i Pt

ISSN 0/04-5716 -

PR ebepuie

o

f]
(Fanadian Translation of Fisheries and Aquatic Sciences

No. 5192

In Baffin Land to study the narwhal (Monodon monoceras) _

G. Pilleri

Original title: Auf Baffinland zur Erforschung des Narwals (Monodon monoceros)

In: Verlag des Hirnanatomischen Instituts, Ostermundigen, Berne (Swifzerland),
102 p., 1983

Original language: German

Available from:

Canada Institute for Scientific and Technical Information
National Research Council
Ottawa, Ontario, Canada K1A 052

Fisherios & Oceans

1985 )
LIBRARYY

DEC 27 1065

140 typescript pages : Bl‘BLlOTHEQUE
_ Pacheas & Océans




ta

l* Secretary | Secrétariat
" of State d'Etat

MULTILINGUAL SERVICES DIVISION — DIVISION DES SERVICES MULTILINGUES

. TRANSLATION BUREAU

BUREAU DES TRADUCTIONS

LIBRARY IDENTIFICATION — FICHE SIGNALETIQUE =

CTFAS_E 9 L

Translated from - Traduction de
- German

Into - En

English

Author - Auteur

G. Pilleri

Title in English or French - Titre anglais ou frangais

In Baffin Land to study the Narwhal (Monodon monoceros)

Title in foreign language {Transliterate foreign characters)
Titre en langue étrangdre {Transcrire en caractéres romains)

Auf Baffinland zur Erforschung des Narwals (Monodon monoceros)

Refarence in foreign language {Name of book or publication) in full, transliterate foreign characters.
Référence en langue étrangdre {(Nom du livre ou publication), au complet, transcrire en-caractdres romains,

Reference in English or French - Référence en anglais ou francais

Publisher - Editeur Page Numbers in original
. . DATE OF PUBLICATION Numéros des pages dans
Institute for Brain Anatomy DATE DE PUBLICATION I'original
Verhg des Hirnanatomischen Instituts
. Year Volume Issue No.
Place of Publication Année Numéro Number of typed pages
Lieu de publication I;lomb're de %ages
actylographiées
Ostermundigen, Berne, Switzerland
1983 - - 140
Requesting Department Translation Bureau No. ‘
Ministére-Client DEO Notre dossier n@ —_ . ]ﬁ 358 9 5
Branch or Division SIPB Transletor (Initials)

Direction ou Division

Person requesting .
Demandé par A.T. Reid

Traducteur {Initiales) trm

Your Number
Votre dossler n©

Date de la demande

Date of Request 85 06 19

Canadi

SEC 5:111 (84.10)



I* Secretary  Secrétariat
of State d'Etat

MULTILINGUAL SERVICES DIVISION — DIVISION DES SERVICES MULTILINGUES

TRANSLATION BUREAU BUREAU DES TRADUCTIONS
Client's No,~NOdu client Department — Ministére Division/Branch — Division/Direction City — Ville
DFO SIPB - Ottawa
Bureau No.—N© du bureau Language — Langue Transtator (Initials) — Traducteur (initiales)
1Y Iy
1655895 German TRM NGOV 7 & 1985

IN BAFFIN LAND TO STUDY THE NARWHAL (Monodon monoceros)

Research report by
G. PILLERI, F.L.S., F.Z.S.

Professor at the University of Berne and

Director of the Institute for Brain Anatomy.

Published by the Institute for Brain Anatomy

Ostermundigen (Berne)

1983

i+l

Canadi

SEC 5-25 (Rev. 82/11)




————

P e o R

PIEY B L PR e

z

~
-—
-
p—
-
-
-

AUF BAFFINLAND
UR ERFORSCHUNG DES NARWALS
(MONODON MONOCEROS)

FORSCHUNGSBERICHT
VON -
G. PILLERI F.LS., F.ZS,

PROFESSOR DER UNIVERSITAT BERN UND DIREKTOR
DES HIRNANATOMISCHEN INSTITUTES

Tt e e v g et o e o v -~ .



- 4
A
L
-A"
A

1
3

o - — v —— . o % e

AUF BAFFINLAND ~ -
ZUR ERFORSCHUNG DES NARWALS
(MONODON MONOCEROS)

Forschungsbhericht
von

G. PILLERI, F.1L.S., F.Z.S.

Professor der Universitidt Bern und Direkior
des Hirnanatomischen Institutes

Verlag des Hirnanatoinischen Institutes
Ostermundigen (Berne)
1983



INTRODUCTION &+ttt vttt neaecneeneanennenonnncnnenns T 1
:iMPRESSIONS OF BAFFIN LAND AND OF THE INUIT .............. 6
THE NARWHAL (Monodon moOnoceros) ....... e e e 13
a. Ecology and Behaviour .................... P I N 13
b, = o< ol 26
C. Feeding .. ittt i i i e e e e e e 28
d. Palaeontology .........coiiiiiiiiiiiiiiinn el 31
e. Some Special Morphological Characteristics ......... "33
3] 1 33
2. Nervous System ...ttt eeeeneeoeneenossnsannss 35
T e 47
L, Hearing Organ . ...t tierereenenoeneeasnnesanes 51
= 58
f. Function of the tusk ...... ... i, 67
g. Morphogenesis of the tusk ....... ... . ity 69
h. The Fluke .......ccvovunnn e e e e 77
i. Sonar Sounds and Sonar FieldS vvvvrvintrnnneennnnnn, 89
DISCUSSION .. % ettt et e et . 99
SUMMARY (German; not translated) ............. e e --
SUMMARY (English) . oonniinniniie i, 100A
ADDE N M i it et et et e e e e e 101
LI ERAT  RE .ttt it ittt tetneensaoaesasansanonnnnsans ew. .. 115
PLATES ©\vvevveeennnnennns P 117
(*) Numbers in () refer to original, German ms.

TABLE OF CONTENTS




.

T e e evmeie abee

Pe—astlale .

’
|
' \
.
'
-t OB} . ~y .

.o

e mAN Wy v, .,

S et s - be

.’ ", v . "
e o tdetrge -
o Ay 3T
S M Y
R e
4

' Picture of a SAVSSAT. Aquare]

;
b

of F. Heimberg, 1983 (coll. G. Pilleri).

-4



INTRCDUCTION

The major focus of my dolphin and whale studies has always been
én the way in which these animals adapt in structure and

function to the conditions of life in their respective niches.
I spent, for instance, many years of field and laboratory work

studying the blind dolphin of the Indus river, (Platanista

indi), a species remarkable for its quite special adaptations,
such as that it normally swims on its side, has marked
regression of the visual organs, has twin fields of sonar
emission, has extremely‘short sleep periods; and other special
features. In order to grasp the biological iqterrelations
between the various observations resulting from these studies,
it was necessary to call upon a variety of methodologies and
disciplines: in addition to morphology, the base-line study, I

had recourse to bioacoustics, ecology, ethology and



Plaepntology. Only by such means was it possible to develop a

reasonably rounded-out view of the origins4of this hzghly

"evolved species which, prior to my studies, even the —experts

“had considered to be primitive.

There are, in addition to Platanista, other unusual

cetacean species -- for instance the sperm whale and relatives

of Hyperoodon-- none of which has, as yet, been thoroughly

investigated. But no species is quite so unusual as the
narwhal, which lives North of the Polar Circle; nor has any
species so stimulated the curiositiy of cetologists and laymen,
alike. So far, even today, the hard-to-reach narwhal which,
for centuries, was considered to be the fabléd unicorn and was
highly prized in the pharmacopoeias of the Middle Ages and the
Renaissance because of the healing power of its miraculous
tusk, has lost nothing of the mystique and might of its own
North Polar Seas. Nor is it at all certain that research will
be able to discover the true nature of this creature: quite a
few mammals have been eliminated by humans before scientists
could study gﬁem more closely. Ivory is-today once agaip in
great.fashion, and the narwhal provides ivory of the highest

quality.

Once upon a time, narwhal-tooth was a miracle drug,

~worth its weight in gold; today, it is just as much coveted by

souvenir hunters and jewellers. It is difficult to estimate

the number of narwhals killed each year to satisfy these needs.




Nomihally, catch-quotas (5 narwhals per Inuit hunter) and

the animals actually killed, are under the control of the

‘authorities in the hunting preserves of Canada and Greenland;

-but the hunt with kayak and harpoon is a thing of the past, and

has been replaced by the hunt with high;powered rifle and fast
motor boat. It may frequently happen that a hunter only wounds
his prey and then looses it among the ice floes. Animals that

die in this way escape the official tallies.

In this situation, the modern biolgist and environ-
mentalist are suddenly faced with so many, quite new, questions
-- some of which even become involved in politics -- that they
are rarely able to find appropriate answers on their own,

Though much has beeﬁ written about the narwhal, our
knowledge of its natural history is still full of lacunae.
Furthermore, it has not been possible to maintain this animal
for prolonged periods in an aquarium, as other cetaceans have
been kept. We know very little about either its behaviour or
the social structure of its herds. Reports concerning the
narwhal's migrations and winter habitats are exceedingly sparse
and uncertain; the real size of the popula£ion is undetermined;
we know next to nothing about its physiology and nervous
system, and but little about its sonar echolocating. The shape

of the sonar field it beams out has only been calculated from a

theoretical basis; the significance of the long tusk and its




spirals are shrouded in mystery. In short: what are the
specific morphological and functional adaptations of the

narwhal to its special environment -- an ocean covered over by

ice? Biologists, so far, have not asked themselves these

questions.

Canada has carried on narwhal research programmes for
over ten years. One group of biologists works with Dr. A.W.
Mansfield in Montreal, af the St. Anne de Bellevue Arctic
Station; another, under the leadership.of Dr. R.W. Moshenko, at
the Fresh Water Institute in Winnipeg. FinallyL there is a
third group, working in Véncouver, partly at the aquarium, 10
partly at the University's Zoological Institute. Those, by
themselves, are impressive numbers of professiong}s who
concentrate their work on a single species of the cetacea, and
one might expect that the goals they have set in their
programmes may soon reach fruition. So far as I can see, their
interests -- except for the Vancouver group, which conducts
basic research -- center on acquisition of quantitative data
(age, sex, distributiqn, reproductive rate, etc...) for the
population of all of the Ndrth West Territories, to protect
that valuable animal effect}vely.‘ This is difficult, partly
because of its vast range, partly because the hoped-for
narwhal protection inevitably conflicts with the interests of
the local (Inuit) hunters. Ever since the value of iud}y has
been increasing in the market place, the hunters have demanded
constantly incfeasing.catch quotas. Even though in the United

States the importation of narwhal tusks is legally prohibited,

-



it is still permitted in Europe. The situation is further
complicated by ethnic and political considerations, such as the

independence of the Inuit and the legal ownership of The arctic
hunting and living ranges; ever since more and more mineral

wealth is being discovered in the Canadian Arctic, the problems

are becoming increasingly acute.

I had been thinkiﬁg about the narwhal's bodily shape
for several years, but work on the river dolphin had
precedence. It was not until the summer of 1982 that I was
able to travel to the Arctic, to Baffin Land, in order, first
‘of all, to collect anatomical specimens and preliminary
experience. My stay on Baffin Land was made much easier by the
simultaneous presence there of several biologists from Winnipeg,

who visit Baffin Land each year during the hunting season.

‘T am particulariy thankful for the cooperation of Drs.
R.W. Moshenko, J.T. Strong, A.W. Mansfield and D.E. Sergeant.
Special thanks also to Mr. H. Steltner; the Inuit of Pond
Inlet; my travel companion; Dr. P. Maag; who éll helped me in
every possible way; to my friend, G. Brenner, in Vienna, for
.reading the manuscript and providing valuable stimuli. I
should also like to thank Mrs. T. Tlscher, secretary to the
Institute, who typed the manuscript. Air fare to Canada was

generously financed by the Swiss National Fund for the

Advancement of Scientific Research.
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IMPRESSIONS OF BAFFIN LAND AND OF THE INUIT 11

2
Baffin Land, with a surface area of 476,068 km , is the

J1argest island of the American Arctic Archipelago (F;g. 1). To
the East it has glacier—covergd, primitive rocks and a fjord-
cut coast line; inland, there are an extensive plateau and
alluvial plain; to the South, the coast is flat and interrupted

by fjords; the West coast is alluvial, ‘The census of 1961

enumerated 3387 inhabitants. Though poor in vegetation, Baffin

Land has a rich fauna.

On July 8, I flew from Zllrich-Kloten to Montreal on Air
Canada. Because the connecting flight to Baffin did not leave
until two days'later, I was able to visit the famous Institute
for Arctic Biology at St; Anne de Bellevue and to look around
in the Institute for Northern Studies of McGill University. The
former of these institutions arranged contacts with the
Winnipeg group of biologists (Mr. J.T. Strong and his
collaborators), working at Pond Inlet. The flight was
continued to Frobisher Bay on First Air, then to Pond Inlet via
the North East coast of Baffin Land (Fig. 1), on Nord Air.
It was just at the right season: Montreal was hot and in the
North the ice had begun to breakAup,Aa sign for narwhals to

appear in the fjords and in the sea-lanes between the islands.

—

At this time of the year, American tourists—bent on a

fishing vacation, literally flood Frobisher Bay. The settlement

was mnamed for the famous British navigator, Sir Martin
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Frobisher, who repeatedly visited these Arctic waters in 1577,

searching for gold. Today, 2554 people, mostly Inuit, live in

_Frobisher. The little town, itself, however, was not founded

:until 1942, after the U.S, Air Force had installed a flight

terminal and supply base there. From the airport one sees, in
addition to low-built houses, ugly, fairly high apartment
buildings which disfigure the surrounding landscape. IEven the
final leg of the trip, to Pond Inlet, was crowded with

passengers, mainly technicians working in the mines.

)
Pond Inlet (72 41'N 78 W), the "Mittimatalik" (= "there
where Mittima is resting") of the Inuit, was first visited by
the Polar explorer, W.E. Parry. Even though the whale (Balaena

mysticetus) fishery was active in adjacent waters, the 12

Hudson Bay Company did not install a trading post -- still

operating today -- until 1921, Formerly, the traditional

activities of the local Inuit consisted of the huntimg seals,
walrus, silver fox, narwahl and whales, and of fishing. 13
Today, all these activities have been pﬁshed far into the
background, in favor of o0il exploration and mining. The

economic buréeoning of the Canadian North has again provided

thé home environment of the Inuit with current relevance, which

has entailed a simultaneous and radical change in the life

style of these people. Even as little as thirty years ago, all

the Inuit of the Canadian Arctic lived from the seaL;;nd fur

trade. Today they live in permanent settlements, and have

become dependent on paid employment and social benefits. 1In



just a few years, these former hunters -- who, in their own
language, refer to themselves as "Inuit" (= "Human B;ing")

have been forced to adapt to Western civilization.

Compulsory‘schooling, which was introduced by the
Government, has created a gulf between children'and their
parents. Education confused most of the Eskimo children; they
have no access to the White Man's world, and the life style of
the Eskimo has become foreign to them. Modern supermarket
nutrition has replaced seal and caribou meat and salmon. While
tuberculosis and other contagious diseases have been largely
contained, other illnesses, such as diabetes, obesity and eye
diseases have multiplied abruptly. Life span and reproductive
rate have grcatly increased, and with them, sociél and
ecologicql problems. Next to the villages there are garbage
dumps of empty o0il drums, éoca—Cola cans aﬁd automobile wrecks.
Industrial pollution is on a stillAmuch grander scale: the
Nanisivik tin mine, alone, empties 35,000 tons of poisonous

substances into the ocean every year.

Living costs in the Arctic are high, three to four
times more expensive than in the Canadian South. Hunting and
fishing has become, today, an unaffordable luxury for_most of

_ (%)~
the Inuit. A Japanese snowmobile costs Fr. 6,000 , a plastic

or aluminum boat with outboard motor, Fr. 8,000 s ammunition

(*) Translator's note: presumably Swiss Francs. At current
(1985) rate of exchange, Fr. Sw., 6,000 = $§ Can. 9,500
and Fr. Sw, 8,000 = $ Can. 12,700, approximately.
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and fuel are very expensive. Because of these conditions, the

Inuit are forced to catch more fur animals and narwhals, which,

in turn, brings about a rapid decimation of these animal

_populations. No one can tell today what methods willﬁﬁrovide an

escape from these miseries.

In 1970, "Tapirisat", an Eskimo Brotherhood, was founded
as the supra-regional representative body of Canadian Eskimos,
with the mandate to examine the history of land use from the
first days of annexation to the present, and to determine who
is the legitimate owner of the land. The mott& of this Eskimo
Brotherhood, which was founed in 1970, is "we.must determine our
future ourselves". But when one considers today's political
and economic development in the Canadian North, such goals

appear difficult to reach.

Arctic Canada is now known as the great raw-matcrials
repository of North America: gold, silver, uranium, zinc,
asbestos, lead and oil are all hidden there. Giant projects,
such as those of Petro-Canada, plan to transport, among other
things, liquified gas in supér—tankers from the High North
through the Davis Strait.to ports in southern Canada. Both the
Inuit as well as the Canadian Arctic Resources Committee have
serious misgivings about these projects. They would open up
14 areas which are among the last hunting territories of the

Inuit, and where seals and walrus, caribous and musk-ox, polar

bears, salmon and immense bird populations still exist. Some
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407 of the white whales living in the waters of Northern Canada,
and 80% of the narwhals living there, bass through these regions

during the autumn migrations. Will the Canadian Government and
:great administrators in the Seuth show respect for the rights
of 26,000 Inuit and the efforts the white environmentalists?
Here, however, it.is not only a question of respecting the
democratic rights of a minority, but of préventing the

permanent disappearance of one of the last of the Arctic

Paradises.

