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about the numerous investigations of Soviet scientists

and the recent works published by Japanese zoologists on

this problem. Hence his data are quite ihcomplete. More-

over, in his summary, Schubert does not present any.compa— .
rative-studies on the feedihg of whalebone whales in var-

ious areas of the World Ocean, or any generalizations.

The majority of the works on this subject treat
only of the qualitative aspect of the feeding. As a rule,
the lists of the soufces of food contain only the main,
abundant forms. Very little attention was paid to the
quantitative aspect chiefly because of some technical
difficulties, since the empty stomach of a large whalebone
whale, fin whale of an average size caught in whaling (18—19 m.
‘in the northern hemisphere and 20 - 22 m in the southern).
weighs about one.tbn, and the stomach filled with food

weighs sometimes about two tons. The stomach of a blue

whale weighs still more. Hence the determination of the
weight or,voiume of the food in the stomach of a whale

ié extremely difficult and compiex,~especially when working
on a floating whaling base, where the dressing of a whale |
on a small area simply prevents the séientists from doing

research of this kind.

Some other aspects of the feeding of whales also.
wefe not adequately'treéted. In particular, antil. the present, -
the problem has not Yet been solved whether the concentration.
(biomass) or the "density" of the accumuiatipn of food |
organisms (plankton, for.instance) may be regarded és

food, i.e. the food organisms sufficient enough to attract




groups of whalebone whales (or individual specimens) - 1"95;7
and to enable them to obtain food in the amount which

would satisfy thelr need for a 24 -hour period of time. True,

we made theoretlical estimations In this regard back in

1956 and published them in 1961 (Klumov, 1961). However,

we still lack the data which would experimentally corroborate
our figures.

The problem of the 24~hour-long féeding, the orientation

of the whales in search for and thg discovery of food
aggregations of zooplankton or other food organlisms on vast
areas of individual reglions of the ocean st1ll have -to be
solved. We do not know yet how the whales behave whlle
feeding on plankton of the highest concentration. Instrumental-
1y, no dépth has been recorded to which the whalebone
whales descend while gearching‘for food and while feeding.
Many details on‘the Interrelation in régard to the
distributlion of whales and their feeding grounds have to'be
determined. The problem pertﬁining to individual hunting
grounds of whales; thelr bpundaries, size, etc., still |
remains to be specified. In short, in the domain of the
study of the feeding of whales, there are many unsolved
probiems, which aﬁe of - great Importance nqt only to the
.scientist, but which are also important from the praoctical
viewpoint, as they determine the behavior and distribution
of these animals within the foraging range.

In the present article, we do not propose to answer

all the problems stated above and to fill the gaps present.

SERUNP U




Our aim is considerably more unpretentious: we want to -
present, on.thé strength of the material at hand, a summary
of the material on the food objects of Whalebone whales
for the main whalling areas of the World Ocean and to s tate
a few working hypotheses and some considerations in regard
to individual aspects of the ecolégy of thelr feeding. We
have come to these oonsidérations not onl& because of the
study of some data found in literature, but mainly because
of the personﬁl gbservations in recent years.(1951 - 1956)
in the north-west of the Paciflc Ocean.

In 1951, assisted by the Ministry of Fisheries
of the USSR and the late P.P. Shirshov, Director of the
Institute of Oceanology of the Academy of Sciences of the
USSR, wé brganiied an expedition 'for studylng the cetaceans.
For several seasons, this expedition.did research in the
waters near the Kuriles, oh the side of the Sea of Okhotsk
and on the side of the Pacific Ocean of the Kurile Range,.
and in the Bering Sea, first aboard the whaling vessel
"Shkval" (1951) and later sboard the "Krylatka" and "Nerpa"
trapping schooners of the "Dal'kitzvertrest " (at present ‘
called the Bosrd of the Far-Eaét.Whaling Flotillas) assigned
for this purpose. A.V. Lavrov, N.N. Martynov, énd B.M.
Yefimov, the directofs of the tfust mentioﬂed above, were
of great help to us.

The research workers and laboratory technicians,
. orgenized In shore detachments, Iinvestigated the sea. In
addition, they observéd and gathered biological material

at shore whaling enterprises'locgted‘on'the Kurlle Islands.

‘
[




The participants of this expedition, including the present ‘ |
writer, collected vast material in nggard to the qualita- . ;
tive compositlion and the feeding of the Far-East cetaceans, !
Including the feeding of fih whale and seil whale; to a

lesser extent, right ("Japanese"t) whale, blue, humpback

and Minke whales (Klumov, 1956b, 1957, 1958, 1961, 1962).

The treatment of the materiai obtained was entrusted to

IT.I. Akimushkin (Cephalopoda)‘ and Ye.I. Beteshevé (plankton
and fish). Their work was published as folldﬁs: Akimushkin,
1954, 1955a, 1955b, 1957, etc.; Betesheva, 1954, 1955; Be-
tesheva and Akimushkin, 1955. Yu.A. Filippova and T [e6 ]
jointly treated.the collections pertaining to the feedlng

of Pacific right whales. | |

Besides taking samples on féeding (téken at shore
whaling enterprises during the dressing of whales by i
I. Akimushkin, Ye. Betesheva, Ye. Bﬁzinov, V. Gerasimov, |
V. Gudkov, G.;Derviz, N. Zarenkov, I. Zelenové, Ye. Ivanova,

L. Kl'ashtorin, T. Pokrovskaya, N. Sergiyenko, A. Skr'abin,
Ve Sokblov, S; Uspensky, Ye. Chuzhakins, by me personally,
and others, the behavior of the whales in the sea was ob=-
served. Some of theset# were used whille preparing this
paper. | |

A number of foreign works on the feeding of whales
used in this articié were translated by T.N. Pokrovskaya.

I wQuld like to‘exﬁress my deebeétvgratitude to all

those persons menfioned above, who facilitated the expedition,

3 A
Verbatim, Used without quotes, the specles refered

to 18 Pacific right whale. Translator.
9.4

"éamples"? "observations"? or "samples and observations"?
Translator. ' : f
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collected the material and passed on to me their observations.

METHODS OF STUDYING THE FEEDING OF WHALES

The distribution of the source of food for the
cetaceans during the summer of foraging period, the location
of plﬁces of greatest concentration, i.e. the dislocation of
foraging fields, are for the most part the factors which
also determine the distribution of the whales in a partidular
areca. The knowledge of the general law and all the seasénal
changes affecting the distribution of the animals serving
as food for whales is the decisive factor that cuts down the
unproduct;ve timd wasted in locating the whales and, in the
end, in raising the efflciency of catches. This is why |
a detalled and thorough study of the feeding of whales
and the determination of the law in regard to the distribu-
tion of food objects 1s a very important‘faétor of the
program on the study of the-biologj of these animals not
.only from the viewpolnt of sclence, but also mainly
from the point of v;ew.of commerciai practicé.

The feeding of whales should be stﬁdied sttemat-
ically and the study could be divided into several stages.

The first stage provides for the study of the qualitative

composition of Ehe whales: the determination of the food _
objects for each species of the whales individually by
geographicél zones or microregions; making lists of all

the animals which serve as prey fof whales and.singiing out

the basic, gulde forms; establishment of the differences




in the collection of prey in regard to various age (or size)
and sex groups of a particular species of whale; establishment
of seasonal differences in the feeding of whales. If the
material for study has been collected for years, also the
changes in regard to the selectlon of the most important
sources of food (especlally the guide forms) in regard
to individual years should be established.

The animals used as food for whales are usually
determined from the remains, and sometimes from some small
fragments of their bodles. It is lmportant to be able
not only to ldentify the specles correctly, but also.to estab~
lish 1ts size and weight. In this regard, the establishment
-of_a standard collection 1s of great help. For this
purpose, they pfeserve not only whole organisms, but also
the individual parfs of the 1attér,.especia11y the remains
which are difficult to digeét_(skeletons of fish and indi-
vidual bones, including otoliths, beasks of squids, etc.),
‘which quite frequently are discovered In the stomachs of
whaleé. |

Once the lists Qf prey are established and the guilde
forms of the animals used as food by individual specigs
of whales are known, once the seasonal changes in the
correlation of these forms are clarified, then the‘scientist _
will be able to turn to the second stage of his studies /977

When the stomach and the intestines are dressed

for taking samples of food, speclal attention should be paid




to the presence of endoparasites; these should be collected
and preserved for further studies., Other organs of whales,
too, should be investigated: the heart, lungs, kidnig;, liver,
the uterus in the females, head brains, syes, etc. The
presence of helminths éhould be noted, and so also the
degree of the 1hfestation -~ the number of the endoparasltes
of each specles iIn each.organism— and they should be fixed.
-Stage two Includes the study of the quantitative
aspect of the feeding of whales: the weight or volume of
. the stomach's content and also, 1f at all possible, the
number of the animals eaten by the whale (the question 1s
about large animals, such as fish, squids, etc.). They
esﬁablish the cérrelation between individual objects of the
feeding of whales in regard to volume, welght or qﬁanﬁity
(in the latter case, the size or weight of the animal is
a must, as it 1s Impossible to compare one Paciflic saury
with one lancetfish). . The degree of the filling of the
stomach of whales caught In various areas sand during varilous
seasons of the year 1s examined. -They also note the number
of whales with empty st&maché; determine age and sex
differences In the amount of the food found in_the stomach.
The £1lling of the‘stomachs of whales caught during various
perlods of the 24-hour. period reveals the whales! actlvities
during a 24-hour period and their dailj norm, and also their
seasonal changes. | |
In order to determine the 24—hour—long’activity
of a whale,'the:content of i1ts stomach should be taken

Into consideration and also speclal observations of the
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fesding of the whales in the sea, on feeding grounds ,
sitould be made. 4t the same time instruments can be used

to determine the depth of the whales' submerson while in

w”
I
ot

earch of foods P. Scholander (1940) developed a special

™

s

pparatus for this purpose. A similar apparatus, but of E
a slightly different type (better than that of Scholander f
in regard to its application) was developed in the Laboratory
of Marine Techniques of the Institute of Oceanology, Academy .
o Sciences, USSR; however, 1t still has to be tested.

While observing the whales on their feeding grounds,
thiey tag them lfor further étudies to be done later (upon
the accurulation of material) in regard to the boundaries
of individuval "hunting sections".

Steze three of the investigations is connected with

the study of the biology and the source ;food of) itself.

First of all, the boundaries and the peculiarities of prey

within the foraging area of whales should be established,
and so also theilr quantitative distribution, laws of the A
vertical microdivision of the biomass in thé water (Klumov,
1958, 1981); condltions, céuses, pl#ces and terms for

the formation of accumulations; laws of seasonal changes

in the 1life of the prey, and a nﬁmber of other problems

of their bilology and behavior,

l. It 1is desirable to conduct thoroughly representative
catchas of the zooplankton, to determine its composition, the
depth of the distribution of the layer of maximum, and also

to catch a whale while in the act of feeding, on a given

e

feeding ground, and to compare the corrslaticn of the composition
of .the plankters in regard to the species both in nature and in

the whale's stomach (XKlumov, 1961).
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While studying‘the quantitative distribution of
zooplankton by detsilled obsérVations of the feeding of
whales on feeding grounds, the scientiéts determine
the minimum amount of the biomass which, for whales,
may be regarded as the "food biomass" (Klumov, 1958, 1961).

Stage four makes provisions for the establishment

of food links between the whales and thelr food objects,
the rate at which the latter are eaten by all their pre-
dators, -the degree of the whalebone whélés among themselves
and with other animals which feed on zooplankfon, and, 1—9347"
finally, the estéblishment of links In regard to the dis-
~tribution of the whales and the digtributlon of their food
objects during the summer foraging season, and later
during the'entire annual cycle,

The fifth and last stage 1s completely independent
and at the same time closely related to all the findings
pertaining to the feeding of the cetaceéns.' The question
here 1s sbout the experimental works on the physiolégy and
reflexology of seﬁ@kh and capture of food and on digestion,
which in our country were not studied because of the lack
of a technicélly well-equipped base even in regard to small
cetaceéns-(dolphins).

The data on the rate of the digestability of food
by'the'cetaceans, on thelr 24-hour-long activity and norm,
and on many other aspects, obtained experimentally by
means of a serles of experiments would be absolutely re=-
liable and could help in many ways to solve and clarify a
number of véry important aspects of the biology of the

cetaceans.,
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The sequence of the enumerated five stages is ge-
nerally preserved while the matérial is being treated.
This also holds true in regard to some individual stages'
in research in the field, when it is possible to gather
the material for all stages of field research mentioned
above. Such is, in brief, our scheme of a subsequent study

of the feeding of the cetaceans.

For'years, while doing,fiéld research work on
the study of the cetaceans in the Far East (1951-1956),
we* were not able to carry out the planned research com-
pletely, as our work, for reasons beyond our contrdl, was
interrupted in 1953-1954, However, the initial stages of
the planned study of the cetaceans had already been carried

out and the corresponding material collected.

The material on the content of whales' stomachs
was gathered at all coastal observation stations located
on the Kuriles where all the captured whalebone whales were
examined and average samples to be treated in laboratories
were taken. In order to obtain the qualitative characteristics
of the whales' feeding, the content of the stomachs was either
weighed.or measured volumetrically and later converted into
weight units, or the food objects were counted, if they

were large (fish, squids).

While taking samples of the content of whales'
stomachs, we deemed it nécessary tg?pudy their habitat

as thoroughly as we could.

% - o o
."We" refers to the. author himself. Translator.
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We organized this type of work for the firstvtiﬁe~
In the expedition of 1951. Later the same techniques were
used in our expedltions that followed, until the study
of the whales in the Far East was completed in 1956. For
years (1951 - 1956), the whole complex of elementary oceano-
1ogical research (measuring the water temperature, deter-
mining'the salinity, the direction and the fﬁrce of cur-
rents, étc.) was studied bj means of speclal vessels used in
expeditions, according to standard horizons up to 1,000 m.
Before the quantitative distribution of the food objects
of the whalebone whales was studiled, for years, we took
picturés, once or twice, of the plankton in the areas
where these‘wha1és were hunted. The plankton was taken by
the standard Dzhedy& net (gauze No. 38) or an ichtyoplankton -
net (diameter 80 cm, gauze No. 15). In spite of the imper-

fection of the techniques used (Klumov, 1961) and the in-

ability to determine accurately the vertical microdistribu- /897

tion of the food plankton, i.e. the horifzon in which the
maximum layer of the zooplankﬁon is concentrated (Klumov,
1956b, 1958, 1961), the average data obtained for the layer

O - 100 m allowed us to clarify, if even very roughly, the .
comparative distribution of the.biomass of the plankton

on a iarge area of the north-west of the Pacific Ocean. This
research permitted us to determine.apphoximately the distri-
bution of the feeding grounds of whsales, to.compare the data
with the seasonal distribution of fin whales and right whaies,

~and also to compafe the qualitative composition and the

i ¢ .
- ""Juday plankton net"? Translator.
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gquantitative correlation of individusl prey within the whalet's
stomachs and on the. feeding grounds. In some cases, these
comparisons ylelded interesting material and enabled us

to come to interesting oénclusions pertaining to the whales
and their capacity to select food.

Detailed analyses of the stomach content of whales,
which were carried out for several years by the mentioned
expedition of thé Institute of Oceanology of fhe Academy
of Scienceg of the USSR in the north-west of the Pacific
Ocean, and also the Ilnvestigations conducted recéntly
by Japanese scientists (Mizue, 1954; Nishimoto, Tozawa
and Kawakami, 1954; T. Nemoto, 1957, 1959, 1960; etc.)
have served aé a basis for =a compiiation of most éomplete
lists of.the food objects of whalebone whales inhabiting
the northern half of the Paciffc Ocean. We lack similar
data on other important hunting grounds of whales in the
World Océan, such as the Antarctic and the northern half
of the Atlantic Ocean (especially the latter), as nobody
did there thorough research similar to ours in the northern
half of the Pacific Ocean. As regards the Antarctic, thefe
are the old materials of the Committee Discovefy, insignificant
material published by Japanese sclentists; and some published
by Soviet zoologists (Sal'nikov, 1953; Korabeltnikov, 1957).
In other respects we have at our disposal only individual
remarks on the feediﬁg of whales and their source ‘of food,
information scattered in enormous literature on the

description of_the biology of whales and whaling. This

4
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sparseness and heterogeneity of the material has affected
the Incompleteness of the lists which we complled iﬂ regard
to the source 6f food of whalebone whales found in the |
northern part of the Paciflic Ocean, Antarctic and the waters
adjacent to 1t, and the Northern Atlantic.

While complling the lists, we became confronted
with the irregular knowledge of the feeding of whales not
only in regard to geographicai areas, but to the speciles
ones as well. For instance,<the feeding of right whales
has scarcely been studled in detail;lthe feeding of fin
whales was studled better than that of sel whales; in its
turn, the feeding of the latter was studied better than
that of grey whales, etc. This mixed character of the
degree of .the study of the feeding of whales In regard
to specles and geographical areas impeded'greatly the
comparison and the analysls of the material and caused the
generalization to be preliminary, since new, more detalled
data on other, earlier unexplored areas, may greatly change
the conclusions made 1In the present paper on the basis

of the known preservations and collectionsl.

l. The lists of food objects of the whalebone whgles
are.based‘on'ﬁhe literature of'oﬁr country at hand and forelgn
literature, and also some -fund materials of the Institute of
Oceaﬁology of thé Academy of Sciences of the USSR, Pécific
Institute of Pishing and Oceanography (TINRO) and the All-Union
Institute of Marine Fishing and Oceanography (VNIRO), as well

as obsefvations of individual personse.
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It should be stressed that in order to ‘compile /100/
lists of the source of food of the whalebone whales, such -
immense numbers of literary sources and material collections
as well as observations of individual persons were used that
practically it is impossible to quote the published or col~
lected works on every food object of each individual species
of the whalebone whales, as in doing so we would make the
 present work too wearisome. This is why we lihit ourselves
only to a general, far from being complete, list of the
bibliography used. Only in cases when the problem treats
of céftain pr_ey which might be of a particular interest
or doubt, the author is mentioned and reference is made to

his work or observations.

All the data taken from literature,and also reports
of individual persons are presented in tables, individually
for each speciés_of the whalebone whales, in the corresponding

chapter.

The prey for whalebone whales is presented in a sy~
stematic order in the tables, along the ascending line, i.e.
from simpler to rather more complex organisms. Food objects
~of some whales (fin whales and sei whales, for instance)
for the northern half‘of the Pacific Ocean reach quite
impressive numbers- about forty various animal species the
majority of which are secondary as the source of food and
do not play any significant role in regard to whale's feeding,
as they were taken by the whales éccidentally. The whales

of a local pod inhabiting a certain area of the World Ocean,
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a certain micro-region, their "hunting ground", have their
delicious food, found in abundance and typical of this

area. As a rule, the number of basic food objJects is small,
" and even in various areas of the northern half of the
Pacific Ocean, 1t varies. This circumstdnqe hampers the
singling out of basic, gulde forms of prey fof a certaln
species of whales. Nevertheless, we have made an atteupt
to clarify th;s problem. This singling out is based upon
the frequency of the occurrence of the prey in the stomachs
of the whales and also upon the quantitative evaluation of

this occurrence.

FEEDING OF WHALEBONE WHALES
Right Whales

Feeding‘

dur material on the feeding of the Pacific right
whales In the northern half of the Pacific Ocean, and also
the data found in literature on all the right whales in other
areas were summed up and preSénted in detall as an inde-
pehdent section on the feeding of the Pacific right whales
in a speclal work written in 1958 and published in 1962 (Klumov,
1959, 1962). |

Our data indicate that in all places where right
whales are found, they are noted for their capacity to select
fdod; In the northern hemisphere -Northern Atlantic
~and the northern half of the Pacific Ocean-, in their distri-
bution, the right whales are closely connected with the |

planktonic crustaceans of the gfoup-of Calanoida(T&ble 1l.)
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On the other hand, in the southern ﬁemisphere, in the Ant~
arctic waters, the right whales, 1like all the other whalebone

whales, fesed almost excluslvely on Euphausis superba, which

1s the most abundant form of zooplankton fouﬁd in the surface
layer and 1s the basls for the 1life of almost all marine
animals inhabiting the mentioned area of the World Ocean.

Their distribution is confined to this Euphasia superba. / 101 7

~As far as other forms of zooplankton dlscovered In the
stomachs of right whales of the éouthern hemlisphere are

concerned, only the larval stage of Munida gregaria (Grimothea)

was recorded. It 1s true that during the entlire history of
the whallng of the right whales inhabliting the southern
hemisphere, only a few stomachs of whales were opened and thelr

content studled,

~The main food of right whales (Fubalaena glaicalis

glacialls and Balaena mysticetus) in the Northern Atlantic

1s Calenus finmarchicus and to a consliderably lesser extent

Thysanoessa inermis and pteropod mollusks Clione limacina and

TLimacina helicins.

Calanus finmarchicus, which in the Northern Atlantic

forms 80.46% of the average;annugl bilomass (Zenkevich, 1947)
1s distributed primarily in the surface layer, © - 25 m,

and especlally In the layer of O - 10 m (Bogorov, 1938).

It does not move vertlcally, to the extent of being noticed,
vduring the summer season (this 1is characteristic.also of

the mature E. superba in the Antarctic watersl), and its
volume 1in the surface layer remalns almost unchanged

during a 24-hour. perilod.
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Table 1
' COMPOSTTE TABLE OF FOOD OBJECTS OF RTGHT WHATIFS
4
(FURALENA GLACTALTS) TN MAIN WHALING ARTAS OF THI WORLD OCEAN
{Acceording to Klumov, 1962)
Antarctliec and adjacent 5 '
regions: the waters of ; North Atlantic ‘North of the Pacific Ocean
South Africas and Patazonia - o
Crustaceans , 'E - Crustaceans | Crustaceans
Grimothea (post - larvae. Calanus finmarchicus : Calanus plumchrus
Munida gregaria ' Thysznoessa Inermis Calanus cristatus
: bigie
; ~ ! , : (Calanus glacialis )
) Euvhausia superba C ' {(Calanus pzcificus)
Mollusks, Gastropods Parathemisto japonica
Euphausia pacifica
Clione limacina
Limacina helicina
V ’ % TEubalena"? Translator.

%% TIn the works of all the authors involved in research previously, this species was balled
"Calanus finmarchicus", ' .
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Because of their enormous size, the right whales
do not descend lower thdn to 15 - 20 m, only seldom
reachlng a depth of 26 m. As & rule, they are found in
the O - 10 m layer where they also find their food. Thus,
the feeding of the right whales on Calanus sp. in the
northern hemispﬁere may be explalned by two maln reasonss
(1) the inability of the whales to discover food and to
capture prey at depths over 20 - 25 m and (2) the_abundance
of prey forming cohcentrated aggregatlions with an abundant
biomass in the upper layer of water. Proceeding from
these, in our estlmatlon correct positlions, 1t becomes

evident why Thyssnoessa Inermis In the North Atlantic, which

sometimes forms qhite dense accumulations 1n the northern
part of thls area, 1s, nevertheless, a very lmportant food
component of the right whales Inhabiting thils area. This
Euphsusia usually 1lnhabits depthé"of more than 25 m, rising
to the surface layer only from tlme to time, and only
for a short period of time. Incidentally, it should be noted
that the average annual biomass of Fuphausia 9 forms in the
North Atlantic only 5.3% of the total blomass of the
zooplankton (Zenkevich, 1947). -

The main prey.for the right whales in the _ [‘103;7
northern half of the Pacifiec Ocean are also répresentativea
of the group Calanolda. To begln wlth, these are Calapus

plumehrus and C. cristatus}, As regards the feeding of

1. Be.Modnikov (1961) points out that in the north-west
of the Paciflc Ocean,_predominantAare the followlng three

specles of Calanus: C. cristatus, C. plumchrus, and Eucalanus

bunglil, They are sharply predominant over others and forum 87.5%

of the entire blomass of the zooplankton in the O - 50 m layero
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the Pacific rigﬁt whales, we may ascertaln the change of
these main food components, which may be explainéd.by the
seasonal propagation of the mentioned Célanus 8p. and the
feeding grounds of the whales, Dufing May = June, in

the south of the Kurlle waters, we dilscover in the stomachs

of the Pacific right whales basicallj Calanus cristatus,
whick at the end -of July 1s replaced by C. plumchrus
(Table 2). However, with the advent of the whales to the
north, along the Kurile Range, (. cristatus, 1t seems,

no longer can sérve as food for the Pgciflc right whales,
as its accumulations In the.waters around the northern
Kurile éﬂd Commander 1slands still are.present.in July;
later on, in thils place, 1t submerges to greater depths

as is the case In the area of the southerd Kurlles, where
the surface waters are heated considerably earlier than’

in the north-west of the Pacific Ocean and the south-west

part of the Bering Sea. This 1s why C. plumchrus substitutes

C. cristatus as prey for the Pacific right whales in the
ndrth of the Pacific Ocean approximately one month later
than In the soufh- In the watefs near the Japan and near
the Kurlles. |

There 1s no doubt thatlaiso the Calanus sp. of

the group C. finmarchicus become 1mportént food components,

eapecially in the north-east of the Pacific:0Ocean and the
south-east of the Bering-Sea; quever,.specialists on
planktonology have not come to one definite conclusion

as to the reality of some specles of thisAgroup, thelr
habitat, and the boundaries of their distribution in the

northern half of the Pacific Ocean. Untll now, the
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question has not been answered whether the Calanus sp.

inhabiting the Bering Sea and the Sea of Okhotsk belongs

to the specles Calanus finmarchicus or to the species C. glaclalils,
which was recently identified by V.A. Yashnov‘(1955). Could
it not be that both species of Calanus mentioned ﬁbove inhabit
the Bering Sea and the Sea of Okhotsk?'
K.A. Brodsky, whlle quoting in one of hls most re-
cent works (1959, p. 1544) Yashnov'é statement (the work

was written in 1955) that C. glacialis was dlscovered

in all seas iIn the Far East of our country, writes:

"This has to.be #erified. We assume that even if this species
should reach ﬁhe seas in the Far East, 1t is most probably
confined to the north-east of the Berling Sea and to the
northern parfs of the Sea of Okhotsk and the Sea of Japan".

In his personal report of January 29, 1960, K.A. Brodsky
wrote: "... all the speclmens you have sent to me should

be assigned to C. finmarchicus, and not to C. glaclalis,

Is there C. glacialis in the Far East? This question .

should be investigated. However, judging from the data at

hand, C. glaclalis is restricted In 1ts distributlon only

by the northern part of the Sea of Bering and, perhaps, the
Sea of Okhotsk and the Sea of.Japan".
In Brodsky's work published earlier (1957, p. 184),

he presents a map of the distribution of C. finmarchicus

containing the boundarles of the area which, according to him,

1s occupled by the mentloned Célanus sp. from the seas In the
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Far East. This area, ac¢cording to K.A. Brodsky, encompasses

the entire north}of the Sea of Bering, nqrth of 60° ne.late.;

then, proceeding SOuthward, it sharply decfeases and

occcupies only a narrow coastal strip along the Korysk

coast and the eastern coast of Kamchatka, the Sea of 17104_7

Okhotsk, and the northern part of the Sea of Japan (Fige 1) |
In the waters near the Kurilles, judging from the

data 1n thils map, C. finmarchicus 1s absent, as 1t 1s the

case also in the south-east of the Berihg.Sea, where dur-.
Ing two years (1955 and 1956) we found large aggregations of
the crustaceans of this group (superspecies, Yashnov, 1955),

during winter months, as will be stated later,

Ty 1y

i Prc. ). Q61acne pacopoerpatenns Calanus finmarchicus  (famntpuxonana)l
R MACCOBOM Koaudecise, CTReJARANE NOKAIAN0 Nanpanderie XoJoubix
xpttcnmi (o K. A Bposeroay, 1957)

_— - C e tee U e e oy e —— 2

Flg. 1. _Area of distribution of abundant Calanus

finmarchicus (shaded). Arrows indicate the movement of cold

currents (after K.A. Brodsky, 1957).
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V.G. Bogorov and M.Ye. Vinogradov (1960), using
the research carried out aboard the "Vit'az'" as a basis

and supponting Brodsky'!s idea that C. finmarchicus does

occur only in the coastal areas, present a map on the
aistribution_of this Calanus sp. in the waters near the Kuriles,
recording its presencé‘élong almost the entire range, f rom |

the southern termination of Kamohatka to Boussole Strait
Inclusively. The authors mentioned above state that the

southern boundary of the~distribution of C. finmarchus

runs through Boussole Stralt and that this species does
not run beyond tha't boundary; ‘However, Z. Nakai, noted

Japanese ekpert on plankton (1954),wLpites éhat aggregations

of C. finmarqhicus are. found ",...almost everywhere in the
coastal waters. of Japane...". In their work on the plankton
in the north-west of the Pacific Ocean~(sprigg, 1958), R.
Marumo, M. Kiota, and 0. Asaoka, Japanese sc;entists, indicate . 'ﬁ

(1960) that C. helgolandicus occurred constantly on a large

area east of thé coasts of the northern part of Honshu Island
and the eastern shores of HokhaidO’Island, approximately
1140 to 165° e.long and 35 to 52° n.lat. in a number sometimes

- exceeding 250 specimens per 1 cu.m. Similar indications about

the presence of g.ffinmarchicus and C. helgolandicus in_the_
waters around Japan and ﬁhe north-west of the Paciflic Ocean
are found in works of Japanese planktonologists.
K.A. Bfodsky, however, states (oral report) that 17105_7
the Japanese planktonologists definitely committed an error
In regard to the classlflcation as C. helgolandicus does not | !

poikilothermic oo
occur in the Pacific Ocean,wnhile C. finmarchicus 1s a/animal :

and cannot migrate as far south, to the shores of Japan,

where the tempefature of the water surface dur1ng spring and ) §
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summer, acording to the data of our expedition, is 17 - 20,
and even 27°C. Ali this area of the Pacific Ocean, according
to K.A. Brodsky, 1s inhabi ted by another form of Calanus,
namely C. pacificus which in 1ts morphologlical characters

1s close to C. finmarchicus..

V.A. Yashnov (oral report), while agreeing with the
1dea that the south of the northern half of the Pacific
Ocean 1s Inhablted by C. pacificus, considers at fhe same

time that thls specles 1s a vicariate of the North-Atlantic

C. helgolandicus, which i1t resembles in many respects. This
1s why, says V.A. Yashnov, the Japanese sclentlists mistake

C. pacificus for C. helgolandicus. As regards the dlstribution

boundaries.or C. finmarchicus, V.A. Yashnov quite convincingly

proves 1ts'absénce in the northern hélf.of the Pacific Qcean
and the terminal seas. The actual data gathered in the
North Atlantic aboard the expedition vessel "Mikhail Lomonosov"

and treated by V.A. Yashnov reveal that C. finmarchicus

1s a surface, boreal, but by no menas =a poikilothermic form:,
contrary to the abyssal, Arctic (poikilothermic) C. glacialis,
which is distributed north of the convergence zone. Contrary

to C. glacialls, C. finmarchicus 1s distributed In the zone

soﬁth of the convergence zoné, and also in the Gulf Stream
zone; 1t aléo penetrates Into the Barents Sea. It 'ls likely
that 1t 1s carried by the cﬁrrents into the Kara Sea, where - é
1t dies, apparently, within a very short period of time

(Yashnov, 1961, Fig; 2, 3). According to Yashnov, C. lacialis,A
an Arctic form widely distributed in the Arctic Sea, found |
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i1ts way to the Pacific Ocean through Bering Strait. From

the Bering Sea, this Calanus sp. spread south only along

the system of cold currents, which, as'is generally known,
move, on the whole, along the shores of Asis and the
Kurile-Islapd—érch. It is namely this clircumstance used

by V.A. Yashnov for explaining the distribution of Calanus
glacialls via a comparatively narrow strip along the Western
shores of the Bering Sea, the Sea of Okhotsk, and the northern
part of the Sea of Japan, and also the Kurile Range, includ~-
ing Boussole Strait. Consequently, all the points‘mentioned

eérlier by scientlists as places where C. finmarchicus oc-

curred should be assigned to C. glaclalis, and the points

noted'by Japanese planktonologists for C. helgolandicus

and partly C. finmarchicus (Nakai, 1954, étc.) should be

ascribed to the occurrence‘places,of C. pacificus. The
latter remark, exceptling the data by K.A. Brodsky.and V.A.
Yashnov, 18 confirmed also by other investigations, in
particular, by the inﬁestigdtions and materials collected
by the "Vitrtaz!'" and treated by V.G. Bogorov, M.Ye. Vinogradov,
Ye;A..Lubny;Gertsyk, gnd other scientists,

C. Eacificus_is discovered in small numbers up to
the Aleutian Islands and the soﬁthern pﬁrt of the Bering
Sea, to which places 1t 1s transported by the currents, aithough
here it does not liveilohg and, no doubt, dbes not multiply.

The penetration of C. finmarchicus from ‘the North

Atlantic into the PacificAOceén, via the basin of the Arctic
Ocean is impossible, according to V.A. Yashnov, becausé

of the natural temperature barrier, as this form is boreal,
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Thus, in summing up all the contradictory viewpoints

in regard to the distribution of the Calanus sp. of the'group

Calanus finmarchicus in the northern half of the Pacific
Ocean, we should agree with V.A. Yashnov and Ke.A. Brodsky

and consider that:

a) C. finmarchicus and C. helgolandicus are ab-
sent in theHWaters of the northern half of the Pacific Ocean;
b) C. glacialis 1nhabits_the northern part of the
Bering Sea and the codétal zones of the Bering Sea, the Sea
of Okhotsk, 'and the northern part of the Sea of Japan, and
also a comparatively narrow strip of the Kurile wa ters
on both sides along tﬁeiKurile Range to Boussole Stréit

inclusively, within the zone of cold currents;

i.

(g N _
Pucy’ 2. Pacipoerpaenne Calanus finmarchicus s, str.

B Cepepunit Araantuse (no B A, Shnnony, 1961)

e m s

Flge2, Distribuizén of Chiénus finmarchicus s.str.
in North Atlantic (After V.A, Yashnov, 1961).

Ve 107_7
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¢c) C. pacificus inhabits the southerﬁ part of the
northern half of the Pacific Ocean, reaching in its extent
the north of the Aleutlan Islands and the south of the
Bering Sea, to which places 1t probably is being cérried
by warm currents, where 1t, apparently, dies (the terminaQ

tion of its range of distribution).

