took a feeding female. The sucker who could hardly keep afloat was also lassoed. It was a male 400 cm long weighing 800 kg. It had all features of the newborn. Tuberosity of skin (especially on trunk sides) was expressed more strongly, than that of adult whales. On the ventral side of a trunk, especially on the border of the head with the neck, there were a lot of skin folds, the greatest being 10 cm long and 3 cm deep. Two folds on each side of the head designated the border of spermaceti pouch. On the head forefront there were 3 small fresh hollows located 4cm, 5 cm and 5.5 cm from each other and slightly in front of them – three parallel scratches on the same distance from each other. Undoubtedly, they were traces from teeth of the lower jaw either of the mother, or of "the female-midwife" who might have possibly supported it being afloat right after births. The navel was not cicatrized, spinal fin twisted to the side. There is a fold in the place where the tail part of the body bends. Cervical waist has been accurately expressed. Dissections revealed in the stomach milk mixed with ocean water. By a set of features it is possible to assume that its age was no more than 3-5 days.

It follows from what has been said, that the size of neonatal male sperm whales is most likely about 400 cm, female –390 cm.

 5.4  Correlation between the females and their newborns size

The size of cetacean newborns is 1/3 to 1/2 lengths of females. For example, average length of blue whale newborns is about 30% of mother's body length; Minke whale – 34%; sperm whale – 44%; porpoises – 51% (Scott, 1948). The smaller the whale, the larger its newborn's size.

V.E. Zaika (1970), comparing the maximum specific growth rate of various kinds of mammals (in particular, primates) and altricial birds, has come to a very interesting conclusion, deserving special attention of those who researches the problems of growth: the size of newborns increases within every taxonomic group on a parabola "like different weight stages of a certain hypothetical animal". Distinctions in the groups the author explains by degree of development of newborns.

Let's consider this law taking sea mammals as an example. R. Laws (Laws, 1959) for pinnipeds (real seals) and S. Ohsumi (Ohsumi, 1960) – for cetaceans pointed out the correlation between the sizes of newborns and their mothers (for sea mammals). S. Ohsumi (Ohsumi, 1960) has compared average size of newborns and mature animals of seven species of baleen and eight of toothed whales. He also revealed correlation dependence of the sizes of newborns from the sizes of females at the moment of sexual maturity approach, but within smaller taxonomic units – suborders and even families.

Unlike S. Ohsumi (Ohsumi, 1960), we compared the sizes of newborns not with the female size at the age of sexual maturity, but with their definitive sizes, as they practically are final moment of linear animal growth and can be more precisely defined. For comparison we also correlated the sizes of newborns and females for pinnipeds (Table 4.3). In addition to our own data, we used literary data (Tomilin, 1957; Slijper, 1962; Ichichara, 1961, 1963, 1964; Zemsky, Boronin, 1964; Sleptsov, 1965, 1965a; Zimushko, 1968; Sazhinov, 1970; Omura, Sakiura, 1956; Potelov, 1969; Chapsky, 1965; Naumov, 1933; Ognev, 1935; Essapian, 1953; Belkin, 1964; Krylov, 1965, 1969; Fedoseev, 1965; Tikhomirov, 1968; Beloborodov, Potelov, 1969; Shepherds, 1969; Sokolov, etc., 1969; Chugunkov, 1969; 309; etc.).

Table 4.3: Average sizes of newborns and definitive sizes of females for pinnipeds and cetaceans

	№
	Species
	Length, m

	
	
	Female
	Newborn

	
	
	L,
	logL
	l,
	Logl

	1
	2
	3
	4
	5
	6

	Pinnipeds

	1
	Ringed seal
	1,25
	0,0960
	0,60
	1,7782

	2
	Fur seal
	1,25
	0,0960
	0,64
	1,8062

	3
	Baikal seal
	1,30
	0,1139
	0,70
	1,8451

	4
	Caspian Seal
	1,30
	0,1139
	0,83
	1,9191

	5
	Harbor seal
	1,56
	0,1931
	0,90
	1,9542

	6
	Harbor seal (stejnegeri)
	1,60
	0,2041
	0,83
	1,9191

	7
	Ribbon seal
	1,70
	0,2303
	0,85
	1,9294

	8
	Harp Seal
	1,80
	0,2553
	0,83
	1,9191

	9
	Beard seal
	1,90
	0,2788
	1,02
	0,0086

	10
	Gray seal
	2,40
	0,3802
	1,10
	0,0414

	11
	Bearded seal
	2,50
	0,3979
	1,35
	0,1303

	12
	Walrus
	3,00
	0,4771
	1,30
	0,1139

	Tooth whales

	1
	Finless porpoise
	1,20
	0,0791
	0,52
	1,7160

	2
	Harbour porpoise
	1,50
	0,1761
	0,72
	1,8573

	3
	Short-beaked common dolphin
	1,70
	0,2304
	0,80
	1,9037

	4
	Striped dolphin
	2,20
	0,3424
	1,03
	0,0128

	5
	Bottlenose dolphin
	2,50
	0,3979
	1,20
	0,0791

	6
	White-sided Dolphin
	2,30
	0,3617
	1,00
	0,0414

	7
	Pygmy sperm whale
	2,50
	0,3979
	1,10
	0,0414

	8
	White-beaked dolphin
	2,70
	0,4314
	1,10
	0,0414

	9
	Gray dolphin
	3,20
	0,5051
	1,50
	0,1761

	10
	Beluga
	3,70
	0,5682
	1,50
	0,1761

	11
	Narwhal
	4,00
	0,6021
	1,52
	0,1818

	12
	Short-bodied killer whale
	4,30
	0,6335
	1,60
	0,2041

	13
	Pilot whale
	4,40
	0,6435
	1,75
	0,2430

	14
	Killer whale
	5,50
	0,7404
	2,10
	0,3222

	15
	Beaked whale
	5,50
	0,7404
	2,70
	0,4314

	16
	Bottlenose whale
	8,70
	0,9395
	3,00
	0,4771

	17
	Sperm whale
	10,6
	1,0253
	4,00
	0,6021

	Baleen whales

	1
	Minke
	8,00
	0,9031
	2,70
	0,4314

	2
	Gray whale
	12,50
	1,0960
	4,50
	0,6532

	3
	Humpback whale
	12,80
	1,1070
	4,60
	0,6628

	4
	South whale
	14,30
	1,1551
	4,70
	0,6721

	5
	Sei whale
	15,50
	1,1903
	4,50
	0,6532

	6
	Fin whale
	22,50
	1,3522
	6,10
	0,7853

	7
	Blue whale
	26,00
	1,4150
	7,00
	0,8451


The graphic analysis of the investigated correlation has shown that in the logarithmic coordinate system the points corresponding to the average sizes of newborns in relation to the average sizes of females of various taxonomic groups, in general, have placed on a straight line (fig. 4.3). Deflection of some points from the straight line can most likely be explained by incorrectness of the average size definition.

Nevertheless, despite some scattering of the points, regression lines both for pinnipeds and for baleen and toothed whales differ clearly, and correlation between the sizes of newborns (l) and females (L) in various taxonomic groups of animals with satisfactory degree of reliance can be 

expressed by the following formulas:

toothed whales: l = 0.460 L0.90;

baleen whales: l = 0.636 L0.74;

pinnipeds: l = 0.569 L0.81.

Thus, the correlations considered by us on an example of the sea mammals, also confirm V.E. Zaika's idea (1970) that the sizes of neonatal of various species among closely related groups increase with increase of definitive sizes of females, as various dimensional growth stages of "a certain hypothetical animal", and that these correlations are specific for various taxonomic groups of animals. Zaika's second conclusion (1970) that maturity degree of newborns defines their relative sizes. If this thesis were true, there would be no distinctions between toothed and baleen whales, whose newborns are mature to the same extent.

The correlation is clear to be a characteristic feature of a certain taxon, which circumstance allows to find distinctions within the suborder of baleen whales. As we see (Fig. 4.3, a dot-and-dash line) Minke whales form the straight line, different from the line general for baleen whales, 

which can be described by the following correlation:

l=0.506 L0.80.

 Values of newborns of gray whales, humpback and southern whales, have also settled down a little away from the straight line for real Minke whales. It speaks in favor of the conclusion that the mentioned correlation is a regular sign. The correlation has both theoretical and practical value. It allows to judge about the dimensions of newborns of those species whose average length is not known yet, but definitive dimensions of females are known.

 5.5  Period of pregnancy, peaks and phase of mating and calving

Because of indirect calculation methods as a result of which improbable results are received, researchers do not have common opinion about durations of pregnancy of various species of cetaceans, further research is needed. Contradiction in opinion on this question is explained by the absence of the well-grounded theory of prenatal growth of whales.

N. Hinton (Hinton, 1925), being directed by embryo growth, has believed that pregnancy of fin whales and blue whales lasts about 11 months. J. Fraser and A. Hugget (Fraser, Hugget, 1959, 1959a), having examined the IWC data for a series of years, have come to the conclusion that pregnancy of baleen whales, in particular, fin whales, lasts 9-10 months. Some researchers (Risting, 1928; Mackintosh, Wheeler, 1929; Zenkovich, 1935, 1952; Peters, 1938; Sleptsov, 1952, 1955; Kleinenberg, 1956; Tomilin, 1957, 1962; Zemsky, 1958, 1960; etc.) believe that pregnancy of baleen whales lasts about one year. V.A. Zemsky (1961) has supposed that pregnancy of baleen and toothed whales lasts more than a year. Summing up the previous researches, for different baleen whales duration of pregnancy is believed to last from 9 months to about one year and more; for toothed whales, particularly, for sperm whales, from 9 months to 18 months. More exact data are received for dolphins kept in dolphinariums. These data also will be control in our analysis for other toothed whales.

The laws of prenatal growth (Mikhalev, 1970, 1984, 2007; Ivashin, Mikhalev, 1978; Mikhalev, Shevchenko, 1973) lie on the basis of calculations of pregnancy duration of cetaceans. It is assumed that latent period is absent for cetaceans (Kleinenberg and other, 1964), or it is short– less than two weeks (Sazhinov, 1980); that the earliest growth period (from the beginning of zygote division to gastrula stage) proceeds more quickly – exponentially (MacDowell, Allen, 1927), and growth in prenatal phase is a little retarded.

Definition of time of peaks of seasons of mating and calving was corrected by the data on cases of observation of mating and occurrence of females with little suckers; by the analysis of female testicular activity and male spermatogenesis; by the study of process of ovaries and testicle weight change; by raise in number of prenatal females; by dramatic decrease the number of prenatal fetuses in samples. Speed of female migration to the areas of reproduction and the location of these areas was taken into consideration. These calculations have given the following results (Table 4.4). 

Table 4.4: Peaks of mating and birth, and gestation length for cetaceans

	Whale species
	Mating season peak
	Whelping season peak
	Pregnancy duration, months

	Pygmy blue whale
	Middle of May
	End of April
	10,5-11,0

	Fin whale
	Middle of July
	Middle of June
	10,5-11,0

	Sei whale
	End of June
	Middle of May
	10,0-10,5

	Minke whale
	Middle of September
	Beginning of July
	9,5-10,0

	Humpback whale
	End of September
	Beginning of August
	10,0-10,5

	South whale
	End of May
	End of April
	10,5-11,0

	Sperm whale
	October
	October
	around 12,0


As we see, on the average pregnancy of baleen whales lasts within 9.5-11.5 months. The opinions of scientists on sperm whales greatly differ, and, unfortunately, we did not succeed in receiving more convincing arguments to specify the term of their pregnancy. From the analysis of literary sources it follows that for majority toothed whales pregnancy lasts about one year.

It is known (Turner, 1875) that duration of pregnancy of animals essentially depends on perfection of the means of feeding the fetus, from placenta type. The uterus form, locating of vili on chorion and allocation of placenta vessels of whales are very similar to those of the ungulates. These morphological features speak in favor of E. Slijper 's hypothesis (Slijper, 1966) about distant relationship of cetaceans with even-toed and odd-toed ungulates, whose pregnancy also lasts about 11 months. Not to pay attention to such resemblance is impossible, as duration of pregnancy is a rather conservative sign. All that indirectly, but makes the conclusion about whales (baleen and majority of toothed) pregnancy period not exceeding a year, more convincing.

   4.5.1. Duration of reproductive seasons, areas of mating and calving

Direct observation of humpbacks has reliably registered the duration of mating and calving period (Chittleborough, 1954, 1958). More often researchers can judge about reproductive seasons of other whales by embryo dimensional variations using M. Hinton's method to determine their age (Hinton, 1925).

A.G. Tomilin (1957) believed that mating season of fin whales is extended for the whole year, because frequently in one month it is possible to come across embryos from the smallest to prenatal sizes. At the same time, he specified that the basic bulk of whales couples in shorter period of time.

Under the law of variation statistics it is known that when distribution of dates is normal, 68.3% of mating will happen within "average ± o_" , 99.5% - within "average ± 2o_" . Proceeding from this, there is no need to define age of all embryos, if distribution of their lengths is known. For many Southern hemisphere whales the distribution of lengths of embryos is close to normal in December and January.

The calculations made according to that procedure, show (Mikhalev, 1970, 1970a; Budylenko, Mikhalev, 1970; Mikhalev, 1980) that about 70% of all mating and calving of baleen whales take place within 2.5 months, and 95% – within 5.5 months. Exceptional cases can, certainly, be observed in a wider range of time. For example, according to N.E. Salnikov (1956), the captain of the whaling vessel "Slava"-1 L.A. Kalinin observed mating of fin whales in February, that is in the season, when the main mating season was over, and in the Antarctic waters too. Observation in dolphinariums has shown that among the Black Sea bottle-nose dolphins, which became pregnant both when they were free and in captivity, almost 90% of mating took place within 5 months, and half of all matings – during two summer months (June, July) (Ozharovsky, 1990).

It is necessary to note also that, depending on weather conditions and other seasonal factors, periods of mating and calving of populations of whales can be shifted to this or that side. Therefore, the total data on duration of reproductive seasons for a series of years appears more extended, than in one particular year. That is one of those paradoxical cases when the enlargement of sample leads to error enlargement.

Let's remind that for some baleen whales (fin whales, minke whales, humpback whales) there exists, in addition to the main, a less significant additional group of embryos with a phase 6 months shifted (chapter 3.2.1 see). Presence of this group has, probably, made impression of the excessively prolonged reproductive season of baleen whales (Tomilin, 1957; Zemsky, 1950b, 1958; etc.).

 5.6  Lactation and duration of lactation period

 It is almost impossible to observe the process of feedings of whale calves at sea, that is one of the causes of this matter being poorly studied. Cetaceans kept in dolphinariums let us find out some features of lactation and specify duration of lactation period. But a lot of questions still remain.

    4.6.1. Nutritious value of whale milk

Relationship between nutritious value of milk and growth of suckers as a general biological law has been stated by N. Aron (Aron, 1927). He asserted that the more nutritious is the milk the quicker doubles weight of the newborn. Other researchers have come to similar conclusions (Otha et al., 1955; Arshavsky, 1968). For example, the newborn foal doubles its weight in two months when milk contains 2% of protein. The neonatal lamb doubles its weight in a half-month when milk contains 5.6% of protein. Similar is the dependence on other components defining the nutritious value of milk, including fats.

Nutritious value of whale milk is extremely high. Fat content of toothed whales milk (an ordinary dolphin, bottlenose dolphin, pilot whale, porpoise, beluga whale, bottlenose whale, sperm whale) according to literary data (Berzin, 1971; Yablokov, Belkovich, Borisov, 1972; Bodrov, Grigoriev, 1963; Kiesewetter, 1953; Sleptsov, 1952; Otha et al., 1955; Zenkovich, 1938; White, 1953; Tomilin, Plavsky, 1962; Van Utreht, 1968) is within 23.0% to 51.2%; protein – from 4.9% to 11.5%; lactose –1.3% to 3.9%. Fat content of baleen whales milk (a gray whale, blue whale, sei whale, Bryde's, humpback, southern) is within 21.0% to 53.0%; of protein -3.6%-13.6%; lactose - 0.2% to 5.6%.

Our analysis of milk fat content of whales of the Antarctic (Mikhalev, Sventitskaya, 1970; Mikhalev, 1971), made by butyrometric method, gave the following results: pygmy-blue whale – 35%; fin whale – 20%; 25.0%; 33.3%; sei whale – 16%; 21%; 22.8%, 28%; 29%; 31%; 32%; 33%; 34%; Minke whale – 43%; humpback – 32%; right whale – 31%; sperm whale – 19%; 22%; 25%; 26%; 27%; 28%; 30%; 30%; 30%; 36%; bottlenose whale – 23.0%. Proteins in milk of fin whale -13.0%, of sperm whales – 5.0%.

Taking into account the literary data, the average fat content of toothed whales milk equaled 34.6%; protein – 8.1%; lactose – 1.5%. Average fat content of baleen whales milk – 33.2%; protein – 10.3% and lactoses – 1.6%. As we see, it is possible to speak about almost identical nutritious value of toothed and baleen whales milk. It is necessary to notice, however, that during the lactation period nutritious value of milk does not remain constant – by the end of lactation period the milk fat content drops to 15-20%.

Such high nutritious value of milk is not observed for terrestrial mammals, giving, as well as whales, birth to precocial calves. Naturally, the question arises about the sense of this milk characteristic of cetaceans, the only purely aquatic group of mammals.

M.M. Sleptsov (1940) explains the reason of high nutritious value of whale milk by the fact that feeding of the newborn happens rarely, and little milk accumulates in mother's mammary glands. A.G. Tomilin (1957) believes that high nutritious value of milk promotes rapid growth of whale calves, whose linear dimensions during 4-6 months of lactation increase twice. According to B.A. Zenkovich (1938), the matter is that whale fetuses "being almost matured for birth,…have absolutely no fat" and for thermal insulation of a calf after the delivery "fat accumulation should go extremely intensively", which will extremely fat milk promote. Other researchers share the opinion of hypodermic fat layer basically carrying out thermal insulation function, rescuing whales from hypothermia (Yablokov, Belkovich, Borisov, 1972; Arsenyev, Zemsky, Studenetskaya, 1973; etc.). However, J. Gray (Gray, 1936) and R. Gawn (Gawn, 1948), on the contrary, believe that overheating because of intensive energy release threatens whales more than hypothermia.

In unison with this discussion I will dare to cite one of problems from M. Jarman's book (1972) "Quantitative biology in problems and examples". 

So, problem: the harpooned blue whale is capable within several hours to drag a whaling ship behind itself with speed of 12 knots (about 6 m/s). Power of the whale can be estimated approximately 460 h.p. 

Question: how much fat does the whale spend in 3 h 46 min 40 sec (I.E. 10,000 sec) if caloric power of fat equals 10 kcal/g and 3/4 of chemical energy is wasted, and 1/4 reverts to mechanical work? 

Answer: general power consumption taking into account the energy turning to heat, compounds 1840 h.p., or 328 kcal/sec. As 1 h.p. = 0.178 kcal/sec, therefore, total 328 kg of fat should be spent.

It is clearly that the fat saved up by a whale is energy store, absolutely necessary in long migrations and starvation. Thermal insulation is another question...

But we will return to the problem of feeding of neonatal whales. Our researches have shown that in the second half of intrauterine development fatty tissue appears under embryo's skin and layer of fat to the side on the level of the spinal fin equals 3-5 cm in prenatal embryos with the fat content up to 5% (Mikhalev, 1971; Mikhalev, Sventitskaya, 1971), and this contradicts B.A. Zenkovich's statement (1938) about the absence of hypodermic fat in prenatal embryos. Fat content in lard of cetacean embryos is noted also by N.E. Salnikov (1956). As to the frequency of calf feeding, observations in oceanariums have denied M.M. Sleptsov's opinion (1940) about rare feeding calves. Newborn dolphins and bottlenoses appeared to be fed often enough, every 10-40 minutes (McBrde, Krizler, 1951; Tomilin, 1969). Feeding lasts a few seconds and goes on all day and night (McBrde, Krizler, 1951; Arshavsky, 1968).

As we see, nutritious value of whale milk is extremely high, but meanwhile relative growth rate of neonatal whales is considerably below what could be expect, if we were guided by the law illustrated by H. Aron (Aron, 1927). So, A.G. Tomilin's calculations (1946) have shown that fin whale newborns gain about 53 kg per day, beluga whale – 1.8 kg. That is, the mass of newborns doubles approximately in one-three months, instead of in some days, as it would follow, if the noted above law worked, as E. Slijper (Slijper, 1962) assumed. Other prominent researchers share the opinion about whales growing not faster than terrestrial mammals (Zemsky, 1956; Yablokov, Belkovich, Borisov, 1972).

The growth rate of cetaceans, calculated by us, and also the connection between the body weight and the animals length allows to specify the time necessary for newborns to double their mass. The results are the following: for Minke whales – 25-30 days; for fin whales – 45-55 days; for bottlenose dolphins – 35-45 days; for beluga whales – 50-60 days. As we see, connection between nutritious value of milk and growth rate of cetacean suckers does not correspond to law, characteristic to terrestrial mammals. Obviously, it is necessary to search answers to the contradictions arisen in something different.

Observation on cetaceans in oceanariums have shown that while being fed the whale calf softly clips his mother's small nipple by the ends of his jaws. Then the female injects some milk into his mouth. However jaws of whales are rigid, without soft lips, and it is not absolutely clear, how suckers (especially in conditions of random sea) grope and keep the nipple. Solving this, we have paid attention to "twin formations" on the jaw ends of cetaceans.

   4.6.2. Constitution and role of "twin formations" on the jaw ends of cetaceans 

Two small C-shaped deepenings on whales have been known for a long time -("Stenson's dimples", nasopalatine dimples), located on the ventral side of the top jaw between the border of baleen line and a snout tip. Functions of these formations are not clear. There have been assumptions (Yablokov 1961, 1966) that they are chemoreceptors. They are also referred to as Jakobson's (vomeronasal) organ's rudiments (Yablokov, Belkovich, Borisov, 1972; Japha, 1905; Mizue, Jimbo, 1950; Quay, Mitchell, 1971).

However vomeronasal organ of cetaceans is reduced on embryonic development stage (Herzfeld, 1888). Besides, during evolution of cetaceans posterior nasal aperture were displaced not forward, but in caudal direction and consequently nasopalatine dimples should be displaced back. Hence, these formations cannot be Jakobson's organ's rudiment. From the description of a morphological constitution of palatonasal formations, made by V. Quay and E. Mitchell (Quay, Mitchell, 1971), it follows that deepenings in the center of each dimple presents by itself 12 mm to 15 mm canals blindly concluding in the dermis. Their histological research of these structures has revealed a considerable quantity of free and encapsulated nerve endings, Pacini corpuscles, thin formations with encapsulated plates. Neither olfactory epithelium nor taste bulbs have been revealed in this area. The mentioned data does not allow to say anything certain about the functions of these structures. What is clear is that they are not chemoreceptors, as A.V. Yablokov considered them to be (1961, 1966). Further researches are necessary to find out their role.

Let's note that earlier explorers knew about the presence of the "twin formations" only on the upper jaw of baleen whales and studied them only on adult animals. The researches conducted in our laboratory have shown (Mikhalev, Green, 1986; Mikhalev, 1991; Mikhalev, 2000) that there are "twin formations" not only on the upper, but also on the end of the lower jaw (fig. 4.4), and not only on adults, but also on embryos, and not only on baleen but on toothed (at least, sperm) whales as well. They look like a knob, not dimples on the upper jaw, located strictly under the "twin formations" of the upper jaw in such a manner that when jaws are joined,the knobs coincide with the dimples on the upper jaw.

"Twin formations" rarely become appreciable. The larger the embryo, the more visible are they, being completely formed by neonatal stage. Individual variability of their form is observed. On 

the lower jaw more often they look like 2 rather large white knobs pulled together or pressed to each other, their cranial side being rounded, and caudal side pointed. Or they can be in the form of two small dots located on some distance from each other and connected by a rounded bridge of a horseshoe form. These two forms similarly occur in our data. Out of the 47 examined Minke whale embryos 53.2% were of the first group, 46.8% - of the second one. "Twin formations" of prenatal embryos when pigmentation of skin is considerable, darken on the lower jaw and become less expressed. Because of strong pigmentation these knobs are not appreciable on adult whales, due to which they might have not been noted by the previous researchers.

It is interesting that artists have appeared more attentive, than scientists. So, in T. Ogawa and T. Shida's work (Ogawa, Shida, 1950, fig. 2), investigating sei whales and fin whales, upper and lower jaws of baleen Minke whale is represented. The "twin formations" is presented on the lower jaw in form of two dots located in relation to nasopalatine dimples of the upper jaw. In H. Kato's work (Kato, 1979), describing ugly shortened upper jaw of a Minke whale, the artist also are noted the "twin formations" on the lower jaw. But the authors of these works didn't say a word about them!