Pond Inlet has a single hotel, which belongs to the
Inuit Cooperative and which is extremely expensive because it
has to be supplied entirely by air. Cargo vessels drop anchor
here only rarely during the year. I spent just one night in
the hotel; after that i moved, through the intervention of Mr.
Steltner, into a small, old church which is the home of Father
Guy Marie Rousseltére, a well-known archaeologist, who was away

on a dig.

After consultation .with the biologisté from Winnipeg,
it was suggested that I visit an Inuit camp East of Pond
Inlet, which sérved as a base for narwhal hunting. An Inuit
family living there was just about to leave Pond Inlet, and the
three biologists also wanted to move to the camp with_fresh
provisions. They loaned me a tent; I bought sufficient food;
wve left on 23 ¥WII 1982 and‘made our way albng the coast, where
enormous ice floes greatly hindered progress. It also rained

heavily. Toward the North, partly fog-shrouded, was the



coastline of uninhabited Bylot Island, with its Byam-Martin
mountain range. We stopped temporarily at a small Innit camp

to unload some of the supplies. Beautiful plants grew on the
Sparse grassy patches betwen rocks and gravel. Here and
there on the ground lay whale bones and much-weathered walrus

and fox skulls. Among some skeletal remains of narwhal, I

found ear bones, including a well préservéd middle ear with its

chain of ossicles in situ .

A four-hour boat ride brought us to Sadleeahrosuk, our
camp (Pls., 1-3). It is situated on a broad bay, at the foot of
steeply rising mountains, near the mouthﬁof Pond Inlet into
Baffin Bay.. It‘rained all night and the following day. Using
thi§ camp as a base, I collected my materials and also made
excursioné into the mountains risiné behind the camp; The rain
co;tinued for several days, then the skies cleared. The sunny
nights are ideal for work, because there is always enough
light. The European sleep cycle disappears; one eats when one
is hungry, and goeé'to sleep, even in the ﬁiddle of the day,
when one is tired. Inuit children often played on the ice at
two o'clock in the morning. On days pf heavy rain or high wind
it may happen that one spends an entire 24-hour period asleep,
with small interruﬁtions for meals. I felt no discomfort from
these "hibernations". During the réin—and—wind filled days,

not a sound was to be heard from the Inuit tents next to ours:

all the families were sleeping.

12
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The temperature was steady between 45 to +6 C. On
some days, the sea was covered, far into Baffin Bay,—=with ice

floes, so that no water. was visible; then the ice began to move
Pnd currents pushed the entire mass into the bay. Large and
small icebergs drifted by. Unfortunately, I did not have the .
opportunity to see énd photograph swimming narwhais from shore.
When a‘herd was spotted, two of the Canédian biologists went
out and the boat was too small for me to go along. On this
trip, I had to confine myself to the collection of anmatomical
specimens. A two-week interruption of the hunting period then
forced me to return home. fn spite of the relatively short
stay, this first contact wihh the arctic environment taught me
much, and the specimens I collected at the camp (nervous
system, eyes, hearing organs, tusk, air-sac system, larynx,

blood samples, etc...) are most useful for my studies.

THE NARWHAL (MONODON MONOCEROS) 15

a. Ecology and Behaviour

Narwhals form social groups comprising members of both
sexes and juveniles, either in families of 15 - 20 animals, or
in large herdslof 1,000 or more individuals. These days, the
latter have become increasingly rare. They are seen at the time
of the great migrations, after the early-summer ice break-up,
when the animals leave the pelagic regions in order Eg go to

the shallower waters of the more southerly fjords, bays and

narrows. HELEN SILVERMAN (1979) makes a distinction between




14
groups numbering from 1 to 25 narwhals, and larger herds. Of
101 groﬁps observed in Barrow Strait, Pel Sound andj¥ellot

—-Strait, 387 were single animals and 29% pairs. The-a;erage

“number of individuals per group was 2.9. Such groups do not
usually occur in herds (Finlay, 1976). -We know their summer
grounds much better than the winter ones (see MANSFIELD et
al., 1975; TOMILIN, 1967). PEDERSEN (1930) observed these
migrations yearly in Scoresby Sound, East Greenland (page 414):

"The narwhal was a regular summer guest in Scoresby

Sound. As soon as the winter ice began to break up, usually in
the middle of July, the animals moved in troups into the f jord,
roaming‘through its furthest inlets, then disappeared again
into the drift-ice of the East Greenland current. Narwhals
could be observed to afrive at, then 1eave; Scoresby Sound or
the mouth of the fjord right into the month of October. But
narwhals were seen occasionally also in winter at the mouth
of the fjord, or along the coastal ice of Liverpool Bay'". From
this it would appear that the migrations do not involve the
entire population; furthermore, PEDERSEN reports that narwhals

remain the year round at Kangerdlugsauk (East Greenland).

The deep waters of northern Baffin Bay, toward Smith
Sound, and between Greenland and Ellesmere Island seem to be

one of the winter quarters for the narwhal population living to
the West of Greenland. This region has special physical and

ecological characteristics, favorable for the marine fauna, and

not yet satisfactorily explained. by oceanographers.

16
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In this, the most northerly part'of Baffin Bay
("Nordwasser" [ = "North Water"]), the ocean does noi-
—completely freeze-over even at the hight of winter, Hénd S0

-leaves open one of the many polynyas (patches of ice-free

ocean) of the Arctic.

Surface temperature measurements of the North Water
by means of infra-red distinctly show that the water there is
warmer than further South (Fig. 2). This supports the opinions
of past polar explorers, claiming that there was an ice-free,

navigable sea there (see MULLER, 1977).

The great polynya of Baffin Bay may well represent a
special feature in the narwhal's habitat, bearing some relation
to the animal's migrations. In the Arctic Ocean, narwhals have
a circumpolar distribution, in regions where conditions like
those of the North Water, just described, are not ubiquitous.
We have unfortunately no systematic studies describing the
animals' winter behavior; only some chance observations. It is
interesting that some of the polynyas in which narwhals have
been observed are extremely small. GURBUNOV (1940) addresses
this as follows: "From the shore of Scdtt Island we could see,
in a binocular, Narwhales diving and gamboling in a small
polynya, at a distance of 0.5 km from the ice edge, g§t only
the tusk, but also the head and part of thg trunk constantly
emerged from the water". PORSILD (1918) remarks: "the small

holes which the ice-bound animals keep open have a special
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Eskomo (sic) name: savssat. Their area sometimes does not
exceed 30 ~ 100 cm in width and a few meter (sic) in length,

_The Eskimoes (sic) easily find such animals by their spouts and

_easily kill the entire group from the ice". These observations

—are also confirmed by NANSEN k1898; p.97): "Sunday, 19 May.

The surprise the "seventeenth" brought us was nothing less

than that we found the surrounding channels full of narwhals.
Juét as we had begun to get under-way and Were‘about to cross
the crevasse at which we had to make a stop the day before, I
became aware of a puffing noise that sounded liké blowing
wﬁales. First I thought that the sound came from the dogs, but
then I heard distinctly that it cam from the channel. I
listened. .Johansen had, so he said, heard it all mormning but
had thought that it was ohly.the far-off sound of ice being
compressed. No, I believed that I really knew that.specific
sound sufficiently well, and thereforg looked toward an opening
in the ice, whence the noise seemed to come. Suddenly I saw a
movement that could not have been due to the ice there; aﬂd SO0
it was -- the head of a narwhal emerged; then came the body,

which described the well-known arc and disappeared again., Now

a second narwhal rose, accompanied by the same sound. It was a

whole herd.

Meanwhile, the animals-had disappeared from the
opening in the ice where I had first seen them, but I heard
them blowing from other openings further to the West. I

therefore foliowed the channel in that direction but could not

17
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get in a shot, even though I approached the animals Tairly

closely once or twice. They emerged in relatively small

openings, spotted along the entire length of the channel.

17
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Thursday, 30 May. As I was standing on the high hillock,
absorbed in these sad thoughts, and looked southward-over the
_ice where I saw nothing but ridges and crevass afteélérevass
—-before me, i suddenly heard the well-known sound of a blowing

whale from an opening close behind me. .There was the answer to

my worries.

... It was a whole herd of narwhals which was taking in

air and blowing incessantly.

.«. I stood for a long time and watched them". At
the time, NANSEN'S ship, the "Fram" was located approximately

at 83 N lat and 65 1ong: '

DEGERB@L and FREUCHEN (1935) described a savssat

which they observed in the winter of 1924 in Admirality Sound
near Siuraqtujuk (Moffet Inlet). Six hundred narwhals were
trapped in the ice and the ploynya was so small that its area
had room for "barely two tents". In spite of this, none of the
deeper-swimming Whaleg injured ény of those who rose into the
ice-free zone< "Thgy push and jostle their way up, carefully
placing their tusk between the others". Of the catch which was

made there, 203 tusks were offered for sale in Pond Inlet.

We owe the most detailed observation of a savssat to
M.T. PORSILD, the former director of the Danish Arctic Station

on Disko Island .in West Greenland. This particular event was
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observed in Disko Bay in April of 1914 - 1915, which was a 18
particularly severe winter. It‘happens, writes PORS??D, that
“white whales or narwhals are cﬁt off from the still eﬁen waters
-of Baffin Bay, and are driven deep into Disko Bay. The frost
does not let up and the pods are concentrated into narrow or
broader, ice-free zones from which they can't escépe until the
weather changes and the ice breaks up. If this does not

happen, large pods can become trapped in small puddles. When
air temperature falls to -20 to -25, condensed vapor rises from
these sites, visible from afar. When a pod of whales beco;es
trapped in this manner, tﬁe expired air -- particularly if
"still more animals congregate —- forms a veritable column of
steam, so that the entrapped narwhals can be located with ease

from a distance and easily fall prey to the hunters.

JIf a fairly small polynya is to.serve as an effective
breathing-hole for a whole pod of narwhals, a majority of the
animals must stay under the ice until "it is their turn to
breatheﬂ; According to PEDERSEN (1930), the apnoeic interval
of a narwhal, at a diving depth of 300 m, is very long. For an
animal that had been harpooned, with the harpoon in its‘body
and dragging the float (an air-filled, leather sac) with it
under water, the apnoeic period lasted a good 30 minutes. From
this observation it becomes clear fhat in winter the narwhal

can spend long periods under the ice, except for short 19

intervals to breathe at the surface. No doubt, the nearly
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unbroken ice-cover represents an ecological constraint sui

generis which makes particular functional demands on_the

-animal.

In addition to naturally occurring polynyas, caused
by special temperature conditions in.the ocean, and sought out
by narwhals_for breathing, there are also openings made by the
animals themselves as they actively break open the ice cover
(PORSILD, loc. cit.). As has been mentioned before, the
narwhal uses its melon as an ice-breaker (PEDERSEN, loc. cit.).
According to the observations of PORSILD (1918), the narwhal
can break an ice layer 7 inches (17.78 cm)'thick. Polynyas,
particularly the smaller ones, are carfully kept open by the
narwhals. This behaviour no doubt represents a synaporium.
In crowding closely together, the animals, by their body heat,

prevent the waters from freezing.

In the literature there is a consensus that polynyas

inhabited or used by narwhals are real traps for the animals,

from which they.can not escape. That may be so -- as for
other animals, too -~ in particularly cold winters, but would
never be the norm. Polynyas, the Inuit's savssat, are a trap for

narwhals only insofar as humans can slaughter the animals with

ease in the confined space.
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In effect, BROWN (i868) reports: "In April of 1860, a
Greenlander was travelling along the ice in ghe viciﬁity of
TCThristianshaab, and discovered one of these opén space; in the
dce, which, even in the most severe winters, remain open. In
the hole hundreds of Narwhals and white whales were protruding’

their heads to breath (sic), no other place.presentig itself

for miles around".

MILLER (1955, p. 175) reports the interesting fact that

narwhals use the breathing holes of seals for their own

- respiration. The observation came from the Inuit of Bylot

Island: "The Eskimo had reported that narwhal often surface in
seal holes, which are enlarged during the season by run-off of
melt water from the surface of the ice. Sinée the largest of
these holes is seldom more than fifteen or twenty feet in
diameter, this seemed improbable; however, 4 females were
watched for about ten minutes as they surfaced, one or two at a
time, in a single seal hole which was not more than eightecen or
twenty feet across. They seemed to maintain a steady rhythm of
rising, heads pointed upward, then of sliding back pencath the
ﬁater, and continued to surface in this fashion until we‘had

crept to within about twenty feet of them".




In addition to the ice, light conditions of arctic

winter have ecological importance. At this time of the year,

ﬂay Ean not be distinguished from night, and on moon-1lit

]ays only is there a pale glimmer of light, which becomes
reddish at night. During the time of thé new moon, there is
darkness. In the water, lack of light is even greater because
of reflection from the ice. What effect this yearly cycle of
winter dark and summer light has on the metabolism of the
nafwhal has not been deterﬁined. In order to orient itself in
thé dark, the narwhal, equipped with sonar as all the other
cetaceans, uses its echolocating sysfem, and thus can do

largely without. the sense of sight.

"Standing" Vertically in the Water .

A frequenf behavfour pattern during the summer is
vertical "standing" in the water, wheﬁ the whole head with, in
the male, the tusk, is extended above the surface of the water
(Fig. 3). The animals can remain in that position for quite
long periods, and the behaviour may be collective. DEGERB{L
and FREUCHEN (1935) observed this behaviour at several site in
Admirality Inlet: "Often they remaiﬁ-there apparently to avoid
the killer-whale; bqt whatever the cause is, they will all
suddenly put their heads vertically. The males with tusks let
them project straight into the air, while the othersﬁyerely
have their heads above water, and in that -position they will

remain for a long time. Then all at once, likewise as if by

command, they dive".
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Fig. -3 Male narwhal, "standing" vertically in the

water.

They observed the same behaviour in Eclipse Sound:
"Now and then one would raise its head vertically above the
surface -- sometimes a male, sometimes a female, so tRat in the
case of the males the tusk stood straight up. -Then all at once
a number of them, forty or fifty, would follow its example and

do the same; and just. as suddenly they would disappear"”.
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Other toothed whales display the same behaviour, though

not collectively, as the narwhal do. I have observedi}his

“repeatedly, .particularly in Grampus griseus, Globicephala

“melaena and Delphinapterus leucas.

Rolling Around the Body Axis

' Another attitudinal movement is rolling.about their own
body axis. DEGERB@L and FREUCHEN (loc. cit.) observed this
also in the warmer season (July). They describe the behaviour
pattern as follows:

(p.259) 5 July, ... "And it became clear that the
narwhales had been chased in by the killer-whale ... Sometimes
they turned over in the water, so that one could see their
flippers high in the air when they blew, and in some cases

their tusks".

12 July (near Qaersut) ... "From a rock I had
opportunities of observing fhem very.closely. Some play,
swimming round after one another. They turn their bellies
upwards as th;y come to the surface, or show their sidesﬁ...

16 July: ... "They were below me for quite a time,
sticking their tusks into the air, then running round a little
in play, trying to get away from one another —- first one then
[an] other leading. When they turned in the water it was

always back over, as when an aeroplane loops the loop.
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When turning to the side, they rolled on their side and

went back over. I do not think a narwhale.turns forwards

over",

Resting on the Side

A third pattern of behaviour is the "lying on the
side", with one flipper out of the water. The 6bservations
come from DEGERB@L and FREUCHEN (loc. cit.): "The same evening
there was another school, among which several lay quite still
about ten minutes at a time, lying on one side with a flipper

in the air".

Sleeping Position

In the sleeping position the parwhals remain quiet for
9 - 10 minutes, with the melon out of the water, occasionally
moving their pectoral fins in order to rétéin their balance.

Sometimes they sleep with the tusk on the edge of an ice floe

holding the head above water (Fig. 4).

Fig. 4 Sleeping narwhal resting tusk on edge of-ice
floe. -
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Mother - Offspring Relations L 22

This is a close relationship, and the calves remain

with their mothers for a long time. When the mother is

_harpooned, the young animal remains close for a long thle, és
_the following report makes clear (DEGERBQ@L and FREUCHEN, loc.
cit.): "Today caught three narwhales, oﬁe female with a very
small calf, no larger than an ordinary fjord seal. The calf

swam round and round the mother and came quite close as it was

being dragged up"...

b. Migrations

Our information concerning migrations is still in its
infancy, confined to the statements from PEDERSEN (1930), and
the works of MELDGAARﬁ and KAPEL (1981), VIBE (1950), and GRAY
(1931). The fqrmef deai mainly with relatively small, coastal
locations near the hunting stations, whereas the last included
broad areas of the East Greenland Sea, based on two log books
of the whalers "Eclipse" and "Hope". From an analysis of the
data, GRAY has determined that there is a certain correlation
between the route of‘migration and the color of the ocean.
Arctic sea water is ultr;marine blue and highly transparent or
olive green and little transparent. The coloration is
permanent and independent of the weather. Green water occupies
about 1/4 of the Greenland Sea between the 74th and 80th

parallels, with only small, annual variations. Whalers refer to

the areas of green water as "feeding banks" or "grounds"; they
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are devoid of polar water, and their waters are the first to be

exposed to sunlight in the summer. The color comes from the

-diatoms which flourish there. This water drifts to the south-
west. The narwhals which mig;ate to the north-east in the
spring, meet the "grounds" and follow the green, moving waters;
but then they turn around again and swim north-eastward towards
the pack ice, which is impassable to.ships; The final

destination of these schools is not known.

That, however, involves only a part of the narwhal
schools; others remain near the coast. There does not seem to
be any separation of the sexes; the reason for the failure to
migrate is still unknown. In any case, it is a fact that in
their migrations the narwhals follow the green, nutrient-rich
drift-water. Narwhal migrations in Canadian waters, and size

of the population have so far been inadequatély investigated.