—Lul

f0 AQ 20 J

Pue. (’.{ Pa(npm'rpaneum Cdlnmm glacialis » Ceuepnoit
Amamm\e Tonxite AHN — 3011 KOHBEPT L
) . (no B. A, ﬂumonv 1961)

Fig. 3. Distribution of Calanus glacialis in North

Atlantic. Thin lines indicate convergence zones (according

to V.A. Yashnov, 1961).

i
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Having considered the above-said, we attempted to
complle a schemﬁtic map on the distribution of the mentioned
Calanus sp. We realise that it is only preliminary and.
should be supplemented and verified (Fig. 4). Nevertheless,
1t may be used as a guide; |
In splte of the specifibations made, two questions .

" st1l11 remain to be clarified:

NI
NN ;

140 180 H
Puc. 4. Gxema pacupoctpauckun Calanus glaciatis (1)
R Calaras pacificus (2) B cesepiivii noaoniie
: Tuxoro oncana (ophr.)

Fig. 4. :Diﬁtribution of Calanus glaclalis (1) and

Calanus pacificus (2) in the northern half of the Pacifilc

Ocean (orig.)s
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1. Our observations (Klumov, 1957) indicate that
the 1ce which is formed during the winter in the northern
half of the Sqa of Okhotsk, due to an essential annual wind
condition, 1is carrled out into the Pacific Ocean during the
spring (April - May, and even In June when the weather
stays cold for a long.period); vie the Kurile straits
Boussole, Vries, and Catherine. Qulte frequently, this lce
reaches alsoAﬁhe Pacifié‘coast_of Hokkaido Island along its
entire oxtent. Here this 1ce 1is joined by the ice formed during
the winter in Izmena Strait (Kunashir Island) and along
the northern coast of Hokkaldo Island, which also 1is
being floated into the facific‘Ocean via Izmona and
Nemuro straits. |

| Durinézsevare.winters, when & powerful ice sheet ZTEDQJ7

is formed in the Sea‘of Okhotsk (for instance, In the
winter of 1955/56), the ice fields and crushed ice were
carried out in large amouﬁts to the Pacific Ocean via the
southern Kur&le-straits. They were noticed there by the
crews of the second whaling flotillalin April and May, 1956,
This crushed lce andhico fields covered sometimes the ocean
surface some 30 = 40 miles long and 5 - 8 miles wide, 1.e.
they occupied aniared of 150 = 300 sq. miles; there were
. several similar areas covered with lce sheets in the
southern waters ﬁear the.Kurilés.

The 1ce which 1s carried from the Sea of Okhotsk
Into the ocean oﬁills & narrow local strip bf the ocean,
1f even for a short period of time (1,5 - 2 months). It

1s only natural to assume that planktonlc organisms, in-

22
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cluding C. glacialls, may be carried out with i1ce into the
Pacific Ocean. However, this specles cannot live long in '
the area of the Pacific Ocean, as the environment here
does not correspond to the ecological requirements of
this animal. TI% 1s difficult to imagine that this cru-
stacean might form large éggregations in this new zone,.
Most probably one might discover here only individual "spots"
or scanty specimense. ‘ ' ‘
From the above-sald, it is very difficult to solve
the problem: What isnthen "Calanus finmarchicus" which

was extracted by the Japenese scientists from thé stomachs

- of two right whales (Pacific right whdles) caught‘in the
Pacific Ocean about 200 miles east of the shores of Hokkaldo
Islands, 39 -§41° latitude (Omura, 1957)?7 X.A. Brodsky is,
most probably, right (oral réport) in considering fhat,-
judging from the place where‘thbéé two whales were caught,

1t must have been Calanus pacificus. Consldering our ob-

servations of the 1ce carried out from the Sea of Okhotsk
into the PacifiéiOcean, into the zone adjacent to the

‘ southern Kuriles and Hokkaldo Island, and also the possibility.
that C., glacialis might be carried‘out with 1t, we have
Included into oﬁr table on the feeding of right whales
8180 ﬁoth_Calanug specles mentioned gbove. However, since
the feeding of tge Paciflic right whales on these Calanus sp.
has ddoumentally not been substantiated, their names in Table 1
appéar in brackets, although we personally do not have ahy

doubts that during a certalin time of the year both these Calanus
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forms serve és prey for the right whales inhabiting the
northern half of the Pacific Ocean, and form,along wilth'
Co. cristatus and C. plumchrus, the main food of these huge
animals.

2. As already mentioned, K.A. Brodsky (1957, 1959)

does not indlcate the presence of C. finmarchicus or C.

glaclalis for the ‘south-east of the Bering Sea. However,

while doing research sboard the expedition vesSeli"Nerpa"
(summer and fall, 1955 and 1956, in the south-east of the
Bering Sea, in the area located between fﬁe 1slands of the
Pribylov qnd Aleutiaﬁ'ranges, about 170° w.lon.), we discovered
in August-October aggregations of Calanus sp. Upon our
request, this Calanus sp. was ldentifiled by Brodsky as

C. finmarchicus.

V.A. Yaahnov told»us that thg material on the plank=-
ton from the south-east of the Beriﬁg Ses had never been
studied by Russlan and Soviet scientists and that our
colléctiona of pi;nkton are the first from that most in-
teresting ares. :V.A, Yahsnov also stated that there are no
reasons whatsoever to doubt thé accursacy of the ldentlfica- ' E
tions of fhis:material by K.A. Brodsky. However, he does

~ not admit even the thought of the faot that g} finmarchicus

might have penetrated Into the Paclflec Ocean and become

localized onlj In the south-east of the Bering Sea, forming . :

~ there annual aggregations with the avérage'biomass for [ 109 7
the O - 100 m layer, as we had established it, about 500

Al
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The fact that the aggregations of Calanus sp. in
the mentioned area are annual (although subject to annual
oscillations of the biomass) 1s corroborated by the fol-
lowing observations. |

At first wé mentioned that the right whales possess
a definite capacity to select their food, preferring in the
northern hemisphere the Csalanoida to all the other food
objects., Our data indicate (Klumov, 1959, 1962), that,
in their spread, the (Pacific) right whales are connected

first of all with the presence of mass aggregations of

Calanus spe. (Calanus bristaﬁus, C. plumchrus, C. glacialis,
and C. pacificus). |

Townsend (1936), using the treatment of tﬁelvg~
bobKs:- . of the American whaling vessels for 1785 - 1913,
1.e. 128 years, as & basis, has compiled & map of the
killing of right whales:according to months. We have sel-
ected the data on three months (August - October) (Fig. 5).

Thus, the areas with aggregations of the calanids

"we discovered in the south-east of the Bering Sea are also

the places where the Pacific right whales héve been distributed
for almost the past two centuries. On the other hand, constant

observations of right whales near 170° w.lon. between the

" Aleutian Range andﬁthe;Pribylov Islands in.fall (August-

-:Qctober) bears witness, no doubt, to the fact that the

b ¢
I would like to express my gratitude to K.A. Brodsky

and V.A. Yashnov for the identification of the material on the

or—the calanids and the consultation on the problem regarding

the distribution of this interesting group located in the Pacific

Ocean.
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aggregations of the calanids here are formed every year,
they exlst a long time, and are confined to certain places,
1.8, they areilmportant locellyf This mutnal.oorroboration
makes the facts presented auégntlc indeed.

Having considered the abovesaid, Calanus glaclalis

should be included in the list of the food of the Pacific
right whale as a presumable prey, as we lack the actual substan-
tiation of this facte
While dealing wlth this toplé, we would like to
draw the attention of our reeders to the censervetism'of
right whales, which, apparently; 1s common to all the cetaceans,
As a result of extremely intensified whaling, the
right whales near the shores of the North-American continent
were almost completely destroyed back at the end of the paet
century. At 'the beginning of the,twentieth century, the po=
pulation of the right whales praetically diad not exist. By

X _; ‘
It should be stressed that the Inlitial cause of annmual

aggregations of the calanids in the area described are the
hydrological oendltione, which facilitate the annual development
of the mentionedjqruetaeeans. Apparently, in this zone, between
the Pribylov and- the Aleutian lslands, the chilled water rich

in biogenic elements rises. The origin of this water is still
unknown, l1.00 we do not know yet whether i1t comes from the
Chukchi Sea or has as its origin natural bottom, riaing to the

surface a8 a result of a vertical circulation.
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that time, there might have been s ome twenty to thirty animals.
Unprofitable hunting, and then the decree prohibiting L1117/
the killing of these whales (the international agreement '
in 1936) facilitated the preservation of‘the animals which
st1ll remained. The population began to increase very.slowly._
At the present time, the population of the American right
whales st1lll remains small., Slnoce the enforcement of the
decree, s few generstions came 1nto.being. However, the
character of their migration, thelr feeding groundé, judging
from Townsend's (1935) and Omura's maps (1958), and also
from the data by Gilmﬁre (1956), have not changed.. The
"unconditioned reflex of place" (Klumov, 1955) regulates
as ever thélbehavior aﬁd movement of thes; whaies, as seen
from the actual data (see Fig. 5, 7);

According to Gilmore (1956),'the wintering grounds of
the right_whalés qf the American population have become
reduced. Now they do not reach éo° n.lgt. in the south, s&s waé
the case in the nineteenth century. From our point of view,
however, thils fact may be explained by the small number

of_the'population.

»
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Pre. 5. Pacupéacacie 10669 Taaakny  (SROUCKIX) KRTOD Basry-
cie, cenrabpe u okTaGpe 3a 128 aer (1785--1913 rr.).
Mo Tayieenay (1935)

i
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Fig, 5. Distribution of catches of Pacific
right whales ib August, September and October during 128
years (1785 - 1913). After Townsend (1935).

‘The quaétitative characteristics of the feeding
of the right ﬂgales of the southern hemisphere and North
Atlantic are‘iacking, and no data are found 1h literature
on this problem. As regards the right whaleé of the N
northern half of the Pacific Ocean, the material we collected
Indicates ﬁhat the maximum volume of-food discovered in .
the stomach of a Pacific right whale was 150 1 of C. plum-
chrus. None of the ten Pacifio right whales captured (Klumov,
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1959, 1962) contained a large amount of food, and no -
stomach was filled fully (see Table 2). According to an ap=-
proximate estimation, the stomach of a large Paciflc right
whale 1s so big that 1t could oontaln 2 - 3 tons of food

at one tlme.

L | ‘ Sl
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CPuc 60 Bonvacea Calanus gelacialis w paiiofie. noctosiamx. ka6

i CANHE SNONCKNN Mol pooktaGpe 1936 1. i
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YNo st 'mi‘”o:unum Huetnryra oxeanoaocun AIL CCGP (opur.). Gocran I
acno 00 AL Cuaimonndl,

Fig;“6;. Biomass Célahhs-glacialis &ﬁ the area of

constant observgtions of the Pacific right ﬁhales in October,
1956. | | |
1- less than 100 mg/cu;m.; 2- 100-200 mg/c.me;
3- 200-500 mg/cu.m. | .
According to the data of the Expedition of the
Institute of Oceanology of the Academy of Sclences of the

USSR (orig.). Compiled by Yu.A. Filippova.
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Fig. 7. OQbservations of Pacific right whales in 1946 - 1957
by Japanese whaiing.fleet (After Omura, 1958).

Our estimations indicaté.(Klumov, 1961) that whales
of the suborder Mystacoceti, in order to maintain their
eﬁergy balance_and ﬁo aécumulate food reserves for winter,
require about 35 ~ 40 g per every kilogram of their live
wélght for a 24-hour period. Judging from this, .a Paocific
right whale 16 = 17 m long and wéighing about 100 toﬁs

needs 3 = 4 tons of food.

4 . S tms e ¢t meseesee era———— e e ©
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Our material allow us to establish the age and size
of' the young of ‘the Paciflec right whales at the time these
young turn to Independent feeding. ‘

.\ newly-bofn right whale, inoluding Pacific right
whale, measures 5 to 6 m in length. During the first
six months, 1% 1ncre§ses 1ﬁs size almost twice. The termina-
tion of the lactation period and changé to Independent feed-
ing 1ﬂ the horthern half of the Pacifiec Oéean takes place
In August =~ Septeﬁber, at which time the young 1is six-seven
months old and 10.5 -~ 11 m long (Klumov, 1959, 1962). We
discovered iIn the stomach of & suckling (captured on July
22nd, 1955), besldes its mother's milk (which formed the
main bulk of ﬁhe food), a smallfamount of Calanus 8p.;
and in the stomagh of anather young whale, 11.35 m long
(of the same gepéfation and capfured on August 11lth, 1955);
the food usual for adult whales (see Table_é);~. .

HEIMINTH FAUNA

The reseancher studying>the.food of the cetaceans,
whille examining.%he stomach and intéstines‘of the animai,
1s inevitably faced with the endoparasites of these animals.
In thils connection, we wduld llke to stress once more how
Important 1t is to collect and7study the helminthofauna of
the cetaceans: the better we understand the helminthofauna
of these.énimals,_the more maferial we get to Judge their

distribution, thelr migratory paths, their biologﬂgeeding,

-~
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migration, formation of local pods, etc., and, perhaps, thelr
origin, In commection with the study of the phylogeny of
their parasites. . | .

V.A. Dogel&, whlle dlscussing the ilmportance of the
helminthofauna of the animals whenever faced with zoogeographical
problems, wrote that every endoparasite "... characterizes
much better certain natural blotypes than 1ts host, Thls seems
to be incredible, but it 1is qo.' Indeed, every free organism
1s connected with a specific biotype and biocoenésis with
a8 direct live thread itself. Most of the parasites are
attached to thelr blotype, may coexist with 1t by means
of two to three live threads, 1.e. their Intermediate and
terminal hosts; Hence the attachment of the parasites to the
definite cbmbinations of biotioAand ablotic conditions should
be more 1ntimate; Iike & tag, the parasite indicates in the
given blotype thae presence of a oompléte complex of anlmals
without which iﬁg presence in the blotype is unth;nkabieﬁ
(Dogel, 1947, p;:487); | '

Academiciaé K.I. Skr'abin wrote the following in the
foreword to Delam;ro'st*£opk on the helminthofauna of the
- sea mammals: "Genaralization of the data on the he Iminthofauna - -
of certaln animélé may serve as subplementary material for
solving the problém about the distribution on the globe of cor-

responding groups of hosts, while the study of parasitic worms

of strictly endemioc, relic animals allows us, in some cases,

X A
Transliterated from Russian. - Translator,

i o : : A
SeLe Delamure. Transliterated from Russian, Translator.
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to clarify the origin of the mentioned hosts" (Delamure, 1955,

pe 3)e These words of Academician K.I. Skrtabin and Professor -

V.A. Dogel help us to understand better the role of a detalled

study of the helminthofauna of ¢ ach individual whale. Incidental~

ly, 1t should be noted here that the helminthofauna of the ce-
taceans in the World Ocean has been studied qulte inadequately
and quite unevenly both in regard to the species and
geographical reglons. In particular, the helminths of the
cetaceans of the North Atlantic seem to have been studied
least Qf all. The data on the helminthology of the sea mammals
.compiled by S.L.»Deiamure (1955) is the only one in the

world literature and it facilitates, undoubtedly, the work

of the zoologlats studying the pinnipeds and cetaceans.

However, almost ten years have elapsed since, apd this list is,
to some degree, Qbsolete,'glthough 1t has not lost its
signifidance.) M;reover, we need now the data on the helf
minthology of the cetaceans in fegard to individual geographical.
(natural) microregions. This 1s very important. This |
approach will enable us to dlscover new interesting laws.

Without a detailgd study of the helminthology of the

cetaceans and pinnipeds for individual geographical microregions,

1t is impossible to determine the distribution of the
helminths and their hosts, the entire progress of the development.
of oausatibns;éﬁd céusés of their origin in regard to the
.helminthbfaunasﬁof marine animals of 1nd1v1dual.provinces.

While solving the problems raised, we cannot study

the helminthology of individual speclies of the cetaceans

(or pinnipeds) independently from a2 thorough research
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of the blology and ecology of the whales themselves and the '
conditions of the microregions in which they are found.

t 1s important and mandatory to study not the species aé
.such, but every individual specimen, under concrete condi-
tions of its habitat. We also must know the developmental
cycles of the helminﬁhs of marine mammals, if only the
abundant ones, typical of a given area. This detalled
study 1s the next stage of the common work of the
helminthologists and zoologists studying marine mammals.,

To study the helminthofauna of the cetaceans, we‘
Invited helminthologist A.S. Skr'abin to take part in our
eXpedition. He collected vast material; he personally car-
ried out 254Lalmost complete helminthological investigations
of large whalés, including nine Pacific right whales (ten
were captured, in accordance with a speclal peruission)
(Klumov, 1959, 1962). A;S. Skr'tabin generalized all the
collected material and presénted it in the form of a
dissertation, - a compendium on the helminths of marine
mammals of the northern part of the Pacific Ocean (Skr'abin,
1956, 1958, etc.). | |

While examinling the internal organs of the Paciflc right
whales (lungs, heart, liver, kidneys, stomach, intestines,
the urino-genltal system, etc.), A.S. Skr'abin did not
discover any endoparasites in three whales (out of nine).
One whale (No; 6, Table 2) was a suckling; 1ts stomach con=-
tained milk and some Calanus sp. Thls young was at the
stage when it would switch to independent feeding. CeStode

Tetrabothrius ruudi was detected in two whales (No. 4 and 7),

and the Acanthodephale Bolbosoma nipponicum, not detected yet
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by anybody in right whales; was discovered in four whales
(No.No. 5, 7, 8 and 9, see Table 2)., A.S. Skr‘'abin has
noted a rather weak infestation ¥ of the Pacific right whales
inhabitihg'the northern half of the Pacific Ocean (Skr'abin,
1958, 1959). - | |

In his articlé,_Omura (1957) notes that, in spite
of a thorough investigation of two Pacific right whales
caught in the Pacifié Ocean by Japanese whaling vessels
and studied by the scientists of the Japan Whaling Tnstitute
and also the sclentists of the Faculty of Medlcine of the /114 7
Tokyo University, no endoparasites were discovered (see
Table 2). Thus, these data also corroborate the idea
that the Pacific right whales are not heavily infested by
helminths. In this conmmection, we would like to express a
hypothesis, which seems to have some grounds.

Most of the helminths (if not all) make their way into
the body of whales via intérmediate hosts, i.e. animals
which serve as food for whales. .When we compare‘the number
of the food objects of whalebone whales with the number of
endoparasites discovered in thém, we may assume that the
greater the variety of the food of a given whale, the more
helminths it has. For instance, the right whales of the -
.northern half of the Pacific Oceari are known tovhavé 6 food
objects and SAspecies'of endoparasites; the correéponding
figures for blue whales are 15 and 6, for sei whales 38 and
13, and for fin whales, 40 and 15, ,

Pacific right whales possess a finely developed capacitj
of selecting their food, and they prefer the Calanoida to all

other groups of the zooplankton. This restriétion in regard

¢

"on the part of these parasites"? - Translator.

i
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to the aspeot.of food and; apparently, the weak infestation
of intermediate hosts, i.s. the Calanolda, 1s the basic
reason for the extremely weak Infestation of the right whales
by these parasites.

For the blue whales, we discovered 15 food objects,
1.e. considerably more than for. the right whales, although
some of these objects are not constant. The number of
nelminths in the blue whales, compared with those discovered
in the Pacific right whales, is also somewhat greater. Un-
fértunately, welwere not able to separate our data on the
food objects of the sei whales, as we had at oﬁr disposal

only two species of whales. Presented here is the information

on the sei whales (Balaenoptera borealils) and Bryde's whales,

while the number of the helminths is given only for the sel
whales of the northern half of the Pacific Ocean. Having |
consldered the aforesaid, we may maintain that fhe number
of the prey of the sel whales is smaller than that of the
fin whales, apparently, 25 - 30 species. Consequently,
in summing up, we obtaln two series rising parallel to one
another, which also allow us to aséume that the more varied
the food of the whalebone whales, the more food objects used
by them, the gresater the variety'of the helminths in them.
The comparative déta on ﬁhe helminthofauna of the
right whales of the genus Eubalaena are repfesented

as follows:

l. Reference to the author himself. Translator.
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Antarctic and adjacent North of thse
waters Pacific Ocean
X ' AR
Ogmogaster sp. Tetrabothrius ruudi
X - 1919
Priapocephalus grandis Bolbosoma nipponicum
' bLu 4 X

Tetrabothrius affinis Bolbosoma turbinella

The data oh the helminthofauna of the right whales of
this genus ih the Arctic Ocean are 1acking; |
A comparison of the helminthofaunas of the right whales
of the northern half of the Pacific Ocean and of the southern
hemisphere reveals thaf they lack common species of helminthse.
This is natural, of course, as the populations mentioned do
not communiéate with one another and do not winter in the
areas of troplc waters where theilr geographical ranges are
. overlapping, as is the case in other whalebone whales. Moreover,
' the right whales of the southern hemisphere and the northern
part of the Pécific Ocean do not share common food objects.
As may be seen from Table 1, the former whales feed almost 1115;7 B
exclusively on E. superba, while the’Paciric right whales
live alwost exclusiveiy on the Calanus sp. At the same time»
we cannot but admit that the right whales inhabiting the
Antarctic and the waters of the northern haif of the Pacific
Ocean, on the same gfounds, along with othef whalebone whales,
communicating with these and feeding, to some degree, on the
same prey (especially the right whales of ﬁhe southern hemisphere),

could have almost the complete set of the helminths

X /S.L. Transliterated. Translator/ Delamure's data

(1955)

i  /H. Translator/ Matthews'! data (1938)
R Skr'abin's data, obtained during our expedition,.
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characteristic of these specles. Besides the reasons already

stated which explain the lesser Iinfestation of the right

whales by these.parasltes, we shouid polint to the smsll

number (density) of the population of the right whales and

lack of larpge aggregations. Obgervations hagve revealed

that the right whales occur for the most part in pairs

or groups of 3 - 5 specimens at a considerably large distance

from one another. It 1s also possible'that some physiologlcal

peculiarities of the right whales ("internal medium"s

also may be factors pfeventing the spread of a number of

helminths and hamperipg their normal exisfence and propaga%ion.
When we compare the helminthofauna of the Pacifié right

1%
whale and Greenland whale (Eubalaena glaclalis sieboldi and

Balaena mysticetus, respectively), we also do not discover

a common specles of the endoparasites (Table 3). This
Indicates the dissociation of the geographlcal ranges of
these two species of right whales, although their feeding,

no doubt, is more ‘like . ° - that of:the Paciflc right whales
and other whalebone whales iﬁhabiting temperate and subarctilc

waters of the Pacific Ocean.

b1
1. It belongs, apparently, to the Atlantic population,
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HEIMINTHOFAUNAS OF GREENLAND WHALE AND PACIFIC

RIGHT WHAILR

Greenland whale Paciflc right whale
® | AR
Lecithodesmus gollath Tetrabothrius ruudi
bro4. 4 9.
Ogmogaster plicatus . Bolbosoma nipponicum
i X 4
Phyllobothrium delphini Bolbosoma turbinella
. :
Crassicauda crassicauda 1
F19:9:4 F

Bolbosoﬁa balaena

5 .
After Delamure (1955); data on the helminthofauna

of Greenland whale in regard to 1ts entire geographlcal range;
however, we think that the helminths were discovered in the

whales belonging to the North-Atlantic>population.,-

ok | - A
. ‘ Data of our expedition (Skr'abin, 1959).

Ak After Tomilin (1957)e
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CONCLUSTONW

1. Right whales inhabiting the World Ocean reveal
everywhere that they are‘caﬁable of selecting food, regardless
of their habltat. In each area they inhabit, thelr food
1s 1imited to a small number of food objects. In the northern
hemisphere, the chief source of the food of the right
whales are representatives of the group of the Calanoida; in

the North Atlantic, this 1s chlefly Calanus finmarchicus,

and in the northern half of the Pacific Ocean, Calanus plumchrus

and Calanus cristatus. In the southern hemisphere, on the

3 -;\Ai . . '
other hand, in thsgArctic waters, the main food of the right
whales form the representatives of thé'group of the Euphausiacea,

primarily Euphasla superba. The actual material studied allows

us to consider the right whéles as the typical stenophagous
'animals‘with a very small varlety of foods. Right whales
feed only on the representatives of the plankton which forh
large aggregations in the sﬁrface waters of the ocean.

20 Narrow specialization of fight whales could evolve

were stable '

only if the conditions for feeding/-presence of constant abundant
aggregations of zooplankton, With the blomass playing a very
important role; there 1s no douht that the "density" of these
aggregations was the most important factor. It seems.then
that these two factors - stability of the food reserves and
formation of mass aggregations of 200plankton in the upper

layers of water- were decisive in affecting the evolutlon

and develbpment of & number of trophic adaptations in right-

~whales: formation of disproportionately large head (more than
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30% of the body length), enormous mouth, a perfect baleen

sieve with long whalebone plates (up to 2.6 m), dense and

soft fringe (35 - 40 om long), and other adaptive devices which
facilitate:the capturing of an enormous volume of food.

To locate aggregations of food plankton of a re-
quired concentration in vast areas of the ocean, whalebone
whales, inclﬁding right whales, possess one more extremely
important capacitys they are equipped with a perfect sound-
detector by means of which they search for food and waste
very little time (Klumov, 1957, 1961). There is no other
explanation as to how thesé huge animals whose 24ehour-long
need for food 1s extremely great can exist.

Se Invgstigations aimed at the clarification-of
the quantitative aspect of right whales did not yield
positive results, as the maximum.volume of food récorded
inthese whales reached only 150 1 (whale, No. 4, Table 2).
However,.calculationS'(Klumov,_196l) allowed us to come to
the conclusion that during a period of 24 houfs whalebone
whales require 35 - 40 g food per 1 kg of fheir body welght,
Thus, adult whale weighing 100 t or somewhat mofe éhould consume
3 - 4 t of zooplankton during a 24-hourAperiod.

4, Geographical Qariability in the feeding of right
whales the Calanolda in the northerh hemlsphere and Euphausiacea
in the southern) - complete resemblance in their morphologicai'
. characters and, in particular, their baleen sleve (Klumov,
1959, 1962) and other trophic adaptations acquired in their

evolutionary process- allow. us to -state the following hypotheéis.
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Right whales, having originated somewhere in the
northern hemisphere, perhaps in the northern half of the
Pacific Ocean, began to spread after a certain evolutionary
stage was complete and tﬁey had adapted themselves completely
to feeding on fine planktonic organlsms which concentrated
in upper water layers. It seems that the.distribution of right
whales (we are talking about the genus Eubalaena) took
place during the Quaternary period. At the tlme of the
maximum glaciation, the righﬁ whales penetrated in%o the
South Arctic Ocean; during the interglacilal warm time,
they passed from the Pacific Ocean to the North-Atlantic
waters via the Antarctic Ocean. Thus, their lsolatlion was
not prolongeda and hence the 1solated populatibns, separated
by enormous areas, dld not produce any sharp, well dlscern-
ible morphologlcal differences (Kluﬁov, 1962) . This
seems to be the only loglcal explanatlon why the right whales
inhabitihg the southern hemlsphere, the North Atlantle Ocean,
and the northern half of the Paclfic Ocean hardly differ from one
another In any morphological characters, and only slightly
so in regard to their biology.
‘Under the new conditlons, In the Antarctlc Ocean, [ 1/
In which aggregations of fine planktonlc organlsms were lacking In
the surface layer,. the right‘whales were forced to turn

to feeding on rather larger animals (Fuphausia superba)

whilch formed mass and qgulte dense concentrations in surface
waters, Their baleen sieves, however, remalned unchsnged,
since thesge whales have ﬁot &et lived long enough under
new conditions, in order to devélop_éome new,adépti?e char-

acters, It is also possible that earller the right whalés
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inhabiting the southern hemisphere fed at first on planktonic
animals which were finer than(now (representatives of the
group Calanoida), which later might have been displaced by
the conteﬁporaneous form of.the zooplankton in the Antarctic
waters, 1i0. E. suberbal. This is the more - probabie as
even now the Calanoida form quite large aggregations in
the aforesald waters (Naumov, 1959); however, these
aggregations are confined only to depths more than 25 m and
therefore are inaccessible to the right whales. The iadk
of the Calanoida-in the surface waters wmay be eiplained not .
only by their displacement by a more massive and active
form, but also by the fact that here they do not find conditions
suitable for ﬁheir existence.

5..Di5tribution of right whales in ﬁhe areas of
their summer stay (feeding grounds)'is closely connected
with the distribution of the aggregations of their food
objects (feeding grounds). In the southern hemispheré, the -,
distribution of 'the right whaiés is connected with the di-
stribution of E..superba, and in the northern hemisphere,
with the Caianoida; in the North Atiantic, with C. finmar;

chicus, and in the northern half of the Pacific Ocean,

I. Taylor's well-known principle (Geptner-/Trané-
literated from Russian. Translator/, 1936) according to
which the more primitive forms are pushed aside or displacedi
by more progressive, more specilalized and young forms of
.intruders, which are Introduced or originate in the territory

under investigation..

A
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first of all, with C. plumchrus and C., cristatus, and also:

with C. glacialis.

e

6. The chlefl rivels of the right whales in the
southern hemisphere are all.the whalebone whales there,
some seals (crab-eating sealﬂ, Weddel's sealk, and, tb a
lesser degree, Ross! sealﬁ), all the species of penguins
and other marine birds inhabiting that fegion, and also
a few marine pelagic fishes and animals of the Arctic waters

which feed almost exclusively on Euphausia superba. However,

the rivalry between the animals feeding on the above
crustacean is not too pronounced because of the abundance

of E. superba. A vefy large portion of the zooplankton

remains unused. We estimated (Klumov, 1954) that within
the area that .surrounds Antarctica and located south of
60° s.lat., the whales, seals, marine birds and fishes eat

up during the season of the development of the plankton here

slightly more than 200 mln., t of zooplankton (almost‘exclusively
E.‘suberba); all the remaining mass of the zooplankton -
about five billion t- remains unused. |

The main rivals of the right whales in the horthern
nemisphere are: the sel whales which gladly feed on the

Calanoida, and a large group of marine birds feeding on

plankton, such as Oceanodroma furcata- snd 0. leucorrhoa,

Fulmarus glacialis, Puffinus griseus and P. tenuirostris,

partly Rissa tridactyle, and some others; less important

are the feeders on the Calanoida. The pelagic fishes running
in schools (such as herring, Pacific saury, some salmonids;

etgh Moreover, pelagic squids, especially Ommatostrephes

. sloanei-pacificus and Loligo opalescens in the Pacific

X
Literal translation. Translator.

Ry
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Ocean, too, are rivals of the right whales, a lthough to a

. - lesser degree, if compared with the animals listed above.
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While evaluating the degree of the rivalry of the .é~11347“
right whales in regard to food, it should be noted that
their population is so small in the northern hemisphere
that one cannot speak about any competiﬁion. Moreover,
not all the mentioned animals feeding on small forms of the
'zooplankton of the*surface waters'form numeroué populations.
For instance, the salmonlds. of the northern half of the
Pacific Ocean and the Clupeldae at present are subject to great
reduction because of the humerous catches on the part of the
Japanese fishermen. B.M. Mednikov has estimated (1961) that
all the porulations of the salmonids in the northern half of
the Pacific Ocean use during thé entire year only 5%.of the
total volume of the zooplankton in this vast area. During
the years of expansive development, the greater part of

the zooplankton here remains, it seems, unused. Thus, the

increase in the competition for food on the part of the
right whales may take place only during the years when the
zooplankton, and, in particular;‘the Calanolda develop poorlye.’
These data, we beiieve, allow us to. understand
the‘causes‘of the development of the stenophaébus state in
the right whales and also the development of the conditions
under which, during the evolutionary proéess, the sharply
expressed éelectiva capaclty of these whales was formed.
6. Haviﬁg considered also the resemblance in regard
to the feeding of the right whales and some already mentioned
marine planktophagous birds, we:would note that these .  *' .
blrds, under conditions of the northern half of the Pa@ific

. .Ocean, may serve as guides to the aggregationé of food




plankton, and hence to the regions in which the (Pacifié)
right whales might be encountered,

7. Detalled presentation of the food links of the
right whales is far from being compietely developed, as
many details pertaining.to the feeding of the prey for these
whales have yet to be clarified. And this is namely the
field where Supplementary and thorough research should begin.

Comparative data on the food links of the whales with the
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basic animals used as their source of food are given in Fig. 8

(for the northern hemisphere) and in Fig. 9 (for the southern
hemisphere). These figufes Indicete that the food relation
of all whalebone whales in the Antarctic waters is confined
to the Eupﬁaﬁsiidae, as they are the simplest. These
relations are somewhat more complex in the subpolar and the
antiboreal regions of the southern hémisphere, and they
become more complex still in the northern hemisphere, s ince
there, the analégue of E. superba, which forms éggfegations
of the dehseness as does the mentioned'crustacean in the
southern hemisphere, is lacking. | ‘

Fig. 8 and 9 indicate that the food links of the
right whales are, perhaps, the simolest, becﬁusevof the
distinct capacity of these animels to seiect their food.

8. The point of origin of the whalebone whales, in
particular, the Minke whales, 1s considered to be the waters
of the North Atlantic, as fossil remains of large cetaceans
have been known only from North Africa (Romer, 1939). The
waters of the North Atlantic are also consideréd to be the

cradle of the - -development of most of the Pinnipedla, in
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particular, the Phocidae (Roetticher, 1934; Scheffer, 1958’.
It seems, however, that there was yet another hearth

where the mérine mammals originated; it was located in the

northern waters of the Pacific Ocean. And there is ho

urnanimous agreement on the part of the sclentists on the

place of origin of the Otariidae. Some scientlists (Botticher,

1934; Geptner, 1936; Scheffer, 1958) consider tﬁat it 1is

possible to imagine that these seals originated and spread

in the waters of the Antarctic Ocean; others (Romer, for

instance, 1939) are completely in favour of the northern

half of the Pacific Ocean. Kellog has shown that the

primitlve ancestor of the eared-seals Allodesmus kernensis 1712Q47
was also disﬁributed in the Lower Miocene near the coasts of

what is now knoﬁn as California. In the structure of its

skeleton, in spite of the peculiarities, thls species shares

many similar features with the cohtemporaneous eared~seals,

i.e. sea-lion (Eumetopias), sea-lions (Zalophus), the

southern fur seals (Rumetopias), and even walrus (Odobaenus).