"Twin formations" in form of two white dots on Minke whales become appreciable when the embryo length is about 17-18 cm, which corresponds to age of three-four months. The larger the embryo in the course of growth, the more expressed they are, having completely been formed by neonatal stage. nasopalatine "twin formations" of Minke whales on the upper jaw become visible earlier – with embryo length is about 7 cm and age about 2.5 months. It might happen because they are of a different form – not dimples, but deepenings, which makes them more appreciable.

It is very important that similar "twin formations" are found not only on baleen also on toothed whale embryo – sperm whale (fig. 4.4). However, the form of these formations differs a little, undoubtedly because of the distinctions in jaw constitution of baleen and toothed whales. (Mikhalev, Green, 1986; Mikhalev, 1991; Mikhalev, 2000). On the upper jaw of sperm whales

they look like two symmetrically located dimples, but, in difference from Minke whales, there is a pestle-form outgrowth between them. Appreciable these formations become in pre-fetus period of development and legibly visible in fetal and neonatal periods.

In the postnatal period dimples turn into slit-like grooves, located on the palatal side of cranial end of the top jaw, to which the lower jaw adjoins when the mouth is closed. On some distance from the two main groove-deepenings there are similar but smaller grooves. On the lower jaw of sperm whale "twin formations" look similar to those of baleen whales. They become visible when the fetus is 20 cm and look like two small light knobs. A slit of jaw has shown that, like with baleen whales, deep into the jaw a canal goes from "twin formations" blindly concluding in the dermis (fig. 4.5).

The histological analysis (coloring of sections with hematoxylin-eosin) did not reveal any essential differences in the structure of "twin formations" of Minke whales and sperm whales

(fig. 4.6).

What attracts attention is the strong vascularization, penetration of capillaries into epithelium, which proves active embryogenesis of these formations in relation to nearby tissues. Their epithelium is multilayer, flat, horny. Its difference from the neighboring area epithelium is in its greater height, and also in more quantity of veins. Olfactory epithelium, bipolar neurones, mucous glands have not been revealed. They do not appear in pair structural formations in the postnatal period of development either. Only more Vater-Pacini corpuscles are marked.

Electronic microscopy of "twin formations" of upper jaw of Minke whales has been made in the Lomonosov Moscow State University (the operator V. Kuznetsov). The 200 cm embryo of male and the 9.2m adult female were investigated. It is necessary to stipulate that the material was not fresh, therefore in the pictures chains of bacteria and slime clots are sometimes appreciable. Nevertheless, microstructure of formations is seen well enough (fig. 4.7).

In the top left picture (50 times magnified) the usual integumentary epithelium is visible of the surface of "dimple" bottom, lateral view. At the bottom of "formation", below, some round cells can be seen. In the picture on the right, 1000 times magnified borders of integumentary cells are visible. On the surface of the cells there are numerous microvili (thin outgrowths approximately 1 micron thick and 5-7 microns long). In the lower pictures (2500 times magnified), microvili are legibly visible on the surface of one cell. Their length 3-5 microns, width 0.5-1.0 microns (on the left picture the chain of bacteria is visible).

Summing up the research of a macrostructure, histological and electronic microscopy of "twin formations" on upper and lower jaws of cetaceans, one can ascertain resemblance of these frames of representatives of baleen and toothed whales (sperm whales, at least). This resemblance once again testifies to relationship of two cetacean suborders, and cannot be, as A.V. Yablokov believed (1964), argument in favor of their convergent origin.

It is necessary to state that the role of the described "twin formations" is not absolutely clear. Nevertheless, considering the form, locating and histological constitution – presence of microvili on the cell, great number of Pacini corpuscles, which are quickly adapting 

receptors and provoke at a touch, I.E., define tactile sensitivity, and also the fact that complete form of "twin formations" is over by the neonatal period, it is possible to assume that the latter play their part when sucker searches for and seizes mother's nipple on its mother's belly at the moment of feeding.

   4.6.3. To the question on cetacean calf feeding process

It is known that whale milk jets out under the impact of special ring muscles when the area round nipples is pressed (Tomilin, 1957; Berzin, 1971; Sleptsov, 1940; Mikhalev, 1971; Ural, 1957; etc.). It is possible to assume that in the conditions of rough sea and when the female moves, the calf clasps the nipple (sperm whale suckers were observed trying to trap the mother's nipple by the corner the oral fissure). Pressing the udder, it provokes milk jet. Considering feeding conditions in wilderness, morphology of the nipple and lips, mixing of milk jet with water in that case seems probable. Sometimes milk may jet into the water and the calf engulfs the mixture. We heard about such feeding of suckers from skilled whalers. By the way, in dolphinariums adult dolphins sometimes were observed soak up the food, not bite it (Tomilin, Frosts, 1969).

 In December, 1969 the pilot of the helicopter of "Sovetskaya Ukraina" V.G. Denisenko observed a group of sperm whale females with suckers. He twice noted a white "cloud" (spot) behind females, into which their suckers now swam. The pilot assumed that it was milk, on which the calves were feeding. The similar thing was observed in the Odessa dolphinarium "Nemo" (the report by the head of dolphinarium S.V. Kelushock).

In connection with the assumption of milk with water mixture being sucked, it was interesting to carry out the analysis of stomachs contents of recently fed calves. We had the possibility three times (Mikhalev, 1971). They were suckers of sei whale and a fin whale, not passed to mixed feeding, and a neonatal sperm whale. Milk from the suckers' stomachs were without appreciable 

curdling traces. Its volume was insignificant –3-5 liters. Fat content was 7.0% for the sei whale and 7.2% for the fin whale, and 6.9% for the sperm whale. In course of five minutes, while the analysis was carried out, the milk in the test tube settled, and 2/3 of its volume was oceanic water, which was easily defined by tasting. After shaking the milk quickly settled again.

It well-known that, as a rule, there is no water in the stomachs of the dissected whales. Only occasionally they are filled by water, the animals having endured the death throes. There was little water mixture in the stomachs of all suckers, which means that they had not experienced the death throes, and mixing of milk with water had happened at the time of feeding. It especially concerns the neonatal sperm whale lassoed next to the whaler's board.

If it is true, exclusively high nutritious value of cetacean milk can be interpreted not only as the means of providing fast growing and fat accumulation in hypodermic cellulose (Zenkovich, 1938; Zemsky, 1958), but also as the ecological device for calf feeding. In that case nutritious value of mixture of milk with ocean water, on which calves are fed, appears close to the one of milk of other terrestrial mammals, including odd-toed ungulates, and growth rate of their suckers will not be an exception from H. Aron's rule (Aron, 1927).

Besides, the assumption of dilution of milk by ocean water at the time of sucker feeding by whale females, could answer the question supplied by A.V. Yablokov (Kleinenberg, etc., 1964), why cetacean embryos at last development stage and young whales have kidneys of relatively large dimensions. It is clear that if sea water gets into the organism of the newborn, the role of this organ in regulation of aqueous and salt metabolism. To check this hypothesis it would be good to carry out the analysis of milk from stomachs of cetacean suckers who are kept in dolphinariums. Unfortunately, we have no such data.

For justice' sake, it is necessary to note that our hypothesis enters into the contradiction with the following fact. Pinnipeds feed their calves not in water, but on firm substrate (coast, ice floe), and mixing milk with water is excluded. However, fat content in the milk of pinnipeds reaches 40 and even 60%. But, unlike cetaceans, pinnipeds give birth to immature pups. Subsequent researchers will have to solve this contradiction.

   4.6.4. Duration of lactation and reproduction areas 

On the basis of indirect calculations different terms of lactation of cetaceans have been expressed: from 2-3 months for beluga whales (Kleinenberg, etc., 1964), till two years for pilot whales and sperm whales (Berzin, 1963). More often lactation has been supposed to last four-five months – for minke whales and gray whales, five-eight months – for blue whales, fin whales, sei whales (Yablokov, Belkovich, Borisov, 1972), about one year – for sperm whales (Berzin, 1971). Direct observations on dolphins in oceanariums have shown that in simulated conditions lactation lasts 8-12 months (Tavolga, Essapian, 1957).

It is important to note that lactation does not interfere with mating and new pregnancy of baleen whales (Chittleborough, 1958; Ivashin, 1959) and toothed whales (Tomilin, 1957; Berzin, 1961; Sleptsov, 1941, 1952; Yablokov, 1959). This conclusion can be proved to be true by frequent cases of pregnant-feeding females and presence of dead-ripe follicles on ovaries and the functioning yellow body of pregnancy. According to A. Jonsgard (Jonsgard, 1951), among Minke whales of the Northern Atlantic, and according to H. Omura and H. Sakiura (Omura, Sakiura, 1956) Minke whales of the Northern Pacific, almost all pregnant females were simultaneously lactating. The number of such humpback whale females reached 39% (Chittleborough, 1958), which corresponds to our data too. We have come across lactating and simultaneously pregnant humpback females both in sub-Antarctic and Antarctic waters (fig. 4.8).

Per cent of pregnant and simultaneously lactating fin whale females reached 29% (Laws, 1961). According to S.E. Kleinenberg and A.V. Yablokov (Kleinenberg, Yablokov, 1960), almost half of pregnant beluga whales simultaneously lactated. However, this index strongly varies according to the whaling area. 

Processes of mating and calving have been rarely observed, feeding - a bit more often (Berzin, 1971; Budylenko, 1970, 1970a; Mikhalev, 1971; Dudley, 1725; Scoresby, 1820; Bennet, 1840; Brown, 1868; Collett, 1911-1912; Ruspoli, 1955; Pervushin, 1966; Tormosov, 1970). Reproduction areas of some of can be judged by detection charts of embryogenesis stage embryo, prenatal fetuses and lactating females.

Antarctic blue whales. Not much data was collected for definition of reproductive regions: 34 lactating females and 4 females with prenatal embryos – 4 animals. They occurred in the isolated areas: in the Bellingshausen sea, around South Georgia island, to the south of Kerguelen island, and also to the north of Balleny island and Ross seas.

Pygmy- blue whales. The charts have been composed on the basis of the data about 57 EDS embryos, 98 prenatal fetuses 142 lactating females (fig. 4.9). The following regions of reproduction can be evolved on the charts: northwest part of the Indian Ocean, area southwest of Australia (probably three local herds: to the north-east of Amsterdam and Sen-Pol island, southwest coast of Australia and the area of Tasmania island), and the area to the north of the Prince Edward and Crozet islands.

Fin whales. Coordinates of 102 females on EPS are plotted on charts, 33 females with prenatal fetuses, and most of all – 426 lactating females. Three regions of reproduction of fin whales have been distinguished in latitudinal direction (fig. 4.10).

In the thirtieth latitudes it is the area of Tristan-da-Cunha. Further- the region by the southern extremity of Africa and the area to the north of Sen-Pol and Amsterdam islands. In the fortieth-fiftieth latitudes Folklands - Argentina area and water area by Balleny island are distinctly visible, and less distinctly – the "island" area of the Indian ocean (Bouvet, Crozet, Kerguelen islands).

Bryde's whales. As there is no enough data on these whales, charts are not shown. There are only 12 EPS females, 10 – with prenatal fetuses and 7 lactating females our disposal. The reproduction regions for Bryde's whales of the Arabian sea - the area of gulf of Aden and Maldives islands - can be named.

Sei whales. The charts are composed on the data on 94 EPS females, 139 females with prenatal fetuses and 657 lactating females (fig. 4.11). Distribution of reproductive regions is very similar to that of fin whales: western and eastern coast of South America, island Tristan-da-Cunha, the thirtieth latitudes of the Indian ocean, island Balleny.

Minke whales. The Soviet whalers actively took Minke whales (about 15,000 whales) in the Southern hemisphere in high latitudes and mainly in the summer season – December, January, February. Possibly, owing to this, there were no feeding females, 27 with prenatal fetuses, 412 EDS embryos. Reliably enough two areas of reproduction can be singled out by these features: the Sea of Commonwealth and Bellingshausen sea. Another region of reproduction of Minke whales are the waters of coast of Brazil (fig. 4.12) .

Humpbacks. Many lactating females (278), and few EDS embryos (63) and prenatal fetuses (11) were detected. On the basis of this data the following cards (fig. 4.13) are composed. The reason is the same: whaling does not coincide with mating and calving season. In warm waters regions of reproduction are marked in the Arabian sea, by coasts of Brazil and southwest to the coast of Africa, to the south of Madagascar, by southwest coast of Australia, by coast of Tasmania and New Zealand. 

In sub-Antarctic waters - around the island Bouvet, islands Crozet and Kerguelen. In the Antarctic waters it is possible to evolve reproduction areas of humpbacks in the sea Bellingshausen, to the east of the sea of Commonwealth and to the east of island Balleny.

Southern whales. In spite of the fact that there is the data about only 13 females with EPS embryos, 16 – with prenatal fetuses and small number of lactating females at our disposal, the reproductive areas of this right whale are accurately defined (fig. 4.14). They are coast of Argentina, area of islands Tristan-da-Cunha, southern extremity of Africa, islands Crozet (females with prenatal fetuses were fixed to the south -west of the island, probably, they did not have time yet to move to the calving area), east part of the sea of Commonwealth, waters of Tasmania area of islands Auckland, Campbell and Macquarie.

Sperm whales. 450 females with embryogenesis stage embryos, 575 – with prenatal fetuses and 2,302 lactating females were collected, which enabled us to compose the charts allowing to judge about their areas of reproduction (fig. 4.15). It is first of all the rather isolated enough to the north- west part of the Indian ocean. Reproduction regions accurately come to light by the coast of Peru and east coast of South America, southwest coast of Australia, waters of Tasmania and the Tasman sea; less isolated regions between Tristan-da-Cunha Island and the southern extremity of Africa, and region south- east of Madagascar. As a whole, the region of reproduction of sperm whales in the Southern hemisphere is limited by 45ОS lat. The main region of reproduction is the area between the thirtieth and fortieth parallel.

***

As we see, mating, calving and feeding areas, of baleen and toothed whale, as a rule, coincide, forming reproductive regions, mostly situated in the 30-40 latitudes, but for a part of whales these regions appear to be displaced to the Antarctic waters. It is important to note that if their reproductive regions coincide, then the terms of reproduction seasons differ (fig. 4.16), which reduces inter-specific competition.

 5.7  Reproductive capacity of whales

Reproductive capacity of whales can be estimated by the percent of pregnant among mature females. If females give birth annually, the part of pregnant will be 100%; if once in two years –50%; and etc. In our research the percent of pregnant females was defined in the interval between the end of mating season and beginning of period of calving. Differentiated migration of pregnant females to and from the feeding areas. As for whales, unlike terrestrial mammals, lactation does not interfere with pregnancy, a part of pregnant-feeding females was united with that of pregnant females.

According to A. Laurie (Laurie, 1937), pregnant females make 54%-61% of blue whale females. By T. Ichichara's data - 42%-57% (Ichichara, 1961, 1966). Therefore, blue whale females give birth once in two years. Under our data, there are 40% to 55% of pregnant Arabian sea pygmy blue whale females out of mature females in November-December (Mikhalev, 2000, 2002). Part of pregnant females of the "island" (Crozet – Kerguelen) and "Australian" areas, according to T. Ichichara (Ichichara, 1961, 1966), E.G. Sazhinova (1980), N.V. Doroshenko (1996) makes 30%-35%. Undoubtedly, these figures are underestimated. So, near Australia in November the part of pregnant females reached 64%, and to the south of Madagascar in area of Walters shoal – even 78%. In February and in March in the Crozet - Kerguelen area the part of pregnant females in particular years reached 60%-70%.

The part of pregnant fin whale females, both under our data, and according to V.A. Arsenyev, Zemsky and I.S. Studenetskaya (1973), is close to 50%. Among the largest sei whale females the part of pregnant females reaches 65% (Budylenko, 1970; Budylenko, Mikhalev, 1970). In the middle of a whaling season in high latitudes of the Antarctic more than 80% of Minke whale females appear to be pregnant, by the season end their part considerably drops, because of migration to the feeding areas (Zinchenko, 1986). Interval between deliveries for young animals can be longer, and more mature females can sometimes give birth once in 18 months, or even annually. First of all it is true about sei whales and humpback whales (Ivashin, 1959; Chittleborough, 1958).

The aforesaid percent of pregnant females give evidence of baleen whales having biennial reproduction cycle. Moreover, A.V. Yablokov, V. M. Belkovich, V.I. Borisov (1972) believe it true for all cetaceans.

Reproduction capacity of cetaceans estimated by rate of pregnant and dry females are confirmed by other ways: the analysis of rate of accumulation of ovulation and pregnancy traces on ovaries. 

Let's remind that as a result of each ovulation one (or several) yellow bodies of ovulation is formed. Two or three weeks after an ovulation resorption of these bodies occurs, and a scar is formed on their place – the trace of ovulation body. If the ovulation results in pregnancy, the functioning yellow body of pregnancy is formed on the place of the mature follicle (a Fig. 4.17) is formed, which reabsorbs within eight months after pregnancy (Laws, 1958).

Regression analysis has shown that there is correlation between the number of traces of an ovulation on whale female ovaries and the age of animals. For example, correlation coefficient for Minke whales equals 0.998. The correlation can be expressed by:

NOV=0.856t-3.588;

where, N – number of traces of an ovulation,

 t – age of females.

Almost the same received J. Masaki (Masaki, 1973) and S. Ohsumi, J. Masaki (Ohsumi, Masaki, 1975). It follows from the correlation that in average 0.852 traces of ovulation are formed in course of a year on ovaries of mature Minke whales. As not always every ovulation results in pregnancy, the rate of accumulation of traces of pregnancy is a little below – 0.6-0.7. That is, one trace is formed approximately in 18 months. Intensity of reproduction of other baleen whales is slightly lower, than that of Minke whales. So, by our calculations this index for fin whales is 0.52 trace a year; for sei whales and Bryde's whales– 0.55 trace a year.

Thus the average accumulation rate of traces of pregnancy for Minke whales is approximately one trace in 1.5 years. Age of sexual maturity is 5-6 years. Females participate in reproduction during 10-15 years and for this time are capable to give birth to 6-7 calves.

In spite of the fact that rate of accumulation of traces of an ovulation of other Minke whales is slightly lower, their reproductive ability appears to be the same, so they also give birth to 6-7 calves. It happens because lifespan of larger Minke whales is longer and so is, consequently, the period of participation in reproduction.

The question of sperm whale reproduction capacity is disputable. They participate in reproduction, having reached age 8-10 years. According to A.A. Berzin (1963), one trace of an ovulation on female ovaries is formed during 2-3 years. S. Ohsumi (Ohsumi, 1965) believes it to be 3.4-3.8 years, and D.D. Tormosov (2002) –4 years. By our calculations considering shorter term of pregnancy, which is based on the analysis of embryo growth (Mikhalev, 1971), one trace of pregnancy is formed during no more than 3 years. This conclusion is also confirmed by ratio of pregnant (33%) and dry (67%) females in one sexual cycle. During their lives sperm whale female participates in reproduction also about 6-7 times.

From all the data it follows that during participation in reproduction baleen and toothed whale female is capable to give birth to 5-7 calves. Of course, not all of them live to the age of sexual maturity to participate in reproduction. Suckers and teenagers in a greater degree are victims of killer whales. 

In wild world there are a lot of and other causes increasing death rate of the young. Unfortunately, surviving degree (death rate coefficient) of whales at this stage has not been studied enough, hence, we can speak about reproductive capacity of whales only as a rough approximation.

Therefore defining the terms of moratoriums on whaling with the purpose of restoration of their population it is necessary to start with lower Index of reproduction – not more than 3 – 4 animals.

The resume

Comparing the results of several methods the age of sexual maturity of whales was defined: 

- by the moment of decrease of growth rate when analyzing the growth curve; 

- by the regression line of rate of accumulation of ovulation traces on female ovaries;

- on the basis of percentage ratio between mature and immature females; 

- on the basis of the analysis of primigravida female occurrence. 

The definition of the age of sexual maturity by the position of "transphase" in aural plugs of baleen whales, which a number of researchers have tried to do, does not present reliable results. Comparison of long-term data has shown that age of approach sexual maturity of whales is a conservative enough biological index, which has not essentially varied during the last five decades of exterminating whaling.

Correlation between the female her newborns size is species-specific and is expressed by the following dependence: toothed whales- L=0.480l0.90; baleen whales- , real Minke whales-

This regularity can be used in practical purposes. It allows judging about average size of newborns of the species, when average size of mature animals is known and the length of newborns is not known.

The opinion on excessive duration of reproduction seasons has not been correct. About 70% of all mating and calving takes place during 2.5 months, 95% – within 5.5 months. Duration of pregnancy 

of different baleen whales is 9.5 to 11.0 months. Pregnancy of sperm whales lasts not less than a year. There is an additional reproduction season 6 months shifted for fin whales, Minke whales and humpbacks.

A hypothesis has been put forward about mixing of milk with ocean water, which can happen during feeding of suckers. In this case the water and milk mixture fat content corresponds to the law of growth rate of suckers, characteristic to terrestrial mammals ("Aron's rule"). This assumption coordinated with peculiarities of constitution and growth of cetacean kidneys.

Specific "twin formations" have been determined to be not only on the ends of upper jaw (as it was considered earlier), but also on the ends of the lower jaw, not of baleen but of toothed whales as well. They become appreciable in pre-fetus period of development also are completely formed by neonatal period. Their role in search and seizure of a mother's nipple during feeding is assumed.

Resemblance in morphology and position of these formations of baleen and toothed whales proves the relations of the two suborders and cannot be argument in favor of their convergent parentage, as A.V. Yablokov (1964) thought.

Mating, calving and milk feeding areas of the Southern hemisphere whales basically coincide. Reproduction seasons of different whales are separated, which reduces the inter-specific competition. Reproductive regions are situated in the 30-40 latitudes, but for some whales they are displaced to the Antarctic waters too.

 6  Whale distribution

There have been attempts to give the summary on different whale species habitats in the World Ocean by K. Townsend, 1931, 1935, M. Sleptsov, 1955, A. Tomilin, 1962, S. Kleinenberg and others, 1964, A. Berzin, 1971, F. Hershkovitz, 1966, M. Nishiwaki, 1966, D. Rice and V. Scheffer, 1968. By, as A. Yablokov reasonably notes in his book "Whales and Dolphins" (Yablokov, Belkovich,Borisov,1972), there are a lot of disputable, not clear matters in this question, which require constant accumulation of factual data. 

The maps of distribution have been based on the Soviet whaling actual data, which had been concealed from the public (Zemsky et al.,1994; Zemsky et al.,1995; Zemsky et al.,1996; Mikhalev, 1997, 1997a; Zemsky, Mikhalev, Tormosov, 1994; Tormosov et al.1998; Mikhalev, 1995,2000,2002,2002a; Zemsky, Mikhalev and Berzin,1996; Zemsky, Mikhalev, 2000, 2000a; Yablokov et al.,1998; et al.), and also on the results of whale observation from board scientific and search whalers. The data on marking of whales by all countries of International whaling Committee (Mikhalev, Tormosov, 1997) have also been included. The data on marking were not connected with whaling and not fabricated; they are authentic, which cannot be said about mark return data. The latter were included after thorough check and correction. Very important is the fact that marking information can define whale distribution in the months and in the regions when and where whaling did not take place, which is especially important. 

 6.1  Distribution and migrations of baleen whales

The following map (fig. 5.1) gives the general picture of baleen whale distribution in the Southern hemisphere (the map has 56,360 taken whales and 17,399 marked ones). Adjacent areas of the Northern hemisphere are also partly covered. One of them (the Arabian Sea) is very important and will be separately considered.

As we see, the greatest concentration of baleen whales are observed in highly productive zones of the World Ocean: in zones of water convergence and divergence; of current joints; temperature jumps; cyclonic activity of atmosphere (Mackintosh, 1942, 1965; Wheeler, 1934; Tomilin, 1940, 1965; Salnikov, 1953; Clarke, 1954, 1957; Arsenyev, 1958; Beklemeshev, 1959, 1961; Nemoto, 1959; Zemsky, 1965, 1974; Mikhalev, 1978; Mikhalev et al., 1981). The unproductive ("dead") zones where whales practically cannot be met even during migrations, which have not been marked by previous researchers, are also visible on the map. 