“Between 21 June and 31 July 1976. scientists at Cape Hay on Bylot Island
(northern Baffin 1sland arca) counted 6.145 narwhals moving along the coast.
From this. they estimated that there must have been 8,000 t0 10.000 narwhals. For
the most part. groups of males headed the migration. Mixed groups and young
animals were most frequent in mid-July, and females with newborn calves occur-
red at the end of the migration. The peak of migration was 15 Julv when 1,842
narwhals were seen at a rate of 275 per hour between midnight and five in the
morning. The usual group size was 3 to 8, but other groups were as large as 1210
21.

Rolph Davis and his colleagues in an environmental rescarch firm in Taron-
to, Ontirio, have estimated that only forty pereent of the Baffin Bay narwhals.
move along Bylot Island and that thirty percent pass along the Devon Island
coast, and the other thirty percent move in mid-Lancaster Sound. From this they
conclude that there must be at least twenty thousand and perhaps as miny as
thirty thousand animals in this northern population. This is up to two or three
times the ten thousand estimated previously by Arthur Mansfield for Canada and
northwestern Greenland.” (HALEY, 1978).

23
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The research programme begun by the biologists from
Winnipeg included observation .flights. So far, these have been
Testricted to the summer season, but it is essential -that they

be complemented by winter flights.~

c. Feeding

The narwhal is essentially a squid;eater (TOMILIN,
1967). MANBY (1823), who raccompanied the whaler "Baffin",
commanded by Capt. Scoresby, Jr., to Greenland, writes (p. 66):
"On 25 May 1821 a narwhal was harpooned. The narwhal's food
consists of cuttle fish, of which I removed many from his
stomach". 'This~observatiqn was confirmed by a.second catch, on
25 July, near East'Greénlandvat 74 30'N 12 W (p. 153): |
"During the butchering of this narwals I collected from.his
stomach pieées of his principal diet, namely crabs and sepia or
cuttle fish. I obtained several excellent, previously
described specimens of the latter'". Scoresby (1820) found

cephalopods (Rossia) in the stomach, and in one specimen, in

addition to a flounder, a still undigested ray (Raja batis)

measuring 70 cm in body length, and 51 cm in width. The author
asks himself how the narwhal could swallow such a large fish

without first killing it, and suggests that the narwhal killed

the ray with its tusk.

MELDGAARD and KAPEL (1981) analyzed the stomach

contents of an adult, male narwhal with a body length of 530 cm
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and found: 63 otoliths of the polar cod (Boreogadus saida), 24

two cephalopod beaks (Gonatus fabricii), as well aéj_

“crustaceans which probably came out of the fish stomachs.

I should like to add, concerning the behavior of the
prey, that Rossia is a strictly benthic, bottom-dwelling genus
among the cephalopods. The calmar Gonatus is constantly on the
move. As neither is a luminescent cephaiopod, one must assume

that the narwhal locates them acoustically.

VAN BENEDEN.(1889)-reports the presence of cuttle fish in
the stomachs of five narwhals. In addition, various authors found:

Greenland halibut (Reinhardtius hypoglossoides), arctic cod

(Boreogadus saida), sea scorpion (Acanthocottus), salmon,

herring, and decapod crustaceans (BEDDARD, 1900; WINGE, 1902;
SMIRNOV, 1935; DEGERB@L and FREUCHEN, 1935; CHAPSKII, 1941;
VIBE, 1950; PALMER, 1956). According to TOMILIN (loc. cit.),
fish and crustaceans aré of secondary importance, and the

pelagic food consists of cuttle fish (see also BROWN, 1868;-
GRAY, 1889). Unfortunately, there are no systematic
investigations extant and, inasmuch as the narwahl is a

migrating animal, its dietary habits vary aécording to its
seasonal habitat. However that may be, what seems important to me
is that a male narwhal, in spite of its fully develogfd tusk, can
catch —- in addition to pelagic cephalopods, which he hunts in

deep water -- ground fishes such as, for instance, the halibut..
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In capturing the latter, the narwhal is said to use its tusk

(DEGERB@PL and FREUCHEN, loc. cit.), but the authors do not say how

the animal might do this. )

According the HELEN SILVERMAN (1979), the main food of the
narwhals in the Baffin and Bylot waters is the arctic cod

(Boreogadus saida), which lives close to the pack ice. She

found remnants of these fish in the stomachs of 83.67Z of the 73

narwhals she examined.

Pelagic fish sometimes hunt in formation. DEGERB@L and
FREUCHEN (loc. cit.), in the Baffin waters, watched nine narwhals
perfectly lined up side-by-side in a straight line hunting tom-cod

(Microgadus). The stomachs of whales caught were filled to

bursting with these fish. On the 12th of June (Eclipse Sound)
they again saw narwhals: "but they were moving in rows of five to
ten, not in a single file. In this manner they chase the small
fish found in these waters ... an immenée number of tom-cod no
larger than 3'man's middle fingér. The stomachs of the narwhals
are now quité full of them". On the l4th of July, another narwhal
was caught "with the stomach so stuffed with small tom-cod that

it could hold no more. Nevertheless mouth, throat and even the

corners of the jaws were stuffed; I have never seen an animal so

replete".

According to DEGERBPL and FREUCHEN narwhals, in the fall,

also catch salmon trout.
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d. Palaeontology

We know extremely little about the phylogeny of the 25
&%rwhal. KELLOG (1928) lists it in his geological and
geographical table of the distribution of whales from the Sicilian
(upper Pliocene) of Europe and the Quaternary of North Americé,
without, however, commenting on these finds in his text. SIMPSON
(1945) advances the same opinion in his "Classification". The

reader will be surprised that KELLOG, in his work, includes the

genus Monodon in the family Delphinidae!

Finds of fossil narwhals are extremely rare, and were made
mostly at a time when the location of the site and its geological
stratum were not considered to be of major importance. As BRANDT
(1873) mentions, a tusk was~found in.tﬁe delta of the Lena river
as early as the beginning of the last century; others in the river
Aitscha in Eastern Siberia, on the Chatanga, Anabar, Olonek and
lower Indigirka (Simowie), some of which were given to the
Leningrad Museum. Most of these tusks are probably not very old;
the last one, accordiﬁg to BRANDT, could date from the time when
the Northern Ice Ocean extended to the middle of Siberia; Whether
the tusk fraéﬁent described by OWEN (1846) comes form the London

Clay (= Eocene), is difficult to ascertain.

Other finds, such as those from the coasts of Essex, from
Lewes, are of uncertain date, as is the poorly preserved tooth
from Falun de Sort, which VAN BENEDEN and GERVAIS thought might

be a narwhal or sperm whale tooth.



COLLINGS (1933) described narwhal teeth from the early
Pleistocene. Finds at Chaleur Bay, Gulf of St. Lawre;;q (late
Wisconsin period) are early post-glacial, and demonstrate that in

edrlier times the distribution of the narwhal extended further

south than today.>

Besides the fossil teeth just mentioned, only very
occasional remnants of skulls have been found. Because of this
situation, the early history and original distribution of this

recent species remain obscure and can hardly be followed even in

the Pliocene.

FRANZ (1924) has the following to say: "However, not only
the river dolphins, but also the short-beaked, white whale-1like

species of the Delphinapteridae, Delphinapterus (white whale) and

Monodon (narwhal), unknown as fossils, with less numerous and

usually weak teeth, should be considered , according to Abel, as

the last offshoot of the sharp-toothed whales (Acrodelphidae)

because.certain skeletal characteristics seem to connect the
latter to the former. It is. not surprising tﬁat a species, as
uniquely differentiated as the narwhal, or "unicorn whale", should
be short-lived in an evolutionary sense and therefore, because it

’

lives today, would not be encountered as a fossil".

If this should prove to be correct, we may assume that narwhal

evolution (= speciation) was rapid.
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e. Some Special Morphological Characteristics

1. Skin (Common Integument) -

The skin of Monodon monoceros (Pl. 5) has an unusual

pigmentation, the significance of which is unknown. The white .
whale, a species tﬁat is taxonomically close to the narwhal and
shares its ecological niche, is entirely white. The color pattern
changes with age. Foetuses at term aﬂd young animals are evenly
dark grey to blue-black. As the animals become older, white areas
develop, first around the anus and genitalia, thén covering the
whole ventral surface and extending onto the flanks and back.
Adult narwhals are yellowish ventrally, and spotted with grey to
brown-black dorsally (Pl. 4). However, the dark pigmentatién
gradually fades so that males in advanced age appear white. From
this, KUKENTHAL (1899) concludes that phylogénetically the white

whale (Delphinapterus leucas), for example, evolved from more

darkly pigmented whales and did not acquire the whité skin color
until relatively late. The adult is hairless, but seven pairs of
hairs have been demonstrated on the lower jaw of very young whale
foetuses (EALES, 1950). Whether the follicles. of these hairs

persist in the adult is not known.

So far, we have no exact studies of the narwhal's skin,

its topographical variations, or its histologic and histochemical

characteristics, nerve receptors, and metabolism. -
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A regional study of the papillae which cover the entire body

could be highly informative. This method was used by PURVES.
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(1963) in Delphinus and Phocoena in order to elucidate the

mechanics of flow at high speéds. -

As I suspect that the narwhal has a specialized manner of
swimming (see Chapter on the fluke), anaiysis of the directional

arrangement of the skin papillae could yield valuable results.

The skin of cetaceans consists, as that of terrestrial
mammals, of an ectodermal-epidermis with a subjacent corium
(dermis), which, together with the subcutaneous connective
tissue (tela subcutanea), make up the meéodermal layer of the
skin. Beneath Fhe tela subcutanea may be either adipose tissue

(panniculus adiposus), muscle fascia or other structures.

JAPHA (1907), who studied the skin of the balaenopteridae
divides the epidermis into a thin, outer stratum corneum and a
broad stratum germinativum,'which extends basally to the dermal
papillae and the ridges of the corium.

In Monodon, where so far only ong‘antero—lateral,piece of
the melon has been examined, the layérs of the skin are sharply
demarkated froﬁ one another by théir pigmentation (Pl. 5). Even
to the naked eye, two layers are evident in the epidermis, an
outer, grey-reddish one, 0.8 to 1.0 mm thick, followed by a
deeper, grey layer, some 2.0 mm thick. Tﬁe connecti;é corium has
an upper, light-grey layer 2.0 to 2.5 mm thick, with papillae

disposed vertically to the skin surface, and a lower 2.0 to 2.5 mm
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thick, black basal layer attached to the subcutaneous connective
tissue. Together, epidermis and corium measure 9 mm in thickness.

By contrast, the thickness of these layers over the melon of

Delphinapterus leucas is only 3 mm (P1l, 5).

In both species, the subcutaneous connective tissue
(hypodermis) lies under the corium. In’the region of the
panniculus adiposus it appears as a clearly distinct, thin,
whitish layer. The panniculus adiposus is absent over the rostrum
and the anterior melon, and in those areas the subcutaneous

connective tissue is much thicker.

It is clear that even macroscopically one can see that in
narwvhal and beluga the skin displays species—épecific
characteristics of unknown significance, even though the two

species are closely related taxonomically and ecologically.

The narwhal displays a major thickening of the papillary
layer, and with it, an increased vascularization of the skin (P1l.
5). This layer becomes nearly as thick as the epidermis. Over

the melon, in'narwhal, the ratio is 4:3, in Beluga 1.5:3.

2. Nervous System

A macroscopic atlas of the brain of the narwhal is in
preparation, But I should like to discuss here already some of the

major findings.
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The brain of the narwal is highly developed. When 27

fresh, it weighs 2,605 g. This corresponds to a relative brain

weight -- brain weight (= 1) : body weight (= approximately

1,500 kg in an adult male) -- of 1 : 576. About 35% of body

weight is blubber. .If one subtracts the weight of this fat,

which is not related to brain size, from the total body weight

the ratio becomes 1 : 403.

If one then enters these values
into the graph representing cephalization, which I calculated
earlier, the level of narwhal coincides approximately with

that of beluga, Delphinapterus leucas (brain weight =

approximately 2,300g) (PILLERI and GIHR, 1981) (Fig. 5).
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Fig. 5 Logarithmic graph giving brain weight as -
a function of body weight in cetaceans.
Position of Monodon is indicated.

B = Balacnopteramuccutns, Ce = Cephaturhy nchus cominer-
soni, De = Delphinud dedphis, St = Stenclla cocrnleoatha, DY = Delphinaptiruc leneas,
Eu = Euhaliena australis, Gg = Gruampus grivens, 1b = Inia buliviensis. La = Luge-
nuchy nchus abliguidens, Li = Lipates vexillifer, Oo = Orcinos orea, Pd - Phocounnides
datli, Pg = Platanista iodi, Po = Pontopuoria blaimillei, Pp = Phrcoena phucuena, Pt =
Phocoenoides truei, Tt = Tursiops truncatus, -



|

37

Monodon, therefore does not belong to the most cephalized

Odontocetes. But its brain is highly differentiated,as shown

by the strong corrugation of the cortex and the hypothalamic
index (length of hypothalamus : length of cerebrum = 0.06).

In Delphinapterus leucas I found an hypothalmic index of

0.06 - 0.07 (PILLERI, 1963).

The narwhal brain (Pls. 6 to 9) displays all the
characteristics typical of the cetacean brain, with frontal
lobes extending far basally, and main gyres arranged
concentrically and rostro-caudally around the sulcus. The
cerebellum is relatively well covered by the cerebral
hemispheres. As in all the other whales, the brain is

anosmatic and has eleven craniai nerves (Fig. 6).” The one with

the greatest diameter, 9 mm, is the vestibulocochlear nerve.

It is interesting that in the narwhal there has been a
relative reduction in the calibres of the optic and the three
occulomotor nerves, when one compares their respective

diameters with those in Delphinus delphis (PILLERI et

al.,1980). Thié reduction affects mainly the trochlear nerve

(Table I1) and probably correlates with the eye's lateral

position (Fig. 7), which makes binocular vision imposiible in
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of narwhal's brain, with cranial -

frontal lobe _
sagittal (longitudinal) cerebral
fissure ‘
Sylvius' fissure

infundibulum

medulla oblongata

inferior olive

cerebral peduncle

temporal lobe

olfactory bulb

optic nerve

oculomotor nerve

trochlear nerve

trigeminal nerve

abducent nerve

facial nerve
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vagus nerve

accessory nerve
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(B) Median-sagittal section through the vermis
of the cerebellum.
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mesencephalon

medulla oblongata

spinal medulla [rostral spinal
chord]

39



40
the narwhal. When the eyes are positioned in this way, the
function of the IVth cranial nerve -- which causes the superior 28
-oblique muscle to rotate the eye down and outward (i;;fhe whale
= caudad) -- is much reduced. Thus, function of the abducens
nerve, which abducts the eye, i.e. turns it caudad in the
whale, becomes the more important.

¥
Much can be learned by combaring the na?wahl's optic
and oculomotor nerves to those of the beluga. In the latter
spgcies: the optic nerve is slightly narrower; the oculomotor
and abducens nerves are about the same; the trochlear nerve
is at least 3 X thicker than in Monodon. Beluga's binocular

field of vision is directed rostro-ventrally, in much the same

way as the sonar field (see PILLERI, 1982).

TABLE I - 30,31.32

Brain Dimensions (in mm) of (a) Monodon monoceros and

(b) Delphinapterus leucas.

A Animal number, sex

1 Ovérall length of brain
2 Length of cerebrum

3 Width of cerebrum

4 Height of cerebrum

5 Temporal lobe pole to caudal lobe pole
6 Temporal lobe pole to frontal lobe pole
7 Length of fissure of Sylvius

8 Smallest distance between temporal lobes




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

28
29
30
31

32
33

34

Width of olfactory bulb =T
Length of olfactory bulb -
Length of cerebellar hemispheres

Height of cerebellar hemispheres

Width of cerebellum

Length of cerebellar vermis.