In our opinion, the second viewpoiﬁt is more accur-~
ate és, first of'all,'almost all the knoﬁn fossil remains
of the ancestors of the Otariidae have been dlscovered along
the.coast of the Pacific Ocean and, secondly, it is the
northern half of the Pacific Ocean namely where we find the
largest number of endemic, including relic forms which in-
dicate that in this area there was, beyond any doubt, a
large and important center of origin and the primary location
of the spread of a large group'of the most diverse animals,

the representatives of both the terrestrial and the
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marine faunas. Suffice it to say that Beringia* was the

main centre of origin'énd spread of Arctic animals "...

which produced the main bulk of the inhabitants of

the mainlands" (Tugarinov, 1929, p. 679). V.G. Geptner

(1936, p. 383) also speaks about the presence "... of a

strong centre whefe various forms (of animals. S.K.) originated

in the area of Beringia, whence they moved gradually southward.”

Steller's sea cow, for instance, originated undoubtedly
in the north of the Pacific Ocean; so did the ribbon seal

 (Histriophoca fasciata) of the family of true seals and

the Kamchatka beaver (or sea otter),- these wonderful
endemic animals of the mentioned waters; a whole group of
dolphins»(Phocoenides, Lissodelphis, etc.) endemic of
this region; and, finally, grey whales (which, by the way,
resemble closely the right whales), which, although in the

ancient times they inhabited the North Atlantic, were of

undoubted.Pacific-origin.

We are entitled to regard all the right whales
as the animals which originated in the Antarctic. Among
the Pinnipedia, the analogue to the Greenland whale is
the walrus. Having considered the present distribution,
paleontologiéal data, and other material (the geology of
land, the history of the evolupion), we may assume that the |
walrus and the Greenland whale originated in the basin of

the Arctic Ocean, most probably in the waters close to

e

“* . - . . . . [ P

Verbatim. The suffix "ia" is used similar to the
the formation of countries- Bulgaria, Yugoslavia, etc.- and
large territories- Siberia, for instance. Translator.
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the nerthern Pacific Ocean, or perhaps even in the latter.
This 1s the more probable since the walruses, as has been
. established by paleontologists (Romer, 1939), evolved from

old forms (ProroSmarus), which were very close to the

eared-seals, and the latter had their ancestor (Allodesmus

kernensis) in the Pacific Ocean, near California. The eared-
-seals which originated in the north of the Pacific Ocean
from where they spread into the southern hemisphere, should
be regarded as the anaiogues of the right whales of_the
genus Bubalaena. The Pinnipedia mentioned above and the
right whales peneﬁrated‘into the southern hemisphere at
various times. However, they could have moved along the same
paths. .
The aforesaid facts and analogues, as well as the
paleontological finds of the remains of the ancestors of
' the whalebone whales in the deposits along the coast of
California by Morrice and described by Kellogg (1931), and
a number of other data (in particular, the structure and the
adaptation of the baleeﬁ sieve to the feeding on the Calanoida)
allow us to considér that the right whales of the genus
FEubalaena originated in the waters of the northern half of the
Pacific Ocean. One of the bases for this assumption is .the
data on the analysis of the helminthofauna of the right whales in
the northern half of the Pacific Oéean-and the southern hemisphere.
If we compare the helminthofauna of the right whales /121 7
‘of various populations, we noteAthat'at present théy lack ’
contact in regard to one another. As already noted (see Tabl.,

. 4 énd 5), a comparisén of the helminthofaunas of Rubalaena
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glacialis australis and Eubalaena glacialis sieboldil, and

also a comparison of the helminthofaunas of Balaena mysticetus

and Eubalaena glacialis sioboldil (unfoftunately, the data

on the composition of the helminthofauna of the right whales
of the North Atlantic are lacking) cérroborate this hypothesis,
as these whales do not share even a single speclies of the |
endoparasites. Moreover, the infestation of the right
whales by these parasites is very insignificant).

It is possible that while being either sterile
or possessing originally a small series of endoparasites,
the right whales of the genus Eubalaena penetrated the waters
of the Antarctic Ocean, having come from the northern
half of the Pacific Ocean (the initial area of their di-
stribution). fIt seems that this penetration may be confined
to the period of the first mass glaclation, l1.e. to the re-~
%atively not too dlstant ﬁast. Once in the southerh hemisphere,
these whales (if they were not sterile) "log M here, apparently,
all their endoparasites, as the latter might have not fouhd
the conditions necessary for their development (intermediate
hosts); and the number of these newcomers was so insignificant
(at least during ﬁhe.first time of their penetration to these
areas) fhat the Infestation might have disappeared. ZTLater the
right whales of the southern waters acquired a small number
of helminths which are characteristic of the Antarctic waters

K .
(see p. 114 ), which also were distributed among other whalebone

¢

In the original. Translator.




6l

whales here. In the first instance, we might mention

Priapoéenhalus grandis and Tetrabothrius affinis; the

origin of the former 1s undoubtedly connected with the Antarctic

Ocean. The third endoparasite discovered in them 1s Ogmogaster

SP . (appareﬁtly, O. plicatus). It briginated in the North
Atlantic whence it was carried via the Antérctic waters in the
rorquals (this will be stated below, in the chapter on the
analysis of the material 6n the blue whales),

Moreover, it is very important to nofe that the

Australian right whales (Bubalaena glacialls australis) were found

to contaln the commensal nématode Odbntobius‘ceti (Roussel de

Vauzeme, 1834, after Delamure, 1955) on the baleen plates;
1t 1s undoybtedly of Antarctic origin, and it 1s quite widely
distributed'among-the whalebone whales in the southern Arctic

waters, and discoveroa here in the blue whales and fin whalest

- What is of special Interest, however, is the fact that this

nematode is not present in the right whales (Bubalaena glacialils.

sieboldiil) of the northern half of the Pacific Ocean.

1.
We believe that 1t is possible to predict fairly

accurately that this nematode will also be discovered in
humpback whales, sot whales, and lesser rorquals, if these
whales of the Antarctic waters are thoroughly checked. The
lack of reports.of this nematode in the aforesaid whales 1s,
we believe, due to the insufficlently thorough investigations
of their baleen apparaﬁus on the part of the zoologists and

helmintﬁologists while collecting the biologlical data under

field conditions.
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Odontobius ceti was discovered by our expedition (Skr'tabin,.1l959)

in the north-west of the Pacific-Ocean in the blue whales

and the fin whales of the Asiatic population. A.S. Skr'abin
has examined the baleen plétes of five fin whaleé and five
blue whales and discovergd the mentioned nematode in both
species of whales in 100% of the cases "... in a great number".
He also examined thoroughly the baleen apparatus of nine
(Pacific) right whalés and did not discoverlg.vgggl in

any of them. This cdnfirﬁs that tﬁe distribution of the
right whales of the genus Eubalaena went from the north

of the Pacific Ocean tc the southern hemisphere, while the
route of the blue whales and fin whales, on the other hand,
was from the southern hemisphere tothe Pacific Ocean. This
question will be treated later, in the corresponding chapters

of this work.

BIUE WHALES

Feeding

Before World War II, the blue whales were fhe
main object of whaling in the Antarctic Ocean, end they
formed about 90% of the world catch (Table 4). After
| World War II, the number of the animéls killed has sharply
dropped, while in other regions of the World Ocean it has
remained, on the.average, at the saﬁe level as it was before

the war (Table 5)
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~ Table 4

Catches of Blue Whales According to Individual

Regions of the World Ocean Before World War IT (individual animals)

Southern hemisphere Northern hemisphere

Year Antarctic & South | South Africa 1 Arctic & North Aﬁl. l northern hslf
Georgla | South America, i o of Pacific Total‘
. Australla : . Oceap
1929 1 | 12847 - %, - - -
1230 ‘ 17898 . : - - -
) 1931 \ 20410 - : - _ - ! -
1932 \ 6488ﬁ - | % - ” | | -
. 1933 \ 18801 o | - - )
1934 \, 17349 89 | ‘ o5 ) .
.1935 16500 162 10 - - ;
19386 17731 294 | : 31 - -
1937 14304 225 . 57 65 14352
1938 14923 56 * 15 41 15035
1939 12081 | 30 | | 26 | | 1s 14152
1940 11480 | 28 1 | 51 | 11580

R The sharp decrease in whaling is due to the conjuncture of the world market- the drop Iin price

for blubber because of the vast amount.of the latter obtained in previous years.
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(  The study of the bilology of the blue whales, includihg

their feeding, was quite intensive in the pre-war years;
and; in spite of the sharp decreése in'catches, it was
exvremely intensive after the war, This is why the feeding
habits of the blue whales and the quantitative éomposition
of their food have been much better studied than ﬁhose
of the right whales. |

Table 6 shows a 1list of the food objects of the
blue whales by the basic whaling regions of the World
Ocean. Our information on the feeding of the blue whales
is most incomplete for the North Atlantic, for which the
studies to this effect were conducted in the nineteenth
century and. at the beginning of this century, and then
only in passing, and not as a special subject. Recently,
no observations of any kind were conducted in regard to
the study of the feeding of the blue whales, and no information
on them was published, although 1t has been known that A.
Jonsgard, the Norwegian scientist, studied the whalebone
whales, including also blue whales which were taken in the
North Atlantic, mainly near the coasts of Norway (Jonsgard, 1955).

The data on the feeding of the blue whales occurring
" near the Pacific coast of South America, and also near_the-
Atlantic coast of Brazil, a lthough individual catchesvof
these whales take place every year in the regions just
mentioned, are lacking completely. _

The feeding of the blue whales of the Antarctic _ Zf124_7
waters and the northern half of the Pacific Ocean has been

studied as well, it sesems, and quite thoroughly.
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. _ Tatle B
Recent Catches of Blue Whales in Individual Regions
of the World Ocean (individual animalsj
i Southern hewisphere ' Northern hemisphere i
H !
Year i Antarctic & South ( South Africa, Arctic & North northern !
© Georgla South Amer=- .. Atlantic half of i Total
; ica, Austral- Pacific
ia ' Qcean :
1949 7625 59 T o | TS
. ' . i
1880 6182 - . : 59 ) o4 18 i 53153
1951 7048 S 106 53 | : 71 % 7278
. | 1982 5130 169 15 122 | 5436
1953 3870 " 193 . | 15 140 | 4218
1954 2697 o4 | | 207 | 3009
- 19585 2176 164 13 : 142 i - 2490
1956 1614 214 | o 150 i 1987
1957 1512 | 109 11 143 | 1750
1958 1690 175 5 125 | 1995
1959 1192 95 6 o 149 | 1442
. g4 34 g I
1860 1239 9 - g€ 1334
1961 1724 151 - 92 . 1987

& Data incomplete

ik Dat I3 | o )
' Tab%elzcaéggTable 5 are compiled from the follcwing sources: Norsk Hvalfangst - tidende 1951

.......

1961, International Whaling Statistics, vol. T - XXXIX, K. Schubert (1955) et gl.
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Table &

Composite Table of Food Objects of RBlue Vhales (Balsenoptera musculus)

in Main Vhaling Regions of the World Ocean

(South Afrlca, Pataﬂonia, etc.) North Atlantic i Northern half of the Pacific

Antarctic and adjacent waters |
|

i Ocean

Crustacea

Grimothea (post - larvae Munida

gregaria)

Parathemisto gaudlchaudi
Futhemisto sp.

FEuphausia superba

E. vallentini

E. crystallorophisas

E. recurva

E. lucens

Thysancessa macrura
Nyctiphanes =2fricanus

Mollusce Cephalopoda

Onychoteuthis banksii

Pisces

Paralepis coatsi

P. coregonoldes
Myctophum sp.
Harpodontidae {(gen. sp.)’
Nototheniidae (ven. )

Mysis oculata

Crusteces.
Temora longicornis

Themlsto libellula
T. abyssorum
Thysanoessa inermis
T. longicsudata

Meganyctiphanes norvegica

Mollusca Gastropoda_

Clione limacina
Limacina helicina

Crustaces

Calanus Spoe
Calsmis plumchrus
Themisto sp.

YNematoscelis difficilis

Euphausia pacifica

‘Thysanoessa inermis

T. longipes
Te raschii
T. spinifera

Mollusca Gastroooda

Clione limacinsa
Limacina helicina

Cephalopoda

Ommatostreprhes sloanel~pacifi

cus
Pisces

Sardinops sagzax melanos-
ticta

Mallotus villosus socialis
Ammodytes h. hexapterus




67

The main and almost exclusive food of the blue-
whales in the Antarctic is considered~ and justly so-

Fuphausia superta, the accumulations of which in the An-

arctic Ocean are enormous. Marr (1956) has shown that
E. superba becomes concentrated,in_the wateré located
south of the line of the Atlantic cbnvergence, directly
adjacent to the mainland (Fig. 10), within 63 - 65050 lat.,
and only in the WGstern‘part of the Atlantic sector of the
Antarctic Ocean its concentrations exceed the boundaries
of the mentioned latitude, stretching north.in this relat-
ively small area (10 to,SOO wolongo§ to 52? é.lat.

To a lesser extent, the blue whales of the Antarctic

region feed, besides on E. superba, also on Thysanoessa

macrura, E. véllentini,'and E. crystallorophias, and on

one cephalopod mollusk, Onychoteuthis banskii. The feeding

of the blue whales on this squid is - sporadic . and
it is irregular, being rather a deviétion.

Unforﬁunately, it is imposéible to arrange the
food objects of the blue whales (see.Table 6) in the
Antarctic and adjacent waters according to local herds,
as this would require the;initial data on the food or-~
ganisms. It is quite probable that E. superba may not be
the primary source of food for the blue whales of some
local herds.of the Antarctic population, and in the reglons

where 1t does not form large accumulations (see Fig. 10},
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1
1t may be replaced by some other EFuphausia organisms .

This remark is especially true iIn regard to the local

herds which have their summer feeding grounds north of the
Antarctic convergence, south of which are found apggregations
of E. superba (see Fig. 10). Our studies of the feeding

of the sperm whales which belong to various herds of the
Aslatic population (north¥west of the Pacific Ocean) in
which a difference in regard to their prej was established
(Klumov, 1959) allow us to form such a hypothesis.

This hypothesis is cprroborated even to a large extent

by an interesting work by T. Ichihara (1961), a Japanese
sclentist, in which he has described a local Kerguelen-

herd of blue whales which form part of the Antarctic popula-

tion. These whales fed exclusively on E. vallentini and

stayed in the area around Kergeulen Island (48050' S.lat.
and 68° 301 - 70%45" w.longe) .

The prey indicated in the left column of Table 6
were dlscovered in the stomachs of the blue whales taken

In the waters adjacent to South Georgia (Parathemisto gau-

dichaudi, Grimothea, etc.), towards the shores of South

Africa (Euphausta lucens, E. recurva, Nyctiphanes afri-

canus, etc.), South America (Patagonia), and in other

rezions; they all were discovered in small amounts,

X
For instance, we lmow (Nemoto, 1959) that in the

region between 80 and 140° w.long., and also between 40
o . - :
and 60 e.long. (in Antarctic sectors I and VI), quantitatively

Thysanoessa macrura was more numerous than E. superba not only

in the ocean, but also in the stomachs of the whalebone whales.
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\

As regards fish, which sometimes'were discovered
in the stomachs of the blue whales of the Antarctic herds
(a few specimens in each), they weré captured by the whales,
according to the unanimous agreement of scientists,.when

these animals were swallowing the zooplankton; hence they

cannot be regarded as the common food of whales.




Pirc. 10. Pacnpeneacune Euphausia superba Goace 20 sus panuoil, n AuBape — MapTe,
Tlokasano KxoauecTso K3EMIAAPOB 1A OAMH NOB NJAHKTONHON COTKOM AmaMeTpoM 1 At

I —=0; 2—100 3K3; 3 — 100--1000 3xa. 4 — 1000--10 000 THic. 3Ka.; 5 — 10 The, — 100 THC. 9K3.
I — veuenus; // — cpeasee NONoKEHKEe IPARNHU I1AKOBHX JbAOB AAR Genpanf. /1] — JHHR ANTAPKTH.
. . veckolt Koubeprenuui, (Ilo Mappy, .1956) ' .

L.
- e s - a - PPN

Pig. 10, Distribution qf Euphausia

superba {more than 20 mm long) in January - March.
Figures indicaté the number of épecimens pef catch

using planktonic net, 1 m in diameter.

| A 1- 0; 2~ 100 specimens; 3- 100-1,000 specimens;
4- 1,000-10,000 specimens; 5- 10,000 - 100,000 specimens.
I--curréntsj Ii- éverage boundary positioh of pack ice

for February; III- line of Antarctic convergence. (After

Marr, 1956.
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Thus, at present, we may name ten species of
crustaceans as thre préy for all the Antarctic herds of the
blue whales; seven species of these belong to the Euphausia
group, one specles ©f - cephalopod mollusks of the group
of squids, and five species of fish; all in all, sixteen
species belonging to three classes. However, only a few
of the mentioned animals may be reé#rded as . basic source
of food. First of all, it is E. superba; to a lesser de-

gree, 1t is T. macrura, E. vallentini, and E. crystallo- [ 126 7

phias,~-all being Euphausia specles. The remaining animals
are not as iwmportant as thé ones just mentioned. Consequently,
the blue whales which in the summer inhabit the Antarctic
Ocean and thé waters adjacent to 1t are capable of selecting
their food; the létter, as will be shown'below, being
traced élso in other whales and in other regions of
the World Ocean. _

‘Avvery important question 1s how to establish the
.reasons for the formation of‘the aggregations of focd plankton,
in particular, E. superba. |

Back in 1951, while Iinvestigating the distribuﬁion

of the whaleé and thefr feeding grounds in t he waters around
the Kuriles (north-west of the Pacific Ocean), we established
that the basic sccumulations of Tood. plankton visited by
fhe whales are located in the regions where there is a rise
of water from below and, consequently, the enrichment of
the éurface layers in bilogenic elementé'(Klumov, 1952).

Later, during the expeditions of 1955 and 1956 (Klumov,

ere

1956, 1957), we w . able to confirm this hypothesis and- and

this is important- to record the constant accumulation
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of zooplankton in the waters around the Kurilles in one and
the sawme places where the water rose from below, and
 where the shifts in space were insignificant in individual
years, due to qhanges In hydrometeorological conditionslo
Somewhat later, Uda, a Japanese sclentist, quite
Independently, came to the same conciusion (1954). He
pointed out thdt "the boundaries between the rise of cbld
.abyssal waters, cyclonic eddies and warm water which
form cyclonic tongues of cold and warm currents, corresﬁond
to the céntefs of the regions with the most favourable conditions
for whaling. This is possible in a zone rich in food for
whales, i.e. euphausids, copepods, squids, sardines,
anchovy, etc., which aggregate near the boundary of water

: 2
masses, l.e.'the convergence of currents" .

1, The rise of the water fro@ below 1s due to
various reasons: geostrophic phenomena, the divergence of
currents which is cbnnected withbthe activities 6f atmo=
svheric cyclones, the relief of the bottom which causes
the local vertical circﬁlation of water. All tﬁese .
are also present in the waters around the Kuriles.

2. This seems tb.be grroneous: the rise of water
fronm belqw and the enrichment of the surface water in blo-
genlc elements causing an accumulatipn‘of prey for Whales
take place In the divergence ZOnes; and not.in the con=-

vergence zones, where the opposite phenomenon is observed.
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M. Uda voints out that "... the orinciples of the
formation of reglons for whaling in the Antarctic Oceane..
. may be similar to those found in the waters around Japan..." .
Uda and Nasu (1956) continued the study of the
. problem vertaining to the effect 6f fronts and cyclones
on the accumulation of plankton In some regions of the '
nbrth—west of the Pacific Ocean and the relations of these
accumulations to the distribution of whales. 1In their
work, the authors have come to the conclusion tha@l"...
the main regions of whaling are located at the fronts of
‘ cold and mixed water bodies... with abundant plankton..."
and that the catches of the whales increasé?,.. during
the-days following the passing of cyclones...".
K. Nasu published in 1957 yet another work on the
same subject, on the reéion of the Bering Sea and the waters
around the Aleutians. He states that "...favourable con-
ditions for whaling originéte in the waters adjacent to
the convermsence line as the line which divides the cur-
rents (apparently, the diversence.-S.K.), where plankton
1s abundant". He further states: "Large accumulation..., of
zooplankton... is due to the rise of-the abyssal waters
loaded with larze amounts of nutritive salts".. _
Thus, the regularity we stated (Klumov, 1952) Zf1227 .
was confirmed by both the data of our expeditions (Klu-
mov, 1956, 1957) and the work of the Japanese scientists
(Uda, 1954; Uda and Nasu, 1956; Nasu, 1957). Now we may
staté with confidencevthat the baslc causes fbr the formation
. ' of the feeding grounds of wf‘lales‘, accumulation of their
food plankton iﬂ.strictly'definite.places, their relative
constancy in recard to the terms and places of deve lopment

and formatlon, as well as the relation with the whales in

the northern part of - the Pacific Ocean, and, apparently, in
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other regions of the World Ocean are the hydrometeorological
conditions, 1.e. the water temperature, frontal linés, di-
vergences of currents, rise of abyssal waters, atmospheric
¢cyclones, etc. The blologlcal factors, too, should be added
to the aforesaid ablotic ones, 1.e. the enrichment of the
surface waters in blogenic elements and nutritive salts
'dauses a spectacular development (blooming) of the diatoms,
which serve as the basic food for the planktonlic crustaceans,
the accumulations of which, in turn, attract "their"
consumers: squids, fish,_ﬁarine birds, and whalebone
whales. All these protesses and phenomena are interrelated
in time and space. They were formed into one system
during the development of the environment and the
animals which’inhabited it. Tt seems that there i1s a whole
series of chiefly bilological aspects, which were not-mentioned
avove, which form part of this complicated_and quite diversified
complex of factors whichiinfluenced fhe férmation of the
accumulations of zooplankton, their density, places and terms
of formation, etc. For‘instanqe, the intensity of the
propagation.of Individual species, which varies greatly
annually, the cohsumpﬁion, which also may vary'considerably
both in regard to terms and amounts (even within one and the
same season, not to mention the comparative consumption during
_ various years), ahd a number of other factors which complicate
even more and hamper the clarification of all the varied
aspects pf the mentloned phenomenon as a Whole.

In 1981, K.V. Beklemishev wroté an article on this

same problem. He proposed a hypothesis which explains the

formation of the aggregations of E. superba In the surface
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waters of the Antarctic diversence by the rising of a warm
intermediate layer as a result of the action of atmospheric
cyclones. When this layer is raised, the euphausiids in 1t,
according to the author, are brought up to the surface.

We belleve that the reasons for the accumvlations
of the euphausiids are not as simple. In reality, this
srocess is much more complex than a purely mechanical
lifting of such active and rapfdly moving formé as E. su-
verba. K.V. Beklsmishev (1961) considers that during the
period of rapid growth (hence also intensive feeding),
the furcilias, or older stages of this_crustacean, brought
up to the surface layers of water, find themselves in
extremely unfavourable conditions for feeding, because,
according to Beklemishev (1961, p. 124), "... the atmospheric
cyclone ﬁ?ses the waters that form: a 'polynia'& in the
diatom "blooming" and facilitstes the rise of the euphausiids
in the middle of the polynié... (underlining is ours. =-S.K.).
The diameter of such a polynia, according to Beklemishev,
"... may be of the magnitude of 500 km...". Conseguently,
the crustaceans which are carried to the surface in the
middle of such a polynia are Iin advance confined to a ravpid
death from starvation, as they would need much time to get to.
the marpgin of the polynia, where they would find food and

be able to satisfy thelr vital needs,

bis
Russian term; it is used to indicate a space of

open water in the midst of fce. Translator.




76

We may speak about 1t with confidence, as Ponomareva's
data (1963) indicate that the euphausiids, once joilned in.
large apgrecations, always feed iﬁtensively on the diatoms.
They switch to feeding on the animals (Copepoda) only wheﬁ Z~12§7
they are spread and do not find abundant plankton. This
also 1s substantiated by Naumov's data (1962), who during
the Third Arctic Expedition aboard the "Ob'" in 1958 collected
in the zone of_the Antarctic divergence a great many
samonles of the euphausiids.(of these, about 300 speéimens
of B. sugerba were éxamined). The stomachs of these
euphausiids were studlied in the Institute of Oceanology
by V. Zernova. It waé found that E. superba which forms
the aggresations in the surface zone feed very intensively
(it could not be otherwisel) and that, on the whole, they
feed primarily on the diatoms, aﬁd only to some degree
on the tintinoids, | |

Consequently, there can be nb question about any
'polynia' in the diatomic "blooming" (Beklemishev, 1981),
as thlis contradicts the reality. We do not doubt that
the transportation of the euphéusiids to a zone in which
food 1s absent at a radius of 250 km, during the period
of their rapid growth and feeding, 1s blologically
inexpedient, and, in regard to the existence of the
species, even harmful. And if it 1is so, a similar
phenomenon cannoct exist in nature. |

On the whole, this problem seems to have been
studied inadequately. Conétant accumulations of food
plankton in the same places and approximately during

the same times, the Iinterrelation between these.
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accumulations and feeding on them by the whales and ofher
animals do not speak of incidental coincldences but of a
long evolutionary process .which has led to the adaptation
of the‘organisms to the seasonal phenomena of their envir-
cnment. Academician I.P. Pavlov spoke about 1t (1938,

p. 652): the nervous processes "...-cause & more gdvanced‘
adaptation of the animal's organism to its surrounding
conditions, or, in other terms, a complete equilibrium

of the organism, as a system, to the external medium, i.e.
they provide the existence of the organism". And further:
"As a system, the organism of an animal exists in the
nature which surrounds 1t only because of a céaéless equil-
ibrium of this system with the external environment..."

(p. 7105.»'This "equilibrium" consists of numerous factors,
of numerous; most diverse elements, small and minute de=
~talls of both the external medium and the internal impulses
of the organism. The clarification of all these details
and the determination of the causes for the developﬁént

of the noted regularity have yet to be discovered.

In the North Atlantic (see Table 6), we have

seven speciles of crustaceans and two species of mollusks
which serve as food for the blue whales. Among the cru-
staceans, three species belong to the euphausiids, two

to the amphipods, one Species to the copepods, and one

to the mysids. Both mollusks belong to the gastropods
inhabiting a layer of water and sometimes forming large
aggregations, | |

\

The main prey for the blue whales in the North

Atlantic 1s justly considered Thysanoessa inermls,
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followed in importance by Mesanyctiphanes norvegica.

Other animals are not as important; they are found in the
stomachs of the blue whales of the North Atlantic only
seldom and then in small numbers. We do not find in
literature any informafion regarding the feeding of the
Blue whalés in the North Atlantic on schools of fish

and squids, It is quite probable that the fish and squids
are not at all the prey for the blue whales of the
mentioned région. However, 1t also is possible that, 1in
exceptional cases, when there are no euphausiids, the

blue whales might from time to time feed on fish, such as

cgplin or herring, and squids (Illex illecebrosus, for
instance)ﬁwhich form large gggrégations. The lack of 17129_7
these animals in our 1lists (see Table 6) may be explained
simply by the incomplete knowledge of the feeding of these
whales in the mentioned regibns.

| When we analyse the data we collected,Awe may state
that the blue whales of the Northern Atlantic also are
capable of selecting food as they do in the Antarctic
Ocean. The basic source of food for the Blue whales here are,
undoubtedly, the euphausiids.

Thé general list of the food objects ofAthe blue
whales inhabiting the northern half of the Pacific Ocean
includes fifteen species of animals, i1i.e. only one specles
less than for the Antarctic Oéean. Nine out of fifteen
species Belong to the crustaceans (six of these belong to-
the euphausiids); threé speéies belong to mollusks: two

to brachiopods,which also are among the prey for the

whales of the North Atlantic, and one specles belongs to
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cephalovnod mollusks (pelagic squid which sometimes forms
enormous rapid-moving schools). The remaining three speciles
of prey belong to the fiéh: two of these are of a school.
type, velagic, while the third specles is sand ell, leading
a benthonic way of 1life, and which alsé forms iarge
éggregations. Not all of these animalazare a3 important

to the feeding of the whales. The main food, as already
noted for the two preceeding reglons, consists of the

euphausiids, the most important being Euphausia pacifica,

Nematoscelis difficilis, Thysanocessa inermis, T. longipes,

and, in some regions, also T. raschii. All the other
animals 1isted in Table 6, which were discovered by
various:scientists in the stomachs of the blue whales,
are captured by these whales very seldom, elther accidentai-
ly, while feeding on the'euphausiids, or due to necessity,
when no usual food 1s found.

As may be seen, theAcapacity of the blue whales
to select the euphausiids may be traced gquite dlstinctly
also in the northern half of the Pacific Ocean. Our data
céinéide with the findings of Japanese scilentlists. T.
Nemoto (1957) points out in his work on the feeding of the .
whales in the northern part of the Pacifile Ocean (primarily
the whales captured in the waters around the‘Aleutians)
that among the 426 stomachs of the blue whales he examined,
228 were empty, 196 contained only the euphaﬁsiids, and
2 contained hoth the euphausiids and the Calanvs spp. T. Ne-
moto did not discover any other food in the stomachs of

the blue whales,
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On August 28, 1955, a large (17.8 m long) (Pacil-
fic) right whale was captured in fhe Sea of Okhotsk, in
the area adjacent to Paramushiro Island, in the area of
the fourth Kurile stralt; in its stomach, only Calanus
plumchrus (Klumov, 1962) was disaoveréd. On the same
day, and in the samé geograbhical”locatiom, but a'féw
hours later, another whaling vessel captured a blue

whale; 1ts stomach contained a clotvof food consisting of

FBuphausia pacifica exclusively. It"mayAbe maintained that

this whale fed at a depth of more than 50 m and did not
rise to the upper layers of water where Calanus sppe.
were abundant, ss may be judged from the stomach of the

whale captured in that srea. This blue whale, while

.rising to the sﬁrface for breathing and diving, went

on two occaslons thrdugh accumulations of the Calanus sp.,
without touching it. This, undoubtedly, indicates why
those crustaceans were not found in its stomach., This
fact once more confirms that the blue whales -can select
the eﬁphausiids and that they are notArivals olther

of right whales or sel whales, as will be seen later.,

During June and July, 1957, according to the oral ZjSQ7

-report of N.N. Martynov, the Commander of the Second Far

East Whaling Flotilla, the blue whales were present
constantly in the waters around the Kurlles, on the

Pacific Ocean side, in one and the same strictly delimiéed'
region, at the traverse of Rasshua and Shiashkotan i1slands.
The whaling vessels of the aforesald flotilla captured |

more than forty blue whales in that area'during a very

short'peribd of time. When thelr stomachs were examined,
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it was found that they contained a "larpge 'kapshak'",
i;eo the‘euphausiids° End of July - beginning Augustl,
the blue whales were no longer seen in the mentiloned
area., |
Proceeding from Martyndv’s report, it may be as-
sumed thét the constant stay (for about two months) of the
" blue whales in the waters of the Kuriles, at the traverse
of Rasshua and Shiashkotan islands was connected with the
abundant accumulation of the euphausiids there (most
probably, E. pacifica), which served as prey for them.
After the ecuphausiids descended to a considerable depth,
or after fhe agerecations were eaten up, the blue whales ;
disaoneared frbm that area. No other whales, except the
blue whalés, were obsérved there constantly for the
period of time referred to.
These data confirm once more that the euphausiids
should be regarded as the chief source of food for
the blue whales and that the feeding grounds of these
whales are located In the places of large accumulations
of these crustaceans. Tt is doubtful that sardine
and caplin, and especially sand eel, might be the prey for
the biue whales, and hence it 1s doubtful that they might

play any essential role In the feeding of these whales,

X The tefm "kapshak" 1s transliterated.from the
original., Translator.

l. Last groups of blue whales were seen as follows:
August 1lst- three groups of two whales in each; August Srd-
three groups, two whales'in each, one group consigted of'four,

and another still, of five whales. After August 3rd, the blue

whales were not seen (the observations were carried on),
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It is probable that the sforesa‘d may also be
applied in regard to the squids.

In suﬁming ﬁp the aforesaid about the feeding of
the blue whales in the World QOcean, we come to the
following conclusions: in the Antarctic waters, the local
herds of blue whales‘prey on 16 specles of various animals,
the basic of which are four species of ﬁhe euphausiids.
In the northern half of the Pacific Ocean, the local
herds of blue whales feed on 15 species of animals, the
chief ones being three species of the euphausiids. For
the North Atlantic, regarding the feeding of the blue
whales which have been studied 1éast, two local herds
of these whales feed on nine animals, the main beling
only two species of the euphausiids. All the other
animals listed in Table 6 do not pIéy any significant
role in the feeding of the blue whales and are secondary,
and some are accldental.

The chahge in the feeding region of whales; even
.within one province, may cause the change in the éeriés
of the prey or the rearrangement of thelir iwmportance,
as was seen in the blue whales of the Antarctic Ocean
(for instance, the blue whales of the Kergeulen herd

feed wainly on E. vallentini, while the herds with the.

feeding grounds located in sectors I and VI of the Antarctic

feéd, along with E. superba, also on T. macrura). Similar

phenomenon was noted in two herds of sperm wh#les inhabliting
the northern and the southern waters of the Kﬁriles (Klumov,

1959).

AT
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In 1936, while comparing the feeding of the be-

luga (Delphinapterus leuces. Translator) from various

reglions which are charscterized by various hydro-
logical conditions, specific climate, peculiar fauna,
etc., we introduced the term "biologlcal analogues of
feeding" (Klumov, 1936). These analogues are forms which
replace bne another in the feeding of one and the same
specles in various regions of the World Ocean. They must ZT31J7
have approximately the same ecologlcal "profile".