Here are the maps of distribution of the main commercial whale species and the direction of their migrations on the basic of our and literary marking data (Chittleborough, 1965; Ivashin, 1959; Mikhalev, Tormosov, 1997; Mikhalev et al., 1981; Brown, 1968, 1976, 1995; Dawbin, 1964, 1966; Gambell, 1967; Ivashin, 1971, 1990; Ivashin, 1973, 1986; Tomilin, 1980). 

Fig. 5.1. Blue whale distribution in the Southern hemisphere 

Blue whales. The map of real blue whale distribution is compiled on the basis of occurrence of this whale species during the period from November till April. It includes information about the locations of catch of 1,891 blue whales, and also the data on marking of 699 whales. There were met only in the Antarctic waters. During that period real blue whales were never registered to the north of 40 latitude South (fig. 5.2a). However, there could have been in a zone between 50th and 40th parallels pygmy blue whales among those taken. On the basic of marking results (44 returned marks) we can observe the moving of blue whales from South Georgia region and Sandwich Islands to the Weddell Sea and the Concord Sea. And from the Bellingshausen Sea – to the Ross Sea (fig. 5.2 b).

Fig. 5.2. Maps of distribution (a) and migration routes (b) of Antarctic blue whales

Pygmy blue whales. The map includes the coordinates of catches of 7,381 whales of this species taken during the period from October till May and 8 marking results (fig. 5.3). 

Fig. 5.3. Distribution map of pygmy blue whales

As we see, the area of pygmy blue whales is practically limited by the Indian Ocean and the Tasman Sea where they can be met from the coasts of Africa, Eurasia and Australia almost up to 60 latitude south. Aggregations rather isolated from the main part in the northwest part of the Indian Ocean – the Arabian Sea and adjacent waters – present special interest. This population will be separately considered. In the subtropical and subantarctic zones the gatherings of pygmy blue whales is observed to the south of Madagascar, to the north of Amsterdam and Saint-Paul Islands, in coastal areas of the western and south-eastern Australia.

Out of the main areas, pygmy blue whales (there are doubts in specific definition!) are known by the coast of Brazil (Wheeler E., 1945; Dalla Rosa, Secchi, 1997; Pinedo, Barreto, 1996), coast of Chile (Aguayo, 1974; Rice, 1977), Peru (Donovan, 1991), and even near Galápagos Islands and the Mexican Coast (Berzin, Volkov, Moroz, 1976). Soviet whaling data do not prove their occurrence in these regions. They weren't observed near Chile and Peru Coast in the summer period when these areas were inspected by the expeditions of the scientific and search whaler "Bodry-25" in 1973-1975 (Mikhalev, 1975; Mikhalev, 1978).

Nowadays genetic researches to find out the distinctions between real blue whales and pygmy blue whales (Brownell Jr. et al., 1997) are actively conducted. From the report of the IWC Scientific Committee (Leduc et al., 1998) it follows that beyond the Indian Ocean it is necessary to relate the blue whales of the Brazilian coast to pygmy blue whales. In the Atlantic pygmy blue whales were registered in 70°S, which is much southerly than Bouvet Island where they had been observed earlier. Identification of pygmy blue whales in so high latitudes raises doubts. However we do not exclude that it can be one more subspecies of blue whales which has not been described and investigated yet!

The analysis of monthly distribution shows that in the first half of southern summer Madagascar and Amsterdam gatherings of pygmy blue whales replace to the area of Crozet and Kerguelen Islands, reaching sometimes latitudes 60° South. As to marking, there are data only about one mark that came back: the whale had been marked on 1.12.1962 in latitude 56 ° South in longitude 48° East, and taken on 4.04.1963 in latitudes 44 ° South in longitude 49° East. West-Australian congestion is, apparently, displacing to the Big Australian Gulf, while East - Australian – to the area of the Bass and Cook straits. Return migration of pygmy blue whales begins in the second part of summer.

Fin whales. In the Southern hemisphere the area of fin whales is wide – from 20th parallel up to an edge of ice of the Antarctic (fig. 5.4a).

Fig. 5.4. Maps of distribution (a) and migrations routes(b) of fin whales

The great amount of both caught (12,171 whales) and marked (3,755 whales) fin whales from October till May were met in two longitudinal zones, the distance between which was about 40 degrees. In the middle of summer all of them displaced a little to the South. In March and April return migration was observed.

marking (340 returned marks) has shown (fig. 5.4 b) that fin whales from the Chilean congestion migrate through the Drake Strait to the Weddell Sea. Fin whales of coastal waters of southern Africa migrate to Bouvet, Crozet, Kerguelen and Amsterdam Islands. The whales from the coastal areas of New Zealand feed near Balleny Islands and in the Ross Sea. The moving of a fin whale from Fiji area to the Commonwealth Sea is known.

Sei whales. Distribution of sei whales is presented according to catch of 17,084 and marking of 1417 whales, 69 marks returned (fig. 5.5).

The picture of distribution is very similar to that of fin whales. Migration routes do not essentially differ. What is different is that sei whale gatherings in the area of reproduction are more precisely detached. However, this distinction can be caused by the fact that sei whales were actively taken during rather a short period of time - no more than two decades, while fin whales were taken for more than 5 decades. Longer period gives also the greater dispersion of hydrobiological conditions, and, hence, the greater disorder in distribution of whales.

Fig. 5.5. Maps of distribution (a) and migration routes (b) of sei whales

Congestion of sei whales displace to subantarctic waters a little bit later than fin whales, but the former migrate to subtropics and enter the reproductive season earlier. It is another reason (except for distinctions, say, in nutrition) due to which the competition between fin whales and sei whales is reduced, and two species can practically coexist in the same area. As to sei whales to the north of 20 south latitude, they are most Bryde's whales. The same is true for the data on marking in the area of Liberian coast of Africa.

Bryde's whales. It is a rather small thermophilic species of Minke whales. In the Southern hemisphere Bryde's whales keep within the limits of isotherm 20оС, practically are not met to the south of the fortieth latitude. Their habitats are known by the coast of Brazil and western coast of South America; by west, south and east coast of Africa (two races); by islands of Indonesia. The area is limited to tropical and subtropical zones. They basically were taken as bycatch. For this reason Bryde's whale is less investigated than other Minke whale species. The existence of some subspecies or even similar species is possible. S. Wada (Wada, 1998) on the basis of osteological and genetic analysis considers that Bryde's whales are represented by two subspecies (B. edeni and B. brade's). He distinguishes Bryde's whales of the western part of the Indian ocean as an independent species Balaenoptera olseni. The question is being discussed and remains open.

The coordinates of 897 taken and 577 marked Bryde's whales are drawn on the maps (fig5.6). 

Congestion are marked on the map: by the coast of Liberia; Argentina; in the northwest part of the Indian ocean; by the southern extremity of Madagascar; to the north- east of Australia; by the coast of Tasmania and New Zealand; in the island area Fiji – Samoa-Tonga; in the water area Galápagos - Ecuador - Peru. Bryde's whales of the Arabian Sea will be separately considered. The whale marked not far from New Zealand was taken in the same area. Data on return of other marks are not present, but for two marked whales found by the coast of Guinea and Liberia, which were registered as sei whales.

Fig. 5.6. Map of Bryde's whale distribution 

Minke whales. The coordinates of 4,777 taken and 6,761 marked Bryde's whales are drawn on the maps (fig5.7a). Out of 112 returned marks the majority testifies Minke whale's moving along the coast of Antarctica (fig. 5.7b), as basically whales were marked in the Antarctic waters during the Antarctic summer, and only a few marks returned from Minke whales marked in the tropics and subtropics.

The analysis of monthly distribution shows that annually not all Minke whales migrate on the Antarctic fields of fattening. During the summer period they meet both in warm and cold waters. It is possible, though, that there is not one but several forms of Minke whales, morphologically and genetically distinguished from each other (Arnold, Marsh, Heinsohn, 1987; Arnold, 1997). Whales of this species migrate from the area of islands Balleny, and also from the Bellingshausen Sea and from the Cook island area to the Ross sea. Whales of the Brazilian congestion migrate to the Weddell Sea.

Humpbacks. Maps of humpback whale distribution are made on the basis of coordinates of places of their catches (12,385 animals) and places of marking (3,996 animals, 180 returned marks) .For the areas of Australia and adjacent waters there are data on their distribution within all year as humpbacks were taken there by coastal stations year-round. From June till October they were marked by the western and east coast of Australia, coast of New Zealand and in the waters to the south of New Caledonia. In the Atlantic gatherings of humpbacks were recorded by the coast of Brazil, near Tristan-da-Cunha islands and southwest coast of Africa; in the Indian Ocean - to the south of Madagascar and, especially, in the Arabian Sea. In the Antarctic waters humpback herds occur to the east of Gough island, to the east of the Sea of Commonwealth, by islands Balleny; to the north of the Ross sea and in the Bellingshausen Sea (fig. 5.8a).

The analysis of monthly distribution has shown that humpbacks from the waters of Brazil for fattening migrate to the Bellingshausen sea and to the west of it. West -African whales fatten in area near Gough island and southerly. West -Australian herds migrate to the Sea of Commonwealth. East - Australian herds of humpbacks basically migrates to islands Balleny and also displace to the Sea of Commonwealth and to the Ross sea. New Caledonia herd fattens in the waters near islands Balleny and up to the Bellingshausen sea. Active migration of humpbacks to the reproduction areas is observed in April, but part of whales still lingers in the high latitudes (islands Balleny and the Bellingshausen sea). In May whales were registered in the Cook strait and by the southern extremity of Africa (fig. 5.8b). Humpbacks of the Arabian sea, probably, migrate within its limits, coming to the Persian gulf as well.

Right whales. Distribution of right whales of this species is shown on the basis of coordinates of catch of 2,774 animals (fig. 5.9a) and places of marking of 179 animals (fig. 5.9b).

Fig. 5.9. Maps of distribution (a) and migration routes (b) of right whales

The following places of their concentration come to light: the Argentina coast; islands Tristan-da-Cunha; southward of Madagascar; the Great Australian gulf and Tasmania; area of islands of Auckland, Campbell and Macquarie. In October and November the congestion by the coast of Chile appears. In August whales were observed and registered by the southern extremity of Africa.

From 7 marks, which came back, 6 were found in the same area where they had been marked – by the Argentina coast. One mark was found in the whale taken to the south of Tasmania on March, 27, 1970 on 48оS.lat and 146оE.long. The whale has been marked in the Big Australian gulf on November, 26, 1969 on 41оS and 122оE. The analysis of monthly distribution shows that right whales from the Tristan-da-Cunha area migrate to the area of Gough island and further to the southeast. Some of the Argentina congestion right whales stay in this area during the summer period, too. Other part displaces to Falkland Islands and further on to southeast to South Georgia island.

 6.2  Distribution and migrations of toothed whales.

Among the toothed whales only the sperm whales had trade value in the Southern hemisphere. In the recent years some attempts to catch also killer whales have been made, but only several hundred animals were taken. More often they were taken as "bycatch". We shall consider some features of distribution of these two toothed whale species.

Sperm whales. Maps of sperm whale distribution have been made on the basis of enormous material - 34,166 animals taken and 4,590 animals marked (fig. 5.10a; b). For some areas the material covers the period of all year.

All zones of the Southern hemisphere enter into an area of sperm whales: tropical, subtropical, subantarctic and Antarctic. Females were mostly extracted in the thirtieth and fortieth latitudes, only occasionally in the fiftieth latitudes; large males - in the sixtieth latitudes. Distribution of males in this zone is closely connected to the character of distribution of their basic feeding objects - first of all various species of squids and fish (Berzin, 1971; Yukhov, 1971; Mikhalev, Savusin, Kishlyan, 1981).

Fig. 5.10. Maps of distribution (a) and migration routes (b) of sperm whales

During the Southern winter and early spring (from June till September) sperm whales were found by the coast of Ecuador and Peru, southeast extremity of Africa, western and southwest coast of Australia. In October sperm whales were taken by the coast of Africa to the east of cape Verde islands; in the gulf of Guinea; to the north of islands Tristan-da-Cunha; in the gulf of Aden; along all western coast of Australia down to Java. In November and December sperm whales displace to the thirtieth latitudes, and some males penetrate even into the Antarctic waters. In January and February their migration to the south comes to an end and migration to the north begins.

As to the migration routes (fig. 5.10b), judging by return of 62 marks, sperm whales of the Chilean herd migrate to the Bellingshausen sea. One sperm whale of the Argentina herd was taken to the south of islands Crozet and Kerguelen. Sperm whales (basically females) from the waters of the western coast of Australia displace to Tasmania and males of the east coast - to islands Balleny.

Killer whales. As it has already mentioned above, active catch of killer whales didn't take place, and there is not enough data on them. Killer whales were often registered from search ships in November along the coast of Brazil and Argentina, islands Tristan-da-Cunha and Crozet. In December a group of killer whales was recorded by the islands Tristan-da-Cunha, Crozet, Sen-Pol and Amsterdam, and also by the coast of New Zealand and Tasmania. Some killer whales at that period of time penetrate into the waters of the Antarctic Region further than 50oS.latitude, and in January most of them migrate to the Antarctic Region. The greatest gatherings have been registered in the seas of Commonwealth, Ross and Bellingshausen. In February they constantly occur from islands Balleny up to Antarctic Peninsula. In March migration to the north takes place, and, in addition to the Antarctic waters,killer whales can be again met in the 30 and 40 latitudes, where are also registered in April and May (fig. 5.11).

Out of 480 registered killer whale groups (about 5,000 animals) the most numerous gatherings have been recorded about Rio Grande, on bank Ob, in Prydz Bay and in the Ross sea (Mikhalev et al., 1981). The analysis of stomachs of 231 taken killer whale has shown, that in the Antarctic waters their main food (54%) made Minke whales.

Fig. 5.11. Killer whale distribution map

To the north of 50оS latitude Minke whales serve as food only in 30% of cases. Small toothed whales, pinnipeds and fish make other food.

 6.3  Characteristics of the migration of different groups of whales

The research has been carried out on the basis of the analysis of rate of whale fouling by diatoms, which in the waters of the Antarctic Region is species Cocconeis ceticola. Greatly fouled by diatoms whales were met in the Antarctic Region in February, March and April (Mackintosh, Wheeler, 1929; Hinton, 1925; Ivashin, 1965; Bennett, 1932; Hart, 1935; Matthews, 1937). There is evidence about such whales in the waters of low latitudes (Mackintosh, Wheeler, 1929; Best, 1969). But usually diatoms' dying off takes place when they leave the Antarctic and get into warm waters.

T. Hart (Hart, 1935) without any argument or proofs has assumed, that fouling of whales goes quickly and that the layer of diatoms becomes appreciable a month after the arrival of whales to high latitudes. Further researchers haven't set criteria for (the establishment of ) fouling speed.

When we established precise correlation between the degree of female whale fouling and the average sizes of the fetuses found in them, the decision of that question became possible. That is, embryo growth rate has been used as an original measure of time, as biological clock (Mikhalev, 1984; Zinchenko, 1986; Zinchenko, Mikhalev, 1986). We shall take Minke whales to illustrate this method.

Pregnant females only have been included in the analysis for the development of the method. By the degree of whale fouling with unicellular algae there can be selected the following groups: not fouled; poorly fouled; medium fouled; strongly fouled. During the whole season of catch average embryo length of not fouled females equaled 57 cm, of poorly fouled ones- 90 cm, medium fouled - 120 sm. That is, the more fouled with diatoms, on the average the larger the embryos were, and they were larger by approximately 30 cm.

As the monthly average gain of Minke whale embryos during the spring-and-summer period equals approximately 22 cm, hence, the first degree of whale body fouling comes in a month with a half, they reach the "medium fouled" whales in three months. Strongly fouled whales by our calculations have spent 4.5-5.0 months in the waters of the Antarctic Region. Thus, the whale fouling rate has appeared considerably lower than it was assumed by T. Hart (Hart, 1935).

The analysis of fouling degree various biological animal groups (males, dry and pregnant females, immature animals, senior age groups) has shown that migration of Minke whales into the Antarctic Region waters and back has a complex character. It appeared that after a mass migration of whales into the Antarctic Region during the whole spring-and-summer period (October - January) new small groups, distinguished by the absence of diatom layer on their body, proceed to approach the high latitudes. First males come to the fattening fields, as early as October. Then dry females, pregnant and immature ones migrate to the Antarctic Region. In February - April part of already fattened whales migrate to lower latitudes. As to the mass migration back, the first ones to leave the fattening fields are large pregnant females, then males and dry females. Part of Minke whales stay in the Antarctic Region for the winter period too.

Generalizing the question of distribution and migrations of different whale species of the Southern hemisphere it is necessary to say that there exist zones -centers of their greatest concentration. They are east and western coast of South America; a zone between the southern extremity of Africa and islands Tristan-da-Cunha; Walfish Bay's bank and the island zone of the Indian ocean; southeast and southwest (including Tasmania and New Zealand) coast of Australia; northwest part of the Indian ocean. During migrations whales concentrate in zones divergence and convergence of the Antarctic Region waters, which is determined by their high productivity.

On the other hand, there are "dead zones", in which whales practically do not meet. Areas of mating, calving and feeding of suckers coincide more often, forming reproductive zones. Basically they settle down in the thirtieth - fortieth latitudes, part of whales breed in the Antarctic waters as well. It is necessary to take these characteristics of distribution into account for monitoring and recommendation for various populations of whales for the period of interdiction and renewal of catch.

 6.4  Determining differences between whale populations

For a long time all whale types have been considered cosmopolitans distributed in both hemispheres. Determination of distinctions in average size and in proportions of body parts of whales of the Northern and Southern hemisphere whales, discrepancy of biological cycles, as well as the results of marking gave ground to speak about them as about independent subspecies (Tomilin, 1953, 1957; Kleinenberg, etc., 1964;, etc.) or even species (Zemsky, 1972; Zemsky, Budylenko, 1995). Inside subspecies (species) "local herds" adhered to the same areas, with their own migration routes and areas of reproduction (Klumov, 1955) have been distinguished. These herds were not identified with the populations, as by that time there had not been revealed any morphological distinctions of these whale herds. Moreover, it was stated that there could not have been any distinctions "as in the ocean there are no obstacles to isolate herd" and, consequently, whale species represent homogeneous uniform herds (Zenkovich, 1966).

Further researches have contradicted this opinion. Thus, on the basis of more than 20 various distinctive metric and not metric attributes of sperm whales (coloring characteristic of the body, the form of the fork of tail blades, number of lumbar and tail vertebrae, fastening of sternal ribs, the form of the spleen, liver, "label" and the grain of tooth osteodentin, etc.), population distinctions have been revealed for the whales of both (Northern and Southern) hemispheres (Klevezal, Tormosov, 1969; Veynger, 1974; Berzin, Lagerev, Isakov, 1975). Distinctions of killer whales have also been revealed (Evans, Yablokov, Bowles, 1982).

Similar method were applied for the distinctions of baleen whale herds. Body coloring, fin form, the form of "pair formations", average animal sizes, a series of standard body measurements, body weight, amount of vibrissa on jaws, number of baleen plates, number of belly strips, "white" scars on the body, etc. (Yablokov, 1966 were used; Shevchenko, 1971, 1975; Shevchenko, 1977; Mikhalev, Shevchenko, Neizhko, 1975; Bushuev, 1986). Some positive results have been received on the basis of acoustic and genetic researches (Leatherwood, Donovan/Ed./, 1991).

In our search of distinctions the following attributes - phenes have been used: the form and position of "pair formations" on the ends of baleen whale top jaws, the degree of integument injury, structure of sperm whale polished sections of teeth, average embryo sizes, features of whale body coloring. Such biological characteristics as age structure of whale gatherings, rate of accumulation of ovulation traces on female ovaries, the degree of fouling with diatoms and other parameters have been also used.

   5.4.1. Distinction of whale herds by the form and position of "pair formations"

Studying of "pair formations" on the top jaw of baleen whales has shown that different types have various forms of them. These distinctions are so essential that they can even be used as a species character. By phene -characteristic Minke whales are easily distinguished as early as at pre-fetus stage of development when it is still difficult to distinguish them by other features.

For example, fin whale crescent(-shape) recesses are inverted to each other by the convex side, and that of sei whale, on the contrary, the concave side (fig. 5.12). Minke whale (fig. 4.1. at the left), unlike fin whale, cranial ends of crescent recesses are on the greater distance from each other, than caudal ones.

Within the same species the form and position of "pair formations" (especially on the top jaw) very much vary both in size and appearance. They are more or less flat; with small deeper dimple inside or without it (the arrangement of this dimple also varies); more or less pigmented; are closer to baleen line or to the rostrum end. We have tried to use these distinctions as attributes - phenes for revealing populations of baleen whales of the Southern hemisphere.

We have measured the distance from rostrum tip to baleen line (L) and also position of "pair formations" in ratio to the beginning of baleen line (l1) and to the rostrum end (l2) of more than 5,000 whales. 

The average l1 of fin whales appeared to equal 5.5 cm, and l2 - 12.0 cm; l2/l1=2.2. 

l1 of sei whales =5.0 cm, and l2-9.5 cm; l2/l1=1.9. These measurements (and their sum, I.E., the distance from the end of a snout up to baleen line L), of females, different whale species length being identical, have been bigger than those of males. Therefore, further analysis was made for each sex separately. During January - February dense gatherings of fin whales, sei whales and Minke whales were investigated from the areas of the Chilean coast, Bellingshausen sea, islands of Bouvet and Gough, islands of Prince Edward, Crozet and Kerguelen.

Fin whales. Herds of fin whales within the limits of each ocean showed no distinctions among themselves. At the same time, fin whales from the Bellingshausen sea differ from whales of islands Bouvet and Gough and area of islands of Prince Edward, Crozet, Kerguelen by these attributes. Both for males and females, distinctions between the Atlantic and Indian Ocean fin whale herds (fig. 5.13) are also appreciable.

Sei whales. As well as for fin whales, herds of sei whales from the Bouvet and Gough island area (Southern Atlantic) have shown precise differences according to this attribute both with geographically close located herds of the Indian ocean, and with the Chilean congestion sei whales (fig. 5.14). The established distinctions are also confirmed by the researches of "white scars" on the whale body from stings of small pelagic sharks (Shevchenko, 1977). No distinctions between the sei whale gatherings of each of the oceans have been established.

Minke whales. The material for two areas has been analyzed: the Bellingshausen and Weddell seas. Between Minke whale gatherings of these seas both for males and for females precise distinctions by the measurement l2 (fig. 5.15) are observed.

   5.4.2. Distinctions of herds of whales by the form and degree of whale cover injuries

The possibility to use traumatic variability of cetacean integument in population researches was specified by A.V. Yablokov (1966). The most positive results have been received when fresh oval ulcers on the whale body - so-called "white scars" were analyzed.

D. Lillie (Lillie, 1915) has paid attention to the fact that "white scars" are formed in warm waters and consequently their presence on whales in the waters of the Antarctic Region proves the migration from warm to cold waters. Mackintosh, Wheeler, 1929 have noted the fact that the quantity of white scars increases. On this basis they have made the conclusion about regular migrations of whales from cold to warm waters and back. H. Omura, 1950, has made attempt to connect the quantity of white scars with existence of various sei whale herds, migrating by various routes. Probably in connection with the fact that in those days they did not distinguish between sei whales and Bryde's whales, no authentic results were received. To use the presence of ulcers on a whale body when studying laws of migrations of whales to the Antarctic Region tried also M. Ohno and K. Fujino (Ohno, Fujino, 1952).

The employee of our laboratory V.I. Shevchenko (1970, 1971, 1975) was the first to show that "white scars" on a whale body remain after stings of small thermophilic sharks. In a different way to the same conclusion has come also Jones, 1971, studying spherical pieces of stomach fabric of cookiecutter shark Isistius brasiliensis.

In one of the subsequent works, V.I. Shevchenko (Shevchenko, 1977) has analyzed frequency of occurrence of fresh ulcers and old scars on a sei whale body (890 animals) and established that the sei whales from the Indian ocean "island" area (islands of Crozet, Kerguelen, Prince Edward) are similar among themselves by this attribute. Whales have few "white scars", fresh ulcers are marked on separate animals. On the contrary, there are a lot of both old "white scars" and fresh ulcers on sei whales of southeast Atlantic in the area of Gough island, especially on the caudal peduncle. On the basis of these distinctions southeast Atlantic sei whales and sei whales of the "island" zone of the Indian ocean are allocated by him into separate populations.

We continued these researches and the analysis of occurrence of scars and fresh ulcers from stings of small pelagic sharks on the body of 570 pygmy- blue whales, 324 fin whales, 50 Bryde's whales, 30 humpbacks and about 1000 sperm whales (Mikhalev, 1995, Mikhalev, 1997). The quantity of "white scars" was estimated by a five-point scale: "very few", "few", "average ","many ","very many". The following results have been received.