Height of cerebellar vermis

Pons to apex of cerebellum

Width of midbrain

Width ofhlamina §uadrigemina
Lengtﬁ_(median)‘of lamina quadrigemina
Length of anterior (superior) colliculi
Width of anterior (superior) colliculi
Width of posterior (inferior) colliculi
Length of pons

Width of pons

Length of hfpothalamus

Length of anterior pituitary

Height of anterior pituitary
Width of anterior pituitary

Neurohypophysis (longitudinal ¢)

lHeight of neurohypophysis

Neurophypophysis (transverse ¢)
Length of corpus callosum

Thickness (maximal) of corpus callosum

Genu of corpus callosum to frontal lobe pole
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35

36

37

38
39
40
41
42
43
44
45
46
47

48

49
50

51

Mid-corpus callosum to border of 1ong1tud1na1

fissure

Width of hedulla oblongata

Length of medulla oblongata (from pons to root of

l1st. spinal nerve
Inferior olive (horizontal ¢)
Inferior olive (longitudinal ¢)
Inferior olives (combined width)
Optic nerve ¢
Optic tract (beyond chiasma) ¢
Oculomotor nerve ¢
Trochlear nerve ¢
Abducens nerve.¢ .
Trigeminal nerve ¢
Facial nerve ¢

Vestibulocochlear nerve ¢

Glossopharyngeal nerve

Cervical medulla [rostral splnal chord]
(transverse ¢)

Cervical medulla [rostral spinal chord]
/(1ongitudinal [ ? dorso-ventral] ¢)
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10

11

12
13

14

15
16
17
18
19
20
21

22
23
24
25
26

(a) (b)
Tier Nr.. Geschlecht 812, @' 200. 201,202 FG*
Gesamtliinge des Gehirns 170 160 - 165
Liinge des Grosshirns 145 140 - 150
Breite des Grosshirns 220 180 - 190
Hohe des Grosshirns 125 110 - 140
Temporalpol-Kaudalpol 100 105 - 120
Tcn;porulpol-Fromulpol 65 55 - 60
Liinge der Fissura Syvivii 52 48 - 50
Kleinste Enlfcrmn.lg zwischgn den
Temporallappen 55 50 - 38
Breite des Tuberculum olfactorium 33 32- 34
Linge des Tuberoshum olluctiorium 26 23026
Linge der Kleinhitnhemisphiire 04 65 - 72
Héhe der Kicinhirnhemisphiire 5§ 40 - 45
Kicinhirnbreite ' 1421204180
Linge des Vennis cercbelli 60 49 - 58
Hohe des Venmis cerebelli 42 40 - 45
Bricke-Klvinhiinscheitel 03 75. &5,
BxAcilc" des Mittelhinns: 35
Breite der Lanmina quadrigamina
Linge der Limina quadrivamina (median) 23 13- 26
Linmge der Colliculi anturiores - 8- 10
Bicite der Colliculi anicriores - 13
Bicite der Collicali posicrives - 23
Lianee der Bricke 36 37- 40 B
Breite der Briicke 42 40
Liinge des Hypothalizimus 11 11
Hypophysentinge (Adenohy pophyse) 15 -
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28
29
30
31

32
33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49,
50
51

Hypophywenhdhe (Adenohypophyse)
ypophysenbreite (Adenohypophyse)
Necurohypophyse (Lingsdurchmesser)
Neurohypophyse. 1Héhe
Neurohy pophyse (Querdurchmesser)
Liinge des Balkens '
Dicke des Balkens (maximale)
Balkcnknic-Frqnl:i]pol
Balkenmille-;\i:n;nclk:mle
Breite der Medulla oblangata
Linge der Medulla oblongata

(= vom caudalen Briickenrand bis

zur 1. Spinalncryven-Wurzel)
Oliva inferior (horizomaler O)
Oliva infurior (Lingsduichinesser)
Olivae inferiores (Gesamibreite)
Nervus opticus O
Tractus opticus (nach dem Chiasina) @
Nervus oculomotorius @
Nervus trochlearis ©
Nerves abducens @
Nervus trigeminus @
Nervus faciunlis @
Nervus ststo-seustices @
Nervus glossophiary ngicus
NMedulla cervicalis (Qumdn_uchnwsser)

Medulla cerviealis ()iingsdurchmesser)

' Pund l;nic-l, Riffin Lend. G. I'illeri leg.. 26.7. 1982,

? Nowija Semlja, AV, Yablohav leg., 1957,

5 (Mitte)

h
o
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The narwhal's trigeminal nerve is somewhat heavier than

that of the dolphin. Comparison with the beluga reveals no

siginificant differences of the facial and vestibulocochlear
“nerves; but in the beluga, as opposed to the narwhal, the
trigeminal and acoustic nerves are of approximately the same

thickness (Table II).

The Pituitary

The anterior pituitary (Pl. 10) is beaﬂ—shaped and set
transversely. It has two longitudinal, basal sulci. Next to it
lies a much flattened, half-moon-shaped neurohypophysis. The
infundibulum is 12 mm long; The pituitary is located outside the
dura, cmbedded in a.dense rete mirabile and enclosed in a
capsulce which arises from the dura and inéerts fine septa between
the antcerior and posterior lobes of the pituitary. At their cut
surfaces, both parts show similar consistencies, with grey-brown,
marbled parenchymae; they can be distinguished from one another

only through the presence of the dividing septum.



TABLE TII-

Comparisons of the diameters {in mm) of the
Cranial Nerves of Monodon monoceros, Delphin-
apterus leucas and Delphinus delphi.

A B ' A B A B
Species Monodon in % in % Delphinapterus in % in % , Delphinus in % in %
monoceros des N.VIIL des NI leucas des N.VIII des N.I1 delphis des N.VIII des N.II

N. opticus 6 67 100 5 62 100 5 77 100
N. oculomotorius 1.4 16 23 13 16 2% 145 2 29
N. trochlearis 0.3 3 5 - 10 ' 2 2 08 12 16
N. abducens 1.2 - 13 20 1.2 15 24 1. 15 20
N. trigeminus 8 89 - 8 100 - 4.5-5 59-76 -
N. facialis 3 33 - 2.9 36 - 3 46 -
1 . N. stato-acusticus 9 100 - 8 = 100 - 6.5 | 100 -

A'd mas a percentage of the VIIIth cranial nerve" '
B = "as a percentage of the IInd cranial nerve"
1.z

vestibulocochlear nerve

9%
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3. EYE

- Compared to the size of the animal, the eyes-are
Telatively small. The horizontal diameter of the eyeball

(3.4 cm) corresponds to 0.7%7 of body length (in beluga: 0.56%).
The eye is positioned laterally and relatively high on the ‘
head, about midway between the dorsal~ahd ventral surfaces
(Fig. 7). When eyes are in such an extreme, lateral position

-- similar to those in the sperm whale or in Platanista --

the visual fieldé must be oriented primarily toward the sides,
which suggests that binocular vision is impossible. In beluga,

where the eyes are directed antero-ventrad, the situation is

entirely different (Fig. 7.).

{

i) P PR

|

Fig, 7 Lateral position of eye in (A) nar-
whal, compared to (B) Delphinapterus
leucas. Redrawn from photographs.
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Beluga, when it is "standing" with its head out of

_water, can see in the ventrad direction; in its normgf

Macroscopically, the eye of the narwhal has all the
typical cetacean characteristics (P1l. 11). The horizontal
diamater of the eyeball is greater than the vertical one, and
axially, the bulbus is much narrowed. The cornea is relatively
-thin, while the sclera, as in other species, is much thickened

especiallly in the vicinity of the optic nerve. The slightly

48

swimming position, it looks down (see Figure in PILLERI, 1982).

oval pupil does not have an operculum. The lens is spheroidal.

A

Immediately behind the eyeball, the ocular nerve is surrounded

with an extensive rete mirabile. I expect additional details

to come from the histological examination of the collected

materials. The dimensions of the eye structures are listed in

3
Table III. Compared to the eyeball of Delphinapterus leucas

(PILLERI, 1964), that of beluga is approximately 1/4 smaller

(Table 1II1).

Even though there are, at present, neither
microscopical nor physiological observations of the narhwal's

eye, there are indications that the animal has excellent

(*) Translator's Note: Misprint for Monodon monoceros

35
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- @ (b (byin %
of (a)
1. }orizontaler Durchmesser des Bulbus 3Mmm 25 min 73.5%
2 Veribaler Duichmesser der Bulbus R2mn 23 mn 72 %
3 Linge des Bulbus oculi 249 mm 19 mim 79 %
4 Cornea. horieontaler Duichimesser 21lnm 16 mm 76 %
5 Coinea, vertikaler Durclinesser 20mmn 13 mm
6 Curnca. Dicke » Imm  1.4mm
7 Pupille. horizentaler Duichimesser 9mm -
8  Ppupille. vertikaler Durchmesser 7mm -
9  Sklera. Dicke aequatorial 2mm 1.7 mm
10 Sklera, Dicke nalie Opticus Smm
11 Nervus opticus, Durchmmesser (im Rete-bereich)  4mm 3 mm

12 Rete mirabile. Durchmesser um den N. opticus ~ 15 mm

Table III. Comparison of eye measurements between (a) Monodon
monoceros, male and (b) Delphinapterus leucas

Horizontal diameter. of eyeball

Vertical diameter of eyeball

Length of eyeball

Cornea, horizontal diameter

Cornea, vertical diameter

Cornea, thickness

Pupil, horizontal diameter

Pupil, vertical diameter

Sclera, thickness at equator

Sclera, thickness near optic nerve

Optic nerve, diameter (in region of rete)
Rete mirabile, diameter around optic nerve

Nt OO XU & WA~

Pt ot et

.
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vision. This opinion is supported mainly by the nature of the

seas in which it lives: subpolar water is very clear, and on

iunny summer days, depth of vision is considerable.

This is supported by one of MANBY's (1823)
observations. His ship, the "Baffin", was cruising in the
waters of East Greenland, at a latitute of 74? 30'N and a
longitude of 12° W: "If the sﬁip had not been surrounded by
ice, one would never have thought that we were in the arctic
regions; never did the sun shine so brightly in England, and

under the influence of all this light, the thermometer read 66i 36

The warmth of the sun stimulated the creatures of this cold
sea. From all sides one could hear the loud blowing of the
unicorns [= narwhals], the males were chasing the females, and
everything was in an unusual state of euphoria. The ocean was
so aétonishingly transparent that I could clearly recognize a
narwhal (sea-unicorn) at least one hundered.feet down. Not only
did I see it clearly turning on its side to look at the boat,

but I also distinctly recognized that it was a female". ... -

Disregarding for the moment the histological details,
which I hope to consider later, it seems to me that the extreme

lateral position of the eye is a feature of major interest.
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4. Hearing Organs

So far, there has not been any in-depth examination »f the

-organ of hegring of Monodon monoceros. After DORAN @lé76)
?escribed the auditory ossicles of the narwhal, KELLOG (1928)
published a much simplified diagram of the bony parts of the
ear without textual comments. ERNST HUBER (1934) produced
drawvings of the external auditory canal which were published
posthumously by KELLOG and which, in spite of being incomplete,
provide valuable information. KASUYA (1973) examined the
tympanum and the periotic structures only from the point of
view of their comparative osteological and taxonomic
relationships, without studying in detail the structures of the
middle and inner ear. NELLIE B. EALES (1951), using the wax-
platec method, made a reconstruction of the ossicles and

labyvrinth of a narwhal foetus with a body length of 150 mm.

I am planning to use my material to complete our
knowledge of the inner ear, in particular by a study of its
histology. Until such time as it.is compieted, I should like to
present some preliminary ideas concerning theories of audition

/
in the cetaceans.

Theories about sound production in whales are full of

mistaken views; so too, is the literature concerning seund

(= echo) perception, which is replete with erroneous ideas
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harking back, in part, to KELLOG (loc. cit). These are held in

particular by those American workers who deny that the-external

and middle ear have an auditory function. .

In this view, the extefnal audito;y meatus, the
tympanic membrane and the chain of middle-ear ossicles are
all "vestigial", rudimentéry, and thus "non functional". Sound
or echos are said to be pe;ceived by the lower jaw through
"acoustic acids", then transmitted via the maxillomandibular
articulation by pure bone conduction to the cochlea. In
opposition to this theory, which is still today enjoying world-
. wide credibility, -PURVES and PILLERI (1983) argue that whales
and dolphins hear in just the same way as terrestrial mamméls, 37
and that the structural modifications of the external and
middle ear are merely expressioﬁs of an adaptatioﬁ to life in

the water and to pressure relations during diving.

The idea that the middle ear is fully functional gains
further credibility when one considers the structure of the
external éuditory meatus. The drawings of ﬁUBER (1934) show
how well-developed the narwhal's external auditory meatus and
its musculature actually are. From a tiny outer ear opening
there extends a powerful, twisting meatus, actuated by fully
developed muscles. The external auditory meatus consists of
two parts, one proximal and cartilaginous, the other distal
and membranous. The proximal part has a loop which holds an

oval fat body of unknown function and homology (Fig. 8).
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. Niacin)

"aelc)

A B C
Fig. 8 External auditory meatus of narwhal.
(Redrawn from HUBER, 1934)
Cu = skin
Fb = fat body in meatal loop
Mae(c) = cartilaginous portion of
meatus
Mae(m) = membranous portion of
meatus
Map = posterior auricular muscle

The meatal musculature is remarkable and consists of several
muscles that attach even to the membranous portion, nearly as
far as the outer opening of the auditory meatus. There can be
no doubt that thesé muscles have remained functional, and that
their actions affect tHe pqsition of the meafus within the

panniculus adiposus and the width of the meatus itself.

HUBER (loc. cit.) himself has left in his notes the
following sentence: "Through joint action of these slips, the

collapsed part of the lumen could be dilated".
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Considering these findings, there can be no question of a

degeneration of the external acoustic meatus in the_narwhal. A

similar situation could be shown to exist in the auditory

meatus of the Indus dolphin, Platanista indi (PURVES and
—PILLERI, 1972), and other species. Our next task will be to

identify more specifically, and to find the homologies of, the

meatal muscles of the narwhal.

In HUBER's diagrams, these muscles are shown dissected

and isolated, not in situ. It is therefore difficult to

compare them with the muscles of other species, such as, for

example, Delphinus delphis (Fig. 9). 1In view of their size in

Fig. 9 Meatal muscles of Delphinus
delphis. -
E eye

Ea external opening. of auditory
(names of muscles do not require
translation)
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the narwhal and the specificity of the anatomical preparations,

one may assume that these are the same muscular organs as in

the other cetaceans,

- . The narwhal's tympanic membrane is well developed and
resemble that of the other odontocefes. The tympano-periotic
structures (Pls. 12, 13) are also well developed and have the

following dimensions:

. Buta. Lange 47 mm
2 i‘~-";“'.;-'um' L:'inge 54 mm
3 itz swischen Processus sigmoideus
- 'und Auseenrand der Bulla 3¢ mm
QP ocosius sigmoideus, Linge 17 mm
g Procossus scmondeus, Breite 6 mm -
6.i°.iresume Limge 23 mm
2. lnnere Gehdrdélinung . 8 > Smm
Table IV.
1. Length of tympanic bulla
2. Length of perioticum )
3. Distance from sigmoid process to external wall
4, Length of sigmoid process /of bulla
5. Width of sigmoid process '
6. Length of petrous region
7. Internal auditory meatus

A clear-cut, progressive development can be seen also in the 39
ossicles of the middle ear (Pls. 14, 15, 16), as shown by a
comparison of their weights (in grams) with hose of human

ossicles.



Homo sapiens )
(nach VIERORDT, 1906) =

Tabelle v

Species Maenodon
MONOCEros

Mallicus 0.07

Incus 0.25

Stapes 0.1

Total:
0.33

0.023
©0.025 Total:
0:050

0.002

The table shows that in Monodon the malleus weighs 3 X, the

incus 10 X, and the stapes 5 X more than the corresponding

ossicles in the human.

6.06 X that in humans.

Their total weight, in Monodon, is

Similar weighings, by BOENNINGHAUS

(1903), showed that the ossicles of the porpoise, Phocoena

phocoena, were five times heavier than those of humans,

and three times heavier than those of the horse.

I find the extraordinary development of the incus in

the narwhal quite remarkable; it occupies a major portion of

the tympanié cavity.

In some (young) animals one can remove

the stapes quite easily from the oval window by means of a

forceps, in others it falls off by itself during maceration.

56

In

still others, the stapes is more strongly anchored in the oval

window, suggesting that in these cases there may be ankylosis

with the petrous bone (P1l.

There has been much discussion

of this ankylosis in the older literature, and even today,

authors are not in agreement on the physiologic significance

of stapedial ankylosis, which was described for the first time

40
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by HYRTL (1845). Contemporary authors denied, because of this
ankylosis, that the stapes had-any possibility of movement, and

toncluded therefrom that any role in mechanical transmission of

sound would be impossible. BOENNINGHAUS (loc. cit.), who

discovered stapes ankylosis in Phocoena phocoena (5

. . s . 1] " '
specimens), suspected, in this species, a "molecular"” form

of sound transmissions.

I think that stapedial ankylosis is not, in any way, an
obstacle to sound transmission. Whales and dolphins orient
themselves by means of ultrasound and can hear echos of
extremely high frequencies. With such high frequencies (200
kHz and higher), the stapes should be capable without trouble

to transmit sounds from the tympanic membrane to the inner ear.

As 1 see it, the stapedial ankylosis maximally tightens
the articulations, and is therefore an indication that the
animals can hear supersonic sounds.

In the narwhal, the tight junctibn between the tympanic
membrane and the incus by means of the short process should be
considered from the point of view of orientation by ultrasound.
One can not expect to observe in cetaceans vibrations of these
structures, as one can in terrestrial mammals. One‘ﬁ;st

remember that in the human ear even loud noise produces only

microscopic displacements of the tympanic membrane. In the
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case of a high-frequency tone, the excursion of the vibrating

membrane may be no more than one tenth the diameter of a water

"molecule! —

I can summarize these preliminary findings as follows:
in the narwhal, contrary to KELLOG's (loﬁ. cit.)
assumption, the external auditory meatus as well as all the
structures of the middle ear are fully functinal in every way.
Ankylosis of the stapes is relevant to the transmission of
vibrations of ulfra—high frequency to the cochlea. As in other
cetaceans, the path tﬁat sound follows is: external auditory

. meatus, tympanic membrane, Folius' process [processus anterior

mallei}, head of malleus, body of incus, long process of incus,

stapes, labyrinth.

5. The Tusk

The narwhal's most distinguishing, and still most puzzling
characteristic is doubtless ‘the long tusk (Table 8). In the
15th and 16th centuries the tusk, thought to be the best
universal remedy, was worth ten times its weight in gold: A
narwhal tusk was one of the most guarded relics of the church
of St. Denis in Paris; another was in San Marco's basilica in
Venice. A tusk was also, next to ﬁhe famed Fgrnese ﬁap, the
pride of the Medici collection in Florence. Queen Elizabeth 1
owned, and kept at Windsor Castle a tusk which was then valued

at 100,000 pounds. A magical representation of its curative

41
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powers made that tusk one of the most coveted rarities of its

times. The demystification of narwhal tusks began when

Ambroise Paré (1510-1590) —-- together with Lister and John

Hunter one of the three greatest surgeons of all time —-

managed to poison pigeons, to which he had fed powdered narwhal

tusk, with arsenic: the tusk-nostrum could not prevent the arsenic's

lethal effects.