As biolbgigal analogues for thé whalebone whales
are such marine animals which, firstly, form concentra-
tions abundant enough (Klumov, 1961) S0 that these whales
might téké within a short period of time large numbers of
these small animals. Secondly, these animals should
inhabit the same horizons (in reéard to depth) which usually
serve as the feeding grounds for these whales. Thirdly,
they should meet the selective capacities of the whalebone
whales (of each species individually). Fourthly, their
behaviour and adcumulations should provide the whalebone

whales with some clues as to their presence (they produce

some sounds or noises which are due to their movement).
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Table 7

BIOCLOGICAL AMALCZUES OF TFT FEEDTING OF BLUE WHALES TN MATN

- WEALING

ARFAS OF TYE WORLD OCFAN (I- most important; ITI- secondary)

Antarctic

North Atlan-
tic

Northern half of the Pacific QOcezan

south- & middle
Kurile waters

north~Kurile,
Commander &
Kamchatka waters

east-Aleutian
waters

Euphausia superba

Thysanoessa macru-
ra

Euphausia vallen-
tinif

Euphausia crystal=-
lorophias

Parathemisto gaudi-
chaudi

I

Thysanoessa Inermis , Fuphausia paci-

leganyctiphanes
norvegica

Thysanoessa loengl-
caudata
Themisto libellula

fica ’

! Thysanoessa

inerwmis

IT
Thysanoessa lon-
gipes
Thyssnoessa ra-
schii

Calanus plumch-
rus

Euphausia paci-
fica

Thysanoessa
inermis

Thysanoessa 1on-
glpes

Calanus plumcb—
rus

Thysanosssa

inermis
Thysancessa lon-
gipes
Thysanoesssa spi-~
nifera

# Tnis speclies 1s the most imvortant prey only to the blue whales of the Kpfﬂeulen herd

/ Ichikhara,

190_7
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In spite of the insufficient data, we, nevertheless,
have attempted to compile a table of the bioloéical analogues
of the feeding of the blue whales, in accordance with the
basic whaling regions of the Wofld Ocean (Table 7).

| The data in this table reveal clearly that the
blue whaeles, discovered everywhere in the World Océan,
have a rather quite small number of prey and during their
evolution, they adapted themselves fo feeding on the ,

euphausiids.,

HEIMIN TEOFAUNA

It seems most probable that the composition of the
he luinthofauna of these whales depends to some degree upon
the composition and the number of the prey, l.e. upon the

specific weizht of this prey used as food for them. Hence

it way be qulte appropriate. to study, before drawing general

conclusions, the data at hand pertaining to the helminths
of the blue whales In the Antarctic, the North Atlantic,
and the northern half of the Paciflc Ocean.

In order‘to be able to judpe the composition
of the helminthofauna of the blue whales inhablting various
reglons of the World Ocean, and also In order to compare
the helwinthofaunas of these whales among themselves; we
should have detailed and complete data.

For the ncrthern half of the Pacific dcean, we
have series of helminths of the bBlue whales of the Aslatic
population produced by our expedition (Skr'abin, 1959)

(20 whales captured in the north-west of the ocean were studied).

We do not have any data on the helminthofauna of the American
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population of the blue whales. Even in the latest report

on the endoparasites of marine mammals published by Margolis
(1954) and supplemented byIMargolié and Plke's grticle
(1955), the data on the helminths of the blue whales

are lacking completely.. ¥/e are unadble to find a single
work on this subject in the extensive bibliography supplied
by the above authors.

Some twentﬁ works, written primarily at the turn of
the past and the beginning of this century, treat of the
helminthofauna of the cetaceans of the North Atlantic,
including that of the blue whales. Although these works
are based'on the réview of a relatively small volume
of the maférial, they allow us, nevertheless, to visualize
a pilcture about the helminthofauna of the blue whales of
this vast area, although.not to the degree of minuteness
we désire.

The helminthofauna of the blue whales of the
Antarctic here seems to be studied best, as the number
of their catches reached (1920 - 1940)'some 15 - 30
thousand animals during one whaling season (see Table 4 and
Table 5). During those twenty years, the biologj of the
blue whales, and also their hélminthofauna, were studied
quite intensively. Episddic collections of thevhelminths
of the cétaceans have been continued in the Antarctiec
by both the Soviet and foreign scientists. However, sad
as it is, the said collections were gathered, and étili
are being collected,.chiefly in order to study the classifica-
tion,'and not to clarify the zoogeographical peculiarities
of the distribution of the holminths and their hosts. only

this may explain the present "break" of the helminths from
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their hosts,'and-chiefly their break from the place where
they have been collected {Raylis, 1932; Mareolis, 1954, etc.).
Evenvkhe latest report on.the helminths of the sea mammals
of the World Ocean (compiled by Delamure), cémpafative
material 1s given only for the larpe zoogeographical
resions of the gzlobe, while the descriptions of each
individual species of helminths as presented in the
classification lack data from which one migﬁt conclude
who was their host and when their discovery was made,
In the.future, whilg coilecting helminths, no matter where,
one should accurately note the coordinates of the catches
of whales containing a certain helminthofauna and the number
of the sﬁécies'of the endoparasites, The place of the
collection should also be considgred when treating and
deécribing the endoparaéites, as we now know for sure
(Klumov, 1952, 1955, 1957, 1959, etc.; Tchikhara, 1961;
Coldwell, 1955; Jonspgard, 1955; Fudzino, 1960, etc.)
that on large areas of the World Ocean we always deal
with a heterogeneous popﬁlation of whales; this po-
pulation is divided inté local, and sometimes even
miérolocal herds, which originated btecauss of individual
peculiarities of thé eanlmals, i.e. thelr blological diver-
sity (Klumov, 1955) or the difference in their capacities
(Guryanova, 1957). Fach of these herds occuples "1ts"
secluded winter.and.summer grounds,

S.L. Delamure (1955, p. 483) 1lists in his report
on the blue whale (as a specles iphabiting the World‘Oceah)

11 species of helminths, i.e.: Ogmogaster sntarcticus, 0.

'E;icatus, Tetrabothrius affinis, Priapocephalus grandis,
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Anilsakls simplex, Terranova decipiens, Crassicauda. /133 7

creagsicauda, Bolbosoma balaena, Be. brevicolle, B. tur-

binella, B. hamiltoni.
| Among tﬁe mentioned endopérasites, there 1s not
a single endemic éharactefistic of only this whale.
| The 1ist quoted above may be supplemented by the~
‘follbwing helminths which were recently discovered in the

blue whales.

1. Tetrabothrius wilsoni. Markowski (1955) identified

and described 1t anew. According to the latter, this species
was assigned to T. affinig without sufficient evidence.

Hls conclusions and the differences of T. wilsonl described
are quité:convincing and deserve some considerations. We
recard this specles as one exlsting parallel with T. affinis.

2. Tetrabothrius schaeferi. Markowski (1955) de-

scribed a new species of the trématode of the named

genus, which was discovered in a blue whale captured in the
Antarctic. The distribution of this speéies, according to

the author, encompasses the Antarctic Ocean and the waters

around St. George Island. |

3. Crassicauds tortilis- a new species, which

was described by A.S. Skrtabin (1959), a wmewber of our
expedition. It was discovered in two blue whales of a
Pacific herd of the Asiatic popﬁlation, captured in the
waters near the northern Kuriles in 1955, '

4. Diploponoporus balaenoptera. Markowski (1955)

noted for the first time this cestode as a parasite of the

blue whale captured in the waters adjacent to South Georgia

(Antarctic Ocean).
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5. Bolbosoma nipoonicum. It was discovered for

the first time in the blue whales of a Pacific herd of the
Aslatic population by A.S. Skr'abin, a member of our
expedition (1959). The whales were captured in 1955

near the southern Kurlle Islands.

6. Bolbosoma paramuschiri- a new specles, described

by A.S. Skr'abin (1959). Tt was discovered in 17 blue
whales (oufl of 18 examined) of a Pacific herd of the Asiatic
population. The whales were captured north of the Kuriles in
19556,

7. Anisakis sp;'iigzg- larval sfages of the nematodes
of the genus Anisakis, which cannot be identiflied as to species.
They were discovered in the blue whales of a Pacific herd

of the Asiatic population, captured in 1955 north of the

Kuriles, by A.S. Skr'abin (1959).

Thus, the list of the helminths of the blue whales
has recently increased conslderably and contains. 18
species. Moreover, we have 1n¢1uded in this 1list one .
more nematode,‘which cannot be assisned to the endopara-

sites. This is Odontobius ceti, which is a commensal

and which was dilscovered by the sclentists in a<g1uey

slime on baleen plates of whalebone whales. It should

be noted that A.S. Skr'abin (1959) had examined the slime
he took from the baleen plates in five blue whales captured
in the north of the Kurile waters of the Pacific Ocean.

He discovered for the first time, in all five whales, the

. aforesaid nematode "... In great numbers...".
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We have included the commensal nematode Odontobius

., cetil In the general list of the endoparasites of the blue
whales, disrupting in this way, to some desree, the prin-
ciple of its Qompilation, as the new specles represents,
from our viewpoint, great Interest to the cL_Larification
of *the ontogenetic relation of the blue whales Inhablting
various regions of the World Ocean.

If we compare the helminthofauna of the blue whales
inhabiting the Antarctic Ocean with that of the blue whales
of the North Atlantic; we find that both shar}e five common
helminths (two nematodes and three acanthocephals). The
blue whales of the Antarctic herds have one endemic form

(Totrabothrius gschaeferi), which, for the time being, has

not yet been discovered in other whalebone whales and the

. toothed whales of the Antarctlc, as well as in other reglons

of the World Ocean. No endemlc forms of helminths were

discovered in the blue yvhales of the North Atlantic,




Table 8 / 134

HELMINTHOFAUNA OF THE BLUE "HAIES TNHABITING

THE BASIC WHALTNG REGIOWS OF THE WORLD OCFAN R
‘Arctic & adjacent ' North Atlantic North of Pacific QOcean

regions -
Ogmogaster antarcticus Ogmogaster plicatus
Tetrabothrius affinis Tetrabothrius affinis
Tetrsbothrius wilsoni
Tetrabothrius schasferi
Priapocephalus grandis Priapocephalus grandis
Diplogonoporus balasenopteras .
Arnisakis simplex Anisakls simplex .- Anisakis sp. larva
Terranova deciplens o ‘
Cirassicauda crassicauda : Crassicauda crassicauda Crassicaudz tortilis
Bolbosoma balaenae Boltosoma balaenae - Bolbosoma nipponicum
RBolbosoma brevicolle _ Boltosoma brevicolle Bolbosowa paramuschiri
: o o Bolbosoma turbinella Bolbosoma turbinella -
3 , ‘ Bolbosoma hamiltoni

Odontobius ceftl ‘ Odontobius ceti

- Note. The data on the helminths of the blue whales Inhabiting the Antarctic and adjz cent
- regions are according to the works of Delamure (1955); Baylis (1929, 1932}; Freund (1932):
Markowskil (1955), ete. The data on the North Atlantic are taken from Delamure (1955);
Freund (1932), and others; on the northern half of the Pacific Ocean, on the whole.from
‘the collections of our expedition (Skr'abin, 1958, 1959, etc.), the data of Marbolis
(1954}, and Nargolis and Pike (1955), and other sources.
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When we compare the helminthofaunas of the blue
whales of the Antarctic waters and the northern half of
the Pacific Ocean, we note that they share only two common
species'of helminths and one nematode (commensal}, which
lives on the baleen plates. The blué whales of the Pacific
herd of the Asiatic population have two endemic forms of
helminths, which hsve not been discovered in other whales
inhabiting both the Pacific Ocean and other regions of the

World Ocean. This is nematode Crassicauda tortilis and

acanthocephal Bolbosoma paramuschiri. TIf we comoare the

helminthofaunas of the blue whales of fhe North Atlantic

and the northern half of the Pacific Ocean, we do not find

a singleioommon endoparasite. The last aspect, which should
be borne in mind while examining the data summed up in
Table 8, 18 the complete lack of the information on the
helminths of the blue whales,_the.representatives 6f the
America population of the Pacific Ocean.

What conclusions should, then, be drawn from
the above comparisons? First of all, fhere i1s a conclusion
about the relatively closer, and probably older (or, at
any rate, more prolonged in time) 1link betweén the blue
whales of the North Atlantic and the blue whales inhabiting
thé Antarctic Ocean. This is substantiated by.five common
species of heiﬁinths, out of six discovered in the blue
whales of the North Atlantic which belong to three divi-

sions and three families,
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Species Familly Division
' Anisakls simplex . Anisakidae Ascaridida
Crassicauda crassicauda Crassicaudidae Spirurida

Bolbosoma balaenae -L
Bolbosoma brevicolle /- Polymorphidae Palaeacanthocephala

" Bolbosoma turbinellaJ

The blue whales of the North Atlantic and the Ant-

arctic Oceanshave one more endoparasite, represented by

one genus but various species: Ogmosaster antarcticus and
O. plicatus. Howevér, according to Skr'abin (oral report),
these species are, if not identical, then, at any rate,
very cloéely interrelated and difficult to distinguish

1
from one another . It 1s most probable that a comparison

. of these two trematodes on larpge series will lead to the

fact that 0. antarcticus will be reduced to the synonym of

0. plicatus. Consequently, it may be considered that all
8lx specles of the helminths so far discovered in the blue
whales of the North Atlantic are common with the helminths f

discovered in the blue whales of the Antarctic Ocean.

I. It 1s possible that the beginning of the divergence
of the classification characters of these trematodes is quite
recent, and the distinguishing characters have not yet reached

the required degree of differentiation. Most probably,

however, we are dealing here with individual variability. : A\§

4
H
4
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2. It is also possible that the 1list of the endo~
parasites of the blue whales in the North Atlantlc will
be enlarged considerably, i1f their helminthofauna 1s
gtudied rather more-thoroﬁghly, as the investigatlons
which were carried out before (primarily at the turn of

the past century) were inadequate. In particular, a hypo-

thesis may be proposed that such helminths as Tetrabothrius
affinis, which was discovered in the blue whales of the |
Antarctic (undoubtedly "brought in" by them from the
Atlantic) and in seil whales inhabiting .the North Atlantic,

or Diploconoporus balsenopterae, which also had been

discovered in the blue whales in the Antarctic Ocean and in
sel whales and fin whales in the North Atlantlc, and a
pumber of ‘other helminths have not yet been discovered
in the blue whales inhabiting the North Atlantic.
. Should this hypothesis prove to be correct, then the presence
of the above-named endoﬁarasites in the blue whales of the
North Atlantic would strengthen even more the hypothesis
concerning the penétration of thg blue whales from the ' o
North Atlantic into the Antarctic. It seems that this
really was the way they spread.

-The blue whales of the Antarctic Obean have also

endemic forms of helminths (Tetrabothrius schaeferi) and
the parssites which, although dcgurring in other whales
of the Antarctic, differentiate the Antarctic whales from

the blue whales of the North Atlantic (Tetrabothrius

1l

wilsonli, Terranova.decﬁpiens; Bolbosoma hamiltoni, etc.)

1. We do not touch upon’ the morphological differences
® of the biue whales inhabiting the North Atlantic and - the
Antarctic &ceands..
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and undoubtedly bears wiitness to thelir modern, at any 1"15647
raﬁe, isolation from one another.

The second conclusion which.may be drawn from a com=-
parison of the helminthofaunas of the blue whales located
in various regions of the World Ocean 1s the presence of
a lesser link between the blue whales of the Antarctie
Ocean and the blue whales Inhablting the northern half of
the Paclfic Ocean. Here we discover only two common endo-
parasites which belong to one family and one'divisibn:

Tetrabothrius affinis and Priapocephalus zrandls (Tetraboth—

riidae, Cyclophyllidea).

0f course, the helminthofauns of the North-Pacific
blue whales, and especially that of the.American population,
has not yét been studled adequately. However, the endemic . |
forms speciflic of only the whales of the Asiatic population

of the northern half of the Paciflc Ocean (Crassicauda tor-

tilis, Bolbosoma paramuschiri; Skr'abin, 1959) point to

its weaker relation to the helminthofaunsa of the Antarctie
whales and 1ts more pronounced originality. However, we
should not deny the relation which took place between

the Antarctic and Pacific blue whales, proceeding not.only
" from the two discovered endoparasites mentioned abovs, |
This relation is also substantliated by the presence of

one more mutually common nematode-commensal Odontobius ceti,

discovered in the whalebone whales of the Antarctic for

the first time by Russel de Vauzeme in 1834, later investigated,
in the same place by Baylis (1923; after Delawmure, 1955, p.

335) and for the first time discovered in the blue whales

{nhabiting the north-west of the Pacific Ocean by A.S.

Skrtabin. It seems that formerly the scientists -did not
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pay any attention to the study of the baleen plates and aid
not look for these nematodes in the whalebone whales
inhabiting the Pacific, and, perhaps, even the Atlantic

ocegans.

Yo may conclude from the aforesaid that along

» have ~n
with the relation, weak asg 1t m5§7%é? which once exlsted bet-
ween the blue whales of the Antarctic Ocean and the blue
whales of the northern ﬁalf of the Pacific Ocean, there
are noted In the helminthofaunas differences which bear
witness to their guite remote isolation.

Finally, the third conclusion which follows from
the comparisén of the helminthofaunas of the blue whales
of the North Atlantic and the northern half of the Pacific
Ocean is the comple te léck of former and contemporaneous
links between them. The blue whales of the above-named
regions, in spite of the presence of common genera, do
not have evén one single specles of helminths in common,.
This indicates a very remote isolation of the populations of
the blue whales described and the lack of any contacts
between them. |

Thus, having analyzed all.the data on‘the.comparison
of the helminthofaunas of the blue whales inhabiting
various regions of the World Oéean, we may state the
followins hypothesis.

Many scientists are inclined to think that the centre
of origin of the whales, including the rorquals, was located
somewhere in the area of the modern North Atlantic. Proceed-.

ing from the paleontoiogical data avallable and modern
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geologzical evidences, this hyoothesis seems to be the

most plausible. ‘If we accept the ildea that the North

Atlantic 18 the cradle of the origin of the blue whales,

we may trace the following route of their distribution.

The blue whales of the North Atlantiec, haﬁing been pressed

south during the period of glaciation, penetrated into

the North Atlantic, and from there further south, into

the Antarctic Ocean, where they occupiled the waters around

the Antarctlc Continent. From the Pacific sector of the

Antarctic Ocean, they went up north and penetrated /137 7

into the northern half of the Pacific Ocean, having

formed there an 1néividua1 population, which soon had

lost any links with the population of the blue whales of

the souéhern hemisphere. As a result of the above~-sald

spread, there came into belng a population of blue whales .

in the North Atlantic, which presently has been divided

into two local herds, North-American and Furopean. The

population of the blue whales in #he southern hemisphere,

separated ihto a number of local herds, the boundariles

of the areas occupied not being accurately éstablished,

and two populations in the North--Pacific Ocean- Asiatic

and American)of which the former has also been divided

into two local herds (Fig. 11). -
Tt 1s most probable that the zreatest exchange

existed in due time between the populations of the

blue whales Inhablting the North Atlantic and the

Antarctic eceans. A rather weaker and short-lived- exchange

did exist betwéen thé blue whales of the South Pacific

and the North Paciflic seas; and there was no communication-

of any kind via the Arctic Ocean between the_biue whales

of the North Atlantic and the North Pacific oceans.
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Fig. 11. The routé of the blue whales along
which they penetrated into the Antarctic 'Ocean and the
northern half of the Pacific Ocean. The scheme compiled
on the strength of the comparative study of thé he lminthofaunas
of the blue whales inhabiting various regions of the

World Ocean (orir.).

At present, the exchante of individual blue
whales in individual populations does not at all take
place, and all the vopulations mentioned above are
_séparate; Isolated. The contacts méntioned above ceased
to exist a long time ago. This may be substantiated by

the presence. of endemic species in the Seriesiof the helminths
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discovered in the blue whales of the Antarctic and the
North Pacific, |

While studying the 1ists of helminths of the blue
whales inhabliting the three reglons of the World Ocean,
our attentlon 1s dravn by the larse number of endoparasites
discovered in the blue whaleé of the Antarctic herds
as compared wlth others. At first sight, thls causes
contradictory 1deas. On the one hand, it seems that it
should be so, as the largest numbéﬁ of helminths

corresponds also to the zreatest number of prey (Table 9).

Table 9 [ 138_7
Comparative Number of Spééies of Endoparasltes

"and of Prey for the Blue Whales Inhabiting Various Reglons

of the World Ocean

Antarctic North-Atlan- | North-Paci-
whales tlc whales fic whales
Number of species of .
he Iminths « 13 6 1. 6
Number of. animals of _
prey 16 ‘ 9 15
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On the other hand, however, we know that the food
of the blue whales of the Antarcﬁic herds i1s very monotonous,
as K. superba plays the wmost i@portant role in feeding local
and individual whales. All the other animals serving as prey
for the whales (see Table 6) are, on the whole, not as
important (this holds true, on the whole, for the -
Antarctic watergﬁ

The data of our expedition, and Nemoto's published:
data (1959) on the blue whales of the northern half of the
Pacific Oceah, indicate that the food of these animals
is more varied, as wmay be seen from Table 7. The stomachs
of the blue whales captured Iin various regions of the
Pacific Ocean may be filled with one of the following
speciles: ﬁ. Eacifica, I+ inermis, T. longipes, and sometimes
T. raschii, and even Nematoscelis difficilis. It might

seem then that it was here that the dependence expressed

above should be manifested completely, 1.e. the more

varied the food, the greater number of spééies,of

helminths should be diécovered in a givén specles of whales,

However, our data (see Table 9) do not seem to substantiate

this statement, and the number of the helminths discovered

in the whales of the North Pacific and the North Atlantic

oceans is twlce as 1little as it 1s in the whales of the

Antarctic Ocean. We interpret this phenoﬁenon as follows.
First of all, the knowledze of the helminthofaunas

of the blue whales of the Antarctic, North-Atlantic and

North-Pacific waters varies. We know best the helmintho-

- faunas of the blue whales of the Antarctic Ocean, henée

the more complete list of helminths typlcal of these

—~ . . . T e st o
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whales. The helminthofauna of the North-Atlantic blue
whales has been studied less, and less still 18 the
helminthofauna of the whales Inhablting the northern
half of the Paciflc Ocean. The data on the helmintho-
fauna of the North-Paclific blue whales 1s the result of
a study of only twenty specimens (Skr'abin, 1959) of

a local Pacific herd of the Asiatic population (Klumov,
1959). In passing, we would llke to note that the
infestation of the b lue whales of the mentloned local
herd was relatively weak. Twenty whales were examlned;
of these,1one did not have any helminths; elight whales
contained one endoparasite in each; five whales had

two helminths in each; five had three in each; and one
whale had five species of endoparqsites%

Secondly, the larse 1list of helminths and the animals
serving és prey for the blue whales Inhablting in the summer
the Antarctic Ocean wmay be explaiﬁed, in oﬁr opinion, also
by the circumstance that here we are dealing with twé

combined data obtained as a result of the study of several

local herds (at least four or five, perhaps even six) 1—159_7

occupying various recslions of the Antarctic Ocean and pos-'
sessing their specific features. The blological variability;
in regard to the quality of these herds (Klumov, 1955) also
plays a very Important role, especlally when { ood 1s
selected; thils, no doubt, also affects the helminthofauna.
Thus, i1f it were possible for us to separate this list

(see Tgble 8) and assign the individuai specles of helminths
in acc;rdance with Individual local herds, and alsb to do

the same thing in regard to the list of the animals which

serve as prey for the whales (see Table 6), then the common’

l. Calculated from the 1ournal of helminthological
discoveries by A.S. Skr'abin., S -X. Klumov.
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composition of the helminthofauna of each local herd of
blue whales would be small, as the series of prey for

the blue whales of fhe mentioned herds would, undoubtedly,
change both in re=ard to the quality and to the number

of species. The reason for this relatively large humber
of helminths and the prey for the tlue whales of -the
Antarctic Ocean 1s that 1t 1s impossible to make such

'a division. Ichikhafa's interesting data (1961) on the

lccal Kergeulen herd of ‘blue whales whose food was only

one specles, l1.e. BEuphausia valientini, as quoted_above,
substantiate this' statement. The specificlity of these
whales, no doubt, could not but influence both the composi-
tion of their helminthofauna and the degree of thelr
infestaéidn. Unfortunately, T. Ichikhara did not pay
any . attention to this part of the question and while studying
the whales of the Kergeulen herd, he d1d not do a detailed.
study of their helmintﬁs. |
Thus, the hypothesls stated above pertaining to
direct dependence of the number of prey and the number
of specles of thé endoparasites, we belileve, 1s not céntrary
to the data present on the blue whales-of the Antafotic Ocean.
If we compare the material on the helminthofauna of
and the prey for the whsles of various regions, and espécially
of close, adjacent areas, we should always establish the
affiliation of the whales to a ceftain local herd and

determihe-accurately the boundaries of their habitationm.

COMPETTTTON FOR FOOD
Tn one of our works (Klumov, 1968), we have already

. noted that the whalebone whales have numerous rivals which

<5 (N . . F R S
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feed on the ZOOplankton; i.e. pelagic fish, marine birds,
sephalopod mollusks, and other animals, not to mention
the presence of the compétition for food among the
whaleb:one whalés themselves. During the years when the
plankton 1s scarce, it 1s consumed quilte rapidly, and
the competition in repard to food becomeés even more pro-
nounced. The scientists have never paid enough attention
to the rivals of the whales and the role they play in
eating up the food plankton. The observations made by the
members of our expedition reveal that for the northern - BN
half of the Pacific Ocean this is a very essential factor,
which affecfs quite strongly the distribution of the whales,
their mo%éments and behaviour, especially during the years
when the plankton is not abundant.

" The rivals in'regard to the food of the { lue
whales of the Antafctic Ocean are, first of all, all
other whaletone whales, i,e. fin whale,. sel whale,
humpbach whale, lesser rorqual, and, although not numerous,
the right whale. Moreover, this list should also be
supplemented by some seals, l.e. crab-eating seal,-Weddell
seal, to a 1es$er.extent Ross seal, all the marine birds
and some species of pengulns, which, on the whole, also

feed on Euphausia superba.,. . . !

However, in splte of the abundance in.regard to
the species and the numﬁer of the feeders on the euphausiids
in the Antarctic'Ocean, the gmeneral productivity of the
Antafctic Ocean 1is Such that an enormous amount'of the o N
zooplankton annually remains unused. This is why 1t cannot

/71407

be considered that there is an eapmer competition between

the specles mentioned above in repard.to food. o !




104

The main rivsls of the'{}ue whales in the North
Atlantic may be fin whale, sei Whhle, and iessér rorqual;
. herring, caplin, cod, coalflsh, ocean perch, and mackerel;
mirre (Kaftanovsky, 1951; Storer, 1952), and some others.
Because of the extremely active whaling, the number
‘of the whalebone whales in the‘North Atlan*tic has reached
such a low level that there can hardly be any mentioning
of a lack of the food plankton for the whales and any
rivairy between them and other anﬁmals feeding on the
same animals., anuaz* .
The most complete list of{ prey\for the blue whales
is that for the northern half of the Pacific Ocean. Of the
whaleboné whales these are, first of all, fin whale, %o
a lesser extent seil whale, humpback whale, and lesser
rorqual,‘and less still grey whale. Of the seals we may

mention Phoca hispida ochotenéis, which during a certain

period of the year feeds almost exclusively on the eu-

phausiids, mainly Thysanoessa raschii. Of the pelagic fishes,
the main rivals are herring and the salmonids (except

keta) during their 1life in the sea (Medﬁikov; 1961;
Ponomareva, 1963), walleye poliock, sardine, mackerel,

and . some ofhérs. .The main rivals on the part of cephalo-

pod mollusks are pelagic squids Ommatostrephes sloanel-

-pacificus and Lolipo opalescens. A study of the content
of the stomachs of the birds (I.N. Sukhanova And Klumov)
has revealed that slender-billed shearwater and sooty

shearwater, Laysan ‘albatross and black-footed albatross,
. fulmar, and, to a lesser degree,’ murre (see also Storer,

1952), and some other species, too, feéd primarlly on the

euphausiids,
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We believe that the competition for the zoo-
plankton as food among the animals inhabilting the northern
half of the Paciflic Ocean is not intense. Tt becomes keen
only during the years whén the plankton is not developing
sufficiently enough (the "lean years").

In conneétion wlth the aforesald, it is of interest
to note that there 1s a division of the feeding zones 1In the
water (along the verfical) and the prey between the blue
whales, on the one hand, and the right whales and seli whales,
on the other. Thls division may be traced everywhere
in the World Océan\where the areas of the three above-
-named whale speciés overlap.

The right whales feed only on the Calanus spp. which
accumulate in surface waters, up to 15 - 20 m deep. The
sel whales, also preferring the Calanoilda to any other
prey, migrate in search of food and feed primarily in
the surface layer, hence they resemble the right whales
very much and are their rivals. The blué whales,.while
"avolding" the competition with the right whales and sei
whales, and so also with other-marine animals feeding on
the Calanoida which feed in the upper zone of the pelacic
zone, "submerged" deeper during their evolution, adapted
themselves to the search of food in the water below the
levael 50 m deep, end turned to the feedinz on the
euphausiids. In this.zone, the competition for food for
the blue whales has considerably diminished, as of a1l
the whalebone~whales, this zone 1s penetrated chiefly by

the fin whale, which screens the entire surface of the pelsgic

zone to a depth of more than 100 m and is a polyphagilan




to & greater extent than all the other whalebone wheles.
As regards the humpback whale, at least under conditions
of the nerthern half of the Pacific Ocean, 1t cannot be

regarded as a serious competitor of the blue whale as 1t

feeds primarily on fish, only seldom descends to a2 depth
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" of more than 50 m, and feeds on the zooplankton only when

it does not find its choice prey in abundance. The
X
aforesaid is presented in Fig. 12 .

E
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Pue. 12. Cxema pacmpe;iesieliisl 30l TITala ycaThlX KHTOB B TOAULEe
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[ — AnOWCKHA KHT, 2 — ceftan; 3 — rop6atulil Kuv; 4 — duusag; § — CHuBR KuT
(opur.)
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Fig. 12, Peeding of the wha leborie whales (vérticaily}.

1- Pacific riczht whale;_2- gel whale; 3~ humpback

whale; 4- fin whale; 5- blue whale (Orig.)

X

zone of feeding of which 1s preéented separately.

This scheme does not include the grey whale the -
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QUANTITATTVE CHARACTRRISTICS OF FEFEDING

In literature, there are scarcely any quantitstive
. indices pertaining to the feedinpg of the blue whales,
. Salnikov (1956) points out that he used to discover
simulténeously up to 1,000 - 1,200 kg of euphausiids
in the stomaqhs of 1nd1vidual.biue whales of the
Antarctic Ocean. These data coincide well with those
of Collet (1889) on the blue whales of the North.Atlantic.
Collet writes that on one occasion, a blue whale was

captured iIn the stomach of which 1,200 1 of Thysanocessa

iﬁermis wa s discdvéred. This seems to be the limitation
of the filling of the whale's stomach, which fact was.
recorded by the sclentists.
As repards the quantitative characteristic of the
‘ feeding of the btlue whales of the northern half 6f the
Pacific Ocean, the number of the stomachs studied by
the members of our expedlition were so small, so that
we do not have any representative data on this préblem.'
This kind of data Wwas-also:migsed.by the Japanese scientists
who in their studies, judging from the works published, |
left the problem of the feeding 6f the whalebone whales
untoubhed.
‘Nevertheless, 1t should be pointed out that the
maximum £illing of the stomachs in g1l whalebone whﬁles
is rare. The whales of the Aﬁtarctic waters present .
an exception in this recard. As a rule, the actual filling
of the whale's stomach is much less than the étomach can
. A h.old,' and 1t does not exceed 50% of the st\omach'é'volume.. [14_2_7 '

In most cases, however, the filling i1s even less than 50%.
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Qur calculations indicate (Klumov, 1961) that
during the feeding period, ﬁhe whalebone whales require
about 30 - 40 g per kllogram of live welght. Proceeding
from the above 1ndices,.the 24~hour~long requirement
of food for the blus whale of average size and welght
(23,5 - 24.5m, 60 - 70 t) is 2 = 2.5 t. The whale
can obtain this amount of food only under the following
two conditions: if it poséesses alperfedt apparatus
needed in searchrénd‘discovery of food or if the blomass.
of the zooplaﬁkton is abundant enough. We alresdy noted
(Klumov, 1956b, 1959, 1961) that the cetaceans, while
in search of food in the océaﬁ, make use of the sound-
(or echo-) location. This enables them to explore |
large afeas within a relatively short period of
- time (they move fast). This capacity has been developed
in the whales aé a reéult of their evolution. |

The second condition 1s.the sufficlent density
of the tiny orgénisms. We have calculated (Klumov, 1956,
1959, 1961) that the 5iomass of the zooplankton must be
more than 2000 mg/sq.m. Only under such condition can
" the whales use 1tvefficiently and filfer the amount which
they requlre during a 24-hour-long period of time. This
kind of biomass is quite often found in nature in.boreal
and sub-arctic waters, in particulaf, in the northern half
~of the Pacific Ocean. It must be ﬁoted that fhere are few
‘rellsble data on. the accumulation of the euphausiids,
which are vefy active and move rapidly, and cannot be
captured using our planktonic nets, éspecially at a depth

more than 50 m., It 1s most probable that these accumulations .

‘reach mubhsfhigher indices than we assume on the strength .
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of our catehes using planktonic nets. At eny rate, thils
hypothes$is may be substantiated by the cstches .of the
euphausiids using the Isaacs—Kidd.midwater trawl |
(during a short period of time several kilograms of these

animals were caught).

CONCLUSTION

1. The blue whales of a1l the areas of the World
Ocean so far diScusseé possess a well-pronounced selectlve
capacity In regard to their food; they have a rgther narrow
food range and are sStenophagous animals speclalized in
feeding on the euphausiids. Depending on the region (and
even micro?egion) of their habitation, only the species
composition of the euphausiids changes, while the blology
of these euphausilds remains everywhere slmost the
same., The feeding of the blue whales on these crustaceans

is dué to their mass aggregations. The list of the wmain

objects of food~ the blologlcal analogues of the blue
whales (see Tablg 7) which replacé one another in various
reglons of the World Ocean substantlates the statement
expressed above., All other food objects- crustaceans of
other groups (except the euphausiids), mollusks, flsh,
etc. are secondary or accidentdl, and do not play an.
impbrtant role in the feeding of the blué whales,

| It 1s only natural that the stenophagous animals,
including the blue whales, have a low index in regafd to
their food plasticity (the latter terﬁ was introduced

by A.A. Shorygin in 1952). The blue whales change

to another food only when forced. Actiial material indicates
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that this is oﬁserved in nature only during the years
when due to various reasons the normal (average) h&dro—'
logical conditions of a certain area is disrupted, [ 143 /7
causling & sharp dfop in the number of the euphausilds. .

2. Speclalization of the blue whales in regard
to the feeding En the euphausiids determines their distribu-
tion in time and gpace In accordance with the distribu-
tion of places and terms of the accumulation of these
crustaceans within the feeding grounds of each individual
local herd. This is why 1t is so lmportant to know the
time, place, and boundaries where the Tfeedling grounds’of
whales are being bullt. These data are of an extreme sig-
nificance to man, as they reduce the wasteful voyagces of
whaling vessels in search of whales.