Pygmy - blue whales. Ichichara, 1963, has noted that there are more "white scars" on a pygmy – blue whale body than on a real blue whale of the same length. That is clear, as pygmy blue whales of the same length of a body are older than real blue whales and, hence, were exposed to the attack of small sharks for a longer period. Besides, pygmy blue whales are more thermophilic, and these sharks are found in subtropical waters of the southern hemisphere and in this zone fresh injuries on the body of whales were marked especially frequently. For example, in the Amsterdam-Australian congestion at the end of December fresh ulcers were registered almost on each taken pygmy blue whale.

As opposed to this area, fresh injuries and cicatrized ulcers on the body of pygmy blue whales of the northwest part of the Indian ocean (Northern hemisphere tropics and subtropics) were marked more rarely. There was the cicatrized trace from a shark sting on a 20, 8 m long pygmy blue whale female of the Aden-Oman congestion on a tail fin. Some ulcers were marked on a tail stalk of the 19.7 m long male from the Pakistani-Indian congestion.

Ulcers on pygmy blue whales of the equatorial-Seychelles and Laccadive - Maldives gatherings were marked a little bit more often, not only on large animals, but also on yearlings 16, 5 m long, but still much more rarely than on pygmy blue whales of the Amsterdam-Australian congestion, with whom authentic distinction has been established by this attribute.

Fin whales. Presence of scars and fresh ulcers is determined on fin whales from the areas of: islands of Crozet, Kerguelen; Prince Edward; Gough; Bouvet; Enderby land; Scotia sea; coasts of Chiles; Bellingshausen seas; islands Balleny; southwest Australia; island South Georgia. Authentic distinctions have been established for five gatherings: the Chile-Peruvian coast (on the average 7.8% fresh wounds; "few" scars - 78%); island South Georgia area (on the average 9, 1% fresh wounds; "few" scars – 48, 3%, "moderate" - 41.4%); island Gough area (30.1% fresh wounds; "moderate" – 41cars 49, 1%; "many" - 30.2%); islands of Prince Edward, Crozet and Kerguelen (5-7% of fresh wounds; very few old scars); Balleny island area (33% of fresh wounds; "very many" scars 51.6%).

Sei whales. The traumatism was registered of integument of sei whales from gatherings of the Indian ocean "island zone"; area to the east of Gough island; Scotia sea; coast of Chiles; the Bellingshausen sea; southwest Australia; Tasmania island; and Balleny islands. It appeared that Atlantic sei whales (island Gough) have much more "white scars" ("many" - 75.6%), than sei whales of Crozet, Kerguelen and Prince Edward islands ("many" - 3.2%). In comparison with sei whales from the waters of Tasmania ("many" - 60.0%) southwest Australian sei whales are weakly injured ("many" - 4.2%). Balleny islands sei whales aren't much injured either.

It is possible to assume that sei whales of Tasmania migrate to Balleny islands, as their parameters on the traumatism of integuments are similar. Also by similarity of the traumatic degree there are grounds to believe that Chilean coast sei whales migrate to the area of Greyam Earth by the middle of summer. In favor of such assumption we shall note the fact that in the liver of Drake passage sei whales entozoon Lecithodesmis was not found, by which about 30% Falkland Islands sei whales have been struck. As well as Chilean sei whales, Greyam Earth sei whales have bright - citric coloring of hypodermic fat, which was not peculiar for the sei whales from other areas.

Bryde's whales. Only in two regions out of dense gatherings Bryde's whales in our practice were extracted by a southern extremity of Madagascar and in the Gulf of Aden. V.I. Shevchenko (1971) specifies that in the Arabian sea in 1965 there were scars on the body of three Bryde's whales (ostensibly taken for scientific purposes), but not fresh ulcers. Actually in the 1964/65 and 1965/66 voyages not three, but 868 Bryde's whales were taken in the Arabian sea. We examined more than half of them. There were few scars on their body and no fresh ulcers. The whales by Madagascar coast are usually considerably injured, and traces of fresh stings are frequently found out.

Minke whales. Earlier it was considered (Tomilin, 1957) that "white scars" are absent on the body of the Southern hemisphere Minke whales. The active Antarctic catch has shown that this opinion is erroneous. We examined 395 Minke whales from the area of Prydz Bay (the sea of Commonwealth) and Peter 1st islands (the Bellingshausen sea) and marked both old scars forming "marble" pattern on the skin and fresh ulcers. Oval is the most typical form of scars. The size of most fresh ulcers is approximately 2.5х4.5 cm. There is a cleft in the center of the ulcer. 

In spite of rather small sample, nevertheless, it is precisely appreciable that Minke whales from the Bellingshausen sea in comparison with the whales from the sea of Commonwealth have much more both fresh wounds of the oval form, and old scars. Researches by S.G. Bushuev (1989) also confirms the conclusion about distinction of Minke whales of these areas.

Sperm whales. Fresh ulcers on a sperm whale body are fast pigmented while healing and, consequently, are less appreciable than those on baleen whales. Besides, sperm whale dermis is thicker and stronger. Small sharks rather take a bite instead of biting the integument off. Besides, it is more difficult to distinguish the traumas inflicted by sharks from those from squid's suction cups and claws, and caused by other reasons.

Nevertheless, precise distinction by a degree of the east Atlantic sperm whale integument trauma (82% of injuries) from gatherings at Enderby land (11% injuries) has been established. The border between these populations passes approximately on 20о-22оE. The Arabian sea sperm whales strongly differ from populations of the gulf of Aden and near Ceylon. Neither fresh injuries nor cicatrized ulcers were revealed on their body.

Thus, our researches have confirmed the conclusion made V.I. Shevchenko (1971; 1975; Shevchenko, 1977) that the Southern hemisphere whales are generally injured by small sharks in the subtropical zone. In November - December the southern border of their area in the southwest part of the Atlantic ocean passes on 23о-25оS.lat, and in southeast - on 34о-35оS.lat. In the area of the Tasman sea the border of occurrence of these sharks passes on 38о-40оS.lat. The southern border of their area in the Indian ocean is more displaced to the north and passes on 19о-20оS.lat.

5.4.3. Distinctions of whale herds by the average embryo length

Difference of average embryo length of different fin whale and Minke whale gatherings of the Southern hemisphere have been noticed by different researchers (Mikhalev, 1984; Mikhalev, Ivashin, 1976, 1978; Ivashin, Mikhalev, 1978; Zemsky, 1960). K. Ash (1953) and M.V. Ivashin (1976) stipulated that reliability of the distinctions revealed by this attribute, is, however, low.

We processed the material including 1480 Minke whale embryos from various gatherings on feeding fields in high latitudes of the Antarctic Region. In reproductive zones of this kind areal Minke whales were not practically were taken, and the authentic material could not have been collected. For greater comparability of the average embryo sizes a small interval of time - not more than half a month - is taken.

The analysis has shown that average embryo lengths of close to each other areas of the sea of Mawson and the Commonwealth sea essentially differed. Whale gatherings more remote from each other (the Lazarev sea and the Amundsen sea) differed insignificantly. Further more remote gatherings of Minke whales from the sea of Commonwealth and the Amundsen sea have shown sharp difference by this attribute. It is necessary to note, however, that average embryo sizes for various trade seasons were compared, which reduces the correctness of research, and the results can be accepted only as approximate ones.

   5.4.4. Distinctions of sperm whale herds by the structure of teeth

As we have already specified, lamination of the sperm whale teeth is of complex character. Some teeth include grains of osteodentin. We have made attempt to use features of teeth structure for revealing distinctions of sperm whale herds. 1079 teeth of sperm whales from 11 dense and rather isolated from each other gatherings have been selected. Character of stratifications in dentin was estimated by profilograms of decalcified polished sections teeth. The number of osteodentine grains was also compared.

For better comparability the comparison was carried out of the animals of uniform size. The analysis has shown 41.1% teeth with osteodentine grains in sperm whales of the Chilean coast; 26.6% - in sperm whales from the congestion to the south of island Tristan-da-Cunha; 38.1% in sperm whale congestion to the north of islands Crozet and Kerguelen. That is, some distinctions by this attribute of the Atlantic, the Indian and the Pacific ocean sperm whale are appreciable. D.D. Tormosov (1982) has compared not only quantity but the sizes and character of osteodentine grains distribution in sperm whale teeth. As a result, distinctions of sperm whale herds of three these zones have been revealed with greater degree of reliability.

As opposed to G.A. Klevezal and D.D. Tormosov's (1971) technique, the character of stratifications in sperm whale teeth was defined by us not directly by decalcified teeth polished sections but by profilograms of them, and the degree of clearness of lamination was estimated not by five but by only two criteria - "precise" and "indistinct". We have investigated 279 teeth from the sperm whales taken in the same areas for which comparison on number of osteodentine grains has been carried out. Indistinct clearness of stratifications in teeth dentine was observed in sperm whales from the Indian ocean in 61.9% of cases. In the Atlantic sperm whales - in 35.7% of cases; in the Pacific ocean ones - in 28.2% of cases.

As we see, sperm whales of all three oceans differ by osteodentin grain analysis and by the character of lamination. The greatest differences are also appreciable in the sperm whales of the Chilean coast. G.A. Klevezal and D.D. Tormosov's (1971) researches confirm that distinctions of the Atlantic and Indian ocean sperm whales are less defined, and so does G.A. Klevezal (1988) who took into account not only clearness, but also uniformity of stratifications. The analysis of stratification character of sperm whale gatherings inside each ocean separately has not revealed any authentic distinctions yet.

   5.4.5. Distinction of killer whale in the Southern hemisphere

Killer whales as predators, undoubtedly, play an essential role in ecosystems of water in the Southern hemisphere. They haven't been actively caught. They were only occasionally taken, in passing with other whales. Therefore killer whales remain rather insufficiently studied animals taken. Some data on their distribution, sizes and biology features are presented in a number of works (Tomilin, 1957; Sleptsov, 1965; Shevchenko, 1975; Doroshenko, 1978; Budylenko, 1978;, etc.).

We (Mikhalev, et al., 1981) have collect data on 323 killer whales. The sizes of 205 males varied from 4.5 m up to 9.0 m, average length being 7.26 m, and the sizes of 118 females - from 3.7 m up to 7.7 m , average length 6.42 m.

In this article I wrote section "Reproduction"; the map of distribution of killer whales has been drawn. The analysis of seminal glands weight has shown that dramatic acceleration of their growth occurs when the animal body is 7.1-7.5 m. However, essential increase in seminal glands weight of smaller killer whales of 6.1-6.5 m long has also been observed. Similar, but better defined law has been revealed while analyzing seminal glands weight. These circumstances have allowed assuming the existence of shorter body species among killer whales.

Our assumption has been also confirmed in course of the analysis of pregnancy traces number and ovulation on ovary. Females 5.0-6.0 m long appeared to have a bit more such traces than those whose sizes were by one and a half meter larger (fig. 5.16).

Important is also the fact that in January - February shorter-bodied but mature killer whales were taken in the area of the Amundsen sea during several various seasons. In spring and at the beginning of summer they were met by the Argentina coast and in the Drake strait by the coast of Greyam Earth (fig. 5.17).

The measurements of 19 ordinary and 5 short-bodied killer whales have been analyzed to reveal the distinctions in proportions of body parts. Small sample does not allow to speak about sufficient reliability of results. But nevertheless, it is appreciable that proportions of the head of short-bodied form are bigger than those of ordinary killer whale, and chest fins are larger. The back fin is also bigger and is slightly displaced closer to the head. The tail part is shorter, and tail blades are relatively larger (Table 5.1).

Table 5.1: Standard sizes of killer whales (percentage of length)

	Measurements
	Ordinary killer whale
	Short-bodied killer whale

	from end of snout till blowhole
	11,70±0,23
	12,40±0,47

	from end of snout till month corner
	9,40±0,26
	9,67±0,30

	from end of snout till eye center
	10,40±0,26
	10,94±0,42

	Back fin height
	10,40±0,34
	10,84±0,68

	Back fin length
	10,20±0,35
	11,34±0,58

	from end of snout till back fin
	41,50±0,90
	37,99±3,04

	from tail blades split till back fin
	49,50±1,24
	51,57±3,89

	small length of chest fin (till antrum)
	10,64±0,31
	11,64±0,39

	large length of chest fin
	7,90±0,21
	8,29±0,26

	length of tail blade
	12,60±0,25
	13,11±0,60

	width of tail blade
	8,00±0,79
	8,33±0,43


Distinctions in the average size of about the same age animals, in body proportions, the sizes at coming of sexual maturity age, dramatic distinctions in relative weight of sexual glands and in amount of traces of pregnancy and ovulation on ovary (female length being the same), as well as isolation of dwelling area have allowed us to draw the conclusion that in the Southern hemisphere not one but two killer whale species exist: the ordinary - Orcinus orca, and a new kind – short-bodied killer whale (Orcinus nana, Mikhalev, 1981). With a tinge of sadness I should say here that the article, prepared by me with the employees of Odessa laboratory, was represented to the IWC Scientific committee by a VNIRO employee M.V. Ivashin, who without any coordination with us entered his name into the list of authors of the article (the thing he had done repeatedly). What is even worse, he entered his name next to mine in the name of a new killer whale kind, both in the section "Reproduction", written by me, and in the conclusions of the article. Such morals and customs were in VNIRО and Ministry of Fisheries of the USSR!

Further researches (Berzin, Vladimirov, 1982, 1983) have confirmed the conclusion about existence in the Antarctic Region of killer whale versions, which differed by the form and sizes of teeth. Moreover, subsequently, R. Pitman and P. Ensor (Pitman, Ensor, 2003), while investigating the form of a white oval stain on the killer whale body, came to the conclusion about the existence in the Antarctic Region even three forms. It is absolutely clear that the Southern hemisphere killer whales are still rather poorly investigated.

 6.5  Whales of the northwest part of the Indian ocean

The Arabian sea, together with the Aden, Oman and Persian gulfs, holds a completely specific position in the World ocean. Being to the north of the equator, this water area is at the same time practically isolated from the great bulk of the Northern hemisphere waters (the Northern Atlantic and Northern Pacific) and, on the contrary, is closely connected to the Southern hemisphere waters. Peculiarity of the area determines the specificity of the cetaceans living there and demands close and detailed consideration of whales and the conditions of their existence. Such large whale species as pygmy blue whales, Bryde's whales, humpbacks and sperm whales can be met in the northwest part of the Indian ocean. The Soviet Union alone took these whales, and by only two flotillas - "Slava" and "Sovetskaya Ukraina" (Mikhalev, 1997, 1997a; Mikhalev, 2000, 2002; Mikhalev, 1997). These data are unique, and consequently are allocated into a separate chapter. The main question arising while considering the whales of this area is their relations with the Southern hemisphere whales?

   5.5.1. Pygmy blue whales

Some herds of blue whales were unexpectedly found out by the Soviet whaling flotillas "Slava" and "Sovetskaya Ukraina" in the northwest part of the Indian ocean. At once a lot of questions arose. What blue whales are they? Are they of the Northern hemisphere kind or of the Indian ocean? Or is it a completely special kind? Survey of the taken whales on deck has declined the biologists of scientific groups of flotillas to attribute them to pygmy blue whales. We shall also agree to that until some new data do not appear and their status is not established more precisely.

Distribution. The map gives a general representation of pygmy blue whale distribution in this region during the period from the end of October to the first half of December (fig. 5.18). Three gatherings are most precisely allocated: one in the gulf of Aden and by the southern coast of Arabian peninsula, another one in the Laccadive and Maldive islands area, the third one on the equator to the north of Seychelles between 50°-55°W. Besides, some whales were taken to the north-west of peninsula Kathiawar by the Pakistan coast. Probably, this one is the fourth congestion. It is important to note that these gatherings are isolated from each other by big distance and, the most important, from a great bulk of the Indian ocean pygmy blue whales. The nearest ones to them are by a southern extremity of Madagascar and islands Sen-Pol and Amsterdam (fig. 5.3).

Unfortunately, it is not clear where the pygmy blue whales of the Arabian population are situated in other months of year and how they are distributed. It is only known only that in April 1965 these whales were not noticed by "Slava" flotilla, which was coming back to Odessa through equatorial Seychelles area ( where in November 1964 together with "Sovetskaya Ukraina" conducted catch of pygmy blue whales). According to N.V. Doroshenko's (1996) data, during the period from June till September pygmy blue whales were met in the Indian ocean only to the south of 36°S. But that concerns the east part of the Indian ocean and adjacent waters of the Pacific ocean. By our data, several individuals of pygmy blue whales were taken during December - January in these latitudes of the western part of the Indian ocean, which does not allow to exclude completely their communication with the Arabian sea blue whales.

As mentioned above, northern border of distribution in the Southern hemisphere the sharks, injuring whale integuments, is determined in the Indian ocean on 19 °-20°S lat. In the Arabian sea traces from stings of small sharks were found on the tail fin of a 20.8 m long female from the Aden- Oman congestion. Similar traces were seen on a tail fin of the 19.7 m long male from the Pakistani -Indian congestion. A little bit more often such scars were fixed on pygmy blue whales of the equatorial Seychelles and Laccadive - Maldives gatherings. Fresh injuries were not found, and the old ones were rare than those on the southern subtropical and sub-Antarctic zone pygmy blue whales. Consequently, the presence of scars cannot serve the strict proof of the Arabian sea pygmy blue whales migrating to the south to the thirtieth latitudes and there being injured. Moreover, it is impossible to exclude that scars on the Arabian whales' bodies leave other kinds of small pelagic sharks that live in these waters. We saw 50-70 cm long schooling sharks diving with a mask in the coastal waters of the Oman Gulf. Plenty of them were sold in the fish market of Muscat (Sultanate of Oman). Such sharks are usual for fishermen of these places.

Volume of catch and whale sizes. 

During four trade seasons at the period from the end of October till the middle of December in the researched area two flotillas took 1294 pygmy blue whales, including 689 males (53.25%) and 605 females (46.75%). V.A. Zemsky and E.G. Sazhinov specified in their articles (1982) and N.V. Doroshenko (1996) extraction in this region of 2,162 pygmy blue whales, which is erroneous. They did not work on the "Slava" and "Sovetskaya Ukraina" flotillas in the Arabian sea, did not have the full material of these flotillas. Having used the reports of scientific groups, they wrongly summarized monthly catch, while within a month (for example, December) in each of the specified voyages the ships went out of the limits of the sea. Actual volume of catch of pygmy blue whales in the Arabian sea, the average sizes and scope of length fluctuations are presented in Table 5.2.

Table 5.2: Pygmy blue whale catches in the Arabian Sea

	Fleet
	Season
	Number of caught whales
	Body length, m

	
	
	sex,m/f
	number,n


	percent, %
	average, x
	min-max
	reliability, sd

	"Slava"
	1963/64
	m
	33
	44.6
	19.9
	18.1-21.6
	0.9

	
	
	f
	41
	55.4
	19.6
	13.9-23.3
	2.4

	
	
	m+f
	74
	
	19.7
	13.9-23.3
	1.9

	"Slava"
	1964/65
	m
	183
	55.6
	18.8
	13.7-21.4
	1.6

	
	
	f
	146
	44.4
	19.0
	13.2-23.2
	2.1

	
	
	m+f
	329
	
	18.9
	13.2-23.2
	1.9

	"Slava"
	1965/66
	m
	348
	49.1
	19.3
	15.0-21.5
	1.5

	
	
	f
	309
	50.9
	19.5
	13.2-22.4
	2.4

	
	
	m+f
	657
	
	19.4
	13.2-22.4
	2.0

	"Sovetskaya Ukraina"
	1964/65
	m
	53
	53.0
	19.4
	12.6-22.8
	1.5

	
	
	f
	55
	47.0
	19.5
	13.3-24.0
	1.9

	
	
	m+f
	108
	
	19.4
	12.6-24.0
	1.7

	"Sovetskaya Ukraina"
	1965/66
	m
	48
	54.5
	19.6
	16.3-21.5
	1.2

	
	
	f
	40
	45.5
	19.4
	14.6-22.2
	2.0

	
	
	m+f
	88
	
	19.5
	14.6-22.2
	1.6

	"Sovetskaya Ukraina"
	1966/67
	m
	24
	63.2
	19.8
	16.3-21.3
	1.0

	
	
	f
	14
	36.8
	20.3
	16.8-22.3
	1.5

	
	
	m+f
	38
	
	20.0
	16.3-22.3
	1.2

	Total
	1963-67
	m
	689
	53.2
	19.3
	12.6-22.8
	1.5

	
	
	f
	605
	46.8
	19.4
	13.2-24.0
	2.1

	
	
	m+f
	1294
	
	19.3
	12.6-24.0
	1.8


Variation lines illustrate in more detail the picture of dimensional structure of whales by sex (Table 5.3).

Table 5.3: Size variation in male and female pygmy blue whales

	Length, m
	Fleet, Season, Whale Sex

	
	Slava

63/64

m     f
	Slava

64/65

m      f
	Slava

65/66

m    f
	Sovetskaya Ukraina

64/65

m      f
	Sovetskaya Ukraina

65/66

m      f
	Sovetskaya Ukraina

66/67

m     f
	Total

1963-1967

m        f       m+f

	12.5
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	1
	-
	1

	13.0
	-
	-
	-
	2
	-
	1
	1
	1
	-
	-
	-
	-
	1
	4
	5

	13.5
	-
	2
	1
	4
	-
	2
	2
	-
	-
	-
	-
	-
	3
	8
	11

	14.0
	-
	-
	3
	3
	-
	-
	3
	1
	-
	-
	-
	-
	6
	4
	10

	14.5
	-
	3
	2
	3
	-
	2
	4
	6
	-
	1
	-
	-
	6
	15
	21

	15.0
	-
	-
	6
	2
	2
	-
	4
	9
	-
	-
	-
	-
	12
	11
	23

	15.5
	-
	2
	7
	1
	-
	-
	1
	6
	-
	1
	-
	-
	8
	10
	18

	16.0
	-
	-
	4
	5
	1
	2
	5
	9
	2
	3
	1
	-
	13
	19
	32

	16.5
	-
	-
	1
	5
	3
	2
	3
	7
	-
	-
	-
	1
	7
	15
	22

	17.0
	-
	-
	2
	3
	1
	1
	1
	2
	1
	2
	-
	-
	5
	8
	13

	17.5
	-
	-
	-
	1
	1
	1
	2
	5
	-
	3
	-
	-
	3
	10
	13

	18.0
	1
	1
	34
	18
	4
	2
	34
	38
	7
	4
	1
	1
	81
	64
	145

	18.5
	4
	1
	29
	9
	4
	5
	33
	14
	1
	2
	-
	-
	71
	31
	102

	19.0
	6
	2
	20
	18
	10
	5
	56
	27
	7
	2
	6
	1
	105
	55
	160

	19.5
	7
	5
	29
	15
	6
	2
	60
	32
	8
	3
	7
	3
	117
	60
	177

	20.0
	6
	4
	27
	21
	7
	7
	64
	45
	12
	4
	5
	1
	121
	82
	203

	20.5
	5
	9
	11
	14
	11
	5
	37
	29
	4
	2
	2
	1
	70
	60
	130

	21.0
	2
	7
	7
	11
	2
	6
	23
	42
	5
	7
	2
	1
	41
	74
	115

	21.5
	2
	2
	-
	5
	1
	6
	9
	16
	1
	3
	-
	4
	13
	36
	49

	22.0
	-
	2
	-
	5
	-
	6
	4
	12
	-
	3
	-
	1
	4
	29
	33

	22.5
	-
	-
	-
	-
	-
	-
	1
	5
	-
	-
	-
	-
	1
	5
	6

	23.0
	-
	1
	-
	1
	-
	-
	-
	2
	-
	-
	-
	-
	-
	4
	4

	23.5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	24.0
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	1
	1

	Total
	33
	41
	183
	146
	53
	54
	348
	309
	48
	40
	24
	14
	689
	605
	1294


Nutrition. Observation of whale migration have shown, that in all four gatherings the blue whales (were not "running" but) fed in the area of detection. Examination of the taken whales stomachs has testified that the forage reserve of the Arabian sea at that time of the year was very good. More than half of the examined stomachs had an "average" and "much" degree of filling (Table 5.4). Large brown fields of plankton, which were frequently observed, is a sign of a good nutritive base of the area.