Finally there appeared the description of the narwhal
skull by OLE WORM (1638). a Danish naturalist. The study had
been stimulated ;— paradoxically, because Denmark, with the
other Skandinavian countries, was exporting narwhal tusks --

by some Copenhagen merchants.

To WORM belongs- the honor to have been the first
to show that the fabled unicorn of the Middle Ages was a

cetacean, which he named Unicornu marinum (Fig..lO).

The tusk described by WORM is broken off distally
(loc. cit, p. 285: "dens ipée integer non erat, sed tertia
ferme sui partis mutilus, quinque interim pedes
longus"...[the tooth Qas not whole, but a full third of it

mutilated, the .rest, five feet in.length"...]).

I find the distal abrasion which developed in situ

(WORM, 1loc. cit. Fig. on p. 283) on the left side of the tusk,

particularly interesting.



Fi 10 Representation of Unicornu marinum
by OLE WORM (1638)
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- In the subsequent period one finds further
descriptions, such as those of a male narwhal stranded in

1648 in the British Isles, by the anatomist NICOLAUS TULP

(TULPIUS) and published in "Observationes medicae (editie
&Qva, 1972). TULP shows (Fig.-11) inverted cement spirals, but
the animal's shape appears somewhat more natural than in WORM,;
who drew two dorsal and one long ventral fins, in addition to a
fish-like, vertically positioned tail. KLEIN (1741) was already
more accurate, in spite of the bad proportions of the whale's
body. The drawing made by PONTOPPIDAN (1755) is full of
phantasy, but WILLUGHBY's (1685) representation, at 1east_the

picture of the isolated tusk with exaé¢t rendition of the

spirals, is very true to nature.

In.a few, rare instances, the tusk may reach a length
of 3 meters and a diameter, at the neck, of 10 cm
(TOMILIN, 1967). The specimen I collected at Pond Inlet
has a total length of 2.33 m; the root is 38 cm long and

the neck has a diameter of 6.2 cm (P1. 17).

The tusk of the narwhal consists of an inner column of
dentine, surrounded by a spirally wound layer of
cement (Pl. 18; Fig. 12). There is no enamel. The pulp
cavity is wide at the level of the root,then continues distally
as a narrow channel in the crown and extends nearly b;:the tib.

The pulp cavity does not have a uniform diameter, but is

segmented by slight constrictions, clearly seen on X-rays, that
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Cross-section of narwhal tusk; after
VAN BENEDEN and GERVAIS (1880)

(A) Broken-off tooth of narwhal with
extensive abrasions. (B) Other
specimen, with dentine cylinder in
situ. (C) dentine cylinder alone.

(D) Tooth after removal of cylinder.
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reflect the spiralling pattern (P1. 19)., The spongy pulp

bleeds copiously when the tusk is removed or broken, and may

I(o"|

partly run out of the cavity. Broken teeth cicatricize by

forming dentine in the pulp cavitiy. This produces a dentine
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cylinder which, in a dessicated tooth, can be removed from the

pulp cavity (Fig. 135. DEGERB@L and FREUCHEN (loc. cit.)
found remnants of mud and small stoneé in an open cavity of a
broken tusk, proof that the narwhal roots at the bottom of the
ocean even with a broken tooth. According to the work of DOW
and HOLLENBERG (1977), the pulp does not "differ fundamentally
from that of other mammals"™, except, I think, in so far a=
vascularization is concerned. |

The latter i; rete-like in character, with thick-
walled arteries. Because fat cellé, with their "acoustic
lipids", are absent,ithe authors exclude the tusk from any

involvement with the sonar system. As I shall explain later,

this assumption is misleading. Unfortunately, so far most
significance has been attributed to the tusk's external shape.

There are no studies extant -- histologic, biochemical or

/-
physical/acouétic -— concerning the tusks's hard components.

Thevonly existing study of the pulp shows that the pulp is a
vital structure which is enabled, by its construction and
vascularization, to withstand variations of pressure and
temperature. It is interesting to note (DEGERBQL and _

FREUCHEN, 1935), in this connection, that teeth that have been
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removed, quickly lose up to 167 of their original volume and
weight through dehydfation. Rapid drying causes 1ongi£udinal 45

Tongitudinal clefts that do not follow the spirals. —

The tusk is sensitive to traumatization, and can break"
off. PORSILD (1922) could show that among 314 specimens found,‘
no fewer than 107 (approximately 30%Z) had been broken off.
PEDERSEN (1930) writes: "Damaged tusks, in which the tip had
been broken off, were often found", Spontaneous fractures are
always oriented either dorso-ventrally or ventro-dorsally,

never horizontally (DEGERB@L and FREUCHEN, loc. cit.).

Though otherwise edentate, the narwhal develops an only
tusk, which corresponds to a left maxillary incisor with a
Quadruple anlage (FRASER, 1938). Maleé nearly always have a
tusk and are rarely edentate. PEDERSEN (1930) and HAY and
SERGEANT (1976) observéd, each, an adult male devoid of tusk.
Females very rarely have a tusk, and those with two are rarer
still. Immature animals of eithes sex have two, frequently

Dy

four, undevelopgd teeth (Fig. 14) . Males with two tusk are
encountered regularly, if not frequently (Figs. 15, 20), ;nd in
these the right tusk is usually the smaller one (CLARK, 1871).
The spirals in the cement are directed toward the left and the
tip. When two tusks develop, they spiral in the same.direction

(Fig. 15). SCORESBY's (1823) finding of a female with a left-

(*)'Translator's Note: In the original, this and the previous
sentence have been garbled and intermingled. The reconstruction
of the translation is reasonable, but not certain.



65

Undeveloped tusks of female narwhal.

After VAN BENEDEN and GERVAIS (1880)

14

Fig.



2 STIANOLLYN AW LN

“e ey

oy pm—y

66

—_—  oeEe
Pt

ToEmT ot

I ot
APt

PR
0.

RSy Sl

T T
oS- 'J-..ﬁ-.,—-m.«_'

L T e R T eI I e T st e s

Socme Pu Poardiwal, preves i EE e g Aanrus

i/, e ,‘-7" r!<'.’.'d-'

Crime S wlere 2edusid,

w—, TS, ST

ol R Sk

S ...,\-.. R )

TN SINTSS Syt S-Sy
TN RS DN T

- \-;;';w:--v--...-.——....-

e SRR < W e e —
s = N MR TR N I ST T IR T = o B R I R SR

‘olt 22 Lo

2wy,

‘S 1d

as shown on a
drawing from the 18th Century. (From

Two-tusked, male narwhal,

the collection of Dr. T. De Monte,

Trieste).




67

sided, right-and-distad spiraling tusk -is probably a unique
observation. After the fact, ‘it was impossible to c§ﬁfirm this

“discovery. Foetal teeth do not spiral (FRASER, 1938)-

The spiraling stops several centimeters below the tip,

which is always smooth, even if there are two tusks in the

same animal. I should further like to dréy attention 46
to the slanting abrasions on the tusks, which are also found

in broken-off teeth when the fracture has been cicatricized

for some time. During life, the tusk is covered by algae

(Rhodochorton)(see P1, 18). At.the edge of the gingiva,

‘near the neck, there is a small, collar-like population of

whale-lice (Cyamus nodosus, Cyamus monodontis).

£f. Function of the Tusk

The exact functional significance of the tusk so far
still escapes cetologists. SCORESBY (1820) considered it té be
a harpoon for spearing fish. BEDDARD (1900) thought that the
tusk might be of use to the males in their rutting fights.
WINGE (1921) séw it as a rake, used by the narwhal to obtain
food from the sea bed. CHAPSKII (1941) considered it
exclusively as a characteristic of sexual dimorphism, even
though this is not 100% accurate. In the most widespread view,
the tusk is used in winter to break open breathing hﬁ;es in the
ice (TOMILIN, 1967). This would be consonant with PORSILD's
(loc. cit.) discovery of many broken teeth. Yet PORSILD

himself is of the opinion that narwhals use only the melon to

-
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break open the ice cover (as killer wales are known to do).
~TOMILIN further thinks that the whale uses the tusk-ﬁg defend

Juveniles and females against the attacks of the Greemwland

shark (Somniosus microcephalus) (SMIRNOV, 1941). Narwhals are

also attacked by killer whales (Orcinus orca)(DEGERB@L and

FREUCHEN, 1930; STELTNER, 1982). However, it could not be
ascertained whether they defend themselves by means of the
tusk. Just exactly how narwhals defend themselves against

wvalrus, which also attaqk narwhals, has not yet been observed.

To summarize: so far, we lack concrete proofs
concerning the real use of the tusk, particularly as our

knowledge concerning the whale's behavior is extremely scant,

It seems to me that the tusk has several purposes and
that its function may have slowly altered during the
evolutionary history of the species. One muét also assume that
at the species'origin, the tusk was of much smaller dimensions.
The fact that most females are tuskless seems to me not to i

have a real bearing on any possible explanation of the tusk's

function.

Both in captivity (Vancouver aquarium) and in the
wild, the male can be observed touching the female with his
tusk. One most reliable observation, made in the field,

stems from FRIDTJOF NANSEN (1898; Vol. II; pp. 401-402): "A few

days later we again were paid a visit by a troup of these

47
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actors, in an other crevasse, which had newly formed quite close
to the ship. Three of them had long, heavy tusks, which they

sometimes held high above thé.water, sometimes used to scratch

the backs of their girl friends".

This observation proves that the tusk has a tactile
anction, iﬁ addition to others. It has also been mentioned
that when they sleep, they lay the tusk on the edge of the
pack-ice, and rest for a while in this position, with the
melon out of the water. 1In a narwhal harpooned by the "Baffin"
in 1821, the tip and the entire underside of the tusk were
polished and free of algae, which covered only the upper part
(SCORESBY, 1820), In my opinion, the élgae—free area was
produced most probably when the animal rubbed the tusk against
the edges of ice floes. Fights between narwhal bulls have
never been observed, and all the Inuit I questioned confirmed
that narwhals are extremely peacful, sociable animals, which
never -- even in the panic-inducing situation of a "savssat'" --
wound one another.

/.

g. Morphogenesis of the Tusk

There can be no doubt that the tusk represents an over-

specialization in this species, which may be analogous to the

long tusks developed by some mammoth species.
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In addition to quesions concerning its function, there
is also the question concerning the tusk's genesis, and in

particular the genesis of the spirals in the cemernt covering

its surface. This biologically important question-has so far
been asked only by D'ARCY THOMPSON (1966), though entirely on
a theoretical level. In spite of the-fact that no one took
the trouble to verify his assumptiom, or to diséuss it in the
light of factual arguments, no one accepted it, either (see,

among others, REEVES and TRACEY, 1980).

For me, in view of my ontogenic observations on the
fluke of the narwhal, D'ARCY THOMPSON's theory has regained

significance, A towering authority in the field of "Growth and

Form", THOMPSON devotes an entire chapter to the tusk of the

narwhal, a chapter from which I shall quote verbatim:

"The "Horn" of the Narwhal

The "horn" or tusk of the narwhal is a very remarkable
and rather unusual structure. It is the only tooth in the
skpll of the animal that matures; it rgaches the enormous
length of 8 to 9 feet'and-léoks hefty; it never bends nor
curves, but glways.grows arrow-straight -- a most rare and

unusual phenomenon. At first sight, it appears to be twisted;

‘but in reality its straight axis supports a screw with

several consecutive, gently ascending spirals; finally the
most remarkable feature remains fo be mentioned: when, as
sometimes happens, two tusks arise instead of a single one
-- one tusk on each side -- then these two do not form a EE:
ordinate or éymmetrical pair; they afe not mutual mirror-

images, but identical screws, the gyres of which run in the

same direction.

K3
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As we have seen, all ordinary teeth are, each in its own

and natural way, more or less curved, a characteristic that
becomes more clearly and more remarkably noticeable,jfhe longer
+hey are. One can not assume that the (inner and oute£5 fields
Pf force within which the tuskhof the narwhal develops are so
uniformly simple and homogeneous that the tusk can grow, year
after year, in total symmetry, withoﬁt the least diversion to
one side or the other; we must assume, rather, that the
resistances the growing tooth encounters even-out and cancel
one another, so that there can be no favouring of one side over
the other. It is generally considered  that the.long, straight,
pointed tooth is characterized by a "spiral twist"; but there
is absolutely no twisting involved; the ivory consists of
straight fibers, and its composition is uniform throughout. In
short, the tusk is a straight,.left-turning, shallowly-wound
screw or snail's shell spiral with several gyres; it is these

gyres which,.formed from alternating grooves and ridges, twine

themselves regularly and continuously about the tooth, from one

end to the other, and even extend onto the root which lies deep

within the tooth socket, or maxillary alveolus.

How this composite spiral.is formed is totally unknown.
We have just seen that it is not caused, for instance, by a
twisting of the dentine axis. The fact that its course is,
from beginning to end, uniform and uninterrupted suggests that

the tooth somehow forms it as a unit; its extension deep into

the maxillary alveolus, clearly demonstrates that it is
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neither embossed on, nor engraved in the tooth by exagenous
-influence. We also noted that the various grooves a;é_ridges
which make up the composite structure display individual or
chance differences; a broadeerr narrower groove thus extends
unchanged and clearly recognizable from one end of the tooth to
the other; in other words: so long as growth continues, that
which causes the formation of the grooves and ridges,

whatever it may be, always acts in the same direction. A screw
is usually formed by a combination of a translational with a
rotational movement; for this, the rotation is under constraint
from a pattern or matrix by which the thread is then formed or
defined; I can not avoid £hinking that the tooth of the
narwhal, during all of its growth, similarly and very slowly,
rotates about its long axis - no matter how unique, unusual and
difficult to imagine such a growth pattern may be. We know
that the tusk grows in length throughout life, which may be
attributed to the open root and "permanent pulp"; only simul-
taneous and continued turning explains (in my view): the
absolute stra}ghtness of the tusk; the grooves

-- the "riflf;g" -- that are formed on the surface in the
abéence of any twisting of the core on the inside; the
extension.of the rifling over the alveolar section of the
tooth, inside the jawbone; the fact that grooves and ridges
which are contiguous retain, severally, their own indgvidual

shapes as they grow and spiral along the tooth. The only

requirement is a very slow rate of rotation, about four or five
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turns of the tooth during its entire life-time.

The progress of a whale or dolphin through tﬁ? water
can be represented as the reaction to a wave which movés from
head to tail, and during the progreés of which the animal moves
slightly slower than the wave in the water. The same principle
also applies to fish, but in the fish the waves are in a single
plane, kept there with the assistancée of the dorsal and ventral
fins; but in dolphin they appear to be "circularly polarized":
i.e. resoluble into two waves,. moving in planes normal to each
other and caused by the beating of fluke and ﬁeduncle in
circular movements the phases of which change from one cross-
section to the other. This wastes some energy, much as do a
ships's screw aﬁd a torpedo (where it is specially corrected
for and compensated); the wastage is caused by the presence of
a "harmful moment" which tends to make the body rotate about
its own axis so that the animal swims by "screwing" itself
forward through the water. A slight left bend of the tail, in
the dolphin, partially corrects for this tendency. Research
done by W. Shuleikin on the dynamics of the dolphin ~-- a major
experimental as well as theoretical investigation -- proves
that the dolphin is a better swimmer than the fish in thét the
speed with which it moves forward more nearly approaches the
velocity of the wave propagating along its body; the so-called
"step", or fraction of body length &ravled during one wave
phase, is approximately 0.7 in the dolphin and 0.57 in a

rapidly swimming fish (tunny or mackerel). .



Th
Shuleikin makes the curious remark that the asymmetry

of the skull (recognizable in some cetaceans), which in the

dolphin has a screw-twist with a pitch about equal to the

length of the body, has a retarding effect on the sc;éWFtype

motion during forward progressions: this would explain the "so

far unknown purpose of the skull's asymmetry . I should say
this in an other way by suggesting that the counter-spirality

of the skull is the immediate result of the spiral component

of forward motion. This implies, I belive, a retarded

and incomplete response of the front part of the body to
the rotatory impulse of the rear end or, in the simple

language of the engineer, :torque of inertia.

This tendency, faintly indicated in the dolphin's
skull, is clearly expressed in the "horn" of the narwhal, and
provides a full explanation for its many characterisitcs. The
narwhal and its horn are closely coupled, and move as a single
unit -- nearly, but not quite! The centre of inertia of the
large, stiff, straight and heavy tusk lies at some distance in
front of the animal far from the propulsive force of its tail.
With each powerful stroke of this tail, the animal not oply

throws itself forward, but turns or twists suddenly to one

(*) Translator's note: PILLERI's translation (the ms from
which I worked) of D'ARCY THOMPSON has "symmetry", which
makes no sense. In THOMPSON's original it is "asymmetry".
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side; but the mighty horn, attached only by its root, can, so

to speak, react only with difficulty. This is so becausc at the
thin base, the "coupling" by which it follows body twists, is
at stressed,. so that a "torque of inertia" arises. The horn
does not twist with the animal in full synchrony, but the
animal twists (so to speak) slowly and gradually about its own'
horn! The displacement due to the lag between the movements

of head and tail is‘extremely small, but recurs with each beat
of the tail. It manifests itself precisely at the growing
root, the permanent pulp of the tooth, so sets up a stress, or
exerts a torque at the exact site, and during ;he process of

calcification.

Let us assume that at each stroke of the tail, lag
between the rotations of tooth and body measures only one
fifth of a second of arc, then this minute amount would be by
far sufficient, taking into account a rough estimate of the
age and activity of the animal, to explain all the spiralling

seen on a tusk of medium size.