é. The accﬁmulation of zooplankton, in particular,
that of the eupbausiids, 1s observed year in year out for
one and the same regions and sections. This happens
approximately during thetsame terms, with some minor
changes 1in space and flﬁctuafions In time. However, the
variability of the "density" (blomass) of these accumulations
in individual years may be considerable: durlng some years-

1
the number of the euphausiids may be larger than in others ;

l, Nemoto (1957) singles out for the northern

part of the Paciflic Ocean years wlith abundant biomass of
the euphausiids (for instance, 1954, 1956) calling

them the years of "krill", and those with abundant biomass
of Calanolda, the years of "Calanus" (for instance, 1953).,"
However, he doeS'not_expiain the reasons for the fluc-

tuations of the number of the sbove-named crustaceans.

e




111

this 1s determined by the complex of various bilotic and
abiotic factors. These annual fluctuations of the
biomass of zooplankton affect essahtially also the
distribution, the movement, and behavior of both the
individudl specimens and the entire herd of the blue
whales. This is why it 1s very important to khow ahead
the conditions under which the zooplankton in each region
accumulates,

4., The reasons for the permanent places in which
‘the zooplankton is fofmed, in particular, the euphausiids,
in the areas of the divergence of water bodles varying in
their respectlve characteristic,have been stated above.
In(spring, in thgse areas phytoplankton develops. In its -
tﬁrn, tﬁis determines also the development of the zoo-
plankton the accumulations of which depend from year to
year upon the local arrangewent of the zooplankters
which form winter reserves for individual populations of
this micro- and even macroregion. These wintering local
schools of individual Calanus spp. or of the euphausiids
descend in fall to corresponding depths (these are |
specific for every 1ndividual species) aﬁd rise in spring
to the surface ih order to feed and to propagate. The
biolosical state of these pgroups, their number, capacity
and readiness to propagate, conditions for féeding of
adults‘before spawning, feeding condifions which are
formed before the larvae appear, and a number of other
factors of both the physiological state of the organisms

and those of the external medium determine the quantitative

development of a certain spepies. This regularity was
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noticed -well by V.G. Bogorov (1939), who wrote as follows:

"The unity of the environment and of the internal bilologleal

- state of organisms causes a ftransfer from one blocosnosis

Into another. This coincldence of the bilologlical state
(readiness) and of the oorfesponding internal conditions
Is not accidental, but a result of an evolutlonary
process which has led to tﬁe adaptation of the organism
to the seasonal changes of the environment!, ‘

5. During the evolution of the marine fauns, not

only the whalebone whales, but also many other groups

of animals (squids, fish, marine birds, etc.) developed [ 144 7

apparatus for feeding on the zooplankton (including the

euphausiidé). Natural division of the "zones of feeding"

in the water (ilong the vertical) took place. It seeums

most likely that the cetaceans (their ancestors, to be more
precise) at first developed adaptive orsans for feeding

only in the surface watér (the risht whales), and only "
gradually adaptive apparatus which enabled the whales to
descend to deeper and deeper depths (rorquals). In order
to avold the competition In surface waters, the blue whales,
apparently, gradually adjusted, first of all, to the feeding
at greater depth than the right whales, sel whales, marine
birds, a number of pelagio fish and other gnimals feeding

in surface waters, and, secondly, to the feeding on'a‘rather

"coarser" food, on faster moving and larger animals than

. a
the calniids, the euphausliids, to be wmore precise, the

accumulations of which they found at a depth below 50 m.
The evolutionary course of the cetaceans, in pérticular,

the blue whales, was determined, we believe, chiefly by the

ey
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conditions of the feeding Iin the water medium, as all the
main properties of the adasptation of these animals, and

especially of the whalebone whales, are trophic adaptatioﬁs.

6. In the boreal, antiboresl and subantarctic
waters of the World Océan,the presence of a great number
of the zooplankton, in particular, the euphausiids, which
is far from bqing used up by marine animals, especlally
during the years of 1its mass development, allows us to
consider that increased competition ma& start only in the
wha lebone whales of the northern half of the Pacific Ocean
when the prey they feed on does not develop sufficiently
enough. Enormous masses of zooplankton, estimated to wéigh
billions :of tons, annually remain unused. The populations
of the whaiebone whales in the North Atlantic are so
small that herey too,'as also in the Antarctic waters,
the source of their food 1s more‘than sufficient.

7. The quantifative aspect of the ﬂeeding of the
blue whales 1s pfesentgd in literature rather inadequately,
and our own data are not indicative and insufficient. The
data at hand allow us to speak of a possibility that a blue
' whéie may swallow uo to 1,000 - 1,2000 kg of zooplankton
at one time. This seems to he'thq 1imi€€%l§§ouﬁt of food
for this animal. However, this amouht of food is rarely
found in the stomach of a blue_whale (exéept for that of
the Antarctic). Investigations indicate that 40 - 50% of .
the stomachs are empty, and those containing food are
filled 20 - 50%. -

Estimations (Klumov, 1961) allow us to assume that
a blue whale, average in size (24 m) and weight (60 = 70 t)

requires t = 2.5 of food per 24~hour period. A o .

R
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8. Food interrelations of the blue whales are
schematically presented in Fig. 8 for the northern he-
misphere and In Filg. 9, for the southern. These schemes
also show the degree of resemblance of food objects of
the whalebone whales. "As already stated, the food relations
of the whalebone whales have to be studied more, b& pre-
‘senting in detall the feeding of the prey itself.

9. The study ef the helminths in the whales and
a comparison of their helminthofaunas and objects of food»l
from various regions of the World Ocean is a question |
extremely 1mportaanboth theoretically and practically.
Our Insufficient knowledge of the helminths prerents us,
‘for the time being, from wmaking final generalizations; how-
ever, some preliminary conslderations regarding the links
of individual populations of blue whales,lthe centre of
their origin, and routes of their distribution may be
stated. |
A As regards the resemblances, and also the differences
in the helminthofaunas of the blue whales, representatives ZIQ;7
of individual populafions, 2 rather ¢loser contact is
establlshed between the blue whales of the North Atlantic
and those of the Antarctic. Weaker tiles existed between
the Antarctic and the North Atlantiec blue whales, and
were lacking compleﬁely between the blue whales of the North
Atiantic and the North Pacific. It seems that direct con-
tacts between the populations of these whales had been
interrupted a long time ago aﬁd»do not exist at present.
‘The forﬁation of the helminthofaunas of the whales

in various reglons of the World Ocean.‘is,ho doubt, connecﬁed

G
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with thelr feeding. This 1s why these problems should

be studled together. On the other hand, the feeding of the
whales should be g tudied parallel to and simultaneously
wlth a thorough study of.the helminthofauna of each indl-
vidual specimen. The most important problem 1s the most
detailed determinatioq of the place where each studled
specimen comes from, in order to be able later to determine
its belonging to & particular local herd, and also to
determine the number of the endoparasites by specles for
each Individual whale.

10. The data at hand indicate that the blue whales
from various regions of the World Ocean have not been studied
to the same extént. We may note that tkhere 1s a direct
1link be£ween the development of whaling (number of animals
taken) and the degree to which the blue whales have been
studled.. Where the catches of these anlmals weére more
numerous, ‘they wére studied better (the waters of the Antarctic
Ocean); where the fishing of whales was not as developed,
the knowledge of them was not as advanced (North Atlantic).,
This circumstance prevented us from presenting comparisbns.of
equal worth. Hencé the concluslons draWn in thils work are

to some degree preliminary.

FIN WHALES
- Feeding
The bioiogy of the fin whale, and also 1ts feeding,
have been stﬁdied more thoroughly than the blology of all
the other whalebone whales. This 1s explained by thé fact
that recently thils specles ranks number one in the whaling

industry in the World Ocean, and particularly in the waters of
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the Antarctic (Table 10). In the ﬁorthern half of the
Pacific Ocean, where the sperm whale ranks first as an object
of fishing, the fin whale occupies the éecoﬁd place. However,
among the whalebﬁne whales of this region of the World Qcean,
it, too, talkes the first place. A simllar pilcture 1s also ob=-
gerved Iin the,Norﬁh Atlantic; there, among large whalebone

whales (excluding rorqual), the fin whale 1s fished for most.

However, as the fishing for the fin whales 1s distributed

unevenly in individual regions of the World Ocean, its feeding

has been studied to various degree, depending on the recion.
The feeding of tﬁe fin whales inhabliting the northern half
of the Pacific.Oceaﬁ 1s known better than that of the
southern ﬁemisphere.

Table 11 contains all the known data on the feeding
of the fin whales of the Antarctic Ocean, North Atlantic,
and the northern half of the Pacific Ocean. If we examine
these -data individually for each of the reaibns mentloned,
we may cowme to the folIowihg cohclusion.

Euphéusia superba 1s the chlef source of food for

the fin whales inhabiting the Antarctic waters and also

for the whalebone whales. Thysanoessa macrura was discovered

In the stomachs of the:fin whales in a considerably smaller
amount. However, Nemoto (1959) points out that where

this euphausia was dominant =140 to'BOOw.long. and 40 to
60O e.long., it also was predominant in the stomachs of

the fin whales, a lthough E. superba was also present in a

small numter. Besldes the above-named euphausiids, of some

Jmportance as food for the fin whales of thé Antarctic herds

is also E. crystallorophias. In the area of the waters

e —
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washing the islands of St. Georgia, the fin whales had in

thelr stomachs Grimothea and Parathemisto saudichaudil.

. : The latter was sometimes more Iimportant as food for these
whales, as 1t was quite frequently discovered that the
stomachs of the fin whales were filled exclusively with
this amphipod., The fin whales captured near the shores
of Séuth Africa contained Iin their stomachs euphausiids
tyrical of these speciés, i.e.: E. lucens, E. recurva,

and also some fishes (Scomber sp. and reépresentatives of

the Clupeidae).
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Some cases of the presence of the representatives
of cephalopod mollusks (Cephalopoda - Decapoda) in

the stonmachs of the Antarctic fin whales were noted in

literature. These were, mos8t probably, Onychoteuthis
barksii. As was shown by L. Korabelnikoﬁ (1957) in the
eleventh voyape of the whaling flotilla "Slava", the
mentioned squid is the main food objeét of the sperm whales
in the Antarctic waters; other authors indicate that it is
an accidental component in the feeding of the blue whales
in this region. Hence we may conclude that 0. banlsii is
not rare in the waters of the Antarctic and the Sub-Ant-
arctic, that it mfght be considered as acclidental prey for
fin whales,

We'know that pelagic fish are practically absent
in the Antarctic; at any rate, they do not form mass
. schools. This 1is why we may maintain with certainty that

individual speclmens of fish discovered in the stomachs

of the fin whales were captured by them either accidentally,
mainly while feedinjg on zZooplankton, and they do not play
any (at any rate, any essential) role as théir source of
food. MNumerous sclentis*ts note unanimously that the number
oif fish in the stomachs of the fin whales are never
significant and, usually, do not exceed some ten specimens.
The list of fish discovered In the stomachs of the whales
under iInvestivation inhabiting the Antarctic Ocean in
summier may be of more interest to ichthyolo:;;ists interested
in the fauna or to zoogeogfaphers. For instance, Abe (1957),
noted Japanese ichthyolo :ist,has described a new genus |

" and a specles of fish Xenocyttus nemotoi, which for the

first time was discovered (one specimen) in the stomach

of & fin whale. A.P. Andriyashev {(1960) described also




2
C Crine ’m&z’.‘Z’L

:}" A%

@}fé& 7

f (. /\)((,(;Le’ 2

A~ -///lﬂ:’) l()‘/‘fn,l X

Cuosmbie” Janinie no k()[)MOBN\i 'KH(IO“I

K fwvw( (Ddycc¢§ﬁ44;£g:z

(oW A

'p
5\1 il nnmg (tuf\’&?m?f( pf?&ﬁts)

l.l(v suna

FAGBIBX npnmucd X phitonax Myposoro ohc.m.l

S
Lo ama e
A, nxnumm " npace
{’a (R nu I nr'n 'u,‘ll-!

Cenepras ATaTHRa

#7’97";4/( 44(&5"'\(-’2

Ploe P Wl 'f -
Cenepiast nojo m arg m\(‘

/JLC’C)—»/
Crustacea
Grimothea  (post -—
farvae Munida

gregaria)
Parathemisto gaudi-
chaudi
LEuphausia  superba
E. crystatlorophias
E. tucens
I5. recurva

Thysanoessa maeru-
ra

N\thh.mcb africa-
nus

Cepltalopoda
Decapoda, gen. sp.
(Onychateuthis
barntksii?)
Pisces

B

Clupeidae, gen. sp.

Par.xlopls coregonoi-
des

Notolepis coatsi

Myctaphum sp.

Harpodontidae, gen.
sp.

Electrona antarctica

Nenocytius nemotoi

Notothenia sp.

Cryodtaco  pappen-

"~ heimi

Scomber sp.

Neopagelopsis ionah

Crustacea

Calanus
cus

Mysis oculala

Meganyctiphanes
norvegica

Thysanoessa inermis

Th. raschii

Th. longicaudata

finmarchi-

Cephalopoda
[llex illecebrosus

Crustaccea

Calanus plumchrus
Calanus eristatus
Metridia ochotensis
Mysis ocutata
Gaathophausia gigas
Themisto sp.
Euphausia pacifica
Nematoscelis
Thysanoessa
The longipes
Th. raschii
Th, spinifera
Lualus gaimardi
cheri
Pandalus sp.

Cephalopoda

Ommatostrephes  sloa-
5 - nei-pacilicus

“Pisces Loligo opalescens
Clupea h. harengus | Gonatus fabricii i
Malotus v. villosus | Watasenia  scintillans
Scomber  scombrus
Odontogadus  m. .

merlangus
Micromiesistius pou-

tassou
Boreogadus saida
Ammaodytes  hexap-

terus marinus

difficilis
inermis

het-

Cy

FEptatretus burgeri
(-Bdellostoma)

clostamata

Pisces
Clupea harengus pallasi

Sardinops sagax mela--

nosticta
Engraulis japonicus
Clupanodan — punctatus

Oncorhynchus keta

Hypomesus  olidus

Mallotus vitlosus sacia-
lis

Exococtidar, gen. sp.
Cololabis saira

Gadus morhua macro-
cephalus

Boreogadus saida

Theragra chateogranmma.

Lleginus gracilis

Podonema longipes

Ammodytes h. hexapte-
rus R

Pneumatophorus japoni-
cus

Sebastodes glaucus

S. polyspinis

Pleurogrammus azonus

P. monopterygius
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a simlilar case of one poorly preserved specimen of fish,
discovered in the stomasch of a whalebone whale captured
_in'the Antarctic waters near the Balleny Islands in
1947. This helped to identify a genus and specles from

the family of the pilke family (Neopagetopsis lonah

Nybelin). Although this whale was not identified to the
species and was simply marked as a "whalebone_whalé", one
may assume that it was a fin whale, as this speciles was
the one which was céught in the Antarctic after the war
more than any other specles of whalebone whales., Another
specimen of this fish was caupght only ten yeafs later, in /T14g7
1957, by the Second‘Soviet Sea FExpedition aboard the
"0b!'" (Andriyashev, 1960),

Of interest are also the data obtained by L.V,
Korabelnikov in the.eleventh voyase qf the whaling flotilla

"Slava in 1956/57. He discovered in the stomschs of fin

whales four svecies of fish which eaflier were not noted

by écientists; we assipgn these fishes (Cryodraco pap-

penheimi, Electrona antarctica, Notothenia sp., and Noto=-

levis coatsi) for the first time to the list of prey

for these whales,

Fish like Scomber sp. and the representatives
of the Clupeidae have been discovered in the stomachs of
the fin whales in sub-Antarctic waters and even antiboreal
waters of the shores of South Africa, where the effect of
warm waters is felt. In this reglion, the specles named- above,
which live in schools, definifely form part of the food

ration of the fin whale.
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Thus,.the Antarctic herd of fin whales feed on
twenty-one species of anlmols belonging to three differsnt
classes (Li.e., crustaceans, mollusks, and fish): eight species
of crustaceans (of which six species belong to the euphausiids,
one to the awmphipods, one to the decapods), two species of
cephalopod mollusks of  the asroup of squids, and eleven
specles of fish. In splte of the seeming abundance of the
source of food of the fin whalgs of the Antarctic herds,
it should be considered, nevertheless, t hat the main food

of these whales 'Is Euphausia superba,and the food of the

local herds inhabiting the ares of the first and sixth

Antarctic sectors, in addition to E. superba, also
; )

Thysanoessa macrura, In individual places, E. crystal-

lorohonhiaé mighﬁ be of some significance. Moreover, E.
lucens and E. recur&a play some role.in the feeding of thesg
whales in»the waters around the coasts oijouth Africa.
Nevertheless, other representatives of the zooplankton,
cephalopod mollusks, and pelagic flshes arg of a secondary

importance or are captured accidentally (such as Notolepls

coatsi, Xenodyttus nemotoi, CrYodraco pappenheimi, etc.).

Further studies of the feeding of the fin whales
in the southern hemisphere will undoubtedly increase consider-
ably the 1list of the food objects, and néw animals will be
included. At present, we do not have data on the feeding
of these whales inhabiting both the Pacific and the Atlantic
waters of South Americs, the coasts_of Australia, a nd some
other .I'egz;ions. Vie also lack the data on the feeding of the

fin whales of the Antarctic herds during the late fall and the
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early spring seasons, during thqir migration to the win-
tering groundé, toward the nofth, andwespééially to the |
feeding grounds, fo the south. I% is most probable that
the feeding being similar (zooplankton, mass forms of pel-
asic fishes and cephaloppd mollusks, etc.), the food

of the fin whales 1ln the waters mentioned above has specifi
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under normal oonditions; they number about {ifty million
individual birds. Murphy (1936) bhas estimated that in the
area where there Qere about ten million birds, the entire
sopulation consumed three millionitons‘of fish (feeding

mainly on anchovy (Engraulis ringens). In the area of the

current divergence, the anchovy mentioned above, sardine,
and herring agpgregsate in‘great masses, It may-bé assumed
with certainty that iﬁ these waters, fin whales, too, feed,
perhaps, not only on the zooplankton (although this is not
excluded), but mofe on the above named fishes. Althouph
we lack the actual data on the feeding of the fin whales
in this vasf area %f the,Pacific, we, nevertheless, are
entitled £o malke this Stgtement. A1l the data on the feeding
of the fin whales, and especially of %he local herds of the
Aslan population which inhabit the north-west of the Paciflc
Ocean!confirm that the de ree of their plasticity in regard
to food allows them to turn easlly from one ﬁass obje ct
to anoth-r.

Consequently, it cannot be considered that the feed~-
Iniz of the fin whales inhabiting the whaling‘regions of the
southern hemisphere has been studied completely, as much
is to be done in this rerard. |

As far as the quantity of the food intake of the
fin whales of t*he Antafotic herds 1s concerned, it, too,
has~heen:studied insdequately., "~ We have only one feliable
report by ¥.Ye. Salnikov (1983), who welghed the céntent
of the s*cmachs 6? several fin&thales (22 m). He points out
that in fin whales with the rmost filled stomachs there were
some 800 - 900 kg of the euphéﬁéiids, among which there were

usually found some three to four small fishes of the Sudidae

family.
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The r£illing of the sftomachs of the {in whéies,
similar to that of the blue whales, is in most of the cases
. considerably less than the stomach can hold. Salnikov con-
siders that the miximum volume of the stomachs in the Ant~
arctic fin whales prevents them from taking more than 800 =
- 900 Xkp ét one féeding.

The main source of food of the ln whales in the

North Atlantic are the euphausiids~ Meranyctiphanes nor-

verica, Thysanoessa inermis, and Th. raschii, and of the

Copepoda, Calanus finmarchicus. However, when we compare

the feeding of the fin whales of the North Atlantic and

the Antarctic herds, we may note that while the fish do not
vlay any significant role in the feeding of the fin whales
(since there are no mess arerepations of fish in the.upper
pelazic zone) in the Antsrctic waters, the stomachs of the
. fin whales of the North Atlantic, and also of the northern
half of the Pacific Ocean, are quite frequently filled with
fish only. ,Thué, the fish forming large aggregations-

such as herring (Clupea h. harengus) and caplin (Mal-

lotus v. villosus)~ serve as food for the fin whales.

During the past decades the fishing of fin whales
in the North Atlantic was insignificant. Annﬁally, only a
few hundred animals are captured (sée Tahle 10); Ve
do not know of the 1étest works which would present, 1if even
in passing, the feeding of the whalebione whales (except
lesser rorqual) in this area, and even more so. the works /1807
which would treat of nothing else but this problem, and also
the study of the helminthofauna of these whales. This was

. why we sent Dr. A. Jonsgard a request asking him to answer

a number of questions. The excerpts from his letter of
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February 16th, 1962 are given helow. Ve would like to
~express our -~ratitude to Dfo Jonssard for his data.

"I have studied your questions and would like to
inform you that we have examined primarily'the fin
whales captufed by Norwesian whaling coastal stations,

We also obtained-some material on the sei whales; however,
these data were insufficient. The study of the helwminths
was not included in our work; we dealt only with the animals
which serve as prey to the whales.

"As far as the food of the North Atlantic fin wha les
is concerned, I can provide you with some information on the
content discovered in their stomachs, although my article
on this problem 1s not ready yet for publication. The main
- source of food are the crustaceans.

"There are three species of these: Mecanyctiphanes

norvealca, Thysanoessa inermls, and Calanus finmarchicus;

the firsf of these three is the main source of food of the
fin whales near the coasts of Norway.

“Ag far as fish are concerned, the following were.
discovered: herring, caplin, mackerel,:a gadid fish, and
whiting. Caplin was dlscovered in the fin whales captured.
only near- the coagt of Norway. In some cases, we noted
'a'mixture of food, i.e., fish and crustaceans: It was noted
that 21.6% of the whsales studied had empty stomachs. And
_ this percentare propoftion (empty and filled stomachs. S.K.)
.remained’almost uniform for djfferent places. In my article
on this prohlemfwhich T <ntend to finish in one year), the

feeding of the fin whales will be discussed in detail".
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Thus, new Investi~seaftlons confirm the o0ld data on

3
the food cowmpesition of the fin whales; they also introduce
sone supplements, wnich were considered when the general list
(see Table 13, middle column) was compiled,

It may be assumed that the list of the food objects
of tre North Atlanﬁic fin whales is almost complete. Ne~
vertheless, it may be much enlarged, if_new data on the
feedins of the fin whales in the waters aroﬁnd the shores
o Spain, Icelénd, New IFoundland, and North America should
e discovered.

As noted in Jonsgard's letter, the main forms of
the fin whales! féedinﬁ, judging from recent investiga-~

tions, should e reperded: Mesanyctiphanes norveaica,

Thysanoessa inermis, and Calanus finmarchicus; herring and

caplin, which is in accord with the o0ld data. Jonsgard
stresses that caplin was discovered in the stomachs of
he £in whales which were captured only near the shores
of Norway. This indicates that the change in the.composition
of the food, as noted above, occurs when the region, or
even the microregion of feeding is changed, which, in its
turn, depends upon the condltions of the hat:itat which
facilitates the formation of agnre~ations of certain animals
or, on the contrary, hingering their agorecation. . and, per-~
haps, their 1life under givén conditions,

The distribution of the feeding grounds of the fin
whales of the North Atlantic during the summer (feeding)

veried is connected with the distribution of the main

food objects wmentioned above.




Nobody yet has studled the quentitatlve aspect of
the fecdin ; of the North Atlantic fin whales or their
activity cdurinsg a 24-hour period, or other problems
whnleh are connected with feeding; hence it 1s impassible ZT5;;7

. 1

to wmake any generalizations in this recard .

T0 accordance with our calculations (Klumoy, 1961),
2 larece whalebone whale requires sone 35 - 40 g per one
kilosram of its live welcsht during a 24-hcur perlod. Consider-
ing the average weight of the.North Atlantic fin whale (in ana-
lopy %o that of the North Pacific) as being about 30 tons,
the feood required for a 24-hour period does not exceed 1.2 tons.
However, this f jive should be confirmed by weighing or de-
termining the volume of food found in the stomachs of the
capbured fin whales.

Thanks %o the work of Japanese scientists (Mlzue,

1

1<

2

>1; Nishlwoto, Tozawa and Kawakami, 1952; Nakeil, 1954;

Nemoto, 1957, 1959; and Nishiwakl, 1959).and the investilga-

ticns of our expeditions (1951 - 1956), the feeding of

e

the whales, including that of the fin whales of the northern
ralf of the Pacific Ocean, has been studled quite thoroughly

during the past decade, and it s dcubtful whether ithe 1lilst

}._)

« Nothing has been menticoned in literature about
‘theivolume off food found in the stomaecihs of the fin whales
of the North Aflantio'herds. True, A.G. Tomilin (1957) points
ot that up to C0OQ specirens of cod were discovered in ﬁhe

stomaen of one fin wrale taken in the waters of the North

Atlantic. Vhat was the welosht and size, or the total welght

i _ : .
of the slmentary bolus, we do not know, as the author does not

say anything. about it,
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of the food objects of tﬁese whales might be expanded. As
recards the feeding of the fin whéles of Pacific local herds,
they note (see Table 13, right column) fourteen species of
crustaceans, compared to elght species in the‘southern
hemisphere and six in the Vorth Atlantic, four species of.
cephalopod mollusks, against two (or one) in the Antarctic
waters, and one in the North Atlantlc, and twenty—two specles
of fish, compared with eleven species in the Antarctic and
seven in the waters of the North Atlantic. So the following
correlation is obtained: the number of food objects of the
Tin whales in the northern half of the Pacific Ocean is
twice as large as 1t is 1In the waters of the Antarctic and
three himes as large as 1t is in the North Atlantic. This
may be explained, partly, by a better knowledge.of the
feeding of the ©in whales in.the Pacific Ocean, and also

by the zreater variety and richness of the Pacific marine

fauna .

The identification of the 1éading food objects of
the fin whales bf the northern half of the Pacific Ocean
presents some difficulties because of the vast extent of
the reglon, stretching from the subtropic province to
the Arctic, gnd because of the éhanges in the nature of
the fauna. The composition of the v»rey for the whélés
changes also. in regard'to individual resions (and even
ﬁicroregions) of this vast extent of the World Ocean, gnd
in regard to seasons, individual years, and 1t depends
upon the developwment and.concentrations of certain prey
in a certain feeding grounds of thé fin whales. During the

years when the zooplankton is quife abundant in the waters
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abundant in the waters of the North Atlantic, the fin
whsles feed to the same extent on troth the euphausiids
and the calanoids, depending upon the accumulation they
discover. During such times, there are neither fish nor
squids présent in their stomachs. However, if lérge ag-
arecations of the zooplankton aré lacking, then the fin:
whsles easily turn to another source of food. ThisAmarked
plasticity of these whales in regard to their feeding-
hampers the identification of their main source of food,
as presented in the large 1list, in Table 13.

The stomachs of some of the fin whales captured
in the waters near the Kuriles sometimes were filled ex-

clusively with squids alone (Ommatostrephens sloanei.-

oacificué). In a number of cases, these squilds were

guite fresh, almost untouched by the dicestive juices, lL.e.
they were captured guite recently and simultaneously. If
the whales did not discover agpregations of squids, but
there were concentrations of pelagic fishes.(herrihg, an-
chovy, sardine, walleye pollock, and in the north- arctic
cod, etc.) in the area of their "feeding ground", then '
the stomachs of the fin whales were filled with thesé‘
fish. Sinmilar obéervationé were reveatedly quoted by

a mumber of scientists, for instance, B.A. Zenkovich
(1952), and by us. In May, 1956, while on the expedition,
we ohserved a lar:e number of fin whales feedins on huge |
schools of spawning herrings in the Sea of Okhotsk, near the
shores of West Kamchatka, in the area of Ozernaya. A sim-

ilar picture was also observed by N.N. Martynov in this

area in 19568 and 1959,
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If herring is absent within the boundaries of the
fee in; areas of local herds of the fin whales inhabiting
the northern half of the Pacific Ocean, but there are larye
schicols of ?acific-saury, as we repeatedly noticed during
our first expedition (1951), the fin whales willingly
Teed on this fish, capturing it sémetimes in great amounts.
There were cases recorded when the Pacific saury diéoovered
thie stormachs of the fin whales by the workers of our

[0

expedition welighed up to €0 and 130 kg On one occasion,

a £in whale, captured on August 13th, 1953, had in 1ts

)

mach five thousand individual specimens of this fish

st

P

welnhing about five hundred kiloecrams (Betesheva, 1955).

Striking in the materials of the expedltion is the

presence of bathypelagic £7sh as Podonema longlipes In the
4 5 J T £y A

stomachs of the fin whales, numbering 140, 7860, and 1,059

e

eeLviens

respectively. Tn the latter case, this fish

4]
"G
@

weirned almost four hundred kilosgrams, Except for

Podonema longipes, no other food was diacovéred in the

stomachs of the three fin whales captured.

The fact alone that the fin whales feed on Podonema -
lonzives reveals that this béthypelagic fish rises from
the abyss to the surface (pfobably, in the night), at any
rate, to %he woper layer of 100 - 150 m, where it falls
orey to tﬁe fin vhales., Ve lmow that the fin whales,
wnile. In searcr of food, usually do not submerme to a depth'
below 150 - 170 m. In addition, *he presence of some 400 kg
of this fish in the sfomechs of fin whales makes us belleve
}naJﬁ‘;s fish swims in schools. This allows us to recommend
*hat the orgﬁnizsﬁions invoived in fishing shouldiciarify

the questioa whether or not it is possible to {ish 1t on a




larre scales

pto
w
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¢ elso sucould mention one wore [ish which
esten in larse quantities by the fin whales. N.N.
wartynov, in charge ofl the Second Yhaling Flotilla in the
Far Mast repeatedly observed (oral report’ during the

eein nari-of a run of pink salmon that the fin whales

fed on it in the north of the Xurile waters, in .the area

of Paramushiro Island, and, while personally present du-
ring tre opening of the stomachs of the capﬁured fin whales
at the Whaling Combine "Podgorny" (Paramushiro Island), he

witnessed the presence of vink salwon in fhe stomachs of

thase whales. On July 19, 1951, we ooened a humpbach whale.,

e

Tts stomach, toon, contained pink salmon.

Tﬁus, the composition of the food of the finwhales
depends upon the presence ol mass aggresations of prey in
a =ziven rerlon of the sea. "henever there is no lack of
food, we slways find a monotonous composition of food objects
in +he stomachs of the Tin whales. If it is the zooplank-
ton then as a rule, we d;scover the animals of one speciles,
same size, and the same stare of development. The same
wmay be said slso in recard to souids and flshes the size
of whic% is always similar; thet means that the whale

one schoerl or its part.

6]

canture
Heowvever, 'f there is lack of food, when strong
auzpreratieons of zooplankton, fish, or other.animals running
in schools are lacking in theAfeeding grounds of the fin
whales, then the conbent of their stomachs is most diverse.

n such tirmes then, while examining the stomachs, we dis-

cover sirultancously a small amount of zooplankton (we 1—15347
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ot discover vasrious species of the eupheausiids and

colanids), end individnel souilds belonging to various
srecles, and alsgo individual speciwens of fish. This kind
o Uooc allows us to say with certainty that the food

-

eserves are insulficlient, that wmass forms of prey and

2

their ar repations during the time the whales are cap-
tured are lacking. The abovesald is substantiated.by our
investications conducted in the north-west of the Pacific
Ocean in 1951 - 1654,

Thus, we have establlished that wheﬁ the zooplank-
ton 1s scan iy iﬁ the northern half of the Pacific Ocean,
ihc.fin whs les easily turn to feeding on another préy;
vnen egrrerations of the animals they live on are wanting,
they Teed on the wost diverse food objects simultaneously.
Thig allows us to soeall of thie fin whales as typical eury-
ns rous . animals among the cetaceans, which fact distinguishes
them completely from both the blue and the (Pacific) whales.
nis 1s why we cannot argree with Nemoto's.(1957) idea that
the in whales, like the bluve whales, possess a well
developed capacity to pick the euphausiids, preferring
them %0 211 the other food objects.

The fin whales have a very wide food range. While

—! e

in the surface pela-ic zZone, they wmy successfully
feed on the agcrerations of the Calanus spo., as do the
risht wiales or sel wholes. YWhile submerpging to a depth

wore than 50 m, they also feed on the zone where the

guvrausiids are acrvravated in larce masses on which they

feed, thus beingz rivals of the blue whales. After having
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;rerations of swall fish, the {in whale f1lls 1ts
stomsch with them snd in this way is a rival to the_hump—'
toclk whale and the lesser rorqual (under conditions of the
northern half of the Pacific Ocean; when the mentioned
nrey is lacking, while encountering pelagic squid (Ommato-

strephens sloanel-pacificus), which sometimes forms large

schools, the fin whale swallows it by the thousand. Con-
seguently, 1f some of prey in natﬁre multiplies to hulti—
tudes in agqregatiqns,‘then the fin whale easily turns to
feecding or this prey, and the presence of aggeregationsg of

rey in sea is immediately revealed in the content of it

e}

as found in the stomsch of a fin whale.
Proceeding Trem the aforesaid, 1t is clear that it
is not so easy to determine the wain animals which - serve

as preferred fcod for the fin whale. Hence it is much

more difrfficult to estahlish the links between the
‘ distribution of the fin whale and the distribution of its

feedina crounds, as compared to the same task in regard

teo other whales. Ve mieht state that wherever there

<2

are 1argeiaﬁﬁfevations of animals, whether the calanids

cr the euphsucsiids, there one should look for the fin

whoales. There is also a.regularity noted, which is not
‘always‘snbscantiated. Tf there are simulbaneous

ag regations of the zoeplankton, fish, and cephalopod
wollusks, the fin whales prefer the zooplankton, to the

ssme depree the euphausiids and the Calanus spp., then

the fish, and only then the cephalopod mollusks.