Table 5.4: Pygmy blue whales stomach contents

	Area
	Degree of stomach filling
	Total:

	
	empty
	small
	average
	big
	

	
	Number of examined stomachs
	

	Aden-Oman
	24

10.4%
	50

21.6%
	89

27.7%
	68

29.4%
	231

	Pakistan-Indian
	8

(25.8%)
	12

(38.7%)
	11

(35.5%)
	-
	31

	Laccadive-Maldives
	73

24.7%
	66

22.3%
	104

35.1%
	53

17.9%
	296

	Equatorial - Seychelles
	39

8.7%
	65

14.5%
	289

64.5%
	55

12.3%
	448

	Total:
	144

14.3%
	193

19.2%
	494

49.0%
	176

17.5%
	1006


The taken whales were well-fed, which can be proved by thickness of integumentary fat (it was the same on the side at the level of a back fin as that of pygmy blue whales at this time of the year on sub - Antarctic feeding fields). Good output of fatty production is also the evidence of fatness of the whales.

Sexual maturity. We judged the degree of male sexual maturity by the testicle sizes and also by ratio of quantity of open and closed canals on testicles cuts. Penis size also served as a certain reference. The analysis has shown insignificant distinctions in length between two testicles of one individual: from 1-2 cm up to 5-6 cm. On the basis of set of attributes it is possible to conclude that part of the Arabian sea pygmy blue whales reach sexual maturity when their body length is 18.2-18.5 m and the weight of one testicle is 4000-5000 g, but practically all males appear sexually mature, having reached the length of 19.0 m, weight of one testicle about 10 kg (fig. 5.19).

Female blue whales of this region become sexually mature when the weight of one their ovary reaches 500-600 g, length being 15-17 cm and width 5-7 cm. The most active breeders' average weight of one ovary is about 800 g, length of 25 cm and width 10 cm. Females' length is 20 m up to 22 m. Old females 23-24 m long had about the same sizes of ovary. In the Aden and equatorial Seychelles gatherings pregnant females 19.0 m long were marked, and in Laccadive - Maldives congestion - even 18.7 m long.

Ovulatory traces on ovaries of 18.0- 18.2 m long females were marked. Amazing are ovulatory traces on ovaries of 15.6 and even 15.8 m long females taken in the equatorial -Seychelles area. Their ovaries were 7 cm long and 3 cm wide and weighed accordingly 50 g and 40 g. Correlation of various biological groups of females is illustrated by Table 5.5. As we see, pregnant females make one third of all quantity of females, and even less of sexually mature part.

Table 5.5: Correlation of different biological groups of female pygmy blue whales

	Reproduction state of females
	Area of gathering

	
	Aden - Oman

n, %
	Pakistan - Indian

n, %
	Laccadive - Maldives

n, %
	Equatorial - Seychelles

n, %
	Total

n, %

	sexually immature
	17

16.0%
	2

18.2%
	17

12.5%
	36

27.5%
	72

18.8%

	farrow
	57

53.8%
	3

27.3%
	70

51.5%
	49

37.4%
	179

46.6%

	pregnant
	30

28,3%
	6

54.5%
	49

36.0%
	44

33.6%
	129

33.6%

	lactating
	2

1.9%
	-


	-


	2

1.5%
	4

1.0%

	Total
	106

100%
	11

100%
	136

100%
	131

100%
	384

100%


The functioning yellow body of pregnancy of the 19.9 m long female weighed 2,150 g, 20.5 m long - 2,050 g, and of two females 21.1 m long - 1380 g and 1800 g accordingly. In one obviously pathological case 20.5 m long female's functioning yellow body of pregnancy had the sizes 75х50 cm. The weight of the functioning yellow body of pregnancy of pregnant females intensively increases by the middle of embryogenesis, in the second half of pregnancy the rate of weight accumulation stabilizes, and by the period of fetus maturation it is even possible to speak about some weight reduction of a yellow body of pregnancy.

As for pygmy blue whales there is no reliable criterion for distinction ovulatory marks from pregnancy marks on ovaries, total quantity of both is given on Table 5.6.

Table 5.6: Average number of ovulation and pregnancy marks in pygmy blue whale

	Female length, m
	Area of gathering

	
	Aden - Oman
	Pakistan - Indian
	Laccadive - Maldives
	Equatorial - Seychelles
	Total

	
	number of females examined (n) and average number of ovulation (x)

	
	n
	x
	n
	x
	n
	x
	n
	x
	n
	x

	13.5-14.4
	-
	-
	-
	-
	-
	-
	4
	0.0
	4
	0.0

	14.5-15.4
	-
	-
	-
	-
	-
	-
	9
	0.1
	9
	0.1

	15.5-16.4
	-
	-
	-
	-
	-
	-
	2
	0.0
	2
	0.0

	16.5-17.4
	3
	0.0
	-
	-
	-
	-
	7
	0.0
	10
	0.0

	17.5-18.4
	9
	2.7
	-
	-
	11
	1.4
	22
	1.0
	42
	1.4

	18.5-19.4
	16
	3.4
	2
	2.0
	23
	4.4
	11
	2.4
	52
	3.7

	19.5-20.4
	29
	4.8
	2
	3.5
	30
	7.2
	28
	5.3
	89
	5.7

	20.5-21.4
	21
	6.0
	2
	13,0
	15
	8.1
	13
	7.3
	51
	7.2

	21.5-22.4
	6
	8.5
	1
	6.0
	1
	11.0
	10
	7.0
	18
	7.7

	22.5-23.4
	2
	7.5
	-
	-
	-
	-
	-
	-
	2
	7.5

	23.5-24.4
	1
	2.0
	-
	-
	-
	-
	-
	-
	1
	2.0

	Total
	87
	7
	80
	106
	280


As we see, the reproductive ability of the Arabian sea pygmy blue whale females is low. The most active breeders have the number of pregnancy and ovulatory marks on ovaries was within 5.7 to 7.7. It is possible, however, that resorption of pregnancy marks occurs in due course. Such probability can be supported by the fact that old females 22.5-24.5 m long had no more, and even fewer marks on ovaries than younger and most active breeders.

Sexual cycle. The analysis of embryo sizes allows to reveal some elements of the sexual cycle. Embryos were taken out of 127 pregnant females from 384 examined females and measured. Embryos of 2 females were not found but by the condition of their sexual sphere and a hypophysis (Mikhalev, 1966, 1970; Mikhalev, 1991) it was visible that they were at an early stage of pregnancy. That is, actually there were 129 pregnant females, 25 of which were at an early stage of pregnancy (fig. 5.20). 

Embryos were rather precisely subdivided into three groups by their sizes: embryos at embryogenesis stage; group of embryos 80 to 300 cm long; and large fetuses, longer than 350 cm, which can be attributed to prenatal fetuses (Table 5.7).

Table 5.7: Blue whale embryo distribution by three size groups

	Areas
	Embryo sizes, sm

	
	EE
	Small embryos

(group A)
	Large embryos

(group B)
	Total

	
	n
	n
	x
	lim
	sd
	n
	x
	lim
	sd
	n

	Aden - Oman
	3
	15
	165.9
	78-280
	66.8
	14
	473.8
	343-596
	67.3
	32

	Pakistan - Indian
	2
	3
	81.7
	40-105
	29.5
	1
	515.0
	515-515
	0.0
	6

	Laccadive -  Maldives
	15
	5
	233.8
	105-15
	84.4
	27
	484.7
	365-680
	84.4
	47

	Equatorial - Seychelles
	5
	39
	185.1
	84-326
	53.6
	-
	-
	-
	-
	44

	Total
	25
	62
	179.4
	40-326
	58.1
	42
	481.8
	343-680
	76.7
	129


In the Aden congestion embryos of group B make 43.8%, groups A - 46.9%. In Laccadive - Maldives congestion the ratio was: 57.4% and 10.6% accordingly. In the equatorial-Seychelles congestion there were no embryos of group B. Small germs have made 88.6%. Probably, the females with prenatal fetuses at this time of the year displace to the coastal waters of higher latitudes. 

But it is impossible to rule out the possibility of the pygmy blue whales of this congestion being not of the Arabian population but of the subtropic and subantarctic whales. In that case it is possible to assume that females with large embryos by this time had already migrated to the subtropics of the Southern hemisphere.

The analysis of prenatal growth rate of pygmy blue whales of the Southern hemisphere on the basis of more than six hundred embryos (fig. 3.8), has grounds to accept the average size of newborns 550-560 cm. Most likely, this size of newborns is also characteristic to the whales of the Arabian sea. But prenatal fetuses and embryogenesis stage embryos are met in the Arabian sea in November – December, which gives grounds to consider that the reproduction cycle of pygmy blue whales of this population is 6 months shifted in terms of reproduction of a great bulk of the southern populations of the Indian ocean pygmy blue whales. Judging by the embryo sizes, it is impossible to rule out the possibility for part of the Arabian sea pygmy blue whales having not one, but two cycles of reproduction a year: one, which will coincide with the reproduction cycle of the Southern hemisphere pygmy blue whales, the other - with the cycle of the Northern one.

As it has already been mentioned above in the "Reproduction" section, for revealing reproduction areas of pygmy blue whales, the occurrence of pregnant females with embryos on embryogenesis stage and with prenatal fetuses and also lactating females (fig. 4.6) has been analyzed. The areas of their mating appeared to be strictly localized. There are three of them: by southwest coast of Australia; island area of Crozet and Prince Edward; and the researched region – the Arabian sea. We shall notice also that females with suckers 12-15 m long were more often observed in the same reproductive zones.

All these facts give the basis to assume that there lives in the researched area of the Indian ocean a rather isolated population of pygmy blue whales, whose full reproduction cycle and zone of migrations is limited by the Arabian sea and adjacent waters up to 5°S lat. An almost equal ratio of males (53.25%) and females (46.75%) out of the taken whales. The degree of isolation of this population from the southern subtropical and subantarctic pygmy blue whales is still necessary to establish.

***

Thus, in the Arabian sea there exists the population of pygmy blue whales isolated enough from a great bulk of whales of this kind, living in subtropical and subantarctic waters of the Southern hemisphere. During the period from October till December pygmy blue whales form several gatherings in the Arabian sea: Aden - Oman; Pakistani - Indian; Laccadive - Maldives; equatorial - Seychelles. It is important to note the fact that by the data from various voyages, during the researched period of time these gatherings did not change their position.

Long, if not year-round, presence of baleen whales in this region (observations from September till June) is provided with its high productivity. Hydrobiological researches (Bogdanov, 1978; Bogorov, Vinogradov, 1961; Travin, 1968; Moiseyev, 1969) have shown, that the zooplankton biomass in this region corresponds to the biomass of the most productive areas of the World ocean. Good fatness factor of whales and the degree of filling of their stomachs prove this conclusion. At the same time, low productivity of the neighboring tropical zone of the Southern hemisphere and Bay of Bengal contributes to isolation of whales of the Arabian sea from more southern populations of pygmy blue whales (Bogdanov, 1978; Ivanov - Frantskevich, 1961; Kanaev, Neyman, Parin, 1975). Nevertheless, contact of the Arabian herds with southern populations of the Indian ocean pygmy blue whales cannot be completely excluded, as some individuals of this kind were found in the unproductive tropical zone. 

Males of the Arabian population of pygmy blue whales start to mature having achieved the length of the body of 18.2-18.5 m. Practically all males are mature, having reached the length of 19.0 m., their testicles weighing 18-20 kg. Females are sexual mature with average body length of 21.0 m and ovary weight (without the functioning yellow body of pregnancy) 1500-1600 g. The most active breeders were 20.0 to 22.0 m; nearly equal number of males and females, with insignificant advantage of males (53.25%). The pregnant females of equatorial -Seychelles congestion had comparatively small embryos. In other gatherings both embryos on embryogenesis stage and prenatal fetuses were found more often. No essential differences in growth rate of growth of the Arabian sea pygmy blue whale embryos from embryos of more southern populations have been noticed.

Judging by the embryo sizes, pygmy blue whales of the researched population probably have two seasons of reproduction (basic and additional) within one year with a phase shift of approximately half a year/6 months. One peak of the mating season is in May, the other in November. Peak of the calving season is April and October accordingly. Pregnancy lasts for approximately 10.5-11.5 months. Delivery comes when fetus reaches length of 5.5-5.6 m. Lactation period lasts for 7-8 months. The rate of pregnant among mature females is rather low (41.3%), which testifies their rather low reproductive ability: one calf in 2.5 years. That conclusion is also proved by a small number of ovulatory marks on ovaries: on the ovaries of most actively participating in reproduction females there were 5.5 to 8.0 marks.

   5.5.2. Bryde's whales

Bryde's whales of the region had been unknown before the Soviet whaling began in the Arabian sea. The catch has shown that are a lot of whales of this kind in the Arabian sea. We shall come to the description of the collected data and results of research.

Volume of catch. At the beginning of November 1963 the "Slava" flotilla in the Arabian sea caught 39 Bryde's whales (18 males and 21 females). In the following voyage the "Slava" took 100 Bryde's whales from November, 5 till December, 15, 1964 - 50 males and 50 females. Another Odessa flotilla "Sovetskaya Ukraina" for the period from October, 23 till December, 13, 1964 in the Arabian sea took 460 Bryde's whales (196 males and 264 females). In its last voyage of 1965/66 "Slava" worked in the Arabian sea in November 9 – 26, 1965 and took 50 males and 75 females of this kind whales. The "Sovetskaya Ukraina" in November, 14-25, 1965 took in that region 46 more males and 44 females. In the Arabian sea "Sovetskaya Ukraina" continued catch and in November, 4-22, 1966/67 35 whales (11 males and 24 females) were caught. During four seasons in the Arabian sea the Soviet flotillas totally took 849 Bryde's whales, 371 males and 478 females (Table 5.8).

Table 5.8: Catches of Bryde's whales by “Slava” and “Sovetskaya Ukraina” fleets in the Arabian Sea

	Fleet
	Whaling season
	Males
	Females
	Total

	"Slava"
	1963\1964
	18
	21
	39

	"Slava"
	1964\1965
	50
	50
	100

	"Slava"
	1965\1966
	50
	75
	125

	"Sovetskaya Ukraina"
	1964\1965
	196
	264
	460

	"Sovetskaya Ukraina"
	1965\1966
	46
	44
	90

	"Sovetskaya Ukraina"
	1966\1967
	11
	24
	35

	Total:
	1963-1967
	371
	478
	849


Note that for all this period the flotillas informed the IWC about catching (ostensibly for the scientific purposes) only 3 Bryde's whales. Under the cover of these whales S.L. Delyamura and A.S. Skryabin (1972) described helminthofauna of this kind, and also V.I. Shevchenko (1971) specified that there were no fresh wounds from stings of small pelagic sharks on the body of the Arabian sea Bryde's whales. The same concerns V.L. Yukhov (1969) brief report, where he on the basis of the trade data, not on visual supervision from search vessels, as the author writes, specified the data on Bryde's whales occurrence in the Arabian sea.

The sizes and correlation of biological groups. Dimensional variational lines of the taken Bryde's whale males and females and correlation of different biological groups are given in Table 5.9.

Table 5.9: Sizes of Bryde's whales and correlation of different biological groups of females

	Whale length, m
	Male,

n
	Females

	
	
	Total, n
	Examined
	Sexually immature
	Sexually mature
	Farrow
	Lactating
	Pregnant

	10.5-10.7
	1
	-
	-
	-
	-
	-
	-
	-

	10.8-11.0
	-
	2
	2
	2
	-
	-
	-
	-

	11.1-11.3
	-
	1
	1
	1
	-
	-
	-
	-

	11.4-11.6
	3
	1
	-
	-
	-
	-
	-
	-

	11.7-11.9
	2
	6
	3
	2
	1
	1
	-
	-

	12.0-12.2
	12
	14
	10
	4
	6
	5
	-
	1

	12.3-12.5
	36
	33
	21
	6
	15
	12
	-
	3

	12.6-12.8
	64
	32
	16
	2
	14
	11
	-
	3

	12.9-13.1
	67
	47
	28
	1
	27
	23
	-
	4

	13.2-13.4
	74
	80
	58
	3
	55
	41
	-
	14

	13.5-13.7
	55
	98
	63
	1
	62
	39
	-
	23

	13.8-14.0
	41
	74
	56
	1
	45
	37
	-
	18

	14.1-14.3
	11
	47
	41
	0
	41
	21
	2
	18

	14.4-14.6
	3
	31
	25
	-
	25
	12
	-
	13

	14.7-14.9
	2
	9
	7
	-
	7
	7
	-
	-

	15.0-15.2
	-
	2
	2
	-
	2
	1
	-
	1

	15.3-15.5
	-
	1
	1
	-
	1
	-
	-
	1

	TOTAL
	371
	478
	334
	23
	311
	210
	2
	99


We remind that the minimal permissible size for catch of Bryde's whales was at that time the same as for sei whales - 12.2 m. As we see, whalers killed the animals of below permissible norm. The smallest taken male was 10.6 m long, female - 10.9 m. The largest male was 14.8 m long, female - 15.3 m. The average male length was 13.16 m, female- 13.47 m, as it is peculiar to the baleen whales, the taken males were a little bit smaller than females. Their modal value of sizes in variational line was within the interval of 13.0-13.5 m, whereas female's - within the limits of 13.2-13.8 m.

210 out of the examined 334 Bryde's whale females appeared mature. The smallest mature female with ovulatory marks on ovaries was 11.9 m long. The smallest pregnant female was 12.2 m long. The largest immature one was 13.8 m long. The basic reproducing part made females in the interval between 13.0 m and 14.5 m. The percentage of pregnant out of mature females (about 33%) orientate on their giving birth once in three years, only sometimes once in two years. It cannot be ruled out that the Arabian sea Bryde's whales have an additional period of matings with a 6-month phase shift. In favor of such assumption are the sizes of hundred embryos (fig. 5.21) found in 99 pregnant females (a female 14.5 m long had twins: a male of 220 cm and female of 290 cm).

As we see, during the researched period of time (second half of October - first decade of December) females had prenatal fetuses 300 cm to 400 cm long, and embryos on embryogenesis stage (length up to 5 cm), whose conception took place during the mating corresponding to the biological cycle of the Northern hemisphere.

Distribution. The greatest concentration of Bryde's whales were marked in the Gulf of Aden in the equatorial zone between 2О-5ОS and 50О-56ОE, and also in the area of Maldive islands and to the south-west of Ceylon (Fig. 5.22). There were met in the same areas, where pygmy blue whales were. As blue whales were more preferable for whalers, gatherings of Bryde's whales in this region probably suffered less from the catch.

Nutrition. In spite of the fact that Bryde's whales were found in the same areas as pygmy blue whales, there is, apparently, no nutritional competition between these species. The following facts are in favor of this conclusion.

Fig. 5.21. Embryo sizes of Bryde's whales in the Arabian sea in October - December

Both whales were well-fed. Male Bryde's whales had fat thickness 3 to 5 cm, females - 3 to 6 cm with a good output of fat while processing whale raw material. Small Euphausia and sometimes small fish were the basic food of pygmy blue whales, whereas the basis of Bryde's whales' food were rather large kinds of schooling fish (lantern fish of Mictophidae family; mackerel - Scomber tapeinocephalus; jack mackerel - Trachurus sp.; sardine - Sardinella sp. More than 400 sea perches - Perca sp. were found in the stomach of one whale). Small crustaceans Euphausiidae were seldom met. Mantis shrimps (Squilla sp., group Stomatopoda) were registered several times.

   5.5.3. Humpbacks

Humpbacks make a separate sort in the family of Bryde's whales. In the Southern hemisphere herds of humpbacks of Chilean waters, area of South Georgia island, West-African and East-African, West-Australian and the east - Australian coasts, waters of New Zealand and Tuamotu islands are rather well investigated. As to the humpbacks of northwest part of the Indian ocean, little is known about them.

P. Gervais (Gervais, 1888) has described a humpback from the bay Basra of the Persian gulf. However, on K. Townsend's distribution maps of whales (Townsend, 1935), made according with logbooks of 19th century American whalers, humpbacks were not marked to the north of Madagascar. And that time they conducted catch even by the coast of Arabian peninsula, where sperm whales generally taken.

Fig. 5.22. Bryde's whale distribution in the Arabian sea

A.G. Tomilin (1957, p. 303) assumed, that "some (apparently, insignificant) part of humpbacks, passing to the north of Madagascar, reaches the coast of Arabia and Balochistan and even penetrates into the Persian gulf". Soviet whaling in the Arabian sea has essentially changed this point of view.

Volume of catch. The first 3 humpbacks were taken in the Arabian sea in 1965/66 voyage by the "Slava" flotilla: on November, 12 a 13.8- meter- long male at 14°21 N lat and 52°34.E long.; two more humpbacks (males also) were extracted on November, 18 on 15°5.N lat. and 52°22.E long. One of them was 14.1 m long, the other - 13.4 m. In the same voyage one humpback in the Arabian sea (15°46N lat 54°31E long.) on November, 17 was caught by "Sovetskaya Ukraina". It was a female 13.7 m long. There have been no other details about these whales. The active catch of humpbacks in the Arabian sea was conducted in 1966/67. The flotilla management took into consideration the experience of the two previous voyages about humpbacks being in the Arabian sea at that period of and their keeping to the north of pygmy blue whale and Bryde's whale congestion. They also considered the message from shrimp base "Van-Gogh", from the former captain of the Odessa whaling flotilla, a well-known whaler-poacher A.N. Solyanik about a herd of humpbacks seen from board of a vessel in March, 1966 in the area with coordinates 24о56.N lat. and 61о41.E long. The news might have filtered to the Soviet whaling flotilla (the source is unknown to us) that Kuwait ostensibly assumed to whale in the Persian gulf, and, hence, there should have been whales in the gulf and adjacent waters. As a result, Odessa flotillas began whaling in that region. In November, 4 - 22, 1966 "Sovetskaya Ukraina" extracted 238 humpbacks. Totally in the Arabian sea the "Slava" and "Sovetskaya Ukraina" took 242 humpbacks in two seasons. The main gatherings of humpbacks were found in the area of islands Kuria Muria and Masirah (coast of Oman), and also by peninsula Kathiawar (fig. 5.23). 

Sizes. The dimensional structure of humpbacks, caught in the Arabian sea by the "Slava" and "Sovetskaya Ukraina" flotillas, is given on Table 5.10.

Table 5.10: Size of humpback whales caught in the Arabian Sea

	Length, m
	Males
	Females

	
	n
	%
	n
	%

	9.1-9.5
	1
	0.8
	3
	2.7

	9.6-10.0
	1
	0.8
	2
	1.8

	10.1-10.5
	5
	4.0
	1
	0.9

	10.6-11.0
	3
	2.4
	3
	2.7

	11.1-11.5
	1
	0.8
	-
	-

	11.6-12.0
	7
	5.5
	5
	4.5

	12.1-12.5
	15
	11.9
	8
	7.1

	12.6-13.0
	29
	23.0
	8
	7.1

	13.1-13.5
	48
	38.1
	25
	22.3

	13.6-14.0
	14
	11.1
	26
	23.2

	14.1-14.5
	1
	0.8
	20
	17.9

	14.6-15.0
	1
	0.8
	9
	8.0

	15.1-15.5
	-
	-
	2
	1.8

	Total
	126
	100
	112
	100


As we see, males of 12.1 -14.0 m and females of 13.1 -14.5 m were most often caught (71.0%). The smallest extracted male was 9.5 m long, and the largest one - 14.9 m. The average length of males was 12.78 m. The minimal size of a female was 9.1 m, and maximal - 15.2 m, the average length of 13.31 m. The average size of all humpbacks without sex division equaled 13.05 m.

According to the data pelagic catch in other regions of the Southern hemisphere waters in 1933 - 1945, the average length of male humpbacks was 12.21 m, females - 12.79 m. The average length of males and females together equaled 12.47 m (Tomilin, 1957). Hence, the average sizes of humpbacks of the Arabian sea were a little bit higher than those of humpbacks, extracted in more southern areas of the Indian ocean. One of the reasons can be that these herds had not been whaled earlier, and larger animals were kept in them, but it is also possible that this distinction is of population or of specific character. 

Correlation of female biological groups. The Arabian sea humpbacks (both males and females) become mature since their body length is 11.5 m. Correlation of different biological groups among 97 examined females is shown in Table 5.11.