Accord}pg to this explanation or hypothesis, the
gradual twisting of the tooth corrects for any tendency to
bend or curve in one or another direction; the érOOVes and
ridges of the screw's "thread" are produced by irregularity
and unevenness in the alveolus, whiéh cause the "rifling" of
the tooth during its growth. The coincidence in the Hiretgion

[of rifling] in the two horns is thereby fully explained.
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In spite of its own beauty, the spiral pattern of the

tusk does not match the regularity or elegance of, for example,

of a long, tapering Terebra, Turritella or any other _

spiral gastropod's shell. We assume that in the narwhal

there exists only overall, but never exact correspondance

between the rates of torsion and growth; because these two

rates -- rate of translation and rate of rotation —; act

separately and independently of one another, though their

resultant remains fairly constant -- but no more than that.

On the other hand, in the snail shell, actual tissue growth is

the common cause of longitudinal and torsional changes during 51

growth, and the result is a perfect and regular spiral",

If we assume that THOMPSON hit ;he nail on the head
with his theory, the following question arises: what other
arguments may be adduced in-its favof?~ According to THOMPSON,
the spiraling of the tusk is a consequence of a special form
of locomotion, common to all dolphins. But if one talks of
locomotion, one must take into account those organs which sub-
serve this activity, mainly tail and fluke.. In all cetaceans,
thé fluke is triangulér, with more or less angled anterior

edges and a straight posterior edge.

This being the situation, I am astonished not to
find any mention in North American and Canadian cetological

literature of the fluke of the male narwhal, which differs

from the typical [cetacean] shape. The only author to have
remarked, in a Qery short note, on this particular fact is the

experienced Danish zoologist, ALWIN PEDERSEN (1963).
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h. The Fluke

If the shovel-shaped fluke of the adult male narwhal is

unusual, its postnatal change of shape, and the shape éf the
Eemale's fluke, are no less asﬁonishing. In short: the shapes
of the flukes of the adult male narwhal, the juvenile male and
the adult female all differ from one another (P1.21). Let us
first consider the ontogenic sequences of the male fluke. The
fluke of embryos between 18 and 32 cm in body length (Fig. 16)
is approximately heart—shaped, with a shalldw caudal notch and
well-rounded wings. In the bigger foetus of 132'cm body length,
these have greatly enlarged in the latero—caudéd direction,
Thereafter, the wings grow in width; the anterior edges still
slant caudo-laterally, while the posterior edges have become

more horizontal and straighter. That is the fluke of juvenile

males with one (or rarely two) short tusk (Fig. 17, 18).

Finally there is a latero-rostrad rotation of both of
the fluke's wings, which produces the adult, shovel-like form.
The caudal notch has reached its greatest depth, the anterior
edges are straight or have a slight rostrad concavity, the
caudal margins are regularly rounded (Fig. 16). The fluke of
the femal undergoes the same embryonal and foetal changes as
those of the male, but in the adult retains the shape found
in the juvenile male (Fig. 18,19). The fluke has brg{dened
somewhat laterally, but its wings have not rotated forward, and

even in old females the anterior edges of the fluke retain the
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EMBRYD 18cm BL-
EMBRYO 3tcm BL
FEETUS 132em BL
IVI:AT URE MALE
ADULT MALE

mooOooD>
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!

Fig. 16 Ontoyenesis of the fluke of the male
narwhal; dorsal aspect. Redrawn from
photugraphs of captive animals.

17 Juvenile male with two tusks; body
' length = 372 cm. Observe the shape of
fluke. Adapted from HAY (1980).

Fig.
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Tiem

Fig. 18 Fluke of. juvenile male from the exhibit
collection of the British Museum (Nat.
Hist.), London,.

u — e

Fig. 19 Adult female narwhal. Qbserve the shape
' of the fluke. The animal stranded near
Rainham, Essex, in 1949. (From informa-
tion supplied by Dr. M. Sheldrick,
BMNH, London, 1982).
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latero-caudad slant.

-

In this connection, the narwhal's iconography in old

zoological works is also of interest. Whereas the flug; of
other species is usually shown as triangular, that of the
narwhal is only sometimes shown as a triaﬁgle, at others, it
has a shape characteristic of an adult male. In a drawing by
SCHINZ (1824), which obviqusly‘was taken from the work of KLEIN
(loc. cit.) (Fig. 20), a typical narwhal tail, with the wings
of the fluke rotated forward, is tellingly, if exaggeratedly;
represented, Still more extreme is the fluke in the drawing

of LACEPEDE (1809) (Fig. 20). 1In comparing the various
pictures in my collection, I get the impression that they may

possibly represent narwhals of different ages.

One of the really remarkable developmental features of
ontogény and sexual dimorphism in the narwhal fluke is that the
major phase -- i.e. the transformation of the generalized
cetacean shape of the tail into the species-specific shape of
the narwhal -- occurs, not in utero, but postnatally, during i
adolescence., What could have caused this, in phylogenetic . '
terms, late evolution of the narwhal's fluke? When we compare
the postnatal ontogeny of the fluke to that of the tusk, we

see that the two correlate very well. In other words: it could 54

be the tusk that, by its growth, induces the fluke's shape.
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Lo SVt tialypaece

Representations of narwhals. The two
upper ones by SCHINZ, 1824; the lower,
by LACEPEDE, 1809. (From the collection
of G. PILLERI, Berne).
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And -- because mature females have a male-"foetus" - type

fluke -- a fully developed tusk would the conditio s{qe

qua non of the peculiar species- and ... sex-specific -

shape of the narwhal male's fluke.
It was by chance that, on Pond Inlet, I was able to

examine, in addition to a narwhal male, foetal stages of these

cetaceans.

The obvious ontogenic dynamic of the fluke, and its
correlation with the development of the tusk, mandate not only
a morphological, but even more strongly a functional coupling

between these two structures.

In view of this, our next queﬁtions are: (1) what
effect could a fluke of this particular shape have on the way
in which an adult male narwhal swims? (2) does ﬁhe shape of
the fluke allow us to reason backwards to an insight into the

narwhal's method of locomotion?

It is well-known that in all whales and dolphins
(including the narwhal) the caudal peduncle, which carries the

fluke, is high, narrow and flattened on the sides. The great

82

height of the tail is used to accomodate the strong muscles and

mighty tendons which are responsible for the performance of
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the fluke. 'As HERTEL (1963) mentioned, this high pedunle can

contribute little to forward motion when stroking veffically.

- But because of the coqsiderable lateral surface of

the tail, horizontal strokes will be'highly effective. When we -
calculate the static moment of the tail, we find that most
whales and dolphins display approximately the same stroke

effectiveness in the horizontal and vertical planes.

1 .
The static moment provides a quantitative

indication of these relationships. Let us take Hertel's
%

example of an 18 m -long Sei whale (Blaenoptera borealis):

A B _c D
Teil Fliche Hgbcl- = statisches
m? arm m hknnenlqﬁ
E  Flosse 3.3 X 5.8 19
F  Triger 4.5 X 1.9 85
G Dursalsicht 7.8 27.5
H Luteralsicht - ' 9.5 X 2.9 27.5
I Moment (Flosse/Triiger) 275 _ 141 For translation of
Noment Scitenansicht .~ 275 & legends A - I, see

next page.

(1) I thank my assistant, Dr. M. Ghir, for the -
calculations.

(*) Translator's note: The ms gives "18 cm", which is
obviously a typographical error.




Calculation of the static moment of the

tail (fluke + peduncle) in an adult,

male narwhal.

[}

fluke

—HoOm o>

For the narwhal tail (Fig.

component
lever arm (m)

dorsal view
Moment (fluke + peduncle)/ Moment (side

21),

mmow

the following values have been calculated:

2
area (m )
static moment (m3)
caudal peduncle
lateral view

on the other hand,

A B C D
Teil Fliiche Hebel- statisches
m? arm m © Moment m*
E  Flosse 0.3 1.6 0.48
F' Triger 0.4 0.5 0.20
G Dorsalsicht ) 0.7 0.68
H  Lateralsicht 0.6 0.5 0.3 -
I Moment (Flosse/Triiger) _ (.68 221

Moment Seitenansicht 0.3
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Further, as a comparison, these are the results of

calculations on the Indus dolphin (Platanista indi; _

body length = 1.3 m), which swims on its side: -
A B C . D
E i;;;~—~——-— Flache Hebel- statisches
m? arm m Moment m?
E  Flosse 0.012 X 0.45 0.00396
F' Triger 0038 x 012 0.00467
G Dorsalsicht - 0.051 0.0106
H Lateralsicht 0.054 X 0.11 0.006
1 Moment (Flosse/Triger) _ 0.0106 _ o

Nament Scitenansicht 0.006

When one compares static moments in the three cetacean
species, one can clearly see that, in the narwhal, the tail's
horizontal stroke contributes far less toipropulsion than the
vertical strokg; in fact, its share>is even less than in the

Indus dolphin, which swims on its side.

Furthermore, in species with a deep caudal peduncle
(Tursiops) one must consider the possibility of a twisting
motion of the tail about its long axis. Thus, pfopdlbion in
cetaceans depends on the combination of three wave motions:

1. the vertical stroke, making special use of the fluke;
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2. the horizontal stroke, exploiting the large lateral

surface area of the tailj;

3. the screw-like twisting about the long axis. -

Points (2) and (3) remain entirely unexplained because
we lack both observations of the living narwhal and films of
its swimming. ‘However, we can assume with much certainty that,

among the cetaceans, the dynamics of the narwhal's tail are

unique.

If we now reconsider the spiraling of the tusk, which
we may want to look hpon, in THOMPSON's (loc. cit.) sense, as a
direct result of the body's rotation about its long axis, then

we do not lack supporting evidence.

The torpedo-shaped body of the narwhal does not have a
dorsal fin, an appendage which first of all protects an animal
against rolling about its own axis. Instead of such a fin, the
narwhal has a broad, keel-like ridge, with rounded edges, wh{ch
occupies about 2/3rds of the length of the body. The pectoral
fins are small; but relatively solid in build. The eyes‘are
placed well to the side so that the visual field of each eye is
oriented mainly laterad. This allows the narwhal -- when lying
on its side -- to see objects both in the depths of the ocean
and at the surface of the water, i.e. at the undersid; of the

ice cover,.
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We shall remain ignorant of the feeding behavior of the

narwhal until we manage to observe adult males catchi%g ground-

fish in the aquarium.
But when we consider both the position and small size
of the mouth opening, and the far ventral insertion of the
tusk, we can imagine that catching such prey (e.g. rays,
halibuts) will be easier when the whale is on its side than

when it is belly-down.

If the tusk has grown on the left, or usual, side,
‘then lying on the right side would no doubt be a far better

position for grasping prey with the jaws.

If the narwhal attempts to catch its prey while in the

belly-down position, the tusk will have to be much closer to

the bottom, and more nearly parallel to it, than if he were on
his side; the body will also have to be in opisthotonos. I
believe that it is just such problems in catching ground-fish,

some of which/may live on rocky bottoms (Acanthocottus),

that could account for the tusk-fractures which PORSILD and

other zoologists have noted.

This would mean that the narwhal, when feeding on

the bottom, would have to rotate on its body axis.
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When one compares torque at the lateral aspect of the

caudal peduncle with that at the horizontal surfaces ;ﬁ the
peduncle and fluke, it becomes evident that, in the n;}whal,
;s opposed to other species, the latter is far greater.
Considering the hydrodynamics involved, éuch a morphological

arrangement would be by far the most advantageous for rotations

about the body's axis.

It is possible that the effect of such rotations, when

transferred to the tusk, might explain the latter's spirals.

But quite apart from the still hypothetical feeding
behavior of narwhals at the sea bottom, rolling has often been
observed at the surface by NANSEN and particularly by DEGERB@L
and FREUCHEN (loc. cit.). Unfortunateiy, these authors did not

report in which direction the animals turned,

I fully understand that these preliminary results are
far from sufficient to allow useful conclusions concerning the
hydrodynamics of tail fin and locomotion in the male narwhal.

But they do point out problems and the way to future research.

In addtion to ethological, cinmatographic and physical
studies, we will need the kind of rigorous structural analyses

of muscle fiber directions and tendon insertions in the fluke

that ROUX (1895) and PURVES (1963, 1969) made in Phocoena
phocoena. I am quite certain that the results of such work

will also shed more light on the nature of the tusk.
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It may further be relevant to my studies that

aeronautic engineers have built planes with wings thé;_have
negative sweepback, (i.e. point forward), and others with

;ings having positive sweepback, but tail assemblies with
negative sweepback. Aerodynamically, the fluke of the narwhalf
represents the negative sweepback type. This is, no doubt,

another point of view that might be considered when studying

the physics of this appendage.

" i. Sonar Sounds and Sonar Field

There are only a few, sporadic studies of the pulsed,
or sonar, sounds of the narwhal; from these one can not elicit
either the exact form or the ffequency spectrum of the clicks.
The rich area of the whale's repertory of low-frequency sounds
has been investigated even less. Nearly all field observers
of the past describe, among other things, narwhal sounds. In
these instances, the sounds are breathing noises, made when
the whales surface, and not those sounds that are produced

under water..

The pharynx of the narwhal is, like that of all other

ceWaceans, the sound-producing organ (PILLERI, 1983).

In an earlier work (PILLERIet al., 1982) we tried to

derive, from theory, the shape of the sonar field as determined

by the structures of the skull.
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These studies showed that the sonar field copsists of

two overlapping segments: a frontal sector and a vefitral one

that is beamed through the region of the throat towards the
bottom. The ventral segment of the field is due to incomplete
screening of the pneumatized pterygoid éinuses (P1. 22), which
leave, at the base of the skull, a median opening, known as the

%
pterygoschisis (PILLERI, 1981).

Looking at the frontal sonar field and considering
~the spatial distribution of the high frequency signals, one
notes that thelloCation of'the male narwhal's tusk is near the
axis of this sector of the field, in the zone with the highest

sound energy.

Under these circumstances, it is impossible to exclude
the tusk from any system concerned with the conducfion of
sound. The sound produced by the larynx propagates itself
via the wall of the nasopharynx (lower choanae) and the
palatopharyngeal muscle to the rostrum of the skull (vomer and
its cartilage, premaxilla and maxilla) and thence to the skin.
In the narwhal, the tusk and its root lie feﬁarkably close
to the palatopharyngeal muscle and to the larynx, and coupling

with the above named structures is continuous (see Pl. 20).

(*) Translator's note: misspelled "Pterygoschis™ in ms.

59
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That is why I am much surbrised that DOW and HALLENBERG (loc.
cit.) in their work on the tusk's pulp contend that "the

_absence of 1lipid cells and tissue ... eliminates the ~

_possibility that the narwhale tusk.-contains bioacoustical

lipids useful in echolocation", and thus deny that the tusk

migth have any part in the functioning of the acoustic system.

Today we know that the "acoustic" 1lipids (isovaleric
acid) have absolutely nothing to do with acoustics. They were
found in the melon of some cetaceans (e.g. Tursiops), but

the melon has no role in the acoustic system (PILLERI et al.,

. 1983; PILLERI and PURVES, 1983).

The tusk consists.of_a type of ivory that is much
denser than the compact zone of the premaxilla, and even
though, so far, no sound measurements.have been made, one must
assume that the tusk conducts sound waves, and in particular
supersonic ones, with extreme ease. But it is also clear that
the small size of the tip of the tusk prevents the tusk itself

from beaming-out oriented sound waves.

In normal teeth, in which the density is 3,000 and the

velocity of sound conduction 5,400 m/sec, the impedance is
- 6
calculated to be 10 X 10 . One must assume that the values

of these parameters will be even more advantageous in-the

narwhal tooth.
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After this discussion of the basics, we must consider

how the narwhal may integrate the sonar system with~its special

environment,

While other cetaceans beam.their locating
signals at an open-water surfcé, the waves of which send back
sharp echos, the narwhal has to face an ice-covered surface for
at least half of the year. This ice-cover can lock up most of

the whale's winter habitat, as one can see from the sassvats:

~clearly the narwhal is excellently adapted, as no other

cetacean species, to obviate this "danger" from above.

It is not easy to study Arctic animals during the
winter months in the region of the pack-ice; in fact, special
means of transport are required when the study deals with

amphibious or marine animals. It is mainly because of these
difficulties that our knowledge of the narwhal's behavior in 60

winter is so scanty.

One of -the first problems to be addressed will bé to
discover how the narwhal’s sonar system functions under the
ice cover. For this, we need to know the characteristic
characteristics of the ice's lower surface. This surface,
which faces the'water, is smooth in fresh-water lake&:that

1

freeze over in the winter .

(1) Mr. Hermann J. Gruhl, underwater photographer in Alb-
stadt, whom I consulted in this matter, reported:

1. The underside of the ice is usually entirely even and
mirror-smooth, never wavy, though waves too large to recognize
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Usually, they are quiet waters, without waves. In the
ocean the situation is different; the underside of the ice
" may be smooth, if it formed in a quiet bay or isolated fjord.

:Elsewhere, the underside of the ice has waves, usually from 10

to 100 cm long, and shallow (MOSETTI, personal communication).

It has sometimes been observed in sass:ats that the
whales broke open the ice cover with the melon in order to
make breathing holes, even if the ice was up to 15 cm thick
(PORSILD, loc. cit.). One must assume that before delivg{ing
its blow, the animal was able to estimate the thickness of the
ice. Seen from above, young, thin ice is bluish, whereas
older, thicker ice becomes white. It is possible that the
narwhal may be able to perceive differences in thickness by
assessing differences in light intensity, or transparency
optically, by sight. But light conditions during the arctic
winter, particularly on moon-less nights, are poor. Such
considerations lead me to believe that the narwhal may be able

to probe the ice by means of sonar, and to obtain exact

information op the thickness of ice from the echos. In ice,

(1) I am inclined to believe that they use their backs to
break open the ice.

with the unaided eye could possibly exist.