The euryphansy of the fin whsles 1s also substantlated.

by the quantitative analysis of the contents of thelr stomschs.
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In 1€51, we examined the f1llin= of the stomachs of the fin
whales caotured in the waters of the Kuriles. Tn accordance

1
With the notes in the flcld jourmals as recorded by the
observers of the expedition, the following amount of the
nlonkton (in kg) was discovered in the stomachs of [/ 1647 -
the fin whales: '

Thysanoessa lon~ives, 2nd some T. raschii ... 365

Thysanoessa roSChll eceieierreecreesnensensonss 200

A\t n

- - - - LA 2R IR B RCNE SRR 2N I JE BE R AR I Y BRI Y BN I I 205

== GOQ'II'I<;".“'l‘--.'-". 150

Buphausiids (no further specifications) ceese 130

= L =" eeses 80
Trysanoesgsa roschi, sesecerrriessarsseressans 70
M ~- evesreesersscrrsssrsnanes OO
=" == tesereterrrrrtsiarsrresness D2

Calanoida (no further specification).}....... 43

The stomach of one fin whale contained euphausi-

i¢s and squids (390 kg); the stomach of another, euphau-

D

, calanilds, and squidé (72 %g). In the same yesr, and

€]
[N
=
[oF}
v

the sawme rerions, fin whales were captured which contained

in thelr stomachs only the pelazic squids: one stomach con-
taired about 600 kg of them (2,800 sﬁecimens); another,
avout. 300 ky (1,300 specimens); third, abQut 100 kg

(45C specimens). “Along with plankton and squids, some
wnales fed also orn fish. The stomach of one fin whale

contained 157 Ig of walleye pollock; another, 120 kg of

1. These records were treated and published by

Ye. Betesheva in 1984,
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ancrovy; th'rd, rewmains of some kind of fish which were

In the years that followed, the members of the ex-

pedition supplemented the 1list, which was compiled as a re-

i)

-

[&]

ult of the investigations conducted in 1951, with some

t

other prey; however, no principallyvnew datsa, especially
in resard to the qtantﬁtative aspect of the feedlng, were
discovered.,

The observations by the exreditions during those

yesrs reveal that the waximum awmount of food discovered

in the stomach of one fin whale did not exceed 500.- €00 kg,
if the alimentary bolus conslsted of squids, 400 - 500 kg

of fish, and 350 =~ 400 kg of zooplankton. The least amount
. N . ers
discovered was then when various types of food VW, present

in the stomach. The more diversified food discovered in the

stomach, %the smaller its amounts; this indicates the lack of
sysrerations of mass forms of anim2ls in the sea and a ge-

Thus, thé stomachs of not only the fin whales, but
aiso of all cetaceans in the north-west of the Pacific
Ocean are filled completely only in individuai cases. Some
specialists on whalling and sclentists have proposed a hypo~
thesis that the presence of incowpletely filled stomachs

of whales ig frequently due to the regurgitation of the
food on the part of the whales when the latter ére killed.
Iif th;s is true to some extent in regesrd to the toothed

vineles, in particular, the sperm whales, which indeed

repursitates vartly, and scwmetimes even completely, 1ts




_it never reached 700 - 20C kg,
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food when wounded, this 1s not quite 50 in regerd to the
whalebone whales, as the resurgitation of food by these

is guite rare. We personaily néver.had a chance to observe
it. Wrile aborrd whaling véssels, during actual killing,
we freguently noticed that even in thé cases when the whale-
bone wrale was killéd imrediately, from the first shot,

or even after a second or third, no food particles

were secen in the water. Nevertheless, when the stomachs

of thus killed whales were examined, it was found that

the smount of food was heﬁer to the limit, and in the

fin whales captured in the north-west of the Pacific Ocean,

<

Estimations reveal thaﬁ the need for food for.a
24-hour period on the psrt of the North Paciflc fin whales
of average size (18 ~ 19 m) and weight (35 ©) is ap-l
oreximately 1 - 1.5 v (Klumov, 1961). These data, however,
should be verified and substantiated by actual material.
Changés in the comvosition of ktre food of the 1“15547

fin whales in the northern half of the Pacific Ocean by geo-

¢]

al zones are, on the whole, gulte easy to trace,

T e J
araoni

However, the actual material is not identical for all zocnes

w

and al:

vecics of prey; for some geopgraphical rezions,
these data are lackine comnletely.
Let us trace the chanme in orey for the fin whales

of the Asiatic pooulation, proceeding from the north

Iy A

o the south, from the Chuckchee Sea to the Yellow Sea,

ot

-t

prey such as. fish in reverd to which we have the most
complete material., 'These data sre summed up in Table 12.

In the column "Fcod object", the fish are arranged in
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role they play in the feeding of the

fin whales,

Tahle 12

COTPARATMIVE DATA ON THE FRYDIVG OF FIN WHAILRS OF

THE ASTATIC POPULATION CON TH¥ »ISH TN' VARTOUS GEOGRAPHICAL

THE VWESTERN HALF OF THE PACTFIC OCEAN

Chuckchee Sesa

feeding Prey

; Arctic cod

n» Strait, Lavrentiys ; Arctlc cod; to some degree,
(3

navaga

Anadzr Bay, waters of Fer- Caplin; fto lesser extent, her-
ing Sea, near Navarin Cape ring

Olyutorsiky Gulf f Herrins; to lesser extent, caplin
Central part of the shal- ; Walleye pollock

lew zone oi “ering Sesa :

(2long drop-off)

“inters near the Commander ‘' Cavlin, walleye pollock; to

Islands

SYsS ne
PN {
i \

TS ne
N

zte
Northern

Sea of 0Ok

¥iaters of

T o
vaters ol

Viasters of
(near Hok

BT
WaTers ad

Tslard

Yellow Se

North of

lesser extent cod and, singly,
vellowfish .
(Pleurogrammus monopterygius)

ar the Aleutian Ditto

west and centre) T

ar Xamchatka and

Kuriles Herrings, walleye pollock, «
gortusha (very seldom),- '
individual specimens of Pacific
saury :

hotsk : - Herring, gorhusha, sand eél, cod

Central Kuriles Pacific saury, walleye pollock,

' podonema

" Pacific saury, anchovy, walleye
pollock, podonema

Soutr Kurilies

Vortherrn Japan Pacific saury, gychovy, yellow-

kaido Tslands) _fish (Pleurocrammus azonus)

Jjacent to Honshu . ‘
' ' Pacific saury, sardine, mackerel

a Clupanodon punctatus, Eptatretus

i hurgerd

e
gl

Sea of Japan Plying fish (Exocostidase)




138

In the Chuckchee Sea and Bering Strait, there 1s

only one pelazic fish, Arctic cod, which durin~ some years
srpeaathes in extremely lar-e schools, The fin whales passing
nto the Chuckchee Sez for a short feeding (not every year),
feed on this fish. A4ccording to the data (Tomilin, 1957); the
Tin whalesg there feed not only on Arctic cod, buf also

na euphausiilds (Ebysanoessa Easchii). In Lavrentiya

O
ol
Ct'
?

Bay and in Mechigmenskaya Ray, besides feeding on Arctic
cod, which here diminishes in number, the fin whales feed

also on mavega. However, since navansa is a benthic species,

}.Jn

a=d 1t is rather difficult to be taken by the fin whales,

fde
ct
Ui

nmber in the stomachis of these whales is insignificant.
Wavaza as prey for the i~ whale is found in swall numbers

in Anadyr B ay; its role %here, however, 1ls even 1esé impor-
tant, hence it has not been included in Table 12 for the
mentioned reslon. In the southern part of Anadyr Ray, and

also in the waters around Navarin Cape, the { in whales,
according to Nemoto (1959) feed quite intewsively on caplin

and, to a lesser extent, on herrins, which here numbers less ZTB_/
than, say, in Olyutorsky Gulf, where caplin retreats leaving

the first place to herrinv. In the central part of the

northern half of the Pering Sea, at the boundary of shallow
water, at the continental slope, thé fin whales feed intensively
on walleye pollock'(Nemoto, 1959), which, apparently, forms

here large aa*reﬁaﬁions.

Tn the west and the central parts of the waters near

-

the Comrander Tslards .and the Atleutians, fish is not as sig-

ct

TMdean

3
[
O

L

as prey for the fin whales, as was noted for the

4

ters of tre Chuckchee and Pering seas, as ‘this

[
2

northern w

yone 1is rich in zoovlunkton. Among the food objects of the.fin
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1

le nhere, we notice caplin, to lesser extent walleye pollock;

cod is Tound in their stomachs less frequently, whille

-

s

lov

—t

ish occeurs sinzlys

bt

e
In the waters near Kamchatka (Pacific) and Northern
Xuriles (Pacific and Sea-of-~0Okhotsk), 1afre schools of
spawning herring are observed durinpg individual years.
During such years, the'stomachs of the fin whales are
filled with notﬁing else . but this fish. Fesldes herring,
the Tin whalGS‘feéd on walleye pollock, gorbusha, énd,
for the first time, individual specimens of Pacific saury.
In the Sea of Okhotsk (in the waters to the east), the
stanachs of the fin whrales contain herring, gdrbusha,
gand e¢l, which here lorms extremely lar*o schools, for
instance, near Atlasov Island, and, to some extent, cod.
In the waters of fhe Central and South Kurilles
2 Ciflc), ve quite often encounter ?acific saury, whilch here
replaces herring; walleve oollockstill plays ﬁome role;
thiere aopear anew fishéﬁ which form large schools, suéh 8s
anchovy, which inbhabits the upper pelasic zone and forms
here, althouzh noht every year,»large schools, and podonema,
a bathypelacic fish. Tt seems that the {in whales take the
1att¢r fish st nighit, when it rises to the surface waters.
Around Hoklkaido Island, the fin whales feed, 1f compared
with the fin wh@los inhabiting the Southern Kuriles, on
only one moré spebies, i.e. vellowfish, Otherwise, the

’I

Q}
-LS

feeding of the whales here is 1ldentical. 'In the Paciflc

3

-1

Fonsihi Islund, of the fish which serves as prey

st A= -+~

waoers O..L
‘ to the fin wnales, wnhich were typical of the reglons
further north, only Pacific saury 1is preserved; there

anpear new, warm-vizter species, such as sardine and mackereil.
by > by >
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In tre Yellow Sex, during thelr wintering, t he
fin whales dc not est much. Among the prey for the fin
whales of this basin, Temoto (1959) wmentiones "spotted

(Clupanodon punctatus) and, of the cycloétomous

animals, Eptatretus dburceri.

In the East=China Sea, filying fish, not identifiled
to the species, is recorded as an incidéntal component of
finwhale's prey. It should be noted that the feeding

4

of the Tin whalas in the Yellow énd FTast~China seas has
been studied inadequately, which may be explained by the
fact that fishing for these whales héfe is insignificant.
TP we exsmine all the Tishes listed in Table B, we
may state that ﬁost of them- Arctic cod, caplin, herring,
gorbusnay'walleye pollock, Pacific saury, anchovy, sardine,

mackerel, sand egl, and, avnarently. ponodema- are the fishes

which Tora ansrepations, stay in schools, and hence are an easy

nrey for fin whales. TFven such lishes as navaga .and yellow-
fish (Pleurcrrarmmus gzonus) form apgregations, 1f even not

y

for a long period of time (in numﬁer,‘however, they are as
acvundant as other fish forming large schools). _

The data in Table 12 confirm, first of all, the / 157/
change in the éomposition of’ food of the fin whales by
georraphical zones; secondly, they point to a distinct
euryohagy of the fin whale; thirdly, their capacity to feed
only on oprey lorming large agereratlions, rezgardless whether
or not these are plankionic which serve as prey to-such
stenonha-rousg animels og right and blue whales, cephalo~
pod mollusks and fish, which serve as prey for the whales,

such as, say, fin whale, sei whale, humphack whale, and lesser

?
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naviour or the whales depends considerably
upon the presence in the seaza, within the feedin grounds,

agarerstlions of fcod organisms. Observations pertaining

to the distribution and change In quantity of the food

vwiankfon by years in the north-west of the Paclfic Ocean

(1951 ~ 1855), as well as the observations pertaining to

feeding and satiation of whalebone whales during the

"
Ji

[l
w

same years7have allowed us to draw the following conclu-
SLONS s

/e noticed a relative abundance of the zooplank-

ton in the waters near the Kurilles durin- 1950, 1951, and
1955. Insisnificant develovwent of the zooplankton was ob-
served durin= 1952, 19564, 1955, and 19588. The development

of the zoopnlankton durin: these years was not iden*’calry
i1t was areater dufinq 1832 and 19536 and not as pronounced
during 1954, and especially 1955,

During_the.years when the food plankton was not
abundant, the stomachs of the wﬂales (fin and sei whales)
were nore often empty or iust slightly filled with food,
and usvally not as filled as during the years of abundant

olankton (Table 13).
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Table 13

FILLING OF THE STOWACHS OF FIN AND SET WHALES

DURTYG THE YHARS OF ARUNDANT DEVELOPMENT OF PLANKTON

AMD DURTMG INSUFFICIENT FOOD PESFRVES
Stonach . 19561 ~ ! 1955 _
(abundant plankton) (scanty plankton
. No. of stomachs] % i No., of stomachs %
Eupty oo _ - L= 21 25.3
Very 1little food 21 38.8 33 39,8

|

I

Averarse amount ofi { . .
' 1 18.5 22 ' . 26.5

fTood 10
. f H
Atundant food 23 i 42,7 7 8.4
Total: 54 100,0 ' 83 100,0

Table 14

NIMRFR OF BUCOUNTERS WITH VWHALES DURTNG THE

YEARS OF ABUYDAVT AND SCANTY PLANKTON

Month E 1950 ’ 1955 :
| .é(abundant plankton) ! (scanty plankton
JUNE seoooos ' % 18 J ; 86
JULY oeveoes s . sz
ANTUSE oo e | i21' : % 262
Senterter . i 41 i 297
T Wotal: TTTRET | 970

% The stomachs of the fin and sel whales contained

ymach food in 1955, were filled with fish and squids. Almost no™
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During the years when the zooolenkton was gcarce,
the whales were rgstléss, were constantly on the move,
swilftly moved from ones place to another within their feed-
. ' ing grounds in search of food. Since the. amount of the food

plankton in the sea was small, the whales were forced to

6]

train the water quite rigorously and in larper quantilties
than during the years of plenty.  Even on usu&l,»cphstant

vlaces where plankton accumulafed, the whales até up thelr
prey rather swiftly, and hence had to move from one place

to another. The more and swifter they moved, the more

Eal
L

rrequently they encountered the whaling vessels, which may

rtions Iin the sea. Hence one

0]
9]

K2

be confirmed by direct ol:serv
may ~et the iwmnression that during the times when the plankton
is scarce, the number of the whalebone whales appears to be

<

crertor, On  the other nand, when the plankton 1is abundant

‘ and the whales find their food everywhere, they stay 1in

sraller herds in their large areas, are calmer, do not move
from one place to another in seérch of food, and there 1is
no need for them to strain largelvolumes of water during

a 24-"our period. Henoe.they are not .seen by"the whaling - ‘
vessels as. frequently. Tt apoears then as if their number

were smaller, althoupgh actually thelr number remains more

or less constant, at any raté, almost constant, if compared .
with the preceding year. The decfease in the number of the

encountenswith the whaling vessels during the years of plenty

P

of the zooplankton is substantiated by the data of twelve
- whaling vessels conducicd in the north-west of the Pacific

Ocean (Table 14).-
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The numher of the whales seen by the whaling vessels
in 1950 in the.waters near the Kurlles (Table 14) indicate
that the number of whgles seen was abhout four times.less
than seen in 1955. However, in 1950, 71% of the whales
met were killed, while in 1955, only 42%,i.e. in 1950,
two whales ouf of every three met were killed, while- ,
in 1955, only two whales out of fivé encountered., This may
be explained by the rather more calm behavior of the
sotiated whales in 1950 and their rather agitated state
955 when %Shey were hunrry. In 1955, the number of
es (fin and sei whales) during the whaling seasonwas con-
sideralbly grester in 165&, as weli as during other years
which are .characterized by a rather scanty development of
the food»plénkton.

Thus, there is a reverse_relationship between
the catches of the whalebone whales and the amount of the
food plankton: the wmore abundant plankton in the sea, the
less whalebone whales killed, ﬁnd vice versa. This fact
allows us, once more, to stress the practical significance
and necesbity of a most wminute study of the problems per;

tainine to the feedin.: of the cetnceans, nct to wmention
D 2

[

the theortical role.

HELYTNTHOFAUNA
The broad foodAspectre off the fin whales, high
de«ree of thelr plasticity in recard to the food, incressed
{in our opinion) vitality, auite hizh density, actlon and

speed of movements, overlaopling of the areas In regard to

the wintering and feediny mrounds with other populattons
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of whales of the same species, constant contact with other

AN

species of whales-~ all thig indicates a tremendous influence
unon the asture of ‘theilr helmintﬁofauna._

As already mentioned about the blue whales, we
do not have detalled, complete data, in order to be
able to judge about the composition of the helminthofauna
of' the fin whales inhahiting various regions of thé World
Ccean, and also-the data in order to compare the helmintho-
foauna of these whales among themselves.

Our expedition has collections of helminths for
the whales: of thé northern half of the Pacific Ocean. A.S.
Skrtabin (1959) has studied the helminthofauna of 107
fin whales of the Kamchatka~Commander-Islands herd of
Asiatic populations (Xlumov, 1959). Small, but quite /[ 1597
interesting data on the helminthofauna of American populations
have been published by Canadian sclentists, Margolis (1954)
and Marzolis and Pike (1955). Nothing has been published
on the heluninthofauna of the fin. whales of the North
“Atlantic; alrost all works were wrltten at the end of the
past and the beginning of the present centuries. . The
helminthofauna of the f'n whales of Antsrctic herds has
been studied in detail. Here, too, however, additional .
researchn in ressrd to individusal geographical regions
is needed, considerina the distribution of singled out
groups of fin wrales in the Anfarctic Ocean; this 1s a must
in order to be able to determine the houndaries of the
habitation of 19031 Ferds, |

In Delamure's report (1955, p. 483) on the fin

by

whale, as a species inhahiting the World Ocean, the fol=-

lowing fifteen specics of relminths are listed: Lecithodes-

mus ocolisth, Osmorsster antarcticus, Ormosaster vnlicatus
2 3 o ;2
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Prisvocepnalus grandis, Priapocephalus minor, Tetrabothrius

» Tetrabothrius ruudi, Diplogononorus balsenonterae,

!_}
s
}-.Jv
w

Crassicauda bocopis, Crassicauda crassicauda, Bolbosoma balaenase,

Bolbosoma brevicolle, Bolbosoma hamiltoni, Bolbosoma nip=-

ponicum, and HBolbosoma turbinella.

From the works written by Baylis (1932), Marszolis
(1934), Freund (1932), and also from Delamure's report,
and from some other works, 1% is impossible to understand iﬁ
which regidns of the Vorld Ocean a certain endoparasite
has been discovered in a fin whale (or éome other marine

animal). In order to be able to solve this problem and to

5]
@]
o]
o0
H
V]
cl

te the 1ist of the helminths of the fin whale if

even in three provinceé (North Atlantic, Antarctic Occan,

and the nérthern half of Pacific Ocean); a tremendous job

had to be made. Nevertheless, we do doubt the authen- -/ 160/
ticity and accuracy of the data on the presence of certain
helminths in the fin whales., Whenever there was even the
slightést doubt (Table 18), a Question mark (in bracket, with our

als) was put.

| td

init
Since the time which has elapsed from the time

Delamure's report was published, the lisf of the helminths

of the fin whales has bern supplemented with the following

v

3pecles:

1. Anisskis pecificﬁs, a new speciés; it has been
described by A.S. Skr'ébin (1959); a member of our expedi-
tion., Tt was discovered in a sperm whale, killer whale,
lesser rorqual, and in a f£in whale of a Commarder-Islands-

~Kamchatka herd of +the Asian populatlion, which was captured

in the sumrer of 1955 in the area of the northern Kuriles.
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2. Crassicauda pacifica- a new speclies, described

by Marzolis and Pilke (1955). They discovered it in a fin
whale of an American populatlion cavtured near the shores
of British Columkia (Worth America).

[

5. Phyllobothrium deln’ini~ discovered for the

first tiwme by Marecolls and Pike (1955) in the Pacific Ocean

in fin whales of American population, captured near the

N

shores of British Columbia, The authors note that notody

before had discovered this helminth in the whalebone whales

-

[ mid

nhatiting the northern half of the Paclific Ocean, although

it is not rare in toothed whales (sperm whale, etc.).
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Having considsered these supvlements, the total
number of the helminths re—istered in fin whale (as a species)

form at present eighteen species of endoparasites and one

nematode~-commensal, i.e; Odontibué cetl. As‘already seen in
the preceeding chapter, exactly the same number of he lminths
has been reylstered élso for the blue whale. However, the
number of prey and the number of the endoparasites by

the regions inhabited by the sbovenamed whales are not
evenly distribufed (Table 18).

Table 16

" NUMBER OF' FCOD. CBJECTS AND OF ENDOPARASTTES IN
FIN WHALTS AND BLUE WHALTS AND THWTR DISTRIBUTTION BY THE
RREGIONS OF THE WORLD OCEAN

Antarctic

‘ fiorth Atlantic| Northern part
- - of Paclfic Ocez
Species prey | species of l prey species prey |specle
‘ helmlinths ;of hel-| of
’ & \minths . |hel~"
N § _ minths
Blue whale 16 9 \ 15 6
Fin whale 21 - |- 9 14 10 40 | 15
The fipures shown in Table 16, we believe, reveal, ™

first of all, the iﬁsﬁfficiént knowledqe.of the helmintho-
faﬁﬁa of the fin whales of the Antarctic Ocean and North
Atlantic and a somewhat beﬁter knowledse (although incomplete) .
of thé helminthofauna of the fin whales of the northern half

off the Pacifié Oceaﬁ. Secondly, these data indicate a rather
more diverse.variety of prey for thé fin whales inhabiting

the nortrern half of the Pacific Ocean. These two statements ..

- are, apparently;true especlially In remard to the fin whales -

of the Antarctic Ocean. VThen we compare the data on the.

blue Wbalés and the fin wha les of the region mentioned abovey
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we notice that although the number of prey for the latter
is increased by five species (from 16 to 21), nevertheless,
the number of their endoparasites decreases in the same
figure (the same figures here is a mere coincidence).

The lists of helminths in the fin whales of Antarctic

herds lack such Acanthocephala as Bolbosoma turbinella,

although the latter has been known to exist in the Antarc-
tic blue whales and a number of other mammals and it has also
been discovered in the fin whales of the North Atlantic

and the northern half of the Pacific Ocean. The same holds

true also in regard to Bolbosoma balaenae and some other [/ 161/

helminths which,»in our opinion, had not yet been registered
in the Antarctic fin whales merely because of the insufficient
knowledée'of their helminthofauna.

While analyzing the data.on the helminthofauna of
the fin whales in three regions of the World Ocean, as
shown in Table 15, we notice that for the fin whales of
the North Atlantic, there are recorded ten species of

-helminths; out of this number, three species, Ogmogaster

plicatus (antarcticus), Tetrabothrius ruudi, and Diplogonoporus

balaenopterae are widely distributed and are found in the
1

fin whales of the Antarctic and Pacific oceans .

As stated above, A.S. Skr'abin proposed a hypothesis

that Ogmogaster antarcticus is a synonym of Q. plicatus.

This same view is also shared by Margolis and Pike (1955).
In order to solve this question completely, we should
compare the two mentioned species using larger series.
However, having considered the view expressed by the hel-

minthologists, it seems that it would not be a great error

T. Here and from now on, only the northern half of

the Pacific Ocean is meant.
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now, with some reservations, to regard both these species as one

form,

It should alsofﬁbinted out that Tetrabothrius ruudi
could be considered as an endemic of the fin whales, and,
as yet, has not been discovered in any other marine or ter-

restrial mammals, excepting the Pacific whales of the Asiatic
1
population .

Seven other species of helminths in the fin whales
of the North Atlantic Ocean are distributed as follows:

~ three species (Tetrabothrius affinis, C. crassicauda, and

Bolbosoma brevicolle) are common with the helminths found

in the fin whales of the Antarctic; three species‘(Lecitho—

desmus goliath, Crassicauda boopis, and Bolbosoma turbinella),

with the helminths found in the fin whales of the Pacific Ocean;

and one species (Bolbosoma balaenae) has not yet been
discovered in the fiﬁ whales of the Antarctic and Pacific
oceans, although it was discovered in the blue whales of
Antarctic herds and in those of the Nofth Atlantic Ocean.,
Thué,_there is a definite link between the fin whales of

the three mentioned regions of the World Ocean. It follows
from this that the helminthofauna of the fin whales of thé
North Atlantic Ocean is not a unique feature commoh to them
alone. Some components of this fauna -six species- had . .
spread into the Antarctic Ocean, others -also six species=-

penetrated into the Pacific Ocean.

1. The presence of Tetrabothrius ruud;lin the fin

whales inhabiting all three regions of the World Ocean

under investigation confirms their spread initially from one

t

cradle.-
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While examining the helminthofauna of the Antarctic
fin whales, we note that among the helminths, which are

widely distributed in all three mentioned regions of the

. World Ocean, there are Contracoecum sp. and Odontobius
ceti, a nematode-commensal, which point to a direct link
between the fin whales of the Antarctic and the Pacific
oceans; besides the North Atlantic Ocean.

| A study of the helminthofauna of the fin whales
of the northern half of the Pabific Ocean allows us to
regard it as the most original and most distinctive. We
find in the fin whales of the North Pacific Ocean such

species és‘Priapocéphalus minor, Phyllobothrium delphini,

Anisakis pacificus, and Crassicauda pacifica which until now

had not been discovered in the fin whales of other regions

of the World Ocean, while such species as, for instance,

' Crassicauda pacifica is an endemic of the fin whale of
the région mentioned above. The noted deviations of the

helminthofauna of the fin whales of the Pacific Ocean from

the helminthofaunas of the same whales from other regions
substantiate its originality and, apparently, its long"'
separation. |
‘ . draw

The aforesaid allows us to/the following conclu-

sién in regard to former and contemporétneous links between

the fin whales distributed in the World Ocean. \

| It is most probable that the cradle of the

fin whales (or of their close ancestors) and also of other [fi6§7
whalebone whales was located in the North Atlantic. This |

'same region was also the original area from which they

. » spread. The fin whales, like also the blue whales, were forced,

\
:
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duve to glaciation, to move from the North Atlantic 50 the
south. Once landed in the South Atlantic, they. found their
way later alsoAto the Antarctic Ocean. Having spread

in it and acquired some néw species of helminths

(Contracaecum sp. and also nematode-commensal Odontobius ceti),

these whales penetrated into the northern half of the Pacific
Ocean via the Pacific sector of the Antarctic Ocean: (Fig. 13).
We believe that this was the main rouxﬁalong which the fin
whales spread frbm the place of their origin. Having
accepted the aforesaid, however, it is impossible to
understand and to eiplain the presence of the links between -
the helminthofaunas of the fin.whales of the North Atlantic
and the northern half of the Pacific Ocean, considering that
they haveiﬁommon species of endoparasites, which are lacking
in the fin whales of the Antarctic herds.

This éircumstance allows us ﬁo assume that the

whales-penetratef

from the Northern Atlantic, during the ?
Middle Pleistocene (Mipdel—Rissian intefglacial period), N E
~during the time of.one of mariﬁe transgressions, into the ;
Pacific Ocean via the Arctic Ocean}~ It was they who |

"transported" the helminths Lecithodesmus goliath, Crassicauda

boopis which due to certain circumstances could not reach

in due course the Antarctic Ocean<, -

T. A.S. Skrtabin (1958) notes the presence of an
exchange in the helminthofauna of the fin whales and the sei
whales via the basin of the Arciic Ocean.

2. It is possible that during the first period of their -

spread, the fin whales did not: have these endoparasites.
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We believe, however, that contact between the populations
of the fin whales of tﬂe North Atlantic and those of the
Paciflc eceanqwas brief and relatively weak, at any fate,
if compared w1th the contact that existed between the _
populations of the North Atlantic and the Antarctic 6ceans./ 1637
It should be noted, however, that even at present, during |
the period of the maximum warming up ih'the Arctic, the
fin whales, apparently, could Have reached the Pacific Ocean
in one summer, from the North Atlantic via the Arctic Ocean.
This hypothesis may be offeréd-on'the strength of a recent

arrival of a fin whale in the Yenisey River, where it came - .~

from the Kara Sea.
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CONCLUSTION

It should be noted that the fin whale ié the greatest
. euryphagous animal among the whalebone whales. As will be
shown later, even the humpback whale and the lesser rorqual
- do not match it in regard to the plasticity of fobd,
although they, too, feed on both the plankton and fish.
Nevertheless, they are limited to some extent (we shall call
this limitation; conventibnally, "geographical speciaiizationﬁk
In certain regions, the huwipback whale and the lesser rorqual
prefer to feéd on the zooplankton, in others, on'fish.
Neither of these species feeds on cephallopod mollusks.
The fin whale, on the other hand, does not know of any
food or geographical Yspecialization". It is the most
active, mést vital of all the whalébone whales. This is
-pamels: the reason .why ‘it consumes the largest amount of
‘ food. |
The quantitative aspect of the feeding of the
fin whale.-this is true also in regard to all other whales-
cannot be accurately estimated. 'Nevertheless, we believe
that the data presented above have some groﬁnds and are not
too far from the truth: an'average~size fin whale, under |
conditions of the northern half of the Pacifié Ocean, réquires
1 - 1.5 t of food every 2L4-hour period. The whales, like
also other wild animals in nature, and especially predators,
pass some days during which they cannot take the required
volume of foodg so that, on the Whole, for the summer feeding
season, this figure should be smaller. It is probable that
.' | ~ it 'is one ton. ‘.

The conclusions to the chapters on the right and blue.

whales contained large material on the distribution of the
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fin whales and ofl the whalebone whales oﬁ the whole, in-
cluding the distribution of their food objects. It can be
added that while the right whales, in accordance with

their distinct_capacity.to select prey, should be sought

in the areas 'with large acdumulations of the Calanoida, and
the blue whales in the areas‘with mass aggregations of the
euphausiids, the finiwhales should be looked for in all
those regions where there is»a mass accumulation of the-
zooplankton (Calanoida or Euphausiacea), or large schools
of small fish, or cephalopod mollusks~-pelagic squids.

V.A. Arsentyev (1958) has written an excellent
work on the regularity pertaining to the aggregations of
whalebone whales and accumulations of their prey in the
Antarctic waters. Using concrete examples, V.A. Arsenyew
shows that in the Antarctic, there is a direct relation-
ship, a well-expressed link between the distribution of
feeding éreas and aggregétions of whalebone whales.,

We would like to draw the attentidn of the zoo-
logists to the necessity for further inVestigaﬁions of the:
- helminthofaunas of the fin whales, in particular, and of the
marine mammals of the World Ocean,in general. S.L. Delamure
‘is fight when he states that :"... not all commercial
animals have attracted the attention of the helminthologists.
For instance, the pinnipeds and the cetaceans, very valuable

animals in regard to the helminthology, have been studied

inadequately. The fact is that the branch of helminthology

I
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we have selected is légging behind its other, rapidly
developing branches. It is also intolerably Dbehind the
commercial study of the pinnipeds and cetaceahs which have
Been studied in our country to such a greaﬁ extent (Delamure,
1955, p. 9).

The data on the helminthophauna of the fin whales
of wvarious ﬁopulétions at hand are quite insufficient in
order to be able to solve a number of problems. They do,
however, allow us to express some preliminary considerations
“about the présence of the past links and ways of distribu-
tion of these populations.

It is moSt probable that the fin whales, like also
the blue whales, penetruted from the place of their origin
(North A§1antic) into the'Antarctic>Ocean, and thence into
the northern half of the Pacific Ocean. The presence of |
several species of helminths (typical only of the fin whales
of the Northern Atlantic and lacking in the fin whales, and,
on the whole, in all the whalebone whales of the Antarctic
Ocean) in the fin whales of the North Pacific Ocean points
to a direct link of the Atlantic and the Pacific oceans
via the Arctic Ocean. It seems, however, that the exchange
was .weak and short—lived.' o

1
SEI WHALES

Feeding

1. This chapter does notvsingle'out or treat

individually the sei whales proper and Bryde's whales, as,

L1647

in practice, it was impossible to determine which data published

in literature pertain to Bryde*s whales and which to the sel

whales proper. Until now, in all scientific works and in the

world statistics of the whaling industry, these both whales.are.

given as "sel whales".
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Before the war, the fishing of sei whales (and
also of Bryde's whales) in the World Ocean was. insig=-
nificant. And it was only seldom that more than one thousand
animals were caught during a season. The sei whales were
taken in small numbers by coastal stations in Japan; several
hundreds of animals were captured also in the Antarctic
Ocean; two to.three hundred animals, at the most, were
killed at the coasts of Africa. Also one to two hundred
sei whales were captured énnually in the North Atlantic.

At the end of the forties and beginning of the
fifties, the.Whalerg of all countries, and especially those -
of Japan, turned their attention more and MOre to the sei
whales, and the killing of these animals has been increased.
In 1961,‘about eight thousand animals were killed (Table 17).

- It seems that for sei whales, too, there is a

certain dependence between the volume of the number of the

“animals taken and the degree to which various cetaceans

have‘been studied. Because of small catches of sei

‘whales in the World Ocean before the war, its study could

not much advance. Only recently, there appearéd works in
which the biology of these animals is explained, and also
individual works specially on the questions pertaining to its
feeding. As far és the latter is concerned, the contributions
of Soviet and Japanese scientists are great. The right

column of the compound table of the prey for these whales
(Table 18) is based on the data of the scientists mentioned

above. The remaining columns of the table are compiled on the

_numerous literary sources listed in the supplement to Table

pie
on p. 187 .

b

In the original.. Translator,
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The main food component of the sei whale (and also
of all other whalebone whales in this region) is Euphausia
superba, and in this regard the sei whale does not dif-
fer at all from its relatives. However, no species
of the whalebone whales, inhabitants of the Antarctic waters,
except sei whale, has Calqnoida as its food. This is the
only whale which under conditions of the Antarctic
Ocean has preserved a stereotype of behaviour peculiar of
At and did not abandon' its preferred food, although the
volume of the latter here is smaller than in the northern
hemisphere and it is much more difficult to obtain it. In
the northern wateré, the sel whale feeds on Calanoida only [—16§7
in the surface layer, in which these crustaceans form ag- |
greagatiops the biomass of which has high indices, while in
the Antarctic Ocean it is forced to look for them in rather
deeper horizons. The biomass of these accumulations is; as
a rule, deeper than is the case in the north. Consequently,
the hature of feeding of the sei whales changes in the Ant-
arctic Ocean (as compared'with thét of the northern hemi-

sphere), and also the nutritive value of the Calanoida

which yiéld the first place td Euphausia superba.