Table 5.11: Correlation of different biological groups of female humpback whales in the Arabian Sea

	Length, m
	Number
	Pregnant
	Lactating
	Farrow
	Sexually immature

	
	n
	n
	%
	n
	%
	n
	%
	n
	%

	9.1-11.5
	9
	-
	-
	-
	-
	-
	-
	9
	100

	11.6-12.0
	4
	1
	25.0
	-
	-
	1
	25.0
	2
	50.0

	12.1-12.5
	7
	1
	14.3
	-
	-
	5
	71.4
	1
	14.3

	12.6-13.0
	8
	2
	25.0
	1
	12.5
	5
	62.6
	-
	-

	13.1-13.5
	23
	15
	65.2
	1
	4.4
	7
	30.4
	-
	-

	13.6-14.0
	20
	7
	35.0
	-
	-
	13
	65.0
	-
	-

	14.1-14.5
	15
	9
	60.0
	1
	6.7
	5
	33.3
	-
	-

	14.6-15.0
	9
	2
	22.2
	-
	-
	7
	77.8
	-
	-

	15.1-15.5
	2
	2
	100
	-
	-
	-
	-
	-
	-

	Total
	97
	39
	40.1
	3
	3.1
	43
	44.4
	12
	12.4


Almost identical correlation between pregnant females (40.1%) and spinsters (44.4%). There were 45.9% pregnant out of mature ones, and 51.8% spinsters. The low percent (3.1%) of feeding females in the Arabian sea humpback herds at that time of the year according to catch data is also proved by observation from the search vessel: only one female with a sucker was observed.

The sizes of embryos. 47 embryos were found in 39 pregnant females. One 14.6 m-long female had monozygotic twins – a 190 cm female and 210 cm male. The female sizes and their embryos are given in Table 5.12.

Significant prevalence of females among embryos (68.4%), most likely, does not reflect the natural correlation of sexes and can be explained by small sample. More essential is the fact that fluctuations of embryo lengths appeared insignificant. If we do not take into account one male embryo 64 cm long, fluctuation of lengths were within 140 - 375 cm, average sizes being extremely high for November - 232 cm. Embryos being ranged by length, the distinction between the two next ones did not exceed 20-22 cm. Such compactness is usually inherent to isolated, not mixed, herds of whales.

Table 5.12: Sizes of female humpback whales and their embryos

	Female length, m
	Length and sex of embryo, sm
	Female length, m
	Length and sex of embryo, sm
	Female length, m
	Length and sex of embryo, sm

	13.0
	140 female
	13.7
	360 female
	13.2
	64 male

	14.1
	142 female
	13.3
	269 female
	12.8
	140 male

	14.5
	160 female
	13.3
	270 female
	14.3
	161 male

	11.9
	170 female
	12.7
	280 female
	14.2
	164 male

	13.7
	180 female
	14.4
	280 female
	14..0
	170 male

	14.2
	182 female
	13.4
	280 female
	13.2
	198 male

	13.1
	183 female
	13.1
	295 female
	13.1
	200 male

	14.6
	190 female

210 male
	15.2
	300 female
	12.1
	213 male

	13.2
	200 female
	13.6
	310 female
	13.8
	230 male

	13.7
	230 female
	13.3
	310 female
	13.3
	275 male

	13.4
	250 female
	15.2
	330 female
	14.3
	340 male

	13.1
	250 female
	13.3
	353  female
	14.3
	375 male

	14.3
	260 female
	
	
	
	


Terms of mating of the Arabian sea humpbacks have been calculated by length of the embryos, which were found. The season of mating appeared to last about three months and a half - from the beginning of January till the beginning of May, at its peak at the beginning – in the middle of March. Hence, the season of calving begins in December, its peak being at the beginning of February. It looks quite real, as the largest embryos at the beginning of November were already 340-375 cm long. It follows from these facts, in particular, that the Arabian sea humpback whales in the nearest months, most likely, remained for the delivery in the warm waters, instead of migrating in the Antarctic Region.

The terms of reproduction season, determined by us for the Arabian sea humpback whales, practically coincide with terms of mating and calving of humpbacks not of Southern but of Northern hemisphere. These were calculated for the Northern Pacific by A.G. Tomilin (1957). In his work on the basis of I. Matsuura's data (Matsuura, 1935) he showed that some part of humpbacks in the waters of Japan have the second peak of matings with a 6 month phase shift, I.E. in September – October, and this gives grounds to assume the presence of the additional season of reproduction for the Arabian sea humpback whales as well.

Coloring and cover damage. Three main types can be singled out by the coloring features of ventral side of the Arabian sea humpback whale's body (fig. 5.24), close to what was singled out by L. Matthews (Matthews, 1937), H. Omura (Omura, 1935), I. Matsuura (Matsuura, 1940) for humpback whales of southern latitudes:

a) "Black-bellied" - with a black belly and black ventral side of tail blades. To the same type belongs variation when in the area of throat and (near) anus there were small white- and gray- colored stains, and the ventral side of the tail fin is also white and gray. 

b) "Multicolored-bellied" refer to the second type - with big white spots in the area of throat and (near) anus. Variations: two - three light stains, sometimes merging in one, in the area of anus. Ventral side of tail blades is usually white or gray.

c) "White-bellied" - ventral side of tail blades is always white. Variations are expressed by different degree of white coloring of belly and sides.

From the examined according to this attribute 65 humpback whales, 46.2% of animals belonged to the first type, 26.2% - to the second, 27.6% - to the third one. We shall note that M.V. Ivashin's data (1958), in the third sector of the Antarctic Region (Indian ocean sector) where the southern - African herd of humpbacks fattens, black-bellied whales also prevail, but the percentage of them is almost twice higher - 80%.

Damage of the humpback whale's body surface by coronulas was insignificant. Besides, coronulas (Coronula sp.) appeared to be of smaller sizes than usually of this kind in southern latitudes. Their kind has not been determined. On the body surface of even young 1-2 year-old whales there were usually oval light marks ("white scars"). But fresh, not cicatrized, oval scars were not revealed on specially examined according to this attribute 30 humpback whales from the Arabian sea.

Fig. 5.24. Coloration types of the ventral sides of humpback whales in the Arabian sea

Nutrition. Stomachs of 190 humpbacks were examined. The degree of their filling appeared the following: "full" - 10.0%; "half" - 40.5%; "not enough" - 34.2% and "empty" - 15.3%. Such filling of stomachs testifies to a good forage reserve of the area. In most cases Euphausia was the food, but there were also cases of feeding by fish: Atlantic horse mackerel (Carangidae), Atlantic mackerel (Scomber scombrus), sardine (Sardinella genus) - in one of the stomachs there appeared about a ton of this fish. Mixed nutrition with prevalence of Euphausia was in the northeast part of the Arabian sea.

Pathological changes. Liver of many humpback whales of the Arabian sea is affected. Out of 38 examined animals pathology of liver was registered in 68.5% cases. Connective tissue degenerations of peripheral area of liver was also observed. They looked like cone form cone shaped warts, sometimes up to 20 cm in diameter. Bile ducts were filled with rich gray dirty paste. The picture of pathological changes reminded liver affected by trematodes parasitizing in it. However, it was not possible to remove these worms from the parasitized areas. Attributes of atherosclerosis of liver blood vessels were also singled out. Besides, walls of arteries in the rectum were thickened and firmer.

While analyzing these data, not only the presence of rather great quantity of humpback whales in the northern part of the Arabian sea attracts attention, but also time of their presence in this area. The message from the shrimp base "Van-Gogh" about their meeting in March with two herds of humpbacks by coast of Pakistan does not contradict the standard map and time of their subsequent migration to the waters of the Antarctic Region - active migration of humpback whale herds to the south is observed in the late autumn. 

But detection of humpbacks in the northern part of the Arabian sea in November demands special attention. We shall notice also that observers from search whalers in the first half of December registered humpback whale moving by the coasts of Oman and Pakistan - India only in northern and northeast directions, not to the south.

These facts do not fit in A.G. Tomilin's version (1957) about probable migration for wintering "of some (apparently, an insignificant part)" of humpbacks of the south - African population to the Arabian sea. 

On the other hand, there are no data on humpback whales migration into these waters from Northern hemisphere (say, through the waters of Indonesia from the Northern Pacific). Distribution maps of humpbacks by K. Townsend (Townsend, 1935) and our maps, constructed on the basis of true Soviet whaling data, visually show (fig. 5.25) that in the Indian ocean humpbacks of southern subspecies in November - December were to the south of the thirty fifth - fortieth parallels. 

Neither scientific nor whaling ships of the "Slava" and "Sovetskaya Ukraina" flotillas when they went whaling and back through Suez canal noticed humpbacks between 10оN lat. and 20оS lat in October – December and in April - May.

Fig. 5.25.Humpback whale distribution in November - December

According to some other researchers (Angot, 1951; Tonnessen, 1967; Rorvik, 1980; Findlay et al., 1994) in area of Mozambique, Madagascar and Mauritius from August till October humpbacks practically were not seen to the north of 20О-15ОS lat. They were not registered in the area of the Seychelles islands in April - July (Keller, Leatherwood and Holt, 1982). Not a single humpback whale was noticed in May - July by the expedition of 1993, which crossed the Indian ocean from Australia to Africa, basically along the 12оS lat (Eyre, 1995).

Summing up the above-mentioned Indian ocean research data, we see that humpback whales were not registered between 10ОN lat and 15ОS lat. And between 15О-20ОS lat only single animals were marked. Most likely, Southern hemisphere humpback whales in the Indian ocean do not come into the tropical zone and do not cross it - the strip more than a thousand miles wide.

According to the 1966/67 voyage, the average length of pregnant females in the Arabian sea was 13.62 m, and in the Antarctic waters - 12.86 m. The average sizes of humpback whales of the Arabian sea in November (13.05 m) were much higher than those in other regions: in December - 12.58 m, in January - 12.51 m, in February - 12.38 m, in March - 12.09 m. The percentage of male and female humpback whales in the Antarctic waters was practically equal, while in the Arabian sea males prevailed (52.9%) which are smaller than females and, hence, the valid average length of whales appeared a little underestimated. If in the Antarctic waters the average length of 257 measured embryos in November was 35 cm (Tomilin, 1957), in the Arabian sea it was by two meters higher - 232 cm. This convincingly proves that sexual cycle of the Arabian sea humpbacks in comparison with the Antarctic whales is displaced by half-year and corresponds to Northern hemisphere humpbacks.

Unfortunately, other morphometric data were not kept (anyway, we have not managed to restore them yet). Therefore we do not have opportunity to compare them with measurements of humpbacks of southern populations of the Indian ocean. There are no also characteristics of age structure of these populations.

According to M.V. Ivashin (1958), most of the humpback whales of the eastern and western Australian herds belongs to the second and third coloring types. In the third sector of the Antarctic Region where South African herd of humpbacks fatten, "black-bellied" whales prevail (more than 80%). "Black-bellied" ones also prevail among the Arabian humpback whales, however, they make only 46.2%. Thus, the Arabian sea humpback whales differ by their coloring both from the Australian-New Zealand and South African ones.

They have much fewer "white scars" from stings by small pelagic sharks on their body than the Antarctic ones (Shevchenko, 1971; Shevchenko, 1975; Shevchenko, 1977). The scar 25-30 cm long and 10-15 cm deep on the tail stalk of one humpback whale cannot be evidence of migration into these waters of humpbacks from southern latitudes. It can be a scar from the harpoon, but it was not necessarily received in the Antarctic Region. Most likely it could be the result of whaling in the Arabian sea in the previous, 1965/66, voyage. There can be and other reasons of such a big scar: hit by a vessel, injury by fishing tackles or by military shells, and others.

***

The above mentioned data show that humpback whales live in the Arabian sea, which, most likely, do not migrate to the Antarctic fattening fields and, hence, are rather isolated from all other humpback populations of the Indian ocean. They are also practically isolated from the Northern Pacific humpbacks. The distinctions of the Arabian sea humpbacks (by the structure of herds, body size, coloring, character of fouling, damages to integuments, pathological changes in liver and vascular system) are so great, that these humpbacks should be separated into an independent population. It is possible that P. Gervais (Gervais, 1888) was rights, having separated the Persian gulf humpback whales into an independent species Megaptera indica. Further complex researches of the Arabian sea humpback whales, including the ones on the genetic level, can finally solve this question.

Compared to the humpbacks of the Antarctic Region, this population had been untouched and in a safe condition before the active catch began in 1966/67, which is grounded on high average sizes of the whales, some prevalence of males, almost equal ratio of pregnant and spinster females, and low percentage of immature animals. 

According to the subjective opinion of scientific employees of the search vessel the "Bditelny-24" L.V. Korabelnikov and V.E. Filippenko, who were carrying out the whale investigation in the Arabian sea in November, 1966, about 60% of the noticed animals were taken. It is possible also that during that period of time part of the humpbacks was further to the north - in the Osman and Persian gulfs, and whaling did not take place there. This fact gives up hope that not all population of the Arabian sea humpback whales had been killed and restoration of its population number is possible.

During the subsequent seasons whales in the Arabian sea were not taken. Some insignificant part of whales could have become an innocent victim as a result of active fishery in that region (animals could have got into nets and trawls), as a result of military exercises and wars in the Persian gulf. It would be interesting to collect the data from fishing vessels and warships. It would be desirable to hope that since the period of active catch in course of 30 years the population of the Arabian sea humpback whales has recovered.

   5.5.4. Sperm whales

When there were restrictions on catch of baleen whales in the Arabian sea, and taking of pygmy blue whales, Bryde's whales and humpbacks was nothing else but the gross violation of all provisions of the Whaling Rules, the situation with sperm whales is different. Extraction of toothed whales was not limited in terms and by the southern fortieth parallel. The Rules restricted only the size of the animals. However, whaling flotillas the "Slava" and "Sovetskaya Ukraina" did not observe this restriction – sperm whales were successively caught. As a result, a lot of small-size whales and lactating females, not allowed to be taken, were slaughtered.

Distribution. Areas of concentration of sperm whales in the Arabian sea (fig. 5.26) practically coincide with those of pygmy blue whales and Bryde's whales (fig. 5.18 and 5.22). The reason is clear to be in high fodder efficiency of these areas. Three gatherings of sperm whales, the same as of Minke whales, can be selected in the Arabian sea: in the gulf of Aden, in the Maldive islands area and in an equatorial zone between 50О-55ОE long. It is important to note that distribution of sperm whales in this region is practically identical with the distribution of sperm whales on K. Townsend's maps (Townsend, 1935), designed with the help of logbooks of 19 century American whalers. That is, the character of their distribution has not changed for two centuries and, hence, is naturally determined.

Fig. 5.26. Sperm whale distribution in the Arabian sea

Volume of catch. 46 sperm whales were taken by the "Slava" in the first half of November, 1963: 11 males and 35 females. In the following season sperm whales in this region were extracted longer period (from November, 8 till December, 15), and, 229 sperm whales were caught: 186 females and only 43 males. In the last, the 20th voyage, 7 males and 38 females -45 sperm whales total- were taken within two weeks of November by the "Slava" Thus, during three voyages in the Arabian sea the "Slava" took 320 sperm whales.

Twice as much took "Sovetskaya Ukraina" flotilla. During the period from the end of October till the middle of December, 1964, it took 534 sperm whales, 118 males and 416 females. In November of the next year 40 sperm whales were caught (9 males and 31 females), and in November, 1966 - 60 sperm whales (16 males and 44 females). 634 sperm whales total were taken during three voyages by "Sovetskaya Ukraina" flotilla in the Arabian sea, 143 males and 491 females. Both flotillas extracted 954 sperm whales - 204 males and 750 females (Table 5.13). 

Table 5.13: Number of sperm whales caught in the Arabian Sea

	Fleet
	Season
	Type of data about catch
	Whaling period
	Catch of males and females

	
	
	
	
	males
	females

(pregnant)
	Total

	"Slava"


	1963/64
	real
	09.11-15.11
	11
	38 (8)
	46

	
	
	by IWS
	-
	-
	-
	-

	"Slava"


	1964/65
	real
	08.11-15.12
	43
	186 (28)
	229

	
	
	by IWS
	November
	39
	3 (2)
	42

	"Slava"
	1965/66
	real
	12.11-26.11
	7
	38 (4)
	45

	
	
	by IWS
	-
	-
	-
	-

	"Sovetskaya Ukraina"
	1964/65
	real
	23.10-14.12
	118
	416 (83)
	534

	
	
	by IWS
	October - December
	95
	14 (6)
	109

	"Sovetskaya Ukraina"
	1965/66
	real
	13.11-24.11
	9
	31 (2)
	40

	
	
	by BIWS
	November
	158
	34 (9)
	192

	"Sovetskaya Ukraina"
	1966/67
	real
	04.11-22.11
	16
	44 (9)
	60

	
	
	by BIWS
	November
	57
	24 (9)
	81

	Total
	1963/64-

1966/67
	real
	23.10-15.12
	204
	750(134)
	954

	
	
	by BIWS
	October - December
	349
	75 (26)
	424


The information sent to the Statistic Bureau of the IWC about the number of sperm whales taken is given in this table for comparison. As we see, the "Slava" flotilla completely hid from the IWC the data on extraction of sperm whales in the Arabian sea in 1963/64 and 1965/66 seasons (the "Slava" did not present the data after her last voyage about all other kinds of whales either). Twice more sperm whales were taken by two flotillas than the IWC was informed about, the share of males in the message was increased in one and a half time, and that of females - 10 (!) times reduced.

The purpose of such distortion by flotillas is to hide from the public extraction of whales less than 11.6 m long - the minimal size stipulated in those years for sperm whales by Whaling Rules. The IWC introduced such measure with the purpose of protection sperm whale females, which are twice smaller than males, and the most part of whom having such sizes appears pregnant or feeding.

Sizes and correlation of biological groups. The minimal size of the extracted male sperm whale was 5.9 m, maximal - 15.8 m. Males 9.0 to 10.5 m were most frequent. They were sexually mature with fluid sperm, I.E., were sure to have participated in reproduction at that period of time, which is proved by the presence of females at early stages of pregnancy in gatherings. It is interesting that large males were registered also (about 11%), from 14.0 m up to 15.8 m long, which are usually met in high latitudes at this time of a year. We pay special attention to this, as in V.L. Yukhov's article (1969) it is wrongly said that in the Arabian sea large males had not been observed. Those whales kept a little away from groups of females and did not seem to own "harems".

The sizes of the extracted females varied from 6.5 m to 11.6 m, but most often animals 9.0 m to 9.5 m long were caught (Table 5.14). Among the extracted males about 80% (170 animals) were sexually mature. Among the examined females there were 4.7% sexually immature, 65.4% spinster, 25.5% pregnant , 4.4% feeding. From number sexually mature farrow females have made 69% of sexually mature were spinster, 26.8% -pregnant, 4.6%- feeding.

Sexually immature and lactating females, which do not participate in reproduction, rejected, no more than three females go to each sexually mature male. The percentage of pregnant and feeding shows that annually one third of females participates in reproduction. Hence, the correlation of males and females participating in reproduction is equal and polygamy of sperm whales is out of question.

121 embryos were found in 134 examined pregnant whales. By the condition of uterine complex, 25 females were at the early stage of pregnancy, but only 12 fetuses at embryogenesis stage were found. The sex of 109 embryos was determined. The correlation by sex was practically equal - 55 males and 54 females.

Table 5.14: Size-sex composition and correlation of different biological groups of sperm whales caught in the Arabian Sea

	Body length, m
	Number of males caught
	Number of females caught

	
	
	total
	examined
	sexually immature
	sexually mature
	pregnant
	lactating

	5.7-5.9
	1
	-
	-
	-
	-
	-
	-

	6.0-6.2
	1
	-
	-
	-
	-
	-
	-

	6.3-6.5
	-
	1
	-
	-
	-
	-
	-

	6.6-6.8
	1
	1
	1
	1
	-
	-
	-

	6.9-7.1
	2
	4
	3
	3
	-
	-
	-

	7.2-7.4
	2
	4
	-
	-
	-
	-
	-

	7.5-7.7
	2
	9
	6
	3
	1
	-
	2

	7.8-8.0
	2
	14
	7
	1
	2
	3
	1

	8.1-8.3
	5
	38
	27
	4
	17
	6
	-

	8.4-8.6
	8
	59
	34
	3
	23
	6
	2

	8.7-8.9
	8
	73
	49
	2
	28
	16
	3

	9.0-9.2
	12
	140
	98
	4
	64
	36
	2

	9.3-9.5
	13
	142
	108
	3
	66
	28
	11

	9.6-9.8
	17
	110
	77
	-
	58
	19
	1

	9.9-10.1
	12
	67
	51
	1
	32
	17
	1

	10.2-10.4
	10
	54
	37
	-
	30
	7
	-

	10.5-10.7
	12
	28
	22
	-
	19
	3
	-

	10.8-11.0
	5
	3
	3
	-
	2
	1
	-

	11.1-11.3
	6
	1
	1
	-
	1
	-
	-

	11.4-11.6
	3
	2
	2
	-
	2
	-
	-

	11.7-11.9
	9
	-
	-
	-
	-
	-
	-

	12.0-12.2
	8
	-
	-
	-
	-
	-
	-

	12.3-12.5
	9
	-
	-
	-
	-
	-
	-

	12.6-12.8
	4
	-
	-
	-
	-
	-
	-

	12.9-13.1
	12
	-
	-
	-
	-
	-
	-

	13.2-13.4
	6
	-
	-
	-
	-
	-
	-

	13.5-13.7
	6
	-
	-
	-
	-
	-
	-

	13.8-14.0
	5
	-
	-
	-
	-
	-
	-

	14.1-14.3
	6
	-
	-
	-
	-
	-
	-

	14.4-14.6
	5
	-
	-
	-
	-
	-
	-

	14.7-14.9
	5
	-
	-
	-
	-
	-
	-


The embryos can be distinctly divided into two dimensional groups: the first group of fetuses from an embryogenesis stage up to 1 meter long embryos, the second one- prenatal fetuses 300 cm to 420 cm long fig. 5.27).

It is usually considered, that the conception of large embryos of the second group happened 15-16 months before, and thus excessive extension of pregnancy of sperm whales is proved (Nishiwaki, Ichichara, Ohsumi, 1958; Berzin, 1961, 1963; Laws, 1959; Gambell, 1966; Matthews, 1938; Mizue, Jimbo, 1950; Chuzhakina, 1961). The opinion is disputable. The data presented by us give grounds to consider that pregnancy of sperm whales, like that of many other baleen and toothed whales, lasts within a year, and like many other kinds of whales, they have an additional period of matings with a 6-months phase shift (Tomilin, 1957; Naaktgeboren, Slijper, Utrecht, 1960; Mikhalev, 1995; Mikhalev, 1997).

In favor of such opinion speaks the dot diagram constructed according to the sizes of 6,233 embryos, out of sperm whale females caught by the Soviet whaling flotillas in the Southern hemisphere (fig. 3.12). Unfortunately, there are no data in it for the period from June till October, nevertheless the general tendency of prenatal growth of sperm whales is rather well traced.

In our opinion, conception of the second group (prenatal) fetuses of the Arabian sea sperm whales most likely happened during the additional period of matings, which is indirectly confirmed by the presence at that time of the year of rather great number of fetuses at embryogenesis stage.

One of distinctive features of sperm whale gatherings in the Arabian sea was the presence of ambergris in their intestines both in integral pieces up to 70 kg, and in loose small pieces. In more southern areas of the Indian ocean (subtropics, moderate zone and waters to the south) ambergris was found in sperm whales less frequently. The Arabian sea sperm whales are also notable for not having fresh injuries from stings by small pelagic sharks on their body at that time of the year. We shall note also that in their stomachs, in addition to fish and small cephalopods, huge squids were also found.

The given data allow to believe that the Arabian sea sperm whales, like other above described whales of the region, make a separate population, different from the sperm whales of Madagascar, area of Amsterdam and St. Paul islands, and other southern areas of the Indian ocean. However, the degree of isolation of various populations of this kind is less expressed (fig. 5.10).

Fig. 5.27. Embryo sizes from female sperm whales in the Arabian sea

The resume

 Maps of whale distribution in the Southern hemisphere and adjacent waters, with the account of earlier forbidden data on their marking and poaching commercial whaling (of more than 100,000 animals) have been arranged. Areas and whale migration ways have been specified. The maps essentially differ from published by the previous researchers and are supplemented with the detailed biological characteristic. The greatest concentration of baleen and toothed whales are observed in the highly productive zones of the World Ocean. Unproductive ("dead") zones where whales practically do not meet even during migrations are also revealed.

The correlation between the degree of female whale biofouling by diatoms and the average sizes of the fetuses found in them is established. On this basis the original technique of definition of whale body biofouling speed has been worked out. The method has let us reveal complex character of migrations of Minke whales. Males come first on the feeding fields, followed by farrow females, and after them pregnant and non-sexually mature ones. Large pregnant females, then males and farrow females leave the feeding fields. Part of Minke whales stay in the Antarctic Region for the winter period of time.