2. Air bubbles may be trapped in the icej; in these
circumscribed areas, the underside of the ice may be_uneven and
quite rough to the touch.

3. The water level usually sinks in winter. The ice cover
then sinks together with the receeding water level, producing
rifts and faults.along the underside of the ice. Even cracks
right through the entire ice-cover are then not unusual.

These subsequently freeze shut again, but an unevenness
persists. ‘
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the speed of longitudinal sound waves is 3,980 m/s. Here is a

broad field for biological and technical research Lh-acoustics.

I briefly mentioned above that in addition to the
rostral sonar field, the narwhal also hroduces a broad ventral
one. In this respect it much resembles beluga, the species

most closely related to the narwhal.

Certain anatomical peculiarities may be of interest in
this connection: the structures of the skull that lie rostrad
from the larynx and are concerned with the generation of near
( = interference.field) and far fields (see PILLERI et al.,
1983) show perfect symmetry. This is in sharp contrast to the

considerable asymmetry of the epicranial region (premaxillary

trigone, superior choanal orifice, nasal structures). Because
of this, one might expect the sonar field ~~ in spite of the
sinistral location of the tusk -~ to be symmetrical.

High frequency soundeaves originating in the larynx
give rise to the best echolocation information and are highly
directional in cetaceans; low frequency waves, on the other
hand, are increasingly less directional and provide less
information through their echos. In whales and dolphins the
sonar fields are fixed in space and one wonders how the animal

uses its sonar, i.e. how it orients its toothed head~and its

body towards the target to be explored.

61
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Future research should attempt observations of the

swimming behavior of these cetaceans under the ice 4n order

to obtain some idea about echolocation under pack iee.

_So far, we shall have to make do with hypotheses.
If the animal should approach an edge of ice, or a
small polynya in the vertical position (Fig. 22), there would

be no difficulty in obtaining clear echos from the surface.

Fig. 22 Hypothetical representation of narwhal
echolocating in a small polynya in pack
ice.
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Fig. 23 Narwhal in normal (belly down) swimming position

echolocating at a smooth pack ice undersurface.
Hypothetical representation of the sound waves.

Fig. 24 Narwhal swimming on its back and echolocating at
‘ the underside of the pack ice. This type of echo-
locating is made possible by the pterygoschisis
(see Pl. 22), which enables the animal to emit a
sound beam in a ventrad direction.
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But let us assume that the ice cover is entirely smooth

and that the narwhal is swimming parallel to it; them there

would be an echo from sound waves of the rostral field sector

_impinging at an angle onto the ice-surface (Fig. 23). Now a

turn about

its axis would let the animal bring into play the

ventral sector sonar, vertically to the ice, and so get sharp

echos (Fig.

24) .,

I should like to stress that my ideas and the

sketches that are appended are still very much hypothetical.

Their purpose is to stimulate in-the-field ethological

observations. Today, even in the arctic, it is possible to use

diving as a resgarch-tool; a second possibility would be to

introduce a periscope under the ice. Best, however, would be a

mini-sub,

equipment.

But these are unfortunately very expensive pieces of

Much less expensive, and possibly more revealing

would be long-term observations of a savssat, during which one

would have

the Inuit.

to prevent killing and disturbing of the animals by

A final word concerning echolocating sounds, or clicks,

So far, narwhal clicks have not been rigorously analyzed, nor

has one so

the animal

In view of

this would

far been able exactly to establish the position of
relative to the hydrophone during the recordings.
the directional characteristics of the.sonar beamn,

be an important prerequisite for click analysis.

62
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In" spite of this deficiency, I am certain that clicks 63

of the narwhal resemble those of beluga. In my classdification,

-the are of Type II, i.e. signals with two frequency ranges, one
~high frequency, the other low frequency. Even in the absence
of concrete data, one could predict that the narwhal would
produce this type of click, simply from consideration of the
specific anatomical relationships in.tﬁe fegion of larynx and
palatopharyngeal muscle. The part of the muscle that surrounds
the larynx like a sphincter stretches ventrélly between the
two pterygoid hamuli, which do not make contact in the median
line. As in beluga, there érises a pterygoschisis (P1. 22),
and the incomplete pﬁeumatfzation at the pterygoid sinus

makes it possible for the laryngeal sound to radiate out in a

ventrad direction through this opening.

It is most likely that the part of the muscle that
is not in contact with the bone produces the low-frequency
component of the click."

Inasmuch as larynx and palatopharyngeal muscle form a
functional unit, the two frequency components of of the click

are sent out synchronously.
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DISCUSSION

In the preceding chapters I could only touch upon a
very few problems concerning the biology of the narwhal, and
discovered more unanswered questions thén answers. If one
tries to establish a balance sheet of our present knowledge
concerning this particular whale, one>finds that in spite of a
fairly extensive literature, the real study of this peculiar
denizen of the Arctic has not actually? or at 1éast hardly,

begun,

The majority of morphological studies are restricted to
macroscopic observations, and it is only in the past few years
that histological studies on the structure of tissues (pulp of
tusk; retia mirabile) have begun. None of the sense organs, in
particular none of those that best mirror the characteristic
adaptations to the Arctic environment, has been analyzed in
depth., Insofar as ontogeny is concerned, only one early stage
has been examined, and even there, just the head. The
development Jf the tusk, however, is better understood, -

particularly in regard to the determination of age.

The chemical compositions of blood, urine and body

fluids are practically unknown. -

The narwhal is an echolocating animal, but so far we
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know very little about its sonar system. At what frequencies
does it emit sound, and how do the sound waves behave in ice?
How much of the sound energy is reflected; how muchjébsored in

- A

the medium? What do the echos look like? -

So far, none of the research work has described
the low frequency sounds of Monodon; no one has correlated
them with specific behavioral situations, nor tried to find

homologies between ‘them and the sounds made by other whales.

There are no long-term, systematic, ethological
studies, and we know more-about the mythology of the tusk than
about its biological significance ... a list of the still
unrcsolved questions for research to answer could fill whole

pages.

During the past decade, people have, with much
justification, become concerned about the survival and
protection of the narwhal. But we shall not be able to provide
effective protection until we know more about the natural
history, and, first of all especially the psychology, of this
species. The level of development of the central nervo;s
system and the high degree of differentiation of the narwhal's
brain suggest that the animal representé a psychologically

well-advanced species.

This should stimulate our scientific curiosisty, and should

also imbue us with reverence and incite us to reflection.

64
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SUMMARY

On a voyage to Baffin Land. the author was able to collect anatomical
specimens of the narwhal (Monodon monceros L.) for hisTstudies and carry out
initial observations concerning these cetacea. In addition 1t conveying brief travel
impressions of Baffin Land and the Inuit population in Rond Inlet, this report
attempts to provide an idea of the present state of research on the narwhal and
points to specific features which reflect the particular ecology of this animal. In
Baffin Land, specimens of the eye, the hearing organ. the central nervous system,
the air sack system and the tusk were collected in particular. '

Monodon is a monospecific Pleistocene genus confined to the Artic; there is
no Miocene evidence. Jts evolution (speciation) must theiefore have been very
rapid, tachytelic.

The brain of the adult male weighs 2605 grams. Its differentiation suggests a
high mental capacity.

The eye is placed laterally, a position which rules out a binocular field of
vision. There is no Operculum pupillare.

The N. acusticus is the largest brain nerve, exceeding - in contrast to Beluga,
Delphinapterus levcas — the N. trigeminus in size. Compared with that of Beluga
and Delphinus delphis, the N. trochlearis is appreciably reduced.

In the narwhal, the hcaring organs are very'well formed. The Mecatus acusti-
cus externus is functional and is actuated by several muscles. The ossicula,
particularly the incus, are well developed, more so than in other cetacea, and
indicate no retrogression. The weight is six times greater than in Homo sapiens.

The rigid anchoring, extending 1o ankylosis of the stapes at the oval window
and the incus at the bulla wall does not argue.for non-functionality in sound
transmission; it rather suggests the capacity to transmit supersonic sound waves
from the tympanic membrane to the labyrinth. Both the resonance theory and the
concept of direct bone transmission circumventing the ossicula of the middle ear
are false.

In the narwhal, orientation and other sounds are produced exclusively by the
larynx. The sonar field is both rostrally and, owing to ptervgoschisis, ventrally
directed. The tusk is located in a region of the sonar field with the highest sound
energy; due to itsrelative narrowness, however, it has no effect on the directional
characteristic of supersonic waves. According to the structure of the pterygoid
sinus, the narwhal would be expected to produce a complex click with two
synchronous frequency components as Beluga.does. The efficiency of echolocation
in the narwhal with reference to the ice conditions (reflexions, absorption, veloc-
ity of sound, transmission coefficient, etc.) has not yet been studied.

The tusk is the most remarkable feature of the narwhal. Concerning the
farmal genesis of the left-hand spiral, the earlier theory of d*Arcy Thompson to
the effect that the swimming pattern might be responsible for emergence of the cement

spiral, is again gaining currency. On the basis of these ideas, atiention was given to the
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form of the tail. Adult males with a fully developed tusk display in a tail fin <hape
which is fundamentally different from that of adult females, younger males or
other cetacea. Hydrodynamically seen, the fin is nepatively sagittate with regular-
ly rounded back edges. It is significant that this tail fin takes=iis final shape
post-natally and at a very late stage and not until the complete maturity of the

tusk.
This feature cannot be attributed to a sexual dimorphism; it is rather the

result of the particular mode of locomotion of the adult male nanwhal. In this
respect, significance also attaches to the fact that the static moment for the lateral

100B

surface of the bearer has a much Jower value than that of the dorsal surface of the
same radial plus fin. The relation of the two moments in the narwhal is even more -

extreme thanin the blind Indus dolphin (Platanista indi), which is a side swimmer.
‘The functional importance of these features should be confirmed by observa-

tion of the swimming posture and hunting behaviour of the narwhal in the Arctic

scas.
With regard 10 other behavioural aspects, the author considers that the

polynia (Savssat) Kept open in the ice by narwhals is an ordinary case of

svnaporia.
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ADDENDUM

It was not until after this paper had gone to press
that I received from Canada an unpublished doctoral thesis out
McGill University concerning the narwhal. The research paper

was entitled "Social Organization and Behaviour of the Narwhal,

Monodon monoceros, L., in Lancaster Sound, Pond Inlet and

Tremblay Sound, Northwest Territories"(Montreal, 1979), by

HELEN B. SILVERMAN. It is an extremely sound study, which in
my estimation contains more information about the ethology of
this cetacean than all the prior publications ;f an entire
century. Which is why I regret that this work has been
available for éicussion only to a restricted audience and has
not been made available to a wider public. HELEN SILVERMAN has

summarized her observations as follows:

67 .
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The following Table 17 (loc. cit., p. 67) summarizes the

individual behaviours and social interactions of all

groups, except the Female-(Male)-Neonate-Calf group.

“Individual Behaviours znd Social Interactions Observed in Tremblay Sound in all Group Types
Excluding Female-(Male)-Neonate-Calf Groups

-
Behaviour Description and Explanation

1. Tight Formation; Whales swim, ciicle o1 remain stationary, side by side, very

Loose Formation close together, frequently 1ouching or whales swimtogether

in looserfonmation. one uf mote meters ipart. During tight
farmation, animals often swim with heads elevated slightly
from the water surface.

2. Citcle or Semi-Circle Whales fann a citcle with heads pointing towm ds the centre

Formation and hrads clevated dightly #bove the surface.

3. Circling The whales thow ne pariisuler diiection ofimovema nt. They
allernate directions o switm in diriles. They often circle
while porforming tesh lifUog end tud croning, wnd in crder
10 turn ind face ancilier groupshichivsg presching Inthe
Jatter sitaation the circling is fieguenthy perfonmed simul
tzncoush by all animals in the croup. This simuliancous

- circling is oftenven suddon wnd sl co-ordinated, Atother
times. only part of a grosp moves in circles (usuzlly of
greater dizmeler) end thic inovemantis slow,

4. Simulianeous Decp Diving Al unimale in 2 croup suddenly dive deep simulieneously.
NMore ofien, animzls dive independently of each other.

5. Pushing Nierwhuls sometimes ‘push’ cach other 2s they ewim side by
side. Either the side or ventral part of the anitial does the
pushing. A narwhal may zpprozch znother fiom bohind,
move to ils side, and push the other away from it. On one
occasion a nanwhal approached iwo closcdy saisaning anim-
als from behind, came beiween them end pushed the zpart.
It continued 10 swim with them and maintained thé middle
position. An animal may also rise 10 the surface below
another and push the latier out of the water.

6. Chesing Following One rarwkal follows another moving veny quickly. Fre-
quently the leading aniinal suddanly reverses direction, the
two face cach other mamentarily &nd the following enimal
turns and hecomes the leader. The animals weem 1o be

* chising each other. Someiimes the following whale will
1cich the position of the leeding whale and they both dive
suddenly.

7. Tagging A juvenile mnale or female seeme 10 tag sieng” with ¢ group

of adult males or with a gioup of sdult znd jur enile mzles. It
isscparated from the main group and sometimes lags behind
the group.
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§. Furward Somecersault, Rolls,
and Upside Down Swimming

The whale dives. but instead of conunuing forward inotion
its hred and body move down and then back so that it is
upside down (underwater). From thisposition. ity htad and
body move up and then forward to-the dorsal vide up posi-
tion in which itbegan. Sumetimes the animal will do a half
somersault so that its final position isapside down. To right
itself, it simply. rolls over. Half lateral rolls, complete rolls,
and upside down swimming were also observed.

9. Tail Slap

The tail is raised and slapped agains the water surface. The
whale's body is usvally underwater when performing this
behaviour,

10. Flipper Slop

11, Tusk Slap

12, Bivaching

While swirming slightly on ene side, the flipper. which is
& B

just ahove the water surface is moved up and down against

the sutface cavsing splashing.

The head and sk are lifted above the water surface and
brought down hzrd vjon the surface.

A nasah seinnining guickly wndeiwater, either on jts side
or dorsid side up, Bifts atsedf oot of she water on 2n angle 5o
thzt ualy she canda) peduncle and the tail reinzin underwa-
ter, znd then fells back into the water. This was olaened
titely. .

. Head Down Pesition

[
w

The tail lies flat on the surface while the tady-wnd head are
angied downward in the water. This came posiiion may 2lso
be perfinmed with the 12il raiced zhove the sarfaie or the
body may be horizontz) at the surfzce with heed (and 1esk)
peiniing down. Oiher whales in the group mey o1 inay not
zlso be in this position.

14. Head Up Position

The head is clevated ahove the weier suifete on =0 angle,

fram shightly 2hove the suiface to 2 vertics) posisien, 1T the
nerwhal is & mzle, the tusk will also be ebhove the surface.
Soinietimes the bady of the naswhzl proirudes froin the
waier as far as the level of the flippers and the head and tusk
are waved back end forth. This is probably cavsed by swift
back znd forth morements of the 1zl in order to meiniain
this pesition. Other whales in the group may or may not also
be in this position.

15. Piggaback '

/ -

One o1 more narwhals swim over or lic transvertzly upon
the back of znother. Up 1o four nerwhals have been seen
Tving on the back of another. The bottoin arimal may also
be upside down while the animal(s) ehove lie on its ventral
side,

————— SOV —— —

16. Head Over Head

The head of cae narwhal is placed over the heed of znother
or twe narwkals are vide hy side in Vefosmation with heads
touching. The veniral surface of the head is 2ho sGingtimes
placed over the tusk base of a male.

17. Head on Caudal Peduncle

The head of ene whale is placed across the caudal peduncle
of the whale below. On one cccision, the whale helow
simultaneously raiscd its t2il from the water.

- 69
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18. Tzil Brush

The tail is brosbed ageingt or teudhes snother whale,

19. Head On Approach

Two or inoie narwhals face or wjpproach cach other head on.
Somctimes one or both of the approaching whales elevate
the head and tusk frwh the water. Upon meeting. the’
approaching whale(s) cither turns so that it is side by side
with the other o it dives tnder the other whale(s). When
two groups or sibgroupsspproach, one ity dives under
the other.

20. Tusk Pointing'

The head and tusk are turned and pointed towards another
whale. There is no physical contact, Sumetimes two males
swimming side by side in loose furmation will simultancous-
Iy turp thei hieads and point their tesks at cach other.

2). Tusk Up Pevition

A male is pasitioned vertically or an an angle below the
water surface with part of the tusk protruding above the
surface. Often unly the very dip of the tesk is visible. On
occision, one or more narwhels in this position will sher-
nately rice and sink several thimes vanving the degree to
whick the tesk is eapoced zbove the surface,

22, Upside Dewn Tusk Raise

The narwhal is in an wpside dosn horizental pesition. The
head is then rsited upw ards, Bfing the tdknie the &0t until
itis alinostvertical. Soaneiimes the head is waned Bach and

forth,

23. BRent Position

24, Tusk Cuntact Aveidance

A mile is positioned almoesuveriically underwater with the
neck bont so that the sk in in a horizonta! pesition at the
water surface. The dorsal surface of the head is up.

Arvone mile approaches anether ngrwhal, the sppueaching
male points ity head and 1esh Sown or jo ihe side, thareby
avaiding tush contact,

25, Tusk Crossing

70 .

There ate many variations of this helaviour:

(a) Two males positioned horizonially side by side tring
their tusks together and touch or cross the tusks
momeniarily. Often just the tusk tips ceme into con-

tact,

{(b) Two or more males face each other with heads just
slightly clevated from the water, and cross fusks.