_However; as soon as the seil whale coming from the
Antarctic finds itsﬂ§f north of the Antarctic convergence,
it immediately turns to the feeding on its preferred food.

In these places,its stomach is filled with_CalanusAsimillimus

and other Copepoda, as was established by A.G. Naumov,
who has treated the samples taken from the stomachs of the

seli whales collected by V.A. Zemsky.

Pelagic amphipod- Parathemisto ggudlchaudi- which

>dur1ng 1arge aggregdtlons serves sometimes as the only
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prey for these whales, if even for a short period of time

(Nemoto, 1959), is important as a food object of the sei whales in

the waters of St. Georgila.
As regards the fish swimming in schools (Table

left-column)- anchovy, the Clupeida, Scombridae- they un-
doubtedly form part of sei whale's important food, but in
waters of the Antarctic. Ocean more to the north: near the

shores of South Africa, Australia, and other placess

16,

the

Sharks and especially marine birds discovered in the stomachs of

sei whales (Olsen, 1913) are, of course; accidental victims.

_ Table 17
SEI WHALE' CATCHES IN INDIVIDUAL REGIONS OF THE

WORLD OCEAN

Southern hemisphere Northern hemisphere

Year Antarc¢tic and ' South Africa, | Arctic and i Northern |”
South Georgia  South Americg |North At- half of Total
: ¢ Australia lantic the
I i Pacific
o ! o | | Ocean
- 0o i
| | 238 62 959 1836
1950 1284 | 536 2 . . _
_ : ' 2 2471
1951 886 . : w7
; 3033
1952 530 1228 % ‘ |
_ e -1 51 . 1314 3123
1953 621 i B
| 2208
1954 1029 g '
P 2491
1955 569 109 o
. 1158 804 1940
1100 1054 2076
1957 1692 L79 ! -
, 85 882 3138
. 101 1549 5673
1959 2L21 . 1222 ~ ' . ,
76 _ 11820 5539
1960 4309 1431 ‘ i
4 L, - 11238 7022
1961 5102 1675 _ § , g
‘ : 65 !“9#3 7785
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Table 18
COMPOUND DATA ON 732Y FOR SEI WHALE {BALAZNOPTIRA
" BORZALIS) FOR MAIN WHALING RZGIONS OF THE WORLD.QCEAN
Antsrctic and waters _
ad jacent to it North Atlantic Northern half of Pacific Ocean
Crustzcezns Crustaceans Crustaceans

Calanoides acutus
Calanus simillimus
Calanus propinguus
Drepanopus pecstinatus
Parathemisto gaudich-

~audil
Euphausla superba

Grimothea (post-lar-
vae Munida gregaria)

Piéces
Selachll gen. sp.
Clupeidae gen. sp.
Engraulis australis
Scomber sp.
Aves

Spheniscus demersus

- Morus capensis

RO

Calanus finmarchicus
Temora longlcornis
Meganyctiphanes norvegica

Thysanoessa lnermils

Calanus plumchrus

Calanus cristatus

Calanus glacialis
Calanus pacificus
Eucalanus elongatus

Metridia ochotensis
Metridia pacifica
Pleuroncodes planipes
Zuphausia pacifica
Euphausia sinilis
Thysanoessa inermis
Thysanoessa longipes
Thysanosssa raschii
Thysanoessa gregaria

Cephalopoda
Ommatostrephes slo-
anel pacificus
Loligo opalescens

Watasenia scintillans
Gonatus fabriciil

NDetonns on.

Fishes

Sardinops sagax melanostiz’

Engraulils japonioa

Engfaulis mordax

Osmerus sp. (? Hypomssus)

Mallotus villosts socialis3

Yarrella microcephala

"Argyropelecus sp.

Polyipnus sp.
Myctophum asperum
Cololabis sairsas
Boreogadus saida
Thersgra chalcogrammna
Trachurus Jjaponicus
Trachurus declivis

Ammodytes h. hexapterus

Pneumatophorus sp.
Sebastodes sp. :

Pleurogramanus monopterygiu:
Ranzania typus
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As regards the feeding of the sel whale in the
North Atlantic is concerned, the data are very scanty.
As may pe seen from Dr. Jonsgard's letter quoted above
(po l50x), his new obser#ations, too, are quite insigni-
ficant and do not present anything spectacular. This may
be explained by the extremely small catches of sei whale
in that area of the World Ocean (see Table 17).
Among.the food objects of the sei whale in the North
Atlantic,we find two representatives of the group Calanoida

and two of the group Euphausiacea. It seenms, howevef, that

the main food is Calanus finmarchicus, and the second place

should be assigned to Meganyctiphanes norvegica.

There is no doubt that in the North Atlantlc, where
the main food reserves (zooplankton) of the sei whales is
also subject both to seasonal fiuctuations of the number
and to the uneven quantitative‘development_in individual
years, the sei whales have a somewhat larger food spectre
than is shown in Table 18. It is probable that the list
of their prey, and espec1ally during the years of 1nsufficient
development of the plankton, should include also other cru-
staceans, and, of course, the fish forming large schools,
as is also seen in the Antarctic and the Pacific oceans,
and, perhaps, even cephalopod mollusks forming schoolé

(illex illecebrosus, Loligo, sp., etc.). This is why it

may be considered that the list of food objects of the

sei whales in the North Atlantic (Table 18), compiled on
the strength of;the data found in literature, is not ex-
haustive, as the feeding of this whale has been studied

inadequately. In the‘future, we shall know more about it..

N
In the original. Translator.
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The list of the food objects of the North-Pacific
sel whales whose feeding has been studied much better in-
cludes 38 species of prey, compared to eleven species for
the Antarctic Ocean and four for the North Atlantic. Among
the listed prey, fourteen species are crustaceans (of these,
seven species belong to the groﬁp of Calanoida), five species
of cephalopod mollusks (Qf these, four species are pelagic
squids and one octopus), and nineteen species of fishes
most of which stay in schools, forming sometimes mass

aggregations. Of interest is the presence of a large number

of typical baﬁhypelavic fishes, such as Myctophum asperum, 171627

Argyropelecus sp., Polxlpnus sp., Ranzania typus. Some of them

were discovered in the stomachs of sei whales as individual

specimens (Ranzania sp.), while others (Myctophum asperum)

were discovered in large numbers.- Since we know that the

sei whale, while in search of food, does not submerge to a

great depth and feeds prlmarlly in the upper layer of 100 - 150 m,
it should be considered that firstly, all the named bathy-
pelagic flshes rise at night to the surface; secondly,

that Myctophum asperum stays in surface waters in schools,

else the sei whale would not hunt these tiny fish; -and,
thirdly, the presence of the above-named fish in the stomachs
of sei whales bears witness tolthe fact that this whale .
feeds at night.

Formation of schools of Myctophum asperum is also

substantiated by the presence of several species of fish

of the same family (Myctophidae) in the stomachs of the

fur seal, as noted by Taylor, Fudjinaga and Wilke (1955),
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and also in the stomachs of striped doiphins and the dolphins

of the genus Lissodelphis and in harbour porpoises, as has

been established by Wilke, Taniwaki, and Kuroda (1953).

The first of the mentioned‘authors note that during February -
~June, in the waters of the northern part o Honshu Island

and .the eastern shofes of Hokkaido Island, approximately

from 38 to uuon.lat., luminous pelagic fishes, along

with squid Watasenia scintillas,form 68% of the entire

‘food discovered in the stomachs of fur sealsl. The authors
of the second work (mentioned above) bn dolphins and harbour
porpoises note that the luminous fishes of the family Mycto-
phidae form 70 - 77% of food for the named dolphins and
harbour porpoises. These data obtained by the authors as
a result of the analysis of the content of the stomachs of
dolphins and harbbur poérpoises captured during March - May
approximately in the same area where aiso the fur_seéls were
taken (38 - 420 n. lat.).~- |

In its food rang%)the sei whale of tﬁe northern
half of the Pacific Ocean occupies the intermediate position
between the right and the blue whales, on the one hand,

ﬂ'and~the:fin whales, on the other; however, it tends to be

closer to the latter. Yet, the sei whale cannot be called an

euryphagous animal, althbugh the number of animals of various
groups forming part of the list of its prey is no‘smaller

than in the fin whale. While often it is rather

1. Taylor and others (1955) note that fur seals

catch luminous fishes and small squids at hight, when

"they rise to the surface.

N
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difficult to establish the main food objects of the fin
L
whale, the guide forms of feeding of the sei whale, on

the other hand, are always, in all the regions of the World

Ocean, a few species of fine plaq}xonic animals. In the
northern hemisphere, the main prey are the representatives
of the Calanoida. If we were to evaluate the sel whale
from this point, we might call it a "Calanus-eater". How-
ever, where no aggregations of Calanus sp. are presént,
the sei whgle readily turns to feeding on other animals,
although to a lesser degree. -Acchding to the data of S
our expeditions of 1951 - 1956, treated by Ye.Il. Betesheva
(1961), the analysis of 48 stomachs of sei whales filled with

food revealed the following results:

Prey ' - No. of stomachs %
Calanus SPs creeenenvvnnneaes b 29.3
. | Euphausiids . 1 2.ll
Calanus sp. & Euphausiids ... . 1 o 2.1
Zooplankton (uncetermined)... 2 . .2
SQUIAS eeeevererersscnrensees RL ' 43.3
Fish weveeseenncinoesnronenes - 9 19.0

All the sel whales were captured in the waters near
the Kuriles (north-west of the Pacific Ocean).

T. Nemoto, Japanese scientist,has published (1957)
guite interesting data on the analeis of the contenﬁ of
the stomachs of the sei whales taken in the waters near the

Aleutian Islands. The food discovered in 132 stomachs was

as followsf
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 Prey - No. of stomachs %
Calanus SPe weesesvencosnss ee.. 107 ~ 81.3
Euphausiids ... cecoareane s oue ﬁn 3.0
Calanus sp. and»Eﬁphausiids..... L 3.0
SQUIAS ceeernvnoosnnsscatronananse 12 9.0
SQuids and fish cevievenneeennasn 1 - 0.7

FiSh ® ® 3 8 6 98 9 0 ¢ sV e s 9 e s aace o a8 9080 L}» . 3.0

The data above reveal that, in spite of the quite

wide range in regard to the seil whale's food (see also
Table 18), there are serious reasons to regard this
species as being ca?able og@electing'a certain kind of
-food. At the same time we'see, however, that L.3% ofz%%omachs
of the sei whales taken”in the waters near the Kuriles
were filled with squids and almost 20% were filled with fish.
In the waters near: the Aleutian Isiands, the squids take
the second place (after~Calahus-sp.) in the feeding of the
sei whale, although the absolute number of the stomachs |
filled with squids and their correlation are small.

| ‘When we compare'our data and the data of the Jap-
anese scientists, we note that the number of the.stomachs
containing the éuphausiids is quite small both_in regard
to the absolute‘role and to the comparison with the number
of the stomaéhs filled with Calanus sp. In the waters
near the Kuriles, tﬁe‘proportion of the stomachs containing
lCélanus sp. and the stomachs filled with the euphausiids
only is 14 to 1. In the waters near the Aleutian Islands, .
107 stomachs were filled with Calarus sp. and only four

with the euphausiids. In regard to all the stomachs studied,
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these figures form in the first case 2.1%, in the second,
3.0%. These figures confirm beyond any doubt that the sei
whale only seldom hunts the cuphausiids and that it adapts
itself much more readily to the surface water tlan to the
water 50 m below. In this regard, it differs from the blue
whale and the fin whale and is the strongest rival of the
right whale. This rivalry and the lack of the Calanoida
hes led, it seems, to the Broadening of its food range

and forced it to feed also on other pelagic animals which
were discovered in great masses in the surface water; these
were, firsﬁ of all, the squids and, secondly, the fish,
although the latter\pléy‘a much smaller role in?the.feeding
of the sei whale than do the cephallopod mollusks. From

‘ X
this viewpoint, the name Balaenoptera musculus given to

the sei whales of the northern half of the Pacific Ocean
is quite inappropriate, as the distribution of the sei
whales during the summer period (their feeding migration)-
is considerably broader and only partly coincides (in the

, X
south) with the spread of Balaenoptera musculus . In winter,

the whales practically do not feed. It seems that this
might be better applied to Bryde's whale.

A.A. Shorygin k1952), while'ihtroducing the term
"feeding activity™, explainéd this term as follows: "Under
feeding activity we understand the capacity of the organism
to preserve the composition of food which fits it best,
its physiological state being what it is, in spite of

the changes in the quantitative composition of the food

X

"Ivasevy kit", i.e. sei whale. Translator,




~in the waters near the Kuriles were taken on the whole for

all the whalebone.whales, including the sel whales, felt a

reserves and the action on the part of its rivals. It is
evident that the greater the food activity... the lesser
is the change in the food composition, and vice versa'.
A.A. Shorygin further writes that the more active is the
animal, the more important becomes the feeding on its /[ 1697
preferred food: "... the composition of its main and pre-
ferred food will coincide™.
When we evaluate the sei whales from this viewpoint,:

we should admit that these whales, in spite of their quite

high degree of plasticity, are at the same time also quite
active. The data quoted above which characterize the content :
of the stomachs reveal that the choice food of the sei whale |
around the Aleutian Islands is the Calanus sp., 80% (rounded).

Consequently, we have here a complete coincidence of the main

and the preferred (choice) food. A somewhat different picture
seems to be in the waters near the Kuriles. -Hére, too, |
however, the number of the stqmachs filled with Calanus sp.

is quite:high - 30% (rounded), leaving the first place to

the stomachs filled with squids (43%). This correlation,
however, not only disproves the intense food. activity of

the sei whale, but, on the contrary, confirms it. The

thing is that the data quoted on the feeding of the sei whales
the years when the plankton was insufficiently abundant; when

lack of food (Klﬁmov, 1958). PBut even during these years

the ‘nunber of the stomachgcontaining the choice food
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(Calanus sp.) remained quite high, which indicates its
high activity in regard to feeding.

We notice clearly that the sei whales display a.
high degree of activity in regard to their food and their
selective capacity.

Nemoto and Nasu (1958) report that in some regions

of the Antarctic Ocean, Thysanoesa macrura and not Euphausia

superba, is the leading form of food. In such regions

the first Buphausia is also predomiﬁant in the stqmachs of
the fin whales. In the sei whales, which in the Anfarctic
feed chiefly on E. superba, T. macrura.was absent; and
their stomachs were filled only with E. superba even in thé
regions where T. macrura was predominant in the sea.

This is ‘quite an important fact{ That means that the sei

whale "understands" its food, it does not feed on anything

it meets, but it seeks actively and selects its choice food.

It seems that the aforesaid prevents us from regard-

ing fhe sei whales, like also the fin whales, as eury-
phagous énimals. However, we cannot regard the sel whales
as stenophagous animals, either, as the food range of these
whales is quite wide. We think thét the sei whale occupies
an intermediate position between the blue whales and the
right whales, which are typical stenophagous animals, with
a low degree of plasticity in regard to food and an ex-
tremely high activity in regard to food, and the fin

whales which are characterized by a high degree of food
plasticity and, perhaps, the.lowest activity in:regard to

food, among all the whalebone whales. This is why the

sei whales should be called moderate euryphagous ahimélé

N
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with quite a distinct selective capacity and food activ=-
ity, which at the same time possess. a certain and quite
wide range in regard to the plasticity of food. Table 19

illustrates the data on the bilological analogues in regard

to the feeding of the sel whales by various geographical
zones, which confirm, to some extent, the expressed positions.

The distribution of the sei whales in each of the

whaling regions is connected first of all with the places

of ageregation of food objects preferred by them. As already
stated, for the Antarctic, this is E. superba, for the

North Atlantic, C, finmarchicus, and to a lesser extent

M. norvegica.

‘The distribution of the seil whale in the waters of
the North Pacific is connected with the aggregation of

several species of the Calanoida (depending upon the season

_and the geographical region‘occupied by a certain local

herd) and, secondly, with the distribution of the Pacific [/ 170/

pelagic squid (Ommatostrephes sloanei-pacificus). As re-

gards these squids, their distribution.in the north-west of
the Pacific Ocean is conf'ined, apparently, to 55° n;laﬁ.
(Akimushkin, 1958); in the southern zoné of ‘this vast.région,
this squid forms sometimes enormous schools. Once (summer,
1951), we were able to observe an aggregatién in South-.

~Kurile shalliow waters when Pacific saury concentra-

ted there (it was pursued Dby squids). Another huge school

of squids was observed in the same year, at the end of

August, by Ya.Ye, Markitanov, a worker of the Boérd of

the Whaling Flotilla in the Far Rast. He notified us that
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at the traverse of Shikotan Island, some two hundred miles
from the shore, for two hours and a half, a tanker on which
he was aboard, passed across an enormous school of squids.
Ahead, on the sides and at the back of the vessel, everywhere,
there were seen squids which jumped up, several at a time.
A. N. Pokrovsky, a scientific worker of the Sakhalin Branch
of the TINKO, observed large schools of squids in September,
1955, in the Pacific Ocean, south-east of the Small
Kurile Range at.the time Pacific saury was fished. We have
at hand numerous literature with similar observations,
confirming the presence of large aggregations of squids.
In the same regions, in the fall, the presence~of sei
whales ;s noticed.

'The distribution of the Calanoida is much wider
and it éhanges in accordance with biological seasons. For
a number of regions, howevér, it remains constant from |
one year to another, and oniy ihsignificant shifts in
time end space is roticed.

Nobody has studied yet the quantitative;aspect
of the feeding of the sei whales, and there ere hardly
any data on this sﬁbject. This is especially true in re- }
gard to the Antarctic and the North Atlantic. As regards |
the sei whales of the North Pacific,‘qﬁring our firsﬁ ex-
pedition in 1951, organized specially to gtudy the ceta-
ceans ih the Far Bast, our program included also a point
in which the special attention of the members of the expedi-
ticon was drewn to the necessity of a most thorougﬁ collection
“of the data on the gquantitative characteristic of the fil-
ling of the stoméch in all the whales studied. This was

quite a difficult task for the investigator, as much time

and effort is required. We conducted a number of quite
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interesting observations while studying the sei whales which
were dressed on the ccastal whaling stations sitvated on the
Kuriles.

‘According to the records in field journals, the
filling of the stomachs of the sei whales (in accordance
with the increase in food)»was as follows:

Plankton ~ Squids Fish (Pacific saury)

(Calanoida)

b 7 10.5
o | & 70.0
52 122 130.0
60 130 More

299 240 500.0
, 360 ‘
370
530
620

As a rule, the_équids were coﬁnted. As a result
of théée calculations, the following series of figures
were obtained: 1,740 speciumens, 1,800, 1,850, 2,630,
and 3,100 specimens. In numerous instances, the number of
squids in the stdmachs did not exceed several hundred. _
One stomach contained remains of Pacific saury (about 60'kg),
and remains (semidigested) of sjuids (about 80 - 85 kg).
There‘was not a single case where there was a mixed
food, i.e. plankton and squids, or plankton and fish,

Duringall the years of the expedition, only two sei whales

were captured in which the stomachs were filled up completely:
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Table 19

BIOLOGICAL ANALOGUES IN FEEDING OF CEEI VHALES BY VARIOUS GEOGRAPHICAL REGIOKNS OF THE WORLD CCEAR

p s . . . Northern half jof the Pacific Ocean
Antaretic \North Aelantic Eézt-Chlna % Yellow—ymrors of North | Waters around | Wetérs around  [WAtera
seas Japan South Kuriles | North Kuriles !around
.‘L Aleutiarns
. | 1 T
Euphausia superbz | Calanus finmar- |Buphausia similis Celanus plumchrus| Calanus plumch~ Calanus plumch-; Calan
' chicus : rus rus plumch.u
Parathemisto gaudit Meganyctiphanes Calanus vacificus| Calanus crista- Calanus cris- Calanuc
chuadi - ' norvegica ' . tus ' tatus | cristety
Calanus paci- |Calanus vpaci- | Calanus
ficus ficus - glaci=li

Ommatostrevhes
't sloanei-paci-
ficus

. | . e e IT . . . %
Calanus propinquus {Thysanoessa iner-{ Trachurus japoni- |WataSériz scin- Cololatis seira;Ommatostrephes  Ommeto:!

Calanoidas acutus mis : cus tillans , sloanei-paci~ | phes
Thysanoessa gre-~ , ficus sloaned
garia ~paciii
Myctophum aspe- Engraulis japo- cus

.rum nicus
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on one occasion, when 3,100 Pacific pelagic squids (620 kg),
counted by Ye.I. Ivanova, a scientific worker aboayd_the
whalefdressing station "Kosatka"™, were discovefed in a sei whale,
and on another occasioo,.when more than SOO kg of Pacific
saury were discovered in the stomach of a sei whale; In‘all
other cases, the filling of the stomachs was considerably
less than they could hold.

Once a sei whale was dresced; in its stomach, there
were 3,100 squids. They all were fresh, untoﬁched by. the
digestive juibes. Even their typical fine pinkish pigmentatioh
‘'was preserved along the sides of the fringe,‘passing into
a violet one at the back. This means that the squids were
taken by the whale right before it was killed and simultaneously,
i.e., probably from one school. The uniform size of the
squids also suggests this assumption.

The observations conducted during the expediﬁion
reveal thaf'the maximum volume of foed discovered in the
stomach of a sei whale at any one @imé did not exceed

1

620 kg, if the alimentary bolus dohsisted of squids ; 500 kg if

=)

it consistéd of fish; 300 kg, if it consisted of zooplankton-

the Calanoida.

1. This is the largest amount of food taken even by
the largest sei whale. On the averasge, however, the weight of
the squids in the stomachs of sei whales varies between 300 -

- 350 kgo ) ‘ . o




175

These figures reproduce almost completely the data
which were obtained during the auantitative evaluation of
the feeding of sei whales (see p. 15[;1;{)° The fin whales fill
their stomaéhs most with squids,  the alimentary bolus of
which, according to our observations, never exceeded 600 kg.
The filling of the stomachs of fin whales with fish -up
to 500 kg- also reéembles the filling of the stomachs of
sei whales. As régards the plankton, we discovered that the
fin whales had a soméwhat larger amougt of it than.did the sei
whales. This is natural, as the fin whales can strain much
more food than the seil whales during the same period of time.

Having pointéd out the similarities in regard to
the quantitative characteristic of the feeding of fin
whales and sei whales, we also must notice the differences.
If 600 - 620 kg of the alimeutary bolus are the limit for
the seili whale and no more food can be taken, then the s tomach
of a fin whale alléws it to take up to 800 kg of food, i.e.
con51derably more than has been dlscovered by the members
of our expedition durlnbfleld investigations.

A sei whale's néed for food for a 24-hour period has
been estimated only approximétely, ﬁroceeding from the éame'
calculations (Klumov, 1961) which were used in regard to
other whalebone whales (see above). These data have shown
that an average sei whale (13 - 15 m, weighing 15 - 20 t)
requires about 600 - 800 ké of food in 24 hours., We also

i1

In the original. Translator.
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should keep in miﬁd the caloricity of the food which
changes depending not only upon the species taken but also
. upon the fact in which place, and when th.is prey was
taken, i.e. during which particular biological seasén.

i3

I.V. Kizevetter™ (1954) has established that the caloric-

ity of the zooplankton in the.Far East {in particular, the
Sea of Okhotsk) changes from south to nérth: the fat. con-
tent in one and the same planktonic animals increases,

i.e. the plankton in the north is "fatter", hence more
nutritious than that found in the south. The geheral calo-
ricity is higher, in snite of come drop in the volume of
protein and carbohydretes. V.G. Bogorov (1960) has sub-
stantiated these data on the ﬁropic zone of the Pacific
Ocean: "Chemical investigations of plankton (fat, nitrogen
and carbohydrates were determiﬁed) vielded some most inter-
. esting results on the change in the amount of fat in the
planktonic organisms located in various latitudes. The
cdntent of fat changes readily depénding upon various cone-
ditions. The content of fat is on a steady decrease while
moving from subtropic zones to the equator. The least émount
of fat in the plankton is found in that of the Equatorial

Countercurrentﬁﬁ".

Consequently, the.caloricity of the

tropic plankton is.very low, especially if compared with

the caloricity of the zooplankton in the north. This, /[ 173/
apparently, explains that the wha les move for foraging |

excursions into the cold zones of the oceans, where they

uTransliterated from Russian. "Kiezewetter"? Translator.

tk ? "Mezhpassatnoye protivotecheniye". Translator.
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find nrore abuﬁdant and more nutritive food. While
consuming smaller amounts of food, they obtain more nutrition
within a shorter period of time. | |
. _ - If this hypothesis is correct, then it is possible -
that, first of all, the 24-hour need of the whales in food ‘
in the north is less than ir the south, in warm waters., !
Secondly, in spite of long Jjourneys of, say, fin whales,
humpback and grey whaies from their wintering grounds
(the area of 20 - 30%n.lat.) to their foraging grounds
(for instance, the Chuckchee Sea, 68 - 70° n.lat.), in
spite also of very brief feeding sason in high latitudes,
these whaleé, neveftheless,"manage" to accumulate‘reserves
required for their journey back and the wintering in
southern latitudes, where they practically do not feed.
Unfortunately, we lack the necessary comparative
biochemical data on the ccmposition and the caloricity of

. all the species of food of all the whalebone whales from

various geographical regions of the World Ocean. Such
data would allow us to make exceptionally interesting and
important comparisons and to understand many things per-
taining‘td the biology of these whales. I.V. Kizevetter
(1954, p. 108 - 109) notes quite appropriétely that "...
while describing the food resources of a water reservoir
for the fish (or whales.-S5.K.) feeding on the plankton,
it is important to know, besides the data on the specific
gravity of the content of the zooplankton in the water,.

alsc the true food value of this mass. Keeping this in mind,

weight correlation of basic species of the biomass should

be determincd and celculations made using the differentiated

(depending on the species, place and season) or averaged
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energy-producing coefficients. Using only such an evaluaticn,

one may form distinct notions regarding both the volume and

the actual food value of the planktonic mass"™ (underlining is

ours.-S.K.).

If we had this kind of data,we might be able to
" determine the energy—producing balance of the whales, to
find out the reasons why some nrey is‘preférred t.0 another,
perhaps even to compile a seasonal "schedule" of the
accumulation of food reserves for the feeding grounds éf
wvhales located in various geographiéal regions, to determine
rather more accurately the rate and periods of growths of whales,
etc. It is high time‘that our biochemists should start the
investigation of the domain of the comparative biochemistry of
marine organisms, and first of all that of the prey for
fish and whales, as we stressed in our renorts back in 1951,
at the Institute of Oceanology and at the TINRO., This
task is extremely important and timely. If we do not:
solve it completely, we shall never be able to clarify many
questions of the biology of marine (and especially commercial)
animals or to solve the main problem- the balance of the

organic matter in the ocean.

HELMINTHOF AUNA

Despite the distinct selective capécity of the
sei whale in regard to its food, the relatively large
list and differences in the comnosition éf rrey By geo~ '
graphical zones affect, no doubt, also the cdmpOSition |
of its helminthofauna. Table 20 contains all the data on
the helminthofauna »f the sei whales in various local herds

inhabiting the three basic whaling regions of the World

Ocean.




HELMINTHOFAUNA OF THE SEI WHALRO INHABITING

BASIC ¥HALING REGIONS OF Tin

¥ORLD OCwAN

179
*

Table 20

Antarctic &
ad jacent waters

North Atlantic

Northern half of Pacific

Ocean

Asiatic population
of seil whales

Lmerican population of
sei whale

Diplogonoporus ba-
laenopterae

Tetrabvothrius wil-

soni :
Tetrabothrius arse-
nyevi
Priapocephalus gran-
dis

Bolbosoma turbinella

& dSource given in the

Lecithodesmus goliath
Ogmogéster plicatus
Diplogonoporus balae-~

nopterae
Tetrabothrius affinis

Priapocephalus minor

Anisakis simplex

Crassicauda crassicauda
Bolbosoma turbinella

Bolbosoma balaenae.

Footnote to Table 8,

Lecithodesmus goliath
Og-mogaster plicatus

Diplogonoporus balae-
nopterae

Diphyllobothrium sp.

larva
Phylleobothrium sp. lar-
- va
‘Tetrarhynchidae gen.
sp. larva

Anisakis sp. larva
_Anisakis pacificus
Bol_bosoma turbinella

Bolbosoma nipponicum
Rhadinorhynchus tenax

Lecitchodesmus spinosus
Ogrogaster plicatus

Anisakis simplex

Bolbosoma turbinel-
1a
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As already mentioned in Delamure's report (1955)
ot the sei whale inhabiting the World Ocean, without
any division into geogréphiéal regions, there are 13
species of the endoparasites, i.e.: Lecithodesmus goliath,

Ogmogaster plicatus, Priapocenhalus grandis, Priapocephalus

minor, Tetrabothrius affinis, Tetrabothrius arsenyevi,

Diplogonoporus balaenopterae, Diphyllobothrium SPe,

Crascicauda crassicauda, Bolbosoma balaenae, Bolbosoma

balaenae, Bolbosoma brevicolle, Bolbosoma nipponicum, and

Bolbosoma turbinella.

This list should also be supplemented with eight
species of the endoparasites discovered in the sei whales
by thezscientists in various countries after the publication of
Delamure's report.

1. Lecithodesmus spinosus. This trematode was de-

scribed by Margolis and Pike (1955). It was discovered in
two sei whales of the American population captured near

Vancouver Island, close to British Columbia. This trematode

- was not discovered in the sei whiles of the Asiatic popula-

tion of the northern half of the Pacific Ocean or in any
other whales. Thus, it is an endemic of the sei whales of
the American population and an endemic of the Boreo-Pacific

subregion.

2. Tetrabothriué wilsoni. As alréady mentionéd
(p. 133ﬁ), Markovsky (1955) has idéntified and described |
anew this species, which, according to him, had been
rresented as a synonym of T. affiﬂis. Markovsky'discovered
this destode also in a~blue whale(1955) in the Antarctic

waters,

% In the original. Translator.
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3. Phyllobthrium sp. This cestode was discovered

by A.S. SkrfTabin, a participant in our expedition in
1955, in a sei whale of the Asiatic population (captured
in the waters of the Northern Kuriles).

L. Tetrarbynchidae gen.sp. larva were discovered

in two sei whales of the Asiatic population (cavtured

in waters of the Ndrthern Kuriles by A.S. SkrTabin (1959).
5. Anisakis sp. larva. A.S. Skrfabin discovered

larvae of this nematode (1959) in four sei.whales of the

Asiatic populetion (captured in waters of the Northern

Kuriles). Formerly, nobody ever discoversd the Anisakidae

in the sei whales.

. 6. Anisakis simplex. Barlier this species was known
as an endoparasite of the blue whale and the lesser rorqual
inhabiting the Northern Atlantic; however,it was not re-

corded in the sei whales of the Boreo-Pacific subregion.

Margolis and Pike (1955) discovered this nematode in the

sei whales of the American popuiation. It was not discbvered
in the Asiatic population of the northern half of the Paci-
fic Ocean. |

7. Anisakis pacificus. A.S. Skr'abin (1959) has

described a new species of the nematode of the mentioned
genus, which is cheracteristic Sf the sei whales, fin whales;
and lesser rorquals of the Asiatic populstion of the northe
ern half of the Pacific Ocean.

8. Rhadinorhynchus tenax. A.S. Skr'abin discovered

and described (1959) a new type of an écanthocephalid in
two sei whales of the Asiatic population; until then, it
was not kaown to exist either in the sei whales or in other

whales. It is known that this genus is also discovered in
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a number of fish. A.3. Skr'sbin (1959) considers the sei
whales as the facultative hosts of this acanthocephalid.
‘ Thus, the total number of the helminths discovered
at present in the sei whsle (as a species) is twenty-one.
Their distribution among the sei whales inhabiting the
main whaling zones of the World Ocean is shown in Table
20. The analysis of Table 20 is undoubtedly of interest
to the establishment of former and present links between
individual populations. First of all, we should note the
best understanding (which still is insufficient) of the
helminthofauna of the seil whales of the northern half of
the Pacific Ocean on the whole, where 13 species of endo-
parasites have been recorded in the mentioned whales of
the Asiatic and American pdpulationsl.

The helminthofauna of the.sei whales of the North

'  Atlantic has been stu.diedg even less, and our knowledge
of the helminthofauna of the sei whales.of the Anﬁarctic
waters, where up to date only five species of endoparasites
have been discovered, is quite poor. |

| While comparing phe resemblances and the différences
of the helminthofaunas of the sei whales from various regions

of the World Ocean, we note, first of all, that two endopa-

1. Delamure (1955) and Skr'abin (1959) stress the
relative richness of the helminthofauna of the Boreo-
-Pacific subregion; this, undoubtedly, is a true fact, ™
although the reasons for this ﬁhenomenon still remain

obscure. It should be noted that the helminthofauna of

‘ : the whales of the American population has been studied

inadequately, so far.
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rasites~ Diplogonovorus balaenopterae and Bolbosoma turbi-

nella- are found in all three regions of the World

Ocean about which we are talking in this paper. It seems
~that these species, while possessing a broad range of bio-
logical »nlasticity, i.e, the eurytopic species which have
a wide range of tolerance to various environmental
factors, can hardly serve as guides when establishing

the links which are of interest to us. In addition, it

should be noted that D. balaengptera was also discovered

in the fin whales and in all three regions of the World

Ocean we have been examining. As regards B. turbinells,

it was discovered not only in the sei whales, but also
in the right whales in the Antarctic, in blue whales | a—
in the;Antarctic and North Atlantic, and in the fin whaleéz-12;7
in the North Atlantic and in the Pacific Ocean. |

As far as the quantitative links betweenlthe hel-
minthofaunas of the sei whales in.individual regions are
concerned; they are expreséed in the following figures.
The sei whales of the Antarctic are connected with the
sei whales of the North Atlantic and the Pacific Oceaﬁ s

only by two widely distributed endoparasites named above

(Diplogonoporus balaenopterae and Bolbosoma turbinella).