Distinctions between whale herds (populations) have been revealed: on the basis of the analysis of: "pair formation" position; degree and character of integument injuries; features of stratification structure in sperm whale teeth; the analysis of embryo average sizes; features of body coloring, and other phenes. These features make a distinctions between Chilean - Peruvian fin whales and those of South Georgia island, between gatherings of the Bellingshausen sea and herds from the area of islands Bouvet, Gough and the Indian ocean island zone. Southern Atlantic sei whales differ from herds of the Indian ocean and the Chilean congestion. Particularly differ Minke whales of the Amundsen, Bellingshausen, Weddell, Mawson and Commonwealth seas. Distinctions of sperm whales of all three oceans are appreciable.

It is shown that in the Arabian sea there are isolated populations of pygmy blue whales, humpbacks, Bryde's whales and sperm whales. The average animal size, body coloring, degree of integument injuries, pathological changes of internal bodies differ. Isolation of these populations is promoted by good forage of the region and, on the contrary, by low fodder productivity of the tropical zone waters adjacent to the south. The distinction of the Arabian Sea humpbacks is so great that it is lawful to return to them the rank of species Megaptera indica (Gervais, 1888). It would be reasonable to use the Arabian sea as the ground for carrying out research and experimental and economic works on studying whales, in particular, due to ecological tourism.

On the basis of the body proportion analysis, the average size of the same-age animals, relative weight of sexual glands and rate of accumulation of ovulation and pregnancy traces, and also isolation of dwelling areas, the conclusion is made about the existence in the Southern hemisphere except for ordinary killer whales - Orcinus orca Linnaeus, 1758, short- body killer whale - Orcinus nana Mikhalev, 1981.

 7  Antarctic ecosystem status and perspectives on whale population recovery

 7.1  Structure and productivity of communities in the Antarctic Region

Cetaceans being on one of the tops of trophic pyramids, play an important role in marine (rarely in fresh-water) ecosystems. Their viability considerably defines speed and efficiency of cycle of organic matter and energy in biogeocenosis and finally substantially affects biological efficiency of ecosystems. As a result of extended transzonal migrations the value of cetaceans in realization of transboundary transportation of substance and energy, both vertical, and horizontal, is great. The influence of whales on various communities of Antarctic ecosystems is so diverse and ambiguous, that on modern level of knowledge can be hardly estimated quantitatively or even qualitatively. Such estimations can have only rough character.

Dramatic reduction of number of some species of whales, caused by intensive catch during very short period of time from the evolutionary point of view, should result in significant changes of functioning of the World Ocean ecosystems. Researchers pay the greatest attention to the question of biological consequences of mass destruction of southern hemisphere baleen whales. According to our calculations, 1.5 up to 2.0 millions tons of biomass of whales per season were withdrawn from Antarctic and adjacent waters. How did it affect pelagic communities of Antarctic? The definition of size of "surplus" of Antarctic krill, which had been consumed by whales (so-called "surplus of krill"), and the opportunities of its withdrawal (use) by people, is connected with this question, too.

These questions are rather complicated and difficult to solve. The difficulties are connected with lack of information on modern condition and productivity of pelagic Antarctic ecosystem, character of trophic links, importance of separate food chains in transfer of matter and energy, abundance and biomass of organisms on different trophic levels. The available estimations received by different researchers on the basis of various methods and approaches, differ among themselves essentially (Bushuev, Mikhalev, 2000). Even more difficult the task is to reconstruct the initial conditions of the Antarctic water ecosystem, which had existed before destruction of big baleen and toothed whale and to define the importance and scale of these changes.

Retrospective estimation of productivity of pelagic ecosystem in the Antarctic Region is based mainly on calculations of possible consumption of feeding objects by populations of whales at an initial quantity level. Publication of real Soviet whaling data since 1947 to 1972 (Yablokov, 1994; Zemsky et al., 1994; Zemsky et al., 1995; Zemsky et al., 1995a; Zemsky et al., 1996; Zemsky, Mikhalev, Tormosov, 1994, 1997; Tormosov et al, 1998; Yablokov, etc., 1998; Kasuya, 1999; Mikhalev, 2000, 2000a, 2002; Zemsky, Mikhalev, 2000, 2000a;, etc.) should help to specify of real volumes of initial whales stocks and give more reliable estimation of their influence on marine communities.

Nowadays the concept has been recognized, according to which the Antarctic is not a single large-scale ecosystem. In its communities all trophic chains are somehow enclosed on Antarctic krill (Euphausia superba Dana) and represent a number of ecosystems that differ in structure and character of functional links (Lubimova, 1987). The opinion about trophic system based on three-linked chain "phytoplankton-krill-toothed whales" has not been the prevailing one in the Antarctic (Naumov, 1983; Voronina, 1989).

G. Naumov (1983) distinguished 4 systems of food chains that have various number of trophic levels (from 3 up to 7), with hot-blooded (or hematothermal) vertebrates on the top: baleen whales, toothed whale, pinniped and birds. The character of matter and energy streams in these systems essentially differs, whenever the efficiency of formation (power cost) of consumers' biomass of the highest level in relation to primary production can be different by some orders. 

The main production part of consumers of the first order in the Antarctic trophic net is related to Copepods. Production of Copepods is estimated more that 2 billions t/year (Voronina, 1987, 1989). Besides, most their part is consumed by planktonic predators (Copepods, Chaetognatha, Hyperiidea) and small fish (mainly myctophids). The importance of a short food chain, for instance "phytoplankton - copepods - sei whales", is rather insignificant.

As to estimations of krill stock, they change within the wide limits depending on the applied method of calculation (direct calculation – trawling and hydro-acoustic samplings; the estimations based on definition of volumes of primary production, abundance and consumption of consumers of various orders), and also on the probable area of mass development of Е. superba and on average values of krill's density of distribution in water area of Antarctic taken for a basis. Therefore a range of existing estimations of krill's biomass is very large – from 60 million tons up to 25 billion tons, and forecasts about the volumes of its allowable withdrawal vary from 5 million tons up to 1.8 milliard tons (Pequegnat, 1958; McQuillan, 1962; Mackintosh, 1970; Gulland, 1970; Allen, 1971; Nemoto, Nasu, 1975; Everson, 1977; Klumov, 1963; Bogdanov, Lubimova, 1978; Naumov, 1978; Lubimova, Shevtsov, 1980; Lubimova, Shust, 1980, 1987; Naumov, Chekunova, 1983; Laws, 1985). It is obvious, that at a modern level of knowledge about the processes of (cycle of matter) circulation of substances and energy in ecosystems of the Antarctic it is difficult to determine the volumes of production and total biomass of krill. That is why many researchers, having determined the volumes of possible withdrawal of krill, abstain from estimations of the general biomass. The volume of allowable trade withdrawal of krill thus is usually connected with size of so-called "surplus" of krill at the expense of decrease of its consumption by baleen whales.

 7.2  Place and role of Cetaceans in the Antarctic ecosystems

Originally it was considered that baleen whales are the main consumers of krill in the Antarctic Region and amount of krill that was eaten by all other groups of animals is much less than that withdrawn by whales (Pequegnat 1958; McQuillan, 1962), but subsequently this position has been challenged. A. G. Naumov (1978), A. G. Naumov and V. I. Chekunova (1983) consider that part of whales in krill consumption came to about 20% earlier, now is 10-15%, and its main part is eaten by fish and cephalopods. Nevertheless, the majority of estimations of initial volumes of withdrawal of krill by baleen whales before reduction of their number had been characterized with rather big sizes at rather small range of values – 120 - 288 million t/year (Zenkovich, 1969; Mackintosh, 1970; Nemoto, Nasu, 1975; Naumov, Chekunova, 1983; Zenkovich, 1970; Laws, 1977). Actual volume of withdrawal was even bigger, because on the basis of the data on large-scale poaching of whales their initial population should be reconsidered towards substantial growth.

R. Laws (Laws, 1977) made an attempt to analyze zonal distribution of all whale species in the Southern Ocean and to determine a degree of availability of krill and other objects of their feeding (fish, squids) for every species separately. According to his calculations, initially baleen whale population consumed about 190 million tons of krill per year, whereas contemporary consumption is 43 million t/year. The difference of 147 million tons corresponds to the formed "surplus" of krill biomass. As a result of seasonal whale migrations in low latitudes about 42% of the energy, which has been accumulated by whales in form of fat during the feeding period, is carried out beyond the Antarctic.

In recalculation on the consumed krill, the energy carried out beyond the Southern Ocean, reduced from 60-70 million t/year of initial level up to 9.7 million t/year in 1970th. Certainly, these calculations have rather approximate character. A.G. Naumov and V.I. Chekunova (1983), using the same data base on number and biology of whales as R. Laws (Laws, 1977) but other energy expense coefficients for animal ability to live, have defined the size of krill's consumption by baleen whales at an initial level of their number, which equaled 288 million t/year, and size of krill "surplus" – in 218 million t/year.

Now, after publication of the data about large-scale poaching, the initial data demand an essential updating (Bushuev, Mikhalev, 2000). For example, R. Laws (Laws, 1977) used the initial abundance of Minke whales as 200 thousand heads. Thus, it was calculated that this species has been consuming 20 million t. of Euphausidae annually. However, by later estimations of the SC IWC, contemporary Minke whale population in the Southern hemisphere was determined as 760 thousand heads (Borodin, 1986), and the number is, probably, underestimated. 

R. Laws (Laws, 1977) has proceeded from the fact that Minke whale is a permanent inhabitant of Antarctic Region and continues to feed with krill all year round. This statement doesn't agree with fixed opinion about the annual cycle of Minke whale, similarly to large baleen whales, has well determined feeding (in the Antarctic Region) and winter (in low latitudes) periods, which has been proved by visual observations, catch and results of marking (Ivashin, Popov, Tsapko, 1972; Best, 1982; Mikhalev, Tormosov, 1997; Kato, 1987; Williamson, 1975).

Only a small part of population can remain in high latitudes all year round. In winter aggregations of krill stays mainly in a dissipate condition (Bogdanov, Lubimova, 1978). In connection with the significant distribution of floating ice to the north, in winter practically all areal of Е. superba is inaccessible for whales, and they are compelled to eat other, less abundant species of Euphausidae. Therefore, winter residence of main population of Minke whales in the Antarctic (under condition of normal summer feeding period) is represented energetically inexpedient.

In view of the aforesaid, S.G. Bushuev (2000) counted the size of krill consumption by the initial population of Minke whales (382 thousand heads), which made 14.4 million t/year. By S.G. Bushuev's and Y.A. Mikhalev's (2000) calculations, consumption by modern population of Minke whales is 22 - 28 million t/year. A. Armstrong and V. Siegfried (Armstrong, Siegfried, 1991) estimated annual krill withdrawal by these species even higher – 35 million t.

Despite the optimistic views expressed earlier about an opportunity of fin whale, humpback and blue whale population restoration under condition of long-term termination of catch (Mackintosh, 1970), destruction of whales by poaching resulted in not essential increasing of big baleen whale population since 70th till now, and decreasing for some species. Anyway, the number of large baleen whales feeding in the areal of Е. superba is much lower than that accepted by R. Laws' calculations (Laws, 1977). Accordingly, the volume of krill consumption by whales also should be lower.

From total amount of krill, consumed earlier by baleen whales, a bigger part – up to 95% - is eaten now only by Minke whales who kept their number (Armstrong, Siegfried, 1991), whereas initially their part did not exceed 8 - 10%.

 7.3  Changes in the Antarctic ecosystems related to catches of large species of baleen whales

How has "release" of significant amounts of krill after extermination of big whale species of affected the marine communities in the Antarctic Region? What groups of consumers has this "surplus" been used by? Unfortunately, there are still more questions, than satisfactory answers.

In the second part of 20th century a significant number of researches began to pay attention to changes in the Antarctic communities. In most of them the intensity of reproduction, increase of number of populations and expansion of habitats of some species who are consumers of Antarctic krill was registered. Directly or indirectly these changes are caused by improvement of feeding conditions. Undoubtedly, these processes take place, but not all submitted arguments are convincing. In particular changes, supposedly occurred in reproductive cycles of big species of baleen whales (fin whale, dark blue whale, sei whale) expressed in increase of number of pregnant females and decrease of sexual maturity age by 5-6 years (Sigurjonson, 1980; Lockyer, 1972, 1974; Laws, 1977; Doi et al., 1970; Gambell, 1968, 1973), have more likely been determined not by improvement of feeding period conditions but by methodical mistakes of researches. In our opinion, the registration of earlier seasonal occurrence of sei whales in the Antarctic and their detection more southerly than usual (Gambell, 1968) can be explained by insufficient level of knowledge of these species migrations, not by expansion of its areal. In any case, these changes have not resulted in appreciable increase either in sei whale or other species of baleen whales number.

In several works it is said about decrease of minke whale sexual maturity age by 5-8 years during the period from 1940th till 1970th (Masaki, 1979; Best, 1982; Kato, 1983, 1987; Kato, Sakuramoto, 1991) and about decrease of middle-age of females that are pregnant for the first time, increase in growth rate and body length by the moment of physical maturity (Kato, 1983, 1987). However, the proof basis raises doubts. Change of the biological parameters can be caused by changes of areas of catch and volumes of catch. Thus, M. V. Ivashin (1984) states increase of average sizes of minke whales by 0.2-0.3 m in the catch from the beginning of 1970th up to the middle of 1980th. However while calculating he used forged statistical data instead of actual results of the catch. The conclusion about decrease of sexual and physical maturity approach age on the basis of the analysis of the location of so-called "transitional phase" in whale ear plug is also very doubtful. This methodology is arguable and is hardly accepted by all researchers. J. Cook and V. De La Mar (Cook, De La Mar, 1983) have expressed doubts in reliability of these data, having specified the problems of exact definition of age and sample representing. We have also showed an inaccuracy of method of baleen whale sexual maturity definition on the basis of "transitional phase" position in ear plug (Mikhalev, 1990, 1990a, 2000; Mikhalev, 1991).

The statement that the extermination of big species of baleen whales increases the number of minke whales and, hence, the consumption of antarctic krill by them (Borodin, 1998), does not stand up to criticism. To doubt the conclusion, it is enough to note that estimation of of minke whale number in the Antarctic Region for the short period time have improbably increased – from 70 thousand (Ohsumi, Masaki, Kawamura, 1970) up to 200 thousand (Laws, 1977), then up to 382 thousand (IWC., Rep.int. Whal. Commn., 1985), and even up to 760 thousand heads (IWC. Sci. Rep. int. Whal. Commn., 1991). In other words, during two decades the number of minke whales has increased by ten times, which obviously contradicts with their reproductive ability. But even if to admit that consumption of krill by minke whales (whose number so incredibly enlarged for the last decades) has increased twice or three times (Kato, 1987; Bushuev, 2000; Armstrong, Siegfried, 1991), the figure appears lower by ten times than surplus of krill that had been calculated. It is obvious that with catastrophic reduction of big species of baleen whales, minke whales could have used only the small part of the "surplus" of krill.

There are also the researches testifying to the increase of populations of some species of penguins (Sladen, 1964) and pinnipeds (Laws, 1973, 1977a, 1985; Payne, 1977; Bengston, Laws, 1985; IWC. Rep. Int. Whal. Commn., 1994) from 40th till 70th. By R. Laws estimations (Laws, 1985), for the last 20-30 years the populations of antarctic seals have been growing by 7.5% per year, Adélie penguin – 2-3% per year, antarctic and Macaroni penguins – 6-10% per year. He believes that due to growth of number of birds and pinniped all "superfluous" krill has been consumed by them, and the upper trophic level of the Antarctic community changed from "whale" to the mainly penguin - seal one. Total consumption of krill by these groups of consumers has increased from 100 up to 260 million t/year (Laws, 1985).

Unfortunately, there are many reasons to doubt the reliability of these conclusions. Firstly, because the observations of populations of marine animal growth, which were carried out mainly in one of the specific areas – in the Atlantic part of the Antarctic – were extrapolated through its whole areal. Secondly, there are no other works except for researches by R. Laws (Laws, 1977) in this area. Only rough data about little increase of number of crab eater from 15 million up to 17 million heads (Borodin, 1996), which is within the framework of an error of the method, are available. Definition of initial number of populations of pinniped and birds is hardly reliable because more or less regular registration began only in 1970th and these works are yet insignificant.

It is also necessary to note that "surplus" of krill, which had been eaten earlier by big species of baleen whales, could hardly be used completely or to a greater extent by birds and seals, in view of species-specific distinctions in character of distribution and ways of food consumption between them. Areas of feeding of baleen whales and habitats of antarctic seals and penguins overlap, but zones of the most mass concentration of these groups of consumers do not coincide.

Thus, seals and penguins during the period of fattenning gravitate towards either the zone of pack-ice, where they use numerous cracks in the ice, ice-holes and fractures, or to the open coast. In clean water far from the coast or ice edges they are rather rare. Characteristic feature of distribution of minke whales during feeding period is their concentration near the pack-ice edge, and during the time when ice is the least– directly near the coast of a continent (Ichii T., 1990). In the open water on significant distance from the ice edge minke whales are registered very rarely. Mostly it occurs during migrations. According to our observations minke whales usually do not stay here for a long time even on well expressed krill stains.

On the other hand, the basic regions of concentration of big species of baleen whales are located appreciably to the north of pack-ice edge (with the exception of dark blue whale in IV-VI trade sectors of Antarctic). Using an advantage of the big sizes and specificity of the fiber filter device, large baleen whales can successfully be fed on more rarefied and less stable concentrations of krill than minke whales, and particularly than seals and penguins. Oceanic birds, widely distributed through the whole Antarctic Region, can get krill only from the water surface and, hence, its main gatherings in water column is completely inaccessible for them.

The main regions of feeding of seals, penguins and Minke whales may coincide with the reproductive area of Е. superba population in the system of closed circulations in neritic zone of the Antarctic Region, and big species of baleen whales to a greater extent use the exported part of krill population carried away to the north by western branches of cyclonic circulations (Samishev, 1983). Thus, seals and penguins most probably could use only some part of the "surplus of krill" accessible to them.

According to the aforesaid, we can assume that with distraction of whales the greatest part of "surplus of krill" began to be consumed by fish and cephalopods. Krill is the source of nutrition of significant amount of Antarctic fish species of the bathypelagic complex (Myctophidae family) and the demersal complex (mainly families Channichthyidae and Nototheniidae), and also of southern blue whiting during seasonal migrations (Lubimova, Shust, 1980). Mass consumers of krill are the Antarctic squids, too, first of all Brachioteutis riisei, who feeds only Crustaceans, and also some species of mesopelagic zone (Filippova, Stygar, 1987).

An estimation of total fish and squid biomass of the Antarctic Region and sizes of krill consumption by them represents even more challenge than for hot-blooded animals. Furthermore, several estimations of the general biomass of squids has been executed on the basis of calculations of possible consumption of cephalopods by whales (Cetaceans), pinniped and birds, which were based on rather rough estimates of their number (Everson, 1977; Filippova J.A., Stygar I.E., 1987).

I. Everson (Everson, 1977) estimated the quantity of krill eaten by squids as 80-100 million t/year. T. G. Lubimova and K. V. Shust (1980) have defined the rough sizes of consumption of krill by fish as 24-28 million t/year, squids – 50-54 million t/year. However, possible consumption of krill by Myctophidae was not taken into account. Although krill is not the basic feeding object for Myctophidae, taking into account latest data about their high quantity in the Antarctic Region (Lubimova, Shust, 1987), the size of krill withdrawal by them can be significant.

It is necessary to take into account that, unlike warm-blooded vertebrates, fish and squids are intermediate parts of trophic chains. Therefore recycling of "surplus of krill" could go by displacement of emphasis in the food chain systems from short to longer ones. A.G. Naumov (1983) calculated that such displacement of emphasis 10-20% from four-level chain (primary production – krill – mesopelagic fish – squids – sperm whale) for longer food chains (for example, primary production – krill or mesoplankton - mesopelagic fish - giant squid - sperm whale) might have resulted in full assimilation of so-called "surplus of krill" on feeding area of sperm whale males. Similar mechanism of stabilization of energy balance could have allowed to completely of partly utilize the superfluous weight of krill without visible dramatic changes in structure and number of basic consumer groups (Naumov, 1983).

The most unpleasant development of events is not excluded when, owing to reduction of large whale number and to decrease of importance of trophic chain "phytoplankton - krill – baleen whales" in the ecosystem, reduction of production and biomass of Е. superba. As a result, the hypothesized "surplus of krill" could appear to be not so high. N. M. Voronina (1989) considered an opportunity of three variants of after-effects, resulting in reduction of role of Е. superba in ecosystem according to which it will be replaced by other groups of consumers of the 1-st level – by Copepods, finer Euphausidae, which do not form mass accumulation, and by salps (Samishev, 2006). In all these cases production and biomass of most valuable trade objects of the Antarctic Region (krill, whales) can be considerably reduced.

 7.4  An intraspecific competition and problems of population recovery in large species of baleen whales

A number of researchers adhere to hypothesis, according to which population recovery of large baleen whale species is restrained as a result of intraspecific competition with finer and more numerous whale species. In particular, population of the southern right whale is being supposedly restrained by sei whale (Omura, 1974; Mitchell, 1974), of dark blue whale - by Minke whale (Kawamura, 1994). This hypothesis was considered by Scientific Committee of the IWC (IWC. Rep. Int. Whal. Commn., 1994, 1995). Having analyzed the available data on this question, F. Clapham and R. Brownell, Jr. (Clapham, Brownell Jr., 1995) have come to the conclusion that there are no authentic proofs of existence of the tough intraspecific competition between the these species.

In our opinion, from the ecological point of view there are all grounds to believe that the intraspecific competition among baleen whales is minimal. Even in case of limitation of the feeding resources, whales neither establish territoriality nor protect certain water areas, as they use diversly distributed and mobile living resources. B. R. Tershy (Tershy, 1992) while analyzing the data on feeding, character of distribution and social behavior of 4 baleen whale species in the California Gulf (blue whale, fin whale, Bryde's whale and minke whale), established for them precise ecological differentiation. Finer Bride's and minke whales use for feeding limited sites of water area with high density of food objects, mainly fish. Fin whales and dark blue whales feed on spacious water areas with rather low concentration of Euphausidae. As we have mentioned above, similar division in development of feeding water areas is also observed in the Antarctic Region. Minke whales prefer to be fed on more dense, stable and close to the surface gatherings of Е. superba by the ice edge, and fin whale and blue whales in some areas - northerly, on the open water, on more rarefied and mobile aggregations of krill.

In the zone of feeding preferences of large baleen whales other consumers of the highest level – seals, penguins and oceanic birds - cannot compete with them.

Some researchers (Murphy, Morris, 1988; Fraser et al., 1992) believe that a competition between whales and other finer consumers of krill is rather low. Lack of food on feeding areas of large whales could be connected with the probable increased consumption of krill by fish and squids or with partial replacement of Е. superba in food chain of other organisms of zooplankton. However evidence about reduction of krill biomass in this zone is absent.

Apparently, the slow recovery of large whale population can be explained neither by competition with other species, nor by lack of food, but in the first place by rather low rates of reproduction, which is typical for them. The factor of disturbance and increasing of anthropogenous pollution of waters of the World Ocean may have negative influence on growth of whale populations, which is, fortunately, insignificant at present. The process of recovery of populations of large whale species is very long. The necessary condition is the long prohibition on commercial catch of whales, realization of ecological monitoring, restriction of anthropogenous impact on marine ecosystems.

 7.5  Perspective of whale population recovery

What are the prospects of restoration of whale herds? Mostly they are negative. First of all it is necessary to say that stocks of all commercial whale species (except for Minke whale) have catastrophically decreased, and some of them are on the verge of disappearance.

It is obvious that the perspectives recovery of population of some whale species cannot be determined only on the basis of data about their reproductive ability. It is necessary to know also initial population and that for the control period (so-called current population). But there are significant difficulties for researchers here. Unfortunately, the methodology is unreliable, and the answers to these questions for many whale species are too approximate.

Minke whales

Nowadays only Minke whales are under the commercial catch in the Southern hemisphere, therefore we shall start with this species. For a long time Minke whales had been extracted only as bycatch, they became an object of the active catch only in season of 1971-1972. Since then the volume of their extraction was under the control of the International Inspection (the latter was not absolutely innocent, indeed!) and lasted for less than twenty years and consequently, the stocks have remained close to initial. That is why the estimation of their initial population could be rather demonstrative as to to the level and reliability of existed methodology which gave underestimated figures, and influence of political conjuncture.