{c) Thice males or two males ind a fumalce lie horizontally
at or just under the water surface. side by side. The 1wo
outside mnales turn shightly towards eaztiother and cross
their tusks. The middic snimatis venzly notimvohvedin
the tush crossing cither beceuse itiva fomaleitisavery

- voung male with a unall 1uck, or it is an older male
whase tusk is pointing down. This hehaviour 2lso
accurs without a inhddle znimal.

(d) Two w1 mune inites clevate their headtand tecks fiom
the water und qross ke’ Acin (€). & centre xniinal
may b poesent, whithis notinvalhved in the toel cros-

sing ind lies hortzontally 2t the water surface (Figs. 25
a-c),

(e) Two or more males with bodies angled dewnwarg and
licuds and tusks poiniing down cross tusks.,




v § ="

(AT

26. Tush Pushing and Jerking
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(f) Onc male places s vk over she yuch of another,
Moales He horizontal and ipend,cutar 1o one another.
Cucling frequently occuts while in this pesition,

(g) One male is at the surface. Another is positioned ver-
tically underwater withThe upper portion of its tusk
ahove the water surface “The tusks arc in cantact (Fig,
25). -

(h) Males repeatedly cross and uneross tushs and change
tusk positions. For example. a male with its tush below
that of snother, places its tusk above,

(i) Onc male Difts its tusk te touch or cross the tusk of
another male which is already elevated.

Tusks were observed 10 be cressed in the following posi-
tions: sk tip over tusk base: tusk tip touches mid-tusk;
ventral mid-paint of vne tusk over dorsal midpoint of
anather sk two tusks croed halfway hetween their baces
and midpoints; vontral tuck buce over darsal tush base;
ventrzl part of ek over lateral pernt of ek,

(a) Aninals lie horizontally side by «ide and cross tousks,
The male with tuk zhove < uins to push down on the
tusk helow. The tughs cecm 10 thide o move arxinst
vich ether. The el with teed below cud2ealy jorkyts
tush downwards.

(b) Three males lic horizontully side by side. The two

© oeuwide wheles are at the <rfauce while the middle
whale it thightly below. The hodies of the two ouside
miles ate in contact with that of the sniddle inale. The
two owside males have their tushs crossed over the
head of the centie male. Tutks are horizontal at the
witer surface. While maintuining the position of the
1k, boith whales clevate hoede ind 1usks shove the
surface. It tecms that the whzle with tusk positioned
helew puthes up the sk of the oiher. This lzticr male
then scems ta push the tesh belew buck into the water

. in & sudden and quick inoveinent. Swine tusk aleng tusk

’ movementis absenved. The cortre animil remaing ino-
tionless,

(c) A nale reices its sk a1 an angle of chout 30° to the
water surface end brings it down hird onto the 1usk of
anoihe; male. The tusks separate und cross zgain more
lightly. :

(d) One male touches the tusk of znother male with its -
tusk. The latter male jerks its head 10 the side.

(¢) Two males touch tusk tips and immediately jerk their
heads away from cach oiher.

27. Head Shaking The head and tusk are sheken vizorovsly from side 1o Jde

by ene or more males while lving in 2 horizantz) position at
the water surface.

28. Tuch-Body Contact

(a) The sk of a male maomnentarily end lightly touches
pant of the body (¢ g. head, hack. side) of znother
narwhal,

(b) The sk it placed over the buach of crciher nanwhal,

(c) A maleis positioned vertically undernater. 1t uses jis
tusk to ‘lean’ zgzinst the side of znother whale which is
positioned haorizantally.
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29. Tush Rublung " The tusk s used to o’ snother whale over ity blowhole
repion and slong the back, head, side, and tusk. On one
occasion a male slid its 1ush along the tush of anather male
fiom the tip towardythe base and up ov er the head while the
male helow slq.hll\‘-kmexcd its head and sk, Another
eaample of sk rubbing’ is shown in Fip. 25,

30. Arching (2) A male mches ity anterior bach and jerks its head
upward out of the water and down,
{(b) Twamales in a horizantal pesition at the surface are in
- : ) a Vformation with tails touching. Thu:\ both arch their
hacks out of the water.

31. Fulling Down An animalin the vertical position (head up) folls down upon
another whale hing in the horize nial position,

32, Bubble Blowing und : Bubble tiewing (air emitied underwister) was obsen ed dur-
Nocalizztion ing many of the shove brhaviours, Thisinay be areociated

with vocalization On one day, many vocalizations (clicks,
whigler, mang) pm*u("d by whiales perfonming some of
the decazited helanioar were clesy hoard frem the obser-
vistion site. (305 m cles stion)

33, Funsle Acgiession This segucice of behavicur was observed only onee znd
sevmed 1o be the most direet, ersive behaviour enhis
bited. An adualt fumele way sccomy anivd by two juveniles
(sex unidentificd). She vgad her head very sharply to-
wards onc of these jureniles and began 10 open wnd close
her mouth very guichlh white meving her mclon guickly up
and dewn. Sudde aly die rolied cRto her side, sacin ¢ her
head towards the jU\Lnllc and hitit hard with her mouth on
its midlineizl side. Then @1l thiree dove doep. During moest of
this segaence the mddon wis centibucasiy moved up and
down &nd ai times the t2il end hoed were Tlened upwards.
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a. Two male narwhals crossing their tusks
over the back of a third. The ldtter's
back emerges from the water.

b. Three male narwhals with their heads
above the water, crossing their tusks.

c. Two male narwhals crossing their tusks.
The male on the right is in a vertical
position; only the anterior part of the
tusk emerges from the water. The male on
the left lies at the surface. During this
behavioural display, the male on the right
taps the tip of the other's tusk repeatedly
with his own tusk, then emerges. (Redrawn
from HELEN SILVERMAN, 1979).
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The following Table (loc. cit. Table 18) describes the

same behaviour in Female-(Male)-Neonate-Calf groups:

“Individual Behaviours and Social Interactions Obsened in Tremblay Sound in Female-(Male
Neonate-Call Groups

Bchaviour . Description and Explanation
1. Tight Formation; These groups almost never exhibit a tight formation

Loose Formation described in Table 17. Funales iind their nconates or calve
: usually swim v en cleselvtegether often maintaining physic
al contact, but the pairs within a group are uaally we
separsted. The neotaie swims «n eithes dde of the femnale
usislly to the rear and often alternates sidles. Sometimes th
neenate swims under ur shove the fomale on her back
Freguently a thitd animal, which inay be a calf, juscenile ¢
~adult swime closely with the fumale-young pair.

. . 2. Circling The greaps show no patticular diredtion of mevement. The
alivinate Gitections or vwim o circies Foneles soanctime
move in tight circles either back evpoesed or doing shalloy
dives while their neonaies o calves do shallow dives ©
suchle. In larger erops dircling is ofien wcconqunied b,
ralling and upside down swimining and iv usually perfonme:

. by calves when no femites are in the vicinity,
X, Puthing Semeiimes & calf or neenite wad hificd from the water by

surfiacing adult. On ocezsiong a jivenile would path it wa
between a funale znd neenoic fiom behind, In one inst
ance. an edull swam over spother aduli and pushed away
the calf beside it

4. Chining Feliowing Femiles never chaved a8 er their young elihongh neanate:
and cafves ofien raced shond of fomiales. Calves snd neo
Ritzt sometimmes aticinpied 1o ‘caich up' when females sepa-
rated from them and wepe ahead of them. Chasing as de-
scribed in Table 17 was ahnost alwars observed in group:
consisting of youngs only (i.c. when fumuales wére out of
sight). On one accasion @ neonate swimming with a female.
changed its direction 10 zpproach 2 seal.

5. Forw:ad Somersault, Rolls, These movements sre deccitbed in Table 17, They were
and Uptide Down Swimining displaved by females. cahves. and nconales,

6. Head up Position This behaviour, 2¢ described in Table 17 was obuwned
- . sarely in these groups and was onh perfaanmed by females.

In one situgiion a female rijsed her head oot of the water
maomentarily as she fated an approsching group. They

. joined and all swiem in the «ame direction,

7. Piegyvhack One narwhal, usvally & calf o a neanade, swims over of lies
upon the back of another. usually an adult feinale ur juve-
nile.
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8. Approach

.

tw
Y

Approsching narwhals showed similar bebaviour 10 that
described in Table 17 (head on approuch) Calvesand neon-
ates ofien approached adulis fiom the rear. Aduhs vome-
times turned to mect them head on. An adult male met an
approaching calf in this manner.

9. Head on Caudal Peduncle

A fenale lifts her head and placesit on the cauda) peduncle
of another femule. She then slides back into the water.

10. Tusk-Boady Contact

(a) A male rubs irs tusk alonz- back of female; calf is not
involved. .

(b) A calf swims under a male’s tusk which is raised slightly
from the wates surface. A male which is behind a calf
continuously tonches and strehes the calf on its back
and ciudal peduncle with s sk, (This male may
actually be a funale with a tusk).

11. Suchling

(a) The female is back exposed and siill o1 moving lewly
while the neonate or ealfl is undurwaier suckling.

(b) The female is back eaposed @nd turning in tight circles,
cither dowdy or guichly while the necnaie or calf is
under the surface (somctimes upside down) suekling.

(c) The fenule is back exposed while her yvoung haes its tail
atihe surface and body angled downwiards tonardathe
munonzry shits,

(d) The voung is shead of the fumale. 1t terns and moves
rapidly towards the female znd sirikes ber at the mam-
mary slit.

(e) The funale rolls ontoe her side wnd her young suckles.
This was unce obwened perfoimed siimuliaieously by
MO pairs. |

(f) The yoeng dives and butts zgauinst the 1egion of the

wmmary slits, The female sinks under the surface,
onta her side znd her soung suckles, Her young
appears 10 initiate suckling.

(g) Thefummale rely upride down under the surface snd her
voung ruckles. :

(h) The calf nuzzles into memmary region for one sec. bt
the female ewims on and there is no suckhling. The
suckling ancmpt by the calf is unsuccessful.

12.' Young Independence

One or more neenates or calves or combination of both
(sometimes with jureniles) swim together with no female in
sight. The fcmales have prabzbly gone on a deep dive,
Individuals in these groups usually swim very quickly and
closelytageiher. They chase cach other and dive in circles
around one another, There is a great deal of bady contact,
For example. flippers often are touching @s tw o individuals
swim side by side,

Another cominen observation is when a neonate or calf
Ieaves ite mother and temporarily joins an zpproaching
gcroup. When there are two or meue femalas in a gronp. a
neonate may temnporatily leave its mother and swim with
znoiher fumale. On iwe orcasions, females were abserved
todive deep. Jeaving Whidir neonates te swim unaccompanied
or with znother group.
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In 2 group conddshing of three femalet and thiee calves,
there wat a great deal of inleraction between the cahves.
They often sceparated from the females, circled, swam
together, and raced back 10 their mothers.

13. Bubble Blowing This was observed-rarely.

There were many variations of wusk crossing (Table 17).Some of these are illustrated in Figs. 25
a-c. Very ofien, when iwo or more males crossed tusks, a female or a young juvenile male with a very
shor tuck way lving horizontally betwcen the interacting males, Juvenile males frequently crossed
tusks with adulis, but the younger juveniles seemed 10 be unable 10 do so because of their short fusks.,
However, ane young juvenile inale snanaged 1o cross its 1usk tip with that of an adultmale, above the
head of an adull female. The tusk of the juenile barely 1cached the adult's tusk,

Jt scemed that males were “careful™ not to hann others with their tusks, They never rushed at
vach other and when approaching one znother tusks were often pointed sway fram each other.

On some occasions during luealized mevements groups remeiined in the same general ares for
lung titne periods. The longest perind that we kept track of one grovp of whales was 2.5 hours. This
group remained within 2n area of shout 10 to 20 m®; 1the animals were interacting cantinuousdy atiove
and below the surface. Dwing localized movemens female-(imale)-neanate-calf groups moved
around in nnch lzrger arcas than the ather group 1ypes.

From & helicopier (aliitude of 600 f1), it scamed that many such-groups bad stopped direcied
movenents simuliancovsly end were eitherinvolved in the descsila interections, or were moving in
varinus directions with no discctional 1endeney on the whole. These groups were well spaced and
funned herds abom 2 Lin in diaincier. On one occasion o herds were absaned simutiencausdy ahaut
3104 km apart, On snother occzsion. while we were ubserving onc herd, we were infosmed of anoiher
herd 3 to 4 km distant,™
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[naturél] histéry of fishes.

Unicorns.
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C P1.III Drift ice on Pond Inlet. d in the

i background. (B) High coast line, East of camp,
just before Pond Inlet opens into Baffin Bay.
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Pl. Vv (A) Skin of narwhal, Monodon monoceros,

from antero-lateral aspect of melon. The corium

4. here is very deep, and there is no, panniculus
adiposus. (B) Skin of Delphinapterus leukas
from the region of the auditory meatus. (C) Mag-

| - nified section of the papillary layer of the

j narwhal with longitudinal sections of the

papillae. (D) Papillary layer with cross-sections
of papillae.

cl = dermal ridges pi =—pigmented basal
dp = dermal papillae — cell of epidermis
e = epidermis sp = papillary layer
pa = panniculus adiposus st = corium

(x)(text has stratum "texticulare" which does not seem
to exist, Suggest misprint for "reticulare"),

e b R VTN SE
—r it IR,




122

cm

. e

pects

(B) basal as
ht 2,605)

in weig

(A) dorsal and

of narwhal (No. 812; bra

Photographs of

VI




123

[ A

L

cm

Photographs of (A) frontal and (B) caudal
aspects of brain of narwhal-(No. 812).
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Photographs of medial aspects of brain of
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12 13 4 cm
P1, XI Equatorial section through narwhal
Co = cornea
Con = bulbar conjonctiva
Copi = limbus of pigmented sclera
Cv = vitreous humour
Mu = muscles of eye
No = optic nerve

Rmb = connective tissue envelope
of optic nerve

Re = retina

Rm rete mirabile

Scl = sclera
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Hel-. . -

Ppp -
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Pt
iPab

Pae
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Pmb

P1.

1

T

XII

Tympano-periotic region ofadult narwhal,
meatal aspect.

Bt(e)
Bt(i)
He
Ot

Pab
Pae

Pap
Pe
Pmb
Ppp
Ps
Pt
Sp

tympanic cavity (outer wall)

tympanic cavity (inner wall)

epitympanic recess

opening of Eustacian tube into .
tympanic cavity !

anterior process of bulla |

external opening of (bony) acoustic
meatus .

anterior process of petrosal bone
petrosal bone : -
median process of tympanic bulla
posterior (mastoid) process
sigmoid process

tubal process

suprameatal spine
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Pl1. XIII Tympano-periotic bones of an adult narwhal;
visceral aspect. ="

Aeaq (c)
Aeaq (v)

Bt(e)
Bt (i)
Ct
Fr
Ftp
Ht
NE
Pai

Pe
Ppp
Sp

nnn

outer opening-of cochlear
aqueduct

outer opening of vestibular
aqueduct

tympanic cavity (outer wall)

tympanic cavity (inner wall)

transverse crest

round window

tympanic fissure

tympanic hiatus

canal for facial nerve

internal opening of acoustic
meatus

petrosal bone

posterior (mastoid) process

suprameatal spine
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3 | and incus in situ
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! Bt(e) = tympanic cavity (outer wall)
. Gst = articulation surface for stapes
! In = incus
; ) Ma = malleus
. % g Ot = tympanic opening of Eustachian tube
4 ) Pb = short crus of incus
o v Ps = sigmoid process
" ﬂ, 5%
’ '\AM. — L
Y c v ° fo.L x;;" WY AR IR A T
- :‘.;‘ . N '" - - :‘.. . é\\.‘.w‘;fn“::—rw.?‘ﬁ?ge~?:‘?:§ .',{...-,r el -...A.‘..::-J.. I




Bt{e)

132

e e o e

Mtt
Ma
pPf
Mm .
in Vst
vty T .
;
{
i AR PpPp
Bt(e) .
/‘J"
I SONVIE T
/ N
T I3k
Wl 8 uR L
)y |
N ST A 5 s ‘;u.v_..a;'...--.-.\-.n.-‘.-......_.n~...:-.-......-_J,.;.--..n_c.‘.-:.}.»-o‘-.-.L.__._.. [
:l-‘_l_ SN T Pk W U JOU0 WU T JOUIE VU TUR NN SO IOU (Y JRPRN U Oy AN OO WO NG B PR e OO Y B A JLIIN TR AU T O DR B SO U |
mm -
P1. XV Interior aspect of tympanic cavity with

ossicles in situ, after removal of
wall of tympanicbulla

Bt(e) = Outer wall of tympanic bulla
Fr = round window

In = incus

Ma = malleus

Mm = manubrium of malleus

Mst = stapedius muscle fdessicated)
Mtt = tensor muscle of~tympanum

Mty = tympanic membrane (dessicated)
Pe = petrosal bone

Pf = Folius' process _

Ppp = posterior (mastoid) process
Ps = sigmoid process

Pt = tubal process

Sp = suprameatal spine .

St = stapes
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Pl1. XVI Petrosal bone of an adult narwhal, seen from
the tympanic cavity. Detail of stapes (St):
(A) in situ; (B) removed. (Scale in mm).

Fo = oval window
. Fr round window
S Pe petrosal bone
e iy Sp = suprameatal spine
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Tusk of a male narwhal caught in Pond Inlet,
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tusk of a male narwhal.
1880.
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(A) Dissection of a left, fully developed and a
undeveloped,

right,
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Photographs of dorsal aspect of flukes from (A
a full-term foetus and (B) an adult narwhal
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There is, between the two pterygoid hamuli
(Pth), a bone- and air-free space which is
flanked by the pterygoid sinuses (Pts). This
Pterygoschisis makes it possible for sounds
Produced in the larynx to be propagated in a
ventrad direction,
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