The species Tetrabothrius arsenvevi is an endemic of

Antarctic sei whales which are not discovered either

in other whales or in another region; Tetrabothrius wilsoni

is a species endemic for the whales of the Antarctic waters,
confined within the boundaries of the Antarctic Ocean,

which, within the boundaries of this ocean,occurs not only

in sei whales, but 2130 in blue whales; the third species,
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Priapocephalus grandis, was slso discovered in other re-

gions (in the northern half of the Facific Ocezn) and also
in other whales (in right whales, blue and Tin whales).
In the sei whale, however, this éndoparasite was discovered
only in the Antarctic waters. |

The helminthofauna of the sei whales in the North
Atlantic, represented by nine species of endoparasites,
reveals the following links: Here we have five species
common to those of the Pecific Ocean, two of which are
widely represented and are common to the three regions.
The remaining three species are typical of the North Ate-

lantic: Lecithodesmus goliath, Ogmogaster plicatus, and

Anisakis simplex, which link the helminthofaunas of the

sei whales of these two regions, which also are discovered s
in the fin whale. These three species of endoparssites pe-
netrated, undoubtedly, from the Atlantic Ocean into the

Pacific Ocean either along with the sei whales, in which

they are now discovered, or with the fin whales (Lecitho=

desmus goliath and OEmOgéster plicatus), and then, already

being in the waters of the Pacific Ocean, discovered for
themselves yet another host, the sei whale., However,.we also
should point to the third endoparasite, i.e. Anisakis

sirinlex which is not found in the fin whale in any of the
regions of the World Ocean which, consequently, could not

heve penetrated from the North Atlantic into the Pacific

chan along with the whale already mentiored. It seems that.
the fin whale, due to some physicé-chemical and biological
conditions,is sterile tc the nematode mentioned above. This -

nematode is also not found in other whalebone whales in

the northern half.of the Pacific Ocean, while it is present,
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in the blue whales and lesser rorcquals in the Antarctic

and the North Atlantic. Of interest is also another circum-
stance: A. simplex was discovefed only in the sei whale

of the American population and.was not found in the sei
wheles of the Asiatic povulation.

Proceeding from the aforesaid, we may assume that
the above nematode penetratedAiﬁto the Pacific Ocean from
the North Atlantic along with the sei whalé. However, what
was the route of its host? This question is presented in
detail below.

Out. of the number of the endoparasites discovered

in the sei whales of the North Atlantic, Tetrabothrius

affinis (in the Pacific Ocean, it was discovered only in

the blue whale), Crassicauda crassicauda, and Bolbosoma

balaenae did not peénetrate into the Pacific Ocean, and also

Priapocephalus minor which, although discovered in the

Pacific Ocean cnly in the fin whales, not in the sei

whales. Priapocephalus minor in the North Atlantic was

discovered only in the sei whale,i.e. it is endemic of
this particular region. _

Wh;le examining the helminthofauna of the sei whales
of the Pacific Ocean and dividirg these whales into two |
populationé— American and Asiatic- weAnoticéd that there is
a definite difference between these two populations. This
difference is substantiéted by the peculiar helminthofauna
and even by the presence of endemic endoparasites (nglgbgr

desmus swinosus in the sei whales of the American popula-

tioﬁ and Rhadinorhynchus tenax in the sei whales of the'

hesiatic population). In its turn, this speaks of the lack-

.
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of contemporaneous contacts between the two populations [ 1777
named and théir separation a long time ago (Klumov, 1952, o
1955, 1956, etc.) on the whole in regard to the American
and the Aziatic populations of the cetaceans. This was
substantiated by A.A. Skrtfabin (1958, 1959) who compared
the helminthofaunas of both. '

When we compare the helminthofaunas of the sei
whales inhabiting the Antarctic Ocean, North Atlantic,
and the northern half of the Pacific Ocean, we discover
that the least resemblance noticed in the composition of the
belminthofauﬁas i{s found in the compositicn of the helmintho-
faunas between the population of the Antarctic sei whales
and the populations of the sei whales in the North Atlan-
tic and in the North Pacific. As already stated, they
have only two commor, widely distributed species, which
cannot serve as reliable indices of the former links between
the whales of these three regions; Nevertheless, other
remaining endopafasites discovered in the sei  whales in the
Nofth Atlantic and in the northern half of the Pacific |
Ocean, are not prresent in the Antsrctic seiiwhales. |

Tetrabothrius affinis, Ogmogaster plicatus (antarcticus),

Crassicauda crassicauda, Anisakis simplex, and Bolbosoma
balaenae were discovered in the sei whales of the North
Atlantic, but they are not found in the sei whales of the
Antarctic herds. The Antarctic sei whales lack also

the parasites Which were discovered in the sei whales of

the North Pacific, such as: Qgmogaster plicatus (antarcticus),

Diphyllobothrium -sp., Phyllobothrium delphini, Tetrarhynchidae

gen.sp., Anisakis simnlex, Bolbosoma nipponicum, etc.
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These cuite important circumstances chould be especially
stressed. The comparison of the helminthofaunas of the North
Atlantic and the North Pacific sei whales has revealed that
between them, there is o quite distinet link. These
nopulations of the sei whsles share a number of common

endoparasites: Lecithodesmus goliath, Ogmogaster plicatus,

and Anisakis simplex. All the species just enumerated

R

originate definitely fronm the North Atlantic. For instance,

Lecithodesmus goliath has not yet been discovered in the

whalebone whales in the Antarctic Ocean, and Anisakis

simolex was discovered in the Antarctic only in the blue

whale and in the lesser roraqual.

Along with tke similarities, there is galso a marked
diffefénce in the helminthofaunas in all three regioné:_each
of the populations of the sei whales has its endemic para-
sites (one-two species). In the sei whales of the North

Atlantic we discover Priapocephalus minor; in the sei

whales of the Antarctice Tetrsbothrius arsenyevi; and in
the sei whales of the northern half of the Pacific Ocean,

Lecithodesmus spihosus (American population) and Rhadino-

rhynchus tenax (Asian population). Besides the endoparasites

mentioned above, the helminthofaunas of all the three
populations of the sei whales have endoparasites endemic cf
only one region and not found in the sei whales of other
regions (see Table 20). This alsé stresses the peculiarity
of the helminthofaunas of.the sei whales of thesé'popula;.

tions. The data presented substantiate without any doubt

the long isolation of the sei whales of various populations
' _

and the lack of their contemporaneous contacts. This is also
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confirmed by the presence of local herds of sei whales
vithin each population. These local herds adhere strictly
to their feeding grounds (and, aprarently, to their winter- _
ing grounds). Using tags, Japanese scientists have estab- |
lished that the sei whales, representing a Bonin herd,
never pass beyond the boundéries of L0° n.lat. and do not
mix with the herd of the sei.whales which we call Pacific
(the Japenese call them northern) which feeds on the grounds
occupying the area from the South Kuriles to the.Aleutian
Range. This limitation in regard to the spread of local
herds interferes with the mixing of the sei whales; this
is namely the faétor which explains the peculiarity of
their helmiathofauna.

: : Using the actual data as a basis, we may assume
the following hypothesis regarding ﬁhe paths of the dis-
tribution of the sei whaleé in‘the World Ocean and forma-
tion of individual populations, which we are witﬁessing

at present.
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Fig. 14, Distribution of the sei whales in the

World Ocean from their original centre~ North Atlantic

. | "~ (orig.).

Having originated like other whalebone whales

in the Atlantic Ocean and staying in the zone of warm
waters in this ocean, the sei whales (or their ancestors),
while preferring warm waters more than other whalebone
whales (this is also observed at present), gradually ex-
pranded their range by mowing and adapting themselves to
less warm, moderately warm waters more abundant in prey.
First of all, they mastered, it seems, the waters of the
North and South Atlantic.. |

| We know well that there were numerous breaks and
subsequent links between the northern and southern American

. .continents; at times these breaks lasted for long geological

periods of time. South America, having lost the terrestrial’
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link with North America, was separated from the latter
for the entire Paleocene, Eocene, Oligocene, Miocene, -~
and part of the Pliocene. During one of these breaks,
probably at the end of Miocene, the sei whales
penetrated from the warm zore of the Atlantic Ocean into
the Pacific Ocean, where they g?adually began to spread,
occupying new areas. ‘The penetration of the mafine Atlantic
fauna into the Pacific Ocean and that of the Pacific into
the Atlentic Ocean via the mentioned break has been well
known. The sei~Whalés do not form any exception in this
regard. On the cohtrary, we deal here with 'a number
of analogies in regard to various groups of the animal
kingdom (Fig. 14).

: IThe penetrationr of the sei whales intd the Antarctic
waters ﬁook place, we believe, simultaneously with their
spread into the Pacific Ocean or even later, perhaps already
during the Pleistocene, when the cooling which § ook nlace
forced these whales which prefer warm watérs to move south.
Later, due to the differences in seasons in the southern .
and the northern hemispheres, the contacts terminaﬁed,first
of all between the sei whales in the Antarctic and in the
North Atlantic waters (it seems that‘thefevwere no previous
contacts between the sei whales of the Antarctic and the
North Pacific). They developed different biorhythms which / 1797/
prevented them from moving freely from one hemisphere into
another.

Each population occupying a vast water area with
different conditions in habitat underwent a process

of differentiation. As a.result of the adaptation to spe-
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cific conditions of individual regions, and also to the-
biological differenées of individual animals that found
themselves in a Iargé grouping, local herds emerged within
the populations .

The analysis presented above allows us to regard
the helminthofauna of the sei whales in the NorthAAtlantic
as initial, If it is compared with the helminthofauna of
the sei whales of the Pacific and the Antarctic oceans,

.wé comne to ohly one conclusion in'regard to the paths

along which the spread and the subsequent isolationvof

the population of this whale took place. The facts

on the sei whale at our disposal do'not permit.us to assume
that the sei whale- the whalebone whale which loves warm
water more than any other species of whales- penetraﬁed
from the Atlantic Ocean into the Pzcific Oceen via the
basin of the‘Arctic Obean even during the interglacial
peribd, the period of the maximum warming up of this basin,
or via the Antarctic Ocean. The links about which we spoke
above do not corroborate this hypothesis, On the coutrary,
the penetration of the sei whales from the Atlantic

Ocean int0~the‘Pacific Ocean in the zone of warm water,

via the break between the northern and the southern Amer-
ican continents, and later the penetration into the Ant-
arctic Ocean directly via the South Atlantic and the sub-
sequent formation of the populations and their isolation.
(cessation of contzcts) are substantiated not only by the
resemblance of their helminthofaunas, but also by their

reculiarity and the presence of endemism. The latter bears
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witness to é prolonged isolationr of the populations of the
sei whales mentioned above. }

It should be added that the mork seal of the
pinnipeds is a good analogue to the sei whale. It is known
to be the only thermophilic seal inhabiting warm waters
(tropic ard subtropic) of the globe. The scientists are
unanimous in regard to the centre of its origin énd distri—
.bution (B8tticher, 1934; Romer, 1939; Scheffer, 1958).

The place of'origin_of'these seals, like also of the |

sei whale, is believed to be the North Atlantic. As regards’
the spread of the monk seals, there are several hypotheseé.
Many scientists believe that it penetrated into the Pacific
Ocean via the break between the southern and the northern
American continents. King (1956) showed that anatomically

the Mediterranean monk seal (Monachus monachus) differs more

from Monachus tropicalis inhabiting the subtropic waters

of the North Atlantic than Monachus tropicalis from

Monachus schauinslandi. The latter two species have

several features in common, in spite of the fact

that they are separated by dry land (the Panama Isthmus),
while the two first ones belong to one or the»same initial
porulation. It is not . ‘excluded that their older isolation
(perhaps different conditions of the habitat) facilitated
their isolation. This fact, remarkable in itself, does |

not make us hesitate to express the view that the Hawaiian .

monk seal (Monachus schauinslandi) penetrated into the
Pacific Ocean via the only path, i.e. via the break

between the two Americen continents as mentioned above..

Following the current, it reached the Hawaiian islands
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and formed here a colony which at present counts somewhat
more than one thoudand animals; sometime in the past,
however, according ﬁo the data at hand, the monk seals
were numerous there. |

One more remarkable point should be stressed.
The monk seals quite often are hosts to several-spécies
of cestodes of the family Diphyllobothriidae. Yet, this
endoparasite was never discovered in gany of the whalebone
whales. And it was only in 1946 that sexually immature
Specimens_of this helminth were discovered in a sei whale.
inhabiting the northern half of the Paéific Ocean and
captured in the Commander Islands (Delamure, 1955). This
fact also indicates the undeniable resemblance in regard
to thé’paths along which the sei whales and monk seals
spread. Both species- sei whales and monk seals- are
thermophilous, both originated in and spread from the
North Atlantic, both could have had (and, apparently,
had) similer paths of spreading. Kellog (1922, cited
after Séheffer, 1955) ﬁas shown that the monk. seals
could have had a very wide range of spread in the trdpic
seas during Miocene "... when theré was a marine road
connecting the Caribbean Sea with‘the Pacific™. This
remark of an erudite scientist confirms even more so
the éld links which undoﬁbtedly took place in the sei
whales and monk seals, which still have been preéerved
(bbth share their distribution and the endoparasites
common to them). They allow us to assume that the pene-
tration of these snimals into the Pacific Ocean from the
initial placé of origin- the North_Atlantic- went

along the seme péths. _ ' o ' .
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LESSER RORQUALS

Feeding

The biology of the lesser rorquals has been studied
rather poorly. This is due to the factvthat, first of all,
the lesser rorqual is taken in small numbers. It is hunted
by the Norwegians in the Barents Sea and by the Japanese,
in the waters surrounding the Japanese islands. In the
USSR, during one year, less than ten animals are killed.

The Japaqese fish for this whale from coastal |
whaling stations located chiefly on Hokkaido and Honshu
islands. The annual catch reaches severél hundred animals
(on théfaverage, about 300 - 350 whales). o

| Japanese scientists have gathered good material
on the feeding of the lesser rorquél in the Pacific Ocean,
the Sea of Japan and the Sea of Okhotsk, although they‘ |
have not analyzed their studies in detail, és it would
be desired (Omura and Sakiura, 1956).

Nobody hunts this species of whale in.the Ant -
arctic wéters. Even in the latest works of G;.Williamsoh
and V.A. Arsenyev {1961) on the leéser rorquals in the
“Antarctic, there are no new data on the feeding of these
whales. |

Table 21 contsins all the data as found in world
literature on the féeding of the lesser rorquais in the

Antarctic waters, in the North Atlantic, and in the

northern half of the Pacific Ocean; also included in this
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table are the findings of our expeditions of 1951 - 1956, -
The data on the feeding of the lesser rorquals in the
North Atlantic (the Sea of Barents) were taken from A.
Jonsgerd (1951) and some older literary sources.

Even a slight look at Tahle 21 reveals that the
feeding of the lesser rorquals inhabiting the northern
half of the Pacific Ocean has been studied bettér than
it was in other regions of the World Ocean.

The first thing which should be noted is the pre~
ference of the iesser'rorquals in regard to fiéh. In ovur
waters, these whales are pfimarily'ichthyophagous animals,
The examination ‘of ﬁheir stomachs revealed the remans
of fish. In the area near the Kuriles, from the most
southern to the most northern islands, the leading
prey wés walleye pollock. This coincides with the data / 181/

of the ichthyological investigations conducted by the

~Institute of Oceanology of the Academy of Sciences of

the USSR (Gorbunova, 1954), which show that in the area
of the arch of the Kuriles, there are large aggregations
of the above-mentioned spawning fish. We examined the
stomachs of lesser rorquals which were filled completely
with the bones of the walleye pollock, its otoliths, and
crystallized lenses. It was possible to establish that

up to 200 - 300 specimens of this fish weﬁeffound in one

stomach.




COMPOSITE TABLE OF PREY FOR LESScR RORQUALS

IN MAIN FIZHING REGIONS OF THE WORLD OCEAN

Table 21

(Balaenontera acutorostrata)

Antarctic & adjacent regions

North Atlantic

Northern half of Pacific Ocean

Crustacea

Euphausia superba
Euphau%1a crystaborophlau

Crustacea

Calanus finmAarchicus

Mecanyctiphanes norve-
gica

Thysanoessa 1nermls

Pisces

Clupea h. harengus
Mallotus v. villosus
Odontogadus m. merlan-
‘gus .
Pollachius virens
Gadus m. morhua (juv.)
Boreogadus saida :
Scomber  scombrus

Crustacea

Calanus glacialis
Calanus sp.

Nephrops thomsonii
Euphausia pacifica

- Thysenoessa irermis

Cephalopoda
Ommatostrephes sloanei pacificus

Pisces

Etrumeus micropus

Clupea harengus pallasi
Sardinops sagax melanosticta
Engraulis japonicus
Cololabis seira

Gadus morhua ma2crocephalus
Eleginus gracilis

‘Boreogadus saida

Theragra chalcograrma
Amrodytes h. hexapterus
Pneumatophorus japonicus
Pleurogrammus azonus
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A similar picture of the'feeding of lesser rorquals
on fry in the North Atléntic was observed»by Jonsgard
(1951). There, the following kinds of fish serve as the
main prey for the lesser rorquals: caplin, herring, Arctic
~cod, young cod, etc. Tﬂe zooplankton as food does ndt play
a very important role.

Suéﬁ a'condition) however, is not observed everywhere.
Omura and Sakiura, ' Japanese scientists (1956) note that
in the water adjacent to-the islands of Japaﬁ, the lesser
" rorquals feed for the most part on the "krill" (in brackets,
they add “Copepoda"). Unfortupatel?; no further explanation
is given. At the same time the identification-to the‘species
of the copepods discovered in the stomachs of the lesser
rorquals wﬁuld help us understand better their biology,
and also the reasons for their seasonal locations. :

The data of the Japarese scientists (Table 21) con-
firm also that the fish, too, play an important role in
the feeding of the lesser rorquals, and eépecially in
the southz2rn part of the Sea of Okhotsk, near the shores
of Hokkaido Island (L4 stomachs were filled with Xrill,
38 stomachs with fish); near the Pacific-shore of the séme
island (14 stomachs containing zooplankton, and 16 con=
taining fish); near thé Pacific coast 6f H&nshu Island
(10 stomachs filled with plankton, 28, with fish), etc.
However, While_examining these data in regard to individual
years, Omura and Sakiura (1956) point out that such a pic-
ture of the distribution of the food in the stomacéhs in which

the zooplankton is discovered increases, exceeding considerably

the number of the stqmachs containing fish.
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It should be notedgﬁhapgin our waters, we never ob-
served simiiar phenomena, ;hd we never discovered in the
stomachs 6f the lesser rorquals any other foéd than fish.
If there was some zooplahkton, it was secondary, not the
main food.

It seems that here one ought to speak about some
"geégraphical specialization" of individual local herds of
lesser rorquals, which proceeds, of course, not only from
the biological heterogéneity of the species (Klumov, 1955;
Guryanova, 1957), but also from the presence in naturé of
food that is easiest to obtain. It seems that for the les-
ser rorqual of the north-west of the Pacific Ocean, in ﬁhe
Bering ?ea, in the south of the Chuckchee Cea, there |
are cohdftions forcing this whale to compete with other
species feeding on the plankton, that it is easier and simpler
‘for this species to feed on fish. The whale's plasticity
in regard to food, that developed»during its biological

progress due to the external conditions, indluding the .

competition, permits it to prey bn fish. On the 6£§§rﬂ
hand, in the regions more to the south, the conditiéhé of
the internal medium are such that they do not prevent the
lesser rorqual from feeding oﬁ the zdoplankt@n. In all the
regions where the lesser rorqual is found, this whale does

not feed on cephallopod mollusks. True, our list (see

Table 21) has a Pacific pelagic équid'which was included in it
on the sﬁrength of the discovery of the beaks.of squids

- in the stomachs of these whales. Yet, they could have got

into the whale's stomach indirectly,.via the stomach

of the walleye pollock. At any rate, we did not get a single-

squid intact from the stomach of a lesser rorqual.




The distribution of the lesser rorqual in the
waters near the Kuriles depends only on the distribution
of walleye pollock, and in the north (the Bering Sea)

also on the distribution of navaga and Arctic cod. In the

Gulf of Anadyr, Providence Bay, Lavrentiya Gulf, Méchigmen:v“T

Bay, etc., according to the reports we obtained from the
directors of the Plover and Mechigmen Whaling Stations,
the lesser rorqual comes to the shore if either the Arctic
cod or navaga are present there, and also in the Chuckchee

Peninsula.

HELMINTHOFAUNA

The data on the ‘helminthofauna of the lesser ror-
quals from individual regions of the World Ocean are quite
inadequate. Their helminthofauna was not Subject to speci
studies, hence tremendous research lies ahead.

 We present only the composite Table 22, due to the
lack of sufficient material.

Delamure in his report (1955) names nine species
of helminths which are found in the lesser rorqualsAin
the World Ocean; he does not presént their distribution
according to regions. These endoparasites are as follows:

Fasciola skrjabini, Lecithodesmus goliath, Ogmogaster plie-

catus, Anisakis simplex, Terranova decipiens, Crassicauda,

crassicauda, Bolbosoma balaense, Bolbosoma nipponicunm, and

Bolbosoma brevicolle.

We can supplement this list with two species of

endoparasites which were found by A.S. Skr'abin (1959)

in lesser rorquals, that were captured near the northern
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Kuriles. These are,first of all, the nematode Anisékis /1837
pacificus of the North Pscific, which is endemic of the '
named region, and the larval stage of a cestode from the
family Tetrahynchidae.

It should be noted that Bailis considered (cited
after Margolis and Pike, 1955) that Kreplin, who discovered
and published the data on the presence of the trematode

Qgmogaster plicatus in the lesser rorqual, committed an.

error in his identificétion by taking a sexually immature fin
whale for the lesser rorqual. He streséed that nobody dis-.
coveréd this trematode in the lesser rorqual, either before
or after Kreplin. This is why this trematode in Table 22

is followed by a question mark. Further investigations of
the helﬁinthofauna of the rorquals‘will allow us to

solve this problen.

X - ' :
Transliterated from Russian. Translator.
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Table 22

HELMINTHOFAUNA OF THE LESSER RORQUALS INHABITING

BASIC WHALING REGIONS OF THE WORLD .OCEAN

Antarctic and ad-
jacent waters

North Atlantic

Northern half of
the Pacifie Ocean

Anisakis simplex
(?7C.K.)

Terranova decipiens
Crassicauda crassicauda

Bolbosoma,brevicolle

Fasciola skrjabini

Lecithodesmus goliath

Ogmogaster plicatus
{?C.K.)

Anisakis simplex

Terranova decipiens

Crassicauda crassicau-
da

Bolbosoma balaenae

Bolbosoma brevicolle
(C.K.?)

Tetrarhynchidae gen.
sp. larva

Anisakis pacificus

Bolbosoma nipponicur

In Table 22, we tried to place the helminths in ac-

cordance with the regions we are interested in. However,it

was impossible to make this arrangement for all the endopa-

rasites. Whenever there was any doubt, a question mark was

used, followed by my initials.

Our knowledge of the feeding and the helmintho-

fauna of the lesser rorquals is so inadequate that no ge=-

neralizations can be made, except the conclusions which

might be applied also to the lesser rorquals (they were

given at the end of the chapters dealing with right, blue,

and fin whales)
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HUMPBACK WHALES

- The humpback whales in the northern half of the
Pacific Ocean,‘and partiéulariy in its north-west, are
not too important from the commercial viewpoint.
They are killed in small_humbefs near the shores of -
America, particularly near the shores of.California and
in the Alaska Strait. ©Several tens of animals, gnd sometimes
up to two~thiee hundred whéles, are taken in the waters
around the Riukiu Islands. ' The Soviet whalers operating in the
Kuriles and Commander Islands are not interested in hun-
ting this species. Nothing indicates that the humpback whales
in these waters might be of some commercial value in the
future. The reserves of this species in the northern half
of the Pacific Ocean are so negligible that even if there
were a decree prohibiting the killing of them, scores of
years would pass before one might speak of them as commercially
important animals. A |

The Soviet whaling fleets kill annually no more

than t.en humpback whalés. A smail herd of these whales

has been preserved .in the northern part of the Bering Sea

~and in the south of the Chuckchee Sea, to which place they

migrate in summer. Since the mentioned regions are not
exploited extensivély, a small number of the humpbadkiwhaies
are taken by both the Soviet and the Japanese whaiers

along the migratory routes, when tﬁe humpback whales pro-
ceed from the south (their wintering placé) to the north,

or migrate back, southward, for winterihg.
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At the beginning of our century, the humpback
. whales in the Antarctic waters were one of the main.
species of commercial value, and they were killed by

the thousands. At present, however, ﬁhey are almost
extinct, and the takes of the few remains, which have
managed to survive, are'regulated by restrictions and

the season during which they'may be killed. The humpback
whales in the North Atlantic also are.almos£ extinct, and
during recent vears their catches have not exceeded 4 - 7

animals annually.

Nevertheless, many books have been, and still are

being written in which also their feeding is presented.

1
R
i




Table 23.

COMPOSITE TABLE OF THE PREY FOR THE HUMPBACK

WHALES (Megaptera nodoéa)bIN MAIN WHALING REGIONS OF THE

WORLD OCEAN
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Antarctic and
. adjacent waters

North_Atlantic

Northern half of the Pacific Ocean

Crustacea

Grimothea (post-
‘larvae Munida
gregaria)

- Euphausia superda
Euphausia hemigi-
bba

Thysanoessa macru-

‘ra '

Nyctiphanes austra-
lis

Pseudeuphausia la-
tifrons

Pisces

Clupeidae gen. sp.
Clupea fimbriata

Crustacea

Calanus sp.
Meganyctiphanes
norvegica ‘
Thysanoessa iner-
mis ’

Mollusca

Gastropoda
Limacina helicina

Cephalopoda
Decapoda gen. sp.
Illex illecebrosus

Pisces

Clupeidae gen. sp.
Clupea h. harengus

Mallotus v. villosus

Osmerus eperlanus
Boreogadus saida

Phalégggcorax Sp.

Crustacea

Calanus cristatus
Calanus plumchrus
Calanus glacialis
Mysis oculata

Themisto sp.

Euphausia pacifica

Euphausia similis

Thysanoessa inermis
Th. longipes

Th., raschii

Th. spinifera

Evalus gaimardi bel-
cheri

‘Nephrops thomsonii

Pandalus goniurus
Pleuroncodes planipes

Cyclostomata
Entosphenus tridenta-
tus

Pisces

Clupea harengus pal-
lasi

Sardinops sagax mel:
nosticta |
Salmonidae gen. sp.

Oncorhynchus gorbu--
scha

Osmerus sp.

Mallotus villosus
socialis

Cololabis szaira
Gadus morhua macro--
cephalus

Eleginus gracilis

Boreogadus saida
Theragra chalcogr .-
ma

Ammodytes h. hexap-
terus

Sebastodes polyspim

Pleurogrammus monop-
terygius
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We have summed up éll the literafy data at our
disposal, as well as the scanty material obtained as a re-
sult of our expeditionsin the northern half of the Pacific
Ocean during 1951 - 1956, and compiled a list of the prey
for the humpback whales for three regions of the World
Ocean,isimilar to what has been done in regard to other
whalebone whales (Table 23).

We believe that a study of the data presented in /1857
Table 23 reveals the resemblance in regard to the feeding
of the humpback whales and other whalebone whales in fhe

Antarctic, where FEuphausia superba serves as the basis

of its existence. The list of the prey for the humpback
whales in the North Atlantic and in the northern half of
the Pacific Ocean greatly resembles the list of the prey
for the fin whale and the lesser rorgual.

The statement about the lesser rorqual may be fully
applied also to the humpback whale (as far as the geographic
specialization is concerned). In the northern‘part of the
Pacific Ocean, the humpback whale, like aiso the lesser
rorqual, is, first of all,- an ichthyophagous animal. .It
feeds in this region only to a slight extent on the
zooplankton and it does not feed at all on the cephallopod'
mollusks. Like the lesser rorqual, it feeds in the waters
around the Kuriles primarily on walleye pollock. We
personally examined the stomaéhs of humpback whales
filled with thése‘fish (remains of bones, otoliths,
and crystalline lenses). True, during the run of pink -
salmon, we alsoldiscovered this fish in the stomachs of

humpbaék whales. Thus, the distribution of the humpback

whales in the waters near the Kuriles, and also in the area,
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of the Comméﬁder Islands and South Kamchatka is closely con-
nected with the distributi&n of the aggregations of the
spawning of walleye pollock. A

The humpback whales in the Soviet waters - the
Bering Sea and the Chuckchee Sea- are found where'ﬁhere
are aggregations of Arctic cod, herring, and caplin,

As regards the helminthofauna of the humbback
whales, the members of our expedition examined the stomach
of only one whale and discovered only one endoparasite,

i.e. Bolbosoma nipponicum, and in Delamure's report (1955),

there are given only four species of endoparasites: Crassi-

cauda crassicauda, Crassicauda boopis, Bolbosoma balaenae,

and ‘Bolbosoma turbinella. All the named helminths are

quite w;dely distributed in the whalebone whales and are

of no particular interest to us. It is evident that this
"is only a small "fragment" of the helminthofauna of the
humpback whales that is now known. Ve may assume without
any reservations that their helminthofauna should be much
larger, and tﬁe fact that we do not know them yet bears
witness to the fact that we do not pay attention to the ex;
tremely important branch of the helminthofauna, i.e. the

- study of the endoparasites of marine mammals.

GREY WHALES
As is generally known, the grey whales at present
inhabit only the northern half of the Pacific Ocean, although
fossii remains of them were also discovered in the North
Atlantic (Van Deinse and Jung, 1937). According to a number
of scientists (Dudley, 1725; J. Colenso,~1832j Van Deinse,» |
'1931; Jung, 1936; etc.), the grey whales inhabited énd were

captured in the waters of the North Atlantic back in the




208

A.G. Tomilin (1957) wrote that until 1932, at which
time the OSoviet whaling flotillsa ."Aleut" began its opera-
tions in the rorth-west of the Pacific Ocean (before the
publication of Zénkovich's work in 1934), there were scarcely
any data on the feeding of the grey whales. Ch.

Townsend (1885) and P. Andrews (1914), although they ex-
amined the stomaqhs of these whales captured in the waters
of the south-east of Korea, i.e. on the wintering grounds
of the Sea-of-Okhotsk-Korea herd (Vasilyev, 1891), they
did not discover any food in them, except for the remains
of algae and also some jelly-like mass and liquid. In
particular, Townsend (1885) wrote the foliowing about- the
feeding of the grey whales (cited after Zenkovich, 1934):
"The people with whom I have spoken about the grey whales
believe that these whales, while beyond the boundaries of
their Arctic habitat (i.e. on their wintering grounds.
S.K.), do not eat much. They are much leaner when they .
move to the north than when they move to the south...

The whalers say that they do not know what constitutes .
the food of thése species, and that they cannot find
anything in the stomachs of these animals during their repro-
duction™. _

This is quite natural as the whaling for the grey
whales took place on the whole on their wintering grounds,
in particular, near the shores of Korea (this is found in
Townsend's description). On the wintering grounds, as a
rule, the grey whales dd not feed on anything. This
explains why the whalers did nét find any food in the

stomachs of these animals.
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This fact is also substantiated by Ch. Scammon
(1869) for the waters of South California. Scammon
writes that the stomachs of the grey whales captured
during the winter in the waters of South California
contained either "... very little food or none at all...
urtil now we have been'unable fo detérmine what they do
feed on". .

During our éxpedition (1951 - 1956; Klumov, 1959), .
no collections were made, as we did not capturé a single
species, although we had special permission to kill five
aﬁimals for scientific purposes. Hence the list of the
prey for the grey whales has been compiled exclusively
on the strength of the material published by Soviet
scientis%s'and the scientists abroad (their names
are given at the end of the present article, in the
bibliography).

It should be stressed that almost all food objects,
excepting a few, Were extracted from the stomachs of the
grey whales of the Chuckchee-Califofnian herd during thé
summer period. ‘

We would also like to point to the distinct
capacity of the grey whales to select some definite food
objects- benthopelagic and benthic animals, primarily the
amphipods, and hence their complete neglect of planktonic
animals during feeding. The inclusion of such representa;v

tives of the zooplankton as Euphausia pacifica, Nephrops

thomsonii, and Pleuroncodes planipes in the list of

the prey may be explained by their discovery in the /1877

stomachs of the grey whales only on the wintering

grdundé- in the waters of South Califérnia and Mexico
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(Howell and Huey, 1930; Matthews, 1932). Unfortunately,

the number of the mentioned crustacéans in the stomachs of
the grey whales remains unknown. Most probably it was single
specimens. The following facts allow us to make such an
assumption: the general regularity which we have established
for the whalebone whales- as a rule, on the wintering
grounds, the whalebone whales do not feed on anything,

but live on the feserves they have accumulated during the
summer feeding; the authoré do not indicate the volume of
the food discovered in the stomachs of the grey whales
examined. Usually, if the stomachs are filled up,this fact
cannot but be reported by the scientist, as it usually |
strikeSﬂbim much (a great volume of one and the same food

consisting of a multitude of crustaceans).
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Prey for the Grey Whales (Eschrichtius gibbosus) in

the Northern Half of the Pacific Oceanl

Polvchaeta Atylus carinatus
Eusirus sp.
Travisia forbdsii ‘ Gammaridae gen. sp.
Lembos arcticus
Crustacea Nephrops thomsonii

Pleuroncodes 'planipes
Calanus sp. '

Mysis oculata _ ~ Pisces

Euphausia pacifica

Isopoda gen. sp. - Clupea sp.

Lysianassidae gen. sp. , : .

Anonyx nugax Aves

Ampelisca macrocephala -

Pontoporeia femorata - : Phalacrocorax sp.
l.

The preseht list and Tables 1, 6, 11, 18, 21,
and 23 have been compiled on the strength of the original
material of the author, which were given to the Expedi-
.ﬁion of the Institute of Oceanology on the Study. of the
Cetaceans in the Far East, as well as on the strength of
numeréus literary sources of which only some aré listed
below: o |

Akimushkin (1958); Betesheva (1954, 1955, 1961),
Betesheva and Akimushkin (1955), Zenkovich (1934, 1937),
Klunov (1952, 1956, 1957, 1958, 1959, 1961, 1962), Kora-
belnikov (1957), Ponomareva (1948), Sal;nikov (1953), Smir-
" nov (1935), Tomilin (1957), etc.

Andrews (1914), Ave (1953),Collet (1877, 1886,
1900), Freund (1932), Howell and Huey (1930), Ichichara
41961), Jonsgard (1951), Kellog (1928), Matthews (1932,
1937, 1938), Mizue (1951), Nakai (1954), Nemoto (1957,
-1959), Nomoto aﬁd Nasu (1958), Nishimoto, Tosawa and Kawa-
kami (1951), Nishiwaki (1959; 1960), Olsen (1913), Omura
(1957, 1958), Omura ahd Sakiufa (1956), Rice (1961),
Schubert (1955), Scammon (1896). | ‘