Let's remind that in 1970s there were 70,000 Minke whales in the Southern hemisphere, practically intact by whaling (Ohsumi, Masaki, Kawamura, 1970). Further estimations of their population began to grow uncontrollably. In 1981, after only a ten years' period of a sparing catch, the experts of the IWC estimate stocks of this species as 150,000 animals, and in five years of more active catch – as 350,000 (Borodin, 1985), later 380,000 animals (Borodin, 1986). By 1988 the scientific committee of the IWC estimates the initial stock of Minke whales as 690,000 animals. By 1990th, based on visual observations, the estimation of of Minke whale stocks reaches 700,000 animals (IWC.Rep. Int. Whal. Commn., 1994, 1995). During the same period an expert from VNIRO R.G. Borodin defines the number of Minke whales within the limits of 500,000 - 700,000 animals, and then 760,000 (Nikonorov, Borodin, 1997).

The paradoxical situation turns out – the more whales is beaten out, the more their initial population is! The fantastic assumption was even suggested that "the sharp raise" of Minke whale population happened because of the lack of food competition with blue whales, which were practically completely destroyed by this time (Borodin, 1996, p. 115).

Thus, if we admit that for approximately 20 years the population of Minke whales in the Southern hemisphere had increased by ten times it would contradict the knowledge about reproductive ability and the biology of reproduction of Cetaceans in general. It is absolutely clear that the main reason of such estimations is hidden in imperfection and unauthenticity of methodology of whale population definition, based on visual observations and biological characteristics. Frankly speaking, the real reason is in adjustment of the results with the purpose to justify the catch. These circumstances determine the necessity of more accurate establishment of terms of moratorium and recommendations on renewal of commercial catch of whales. The definition of quotas on extraction (even for the scientific purposes) of not only Minke whales, but also all other trade species of whales. At present when the estimation of stocks of Minke whales is so doubtful possibility of their commercial catch is out of the question. Minke whales taken by Japanese whalers who, screened by the slogan "for the scientific purposes" have come to actual commercial catch of Minke whales, should be under more strict control of the IWC and public.

Blue whales

Registration of blue whales has been conducted since 1931. Since then it is known that 180,646 blue whales have been taken. Among them according to the IWC data, 57,330 animals were caught northerly latitude 60 South. Undoubtedly, there were also pygmy blue whales among them, who started to be identified only after 1963. With an extreme degree of approximation an initial stock of blue whales in the Southern hemisphere is considered to equal 220,000 (Chapman, 1964). By 1954 the current population of blue whales already estimated 10,000-15,000 animals. Probably, it is a little bit underestimated, because since 1959 10,944 blue whales have been taken only by soviet poachers-whalers (Zemsky et al., 1995) and how many dark blue whales were precisely caught by other countries is unknown. R. Laws (Laws, 1977) has estimated the current population of blue whales as 10,000 animals. This figure is obviously overestimated, probably because pygmy blue whales were included in it. Otherwise it is impossible to understand how by 1980th the present stock of blue whales had been estimated only as 1000-1600 animals when commercial catch was not conducted (Butterworth, Best, Hembree, 1984). By 1990th R. G. Borodin (1996) estimated the blue whale population as 2-5 thousand. This amount is obviously overestimated. SC IWC (IWC. Rep Int. Whal. Commn., 1990) published the results of registration voyages in 1978/79 - 1983/84 when during five seasons only 453 animals were registered and there is no firm belief that the same animal was not fixed twice.

Time has shown that prospects to raise blue whale stocks for 50 year period to 150,000 (IWC. Rep Int. Whal. Commn., 1990) proved to be completely unreal. The reproductive ability of this species was obviously overestimated, and various other factors influencing their recovery had not been taken into account. As we can see from the applied data, today there is no reason to speak about recovery of real blue whale population. If this process exists, it goes extremely slowly. To great regret, there are big fears that mankind can lose blue whales as a species, whereas this is the largest animal, that has ever existed on our planet. The most strict monitoring of this species is necessary for a long-term period (not less than 100 years), with prolongation of the term depending on the results of observations and calculation of population. Any catches even for the scientific purposes are out of question. All scientific researches of this species should be carried out only by not lethal methods.

Pygmy blue whales

As to pygmy blue whales, their initial stock in the "Island" area of the Indian Ocean was estimated as 7,600 animals (Ichichara, Doi, 1964). E. G. Sazhinov (1980) defines their population within the limits of 12,500 - 13,000 animals. Meanwhile, in 1960th more than 9,000 whales of this species were taken by soviet flotillas alone (Zemsky et al., 1995), and the number of whales taken by other countries is not clear, and how many of the pygmy blue whales were wrongly determined as real blue whales is unknown. The number of pygmy blue whales in other areas of the World Ocean where this species was observed and whaling did not take place (for example, the Banda sea) is also not clear. It is not clear whether blue whales taken by the Brazilian coast are "real" or pygmy blue whales. Most likely, the initial stock of pygmy blue whales was much bigger – more than 50,000 animals.

Recent years they are more often registered in the Arabian Sea, in adjacent waters of Australia and in the "island" area of the Indian Ocean (Kasuya, Wada, 1991; Robineau, 1991). Recovery of all known populations of pygmy blue whales up to the level of stock stability in course of 50-70 years is probable. However there must be a strict monitoring with regular control estimation of population.

Fin whales

Fin whales, whose initial stock is believed to be within the limits of 400,000 animals, after almost complete extermination of blue whales and right whales, have become the basic commercial species for the period of more than six decades. As a result their population has dramatically reduced. By 1970th R. Laws (Laws, 1977) has estimated their current population as 84,000 animals. According to other researchers (Borodin, 1996; Masaki, Yamamura, 1978) is is a little bit lower (up to 70,000 animals). Note that as a result of the registration voyages in 1978/79-1983/84 only 2,096 fin whales were registered (IWC. Rep Int. Whal. Commn., 1990). Besides it is possible, that there was a repeated registration of the same whale.

Brazilian, Madagascar and East Australian populations have more perspectives for recovery of their population if we take into account the results of catch and peculiarities of their distribution. However, it is difficult to agree that about 15 to 25 years will be required for this purpose, and for the recovery of all southern fin whale population – 10 to 40 years (Borodin, 1996). Undoubtedly, this estimation is too optimistic. In our opinion, taking into account the facts of large-scale poaching, more than 50 year period is required to recover the population of the safest populations. And for recovery of all fin whale populations in the southern hemisphere a much greater term - no less than 50-70 years - is required, with regular monitoring survey.

Sei whales and Bryde's whales

Sei whales began to be actively caught rather late – in the 1960th. Their initial stock is estimated approximately as 170,000 animals (Borodin, 1996), partly including Bryde's whales, which were not distinguished from sei whales for a long time. Moreover, according to recent investigations it is possible that one more species of Minke whales Balaenoptera olseni exists in the area of Solomon Islands and the in Indian Ocean (Wada, 1998), which is similar to Bryde's whale, which were registered as sei whales. For this reason we have to examine the stocks of these species together, although the greater part (no less than 150,000 animals) undoubtedly, were sei whales.

In the 1970th the current population of sei whales was estimated as 40,500 animals by R. Laws (Laws, 1977). In two decades R. G. Borodin (1996) determined their number as 48,300 animals. If we accept these estimations, by the end of the catch the number of sei whales has decreased by 3-5 times. We shall note that as a result of registration voyages in 1978/79-1983/84 only 1498 sei whales were registered (IWC. Rep Int. Whal. Commn., 1990).

Brazilian-Chilean, West African and East Australian populations suffered less. By R. G. Borodin (1996), prohibition on their catch should be no less than for 25 years. Other populations of sei whales had been greatly damaged and, judging by their biological characteristics in the end of the catch, no less than 30-50 years more will be needed to recover their population.

Humpback whales

The initial number of humpback whales has been not established even approximately. For all period of whaling in the Southern hemisphere waters according to the data of BIWS no less than 300,000 whales of this species were taken. We can judge about low reliability of methods of calculation of the current population of whales by the example of humpback whale. The population of Australian humpback whale in 1955 was estimated as 9,800 animals, and in 1962 - as 2,800 whales. But in two voyages in 1959-1961 more than 25,000 humpback whales by the Soviet whaling flotillas were caught in this area (Soviet Antarctic Whaling Data (1947-1972.), 1995). Hence, the population was three times underestimated! R. Laws (Laws, 1977) estimated the current population of humpback whales as 3,000 animals. Very approximately the up-to-date humpback whale population is estimated as 6,000 animals (Clapham., Brownell Jr., 1995), or a little bit lower –5600 animals by the VNIRO expert R. G. Borodin (1996). In special survey in 1978/79-1983/84 4,047 humpback whales were counted, a little more than others species. According to the IWC scientific committee estimation (IWC. Rep Int. Whal. Commn., 1990), no less than 60 years is required for the recovery of Antarctic herds of humpback whales. It is clear that not all the Antarctic populations can be recovered to the same extent. Time has shown that this forecast appeared too optimistic. But recently an increase of West-Australian and East-African populations has been marked. There are encouraging observations, which testify an increase in unique population of humpback whales of the Arabian Sea (Reeves, Leatherwood and Papastavrou, 1991). However in view of the data of large-scale poaching and hiding of the data of catch with the purpose of showing growth of the humpback whale population in the Southern hemisphere it is required no less than 50-70 years under the condition of the constant control for the recovery of population and, if necessary, prolongation of commercial catch prohibition.

Southern right whales

Among right whales the southern right whales were practically completely destroyed in the nineteenth century, that is why their initial population has not been determined even approximately. According to retrospective estimation of southern right whales of Southern-African population could have been no more than two hundred animals in 1940th (Tormosov et al, 1998; Tormosov, et al., 2000). On the basic of Japanese experts visual observations from 1965 to 1977 their current population for the whole Southern hemisphere was estimated within the limits of 3500-3700 animals (Masaki, Yamamura, 1978). The prospects of recovery of the population of southern right whales (especially of Chilean, West-African and New Zealand ones) are illusive, because in the 1960th soviet whalers took 3,200 whales of their poor stock. There exist great fears that this species can be lost for the mankind.

As well as for real blue whales, the strict moratorium on a commercial catch with the qualified registration investigation is necessary for southern right whales. All argumentation on the current population of the southern right whales and opportunities of their population recovery should be postponed till reliable information is received.

Sperm whales

In comparison with baleen whales the estimation of sperm whale stock is complicated with several features of their biology, which are not entirely cleared up. Sperm whales have strongly expressed sexual dimorphism. By the period of sexual and physical maturity the males appear to be twice larger than the females. On this basis it is considered that sperm whales are polygamous animals. However we think that this question is disputable for the following reasons. That fact that large males migrate to high latitudes of the Antarctic Region, and females remain in subtropics and tropics moving only occasionally almost up to the sixtieth parallel (Budylenko, Pervushin, Naumov, 1970), does not tells us anything. Work in the Arabian Sea has shown that in the tropical zone one can meet rather big percentage of large sperm whales – males of 14-16 m. The males of average size from 9 m and more, occurred to be at a mature age with fluid sperm. The ratio of males and females in the area of reproduction participated in this process appeared to be practically equal. And in this case we can't speak about polygamy with confidence.

There are also questions about a character of ovulation of females. The statement that the ovulation of sperm whale females is provocative (Berzin, 1971; Yablokov, Belkovich, Borisov, 1972; Ohsumi, 1965; Klevezal, 1963; Tormosov, 2002) does not agree with the facts of our observation for plural ovulation on their ovaries Besides it was marked in some sperm whale females ovaries 30 to 50 traces\sign\mark of ovulation bodies (Berzin, 1971; Ohsumi, 1966). We have to admit that not all the yellow bodies on ovaries are traces\sign\mark of bodies of pregnancy. In any way It is impossible to agree that sperm whale males become mature in age of 25-27 (?!) (Borodin, 1996). Argumentativeness and ambiguity of these questions defines also the degree of reliability of reproductive ability of sperm whale female estimation, and therefore the reliability of calculations of their stocks. 

Nevertheless, we'll mention these estimations. According to K. Allen (Allen, 1976), the initial stock of sperm whale males made about 230,000 animals, females – near 360,000. R. G. Borodin (Borodin, 1977) estimated the stock of sperm whale males in the Southern hemisphere 210,000 animals, females – 220,000 animals. On the basis of visual observations the current stock of sperm whales of both sexes since 1965 on 1977 was estimated within the limits 180,000 to 250-000 animals.

Taking in mind such disputable question about biological characteristics and unreliable methodology of population calculation procedure and definition of stocks of sperm whales in the Southern hemisphere, it is difficult to speak about the terms for the recovery of their initial population. But the frequency of occurrence of the sperm whales recently and the sum of all biological parameters of the animals give hope to restoration of their stocks in some areas. Modern condition of populations is most safe in the 2nd, 3rd and 8th areas. Commercial catch is necessary to be prohibited for at least 30-50 more years with the further estimation of necessity of its prolongation.

***

Summing up this chapter, it is necessary to emphasize once again, that all the forecasts of the previous researchers appeared to be too optimistic. The calculations made at the end of 1960th (Mackintosh, 1970) were unreal, hopes for restoration of populations of blue whales, fin whales and humpback whales did not justify for 20-50 years. Hopes for restoration of stocks of blue whales during 50 years up to 150,000 animals and restoration of fin whale population during 15-25 years, and humpback whales during 60 years (IWC. Rep Int. Whal. Commn., 1990) also appeared completely unreal. A hope for the restoration of sei whales herds during 25-30 years seems also naive (Borodin, 1996).

The experience of the previous researchers shows that it is necessary to approach to definition of necessary terms for whales population recovery extremely cautiously\accurately. Existing estimations of whale populations are on such a low level, that the correction of forecasts made by us on the basis of the whaling data and more exact biological characteristics can be accepted tentatively only. The absolute condition for the period of prohibition of whaling should be the regular control for the occurrence of whales in the Southern hemisphere. Creation of testing areas for development of calculation method of Cetacean population is necessary. In particular, such areas can be conveniently located and the most accessible water areas – the Black Sea for dolphins and the Arabian Sea for large whale species almost of all taxonomical groups. Until the population of whales raises doubts in their well-being, it is necessary to prolong the terms of a reserved whale zone, I.E. of all Southern hemisphere. 

Summary

Whales of the Antarctic and adjacent waters have experienced the most cruel press of whaling. More than 2,500,000 whales were taken in that region during 80-90 years, up to 2,000,000t biomass were taken out from the ecosystem of the Southern hemisphere. The aftermaths of the catch have undoubtedly influenced ecosystems of those waters.

Consumption of krill by whales was greater than it had been believed. Taking into account large-scale poaching, it came to 200-300 million/t per year, or 20%-25% of the total stock. After the number of whales had reduced, surplus of krill came to 150-200 million t. Greater part of surplus of krill, which had been eaten by whales, was consumed by fish, cephalopods, pinniped and birds. But present methods does not allow us to determine precisely whether the biomass of those groups increased and how much krill they consumed.

The main regions of nutrition of seals, penguins and Minke whales coincide with reproduction areal of krill population. Large baleen whale species use mostly the part of krill brought to the north by western branches of cyclones, which reduces food competition between these groups of animals.

As a result of dramatic decrease in large baleen whale population, the smallest representative of Balaenopteridae - Minke whale - has become the first one in krill consumption among cetaceans.

Some researchers declare that improvement of Minke whale nutrition has led to earlier sexual maturity and increase of productivity, to expansion of his areal and dramatic growth of population, but the proofs are not credible and do not stand up to criticism.

Forecasts of some researchers (Borodin,1996; Mackintosh,1970; IWC.Rep Int. Whal. Commn.,1990) about the possibility of recovery of large whale species population in course of 15 to 50 years appeared too optimistic and have not justified. The reasons are underestimation of volumes of catch, imperfection of initial and current population determination method and incorrect estimation of whale reproductivity. 

Our research let us assume that more than 50 or 100 years will be necessary for recovery of fin whale, sei whale, humpback whale and sperm whale population. Blue whales and Southern whales are on the verge of extinction, their preservation and recovery is problematic.

The main research methods at the period of prohibition of catch are the following: genetic on the basis of biopsy, acoustic radio-marking, and visual observation methods using photo- and motion picture cameras. Taking of restricted quantity of whales for scientific purposes can be practiced by specialized small tonnage flotilla with international group and under the strict monitoring by the IWC and public.

On a session of the IWC it is necessary to determine status of the whale preservation zone for a long period for the waters of all Southern hemisphere, and special status of scientific research and experiments to the unique regions of the Black and Arabian seas with isolated cetacean population. Economic losses from prohibition of whaling will be compensated by organization of ecological tourism to the preservation areas. 

   Conclusion

The necessity of writing this work was defined, firstly, by the absence of a generalizing report and, secondly, by the facts of large-scale whale poaching and falsification of the data, which radically changed notion on the questions of the number, distribution and biology of whales. Without such data revision it is impossible to create the scientific concept for the decision of an important nature protection problem – preservation and restoration of Southern hemisphere whale populations. The following basic problems are being investigated: growth of trade kinds of Southern hemisphere whales in all ontogenesis; biology of reproduction and female reproductive ability; locations of reproductive zones; distribution and ways of migrations of various populations of whales; features of morphology and revealing population distinctions of whales. 

The constant functional dependence with high degree of correlation has been found between length and body weight of cetaceans, both in prenatal, and in postnatal development periods. It allows, while studying whale growth in all ontogenesis, rightly using length, a more accessible measure, instead of weight. Definition tables of weights, and amendments to them, have been composed. Tables can be used for definition of the live weight withdrawn by catch of whales from the sea resources. It is important that functional correlation length-weight is species-specific. Among real Minke whales the proportionality factor of smaller kinds has appeared higher, and the regress factor – of larger ones. It has been proved that growth of  skeleton, muscles and integumentary fat weight can also be described by power function. Accumulation of integumentary fat and  liver weight of females goes faster, than that of males. The intensity of increase of muscles lung and liver mass of carnivorous killer whales is higher than that of  sperm whales and Minke whales. Rate of accumulation of weight of Minke whales of the Herd and Prince Edward islands area is higher, than that of Minke whales of other areas of the Antarctic. In the same way killer whales of the Scotia sea differ from killer whales of the island Balleny area.

In embryonal period of development (except for the earliest stages of exponential growth, and a prenatal phase, when growth is a little slowed down) growth of cetaceans has appeared conservative enough sign, the same as of  land mammals, is described by monomial parabola dependence. In the course of growth geometrical similarity of the body form does not remain.

Sexual dimorphism, expressed in the bigger size of baleen whale females and, on the contrary, of toothed whale males, is discovered already in fetus development period. The average sizes of the same age whale embryos of different kinds depend on the sizes of females. By the neonate period these distinctions reach 8-10 % in length and 30-50 % in weight.

Intensity of relative growth (allometry) of separate parts of a whale body  changes intermittently, and corresponds to pre-fetus and fetus period. In relation to the general embryogenesis duration, the germinal period makes approximately 17 %, pre-fetus – 11 % and fetus – 72 %, which corresponds to extent of the similar periods of terrestrial mammals.

Optical density of stratifications in toothed whale teeth is not usually defined by the maintenance of carbonic salts, but by the features of albuminous tooth stroma structure. The maintenance of Ca on a tooth axis of sperm whale males (2,452) is higher than that on dentine periphery (2,195). There is less Ca in female’s tooth dentine than in male’s.

When defining age, quality standard of stratifications in registering structures of baleen and toothed whales is too subjective, and does not give authentic results. Quantitative characteristics of stratifications (recording structure graphs), received by means of registering devices, are a graphic representation of layering on a certain scale. On recording structure graphs, repeating zones of groups of layers and "labels" can be seen, which correlate with females reproduction periods. By means of such schedules the width of prenatal dentine and its annual gain/increase is defined, and the tendency to its deceleration with age is noted.

Not only endogenous, but also exogenous factors influence the character of layering of registering structures, especially such powerful as lean years, pan-epizootic, solar activity, changing seasons, regular migrations of whales to the Antarctic feeding fields. The original method of definition of sperm whale age by comparison recording structure graphs of teeth has been offered. The result has appeared close to age definition on  gain pre-pulp dentine layer.

Curves of postnatal growth of baleen and toothed whales have been drawn, an attempt of their mathematical description made. The age of sexual maturity of whales, was defined by comparison of several methods: the percentage of mature and immature individuals; the presence of one trace of pregnancy on female’s ovaries ; the average age of primigravida females; the line of regress of rate of accumulation of traces of pregnancy and ovulation. For different kinds it varies within 2-6 years. When some authors define this indicator for baleen whales on the basis of "transphase" position in ear stoppers, it does not stand criticism.

Connection between the average size of females and their newborns in logarithmic system of co-ordinates is described by a straight line. This dependence is a systematic sign. It is specific not only for suborders, but also for families and genera. Smaller  whale kind’s newborns appear rather large.

Pregnancy of whales defined on the basis of parabolic growth of embryos and the sizes of newborns, lasts within 9,5-11,5 months for baleen and toothed whales, more than a year for sperm whales.

Pairing and whelping of 70 % of baleen whales there are within 2,5 months, and of 95 % – within 5,5 months. The majority of kinds has an additional season of reproduction with a 6-month phase lag. Reproductive zones of whales (pairing, whelping and milking) coincide and basically are located in the thirtieth-fortieth latitudes. Blue whales, fin whales, Minke whales and humpbacks can couple in the Antarctic waters as well. When the reproductive zones coincide, the terms are different, which reduces the interspecific competition.

Rate of accumulation of ovulation traces for fin whales is 0,52 traces a year,  Bryde's whales – 0,55,   Minke whales – 0,87, sperm whales – 0,34. Thus, one trace of pregnancy on Minke whales is formed approximately during 18 months; fin whales and Bryde's whales–  2 years; sperm whales –2-3 years. For many kinds lactation does not interfere with new pregnancy. Over a life period females of  baleen and toothed whales are capable to reproduce from 5 to 7 cubs. This high reproductive ability of whales, effective security measures provided, gives hope of restoration of their stocks (except for blue whales, right whales and some populations of humpbacks, whose number is lower than minimum permissible).

It is established that there are specific "pair formations" not only on top, but also on the bottom jaws, and not only on baleen, but also on toothed whales. Their form at various kinds is different, which can be used as phene for revealing population distinctions. At histologic analysis in the structure of "formations" a considerable quantity of bodies of Vater-Pacini is noted, but olfactory epithelium, bipolar neurons, mucous glands have not been found. It has been assumed that pair formations play their part in search and capture of a mother’s nipple at the time of breast feeding.

Excessive nutritiousness of whale milk is, probably, an adaptation to feeding in the water environment, when milk mixes up with sea water. If it is so, the percent of fat content of the diluted milk does not contradict "Aron's Rule". Such hypothesis could explain why whale embryos at the last stage of development and young animals have kidneys, which play an active role in regulation of water and salt exchanges, of excessively big size.

For the first time charts of distribution of whales in the Southern hemisphere, which were composed taking into account large-scale poaching of whales by the Soviet flotillas and hidden data on tagging. Areas of the greatest concentration of whales are highly productive zones of the World ocean. Unproductive "dead" zones where whales practically do not meet are also detected.

On the basis phene differences of various population of whales are established. Blue whale-pygmies of the Arabian sea differ from an Amsterdam congestion; the Chilean-Peruvian fin whales – from fin whales of the Atlantic and Indian ocean; sei whales of  island Gough and Bouvet waters – from sei whales waters of Chile and populations of an island zone of the Indian ocean; sei whales of  waters of the southwest Australia – from sei whales of Tasmania; Minke whales of the Commonwealth seas – from Minke whales of the Amundsen, Bellingshausen, Weddell and Mawson seas; sperm whales of the Atlantic – from sperm whales of the Chilean coast and Indian ocean.

By the time of tagging dates and ways of migrations of various populations of whales have been detected. Speed of fouling of whales with diatoms on the basis of correlation between degree of fouling of females and the average sizes of their fetuses has been calculated. On the basis of this dependence character of migrations of various biological groups of whales to feeding fields and back is detected.

Whales of the northwest part of the Indian ocean (blue whales-pygmies, Bryde's, sperm whales) are rather isolated populations with the biological cycle peculiar to the whales not of Southern, but of Northern hemisphere. Difference of the Arabian sea humpbacks from populations of the Antarctic and adjacent waters, is on the sum of signs so essential that in our opinion they can be singled out in subspecies or even get back  the status of species Megaptera indica (Gervais, 1888). 

It is recommended that scientific-experimental ground is to be organized in the area of the Arabian sea, for working out methods of estimation of number of whales.

Distinctions in the average sizes, body proportions, terms of maturity, in relative weight and quantity of traces of pregnancy and ovulation on the ovaries, and also isolation of areas of dwelling, allow to conclude that in the Southern hemisphere exists besides ordinary killer whale– Orcinus orca (Linnaeus, 1758), also short-bodied killer whale – Orcinus nana (Mikhalev, 1981).
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