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Oh, the rare old whale, mid storm and gale 
In his ocean home will be 
A giant in might, where might is right 
And king of the boundless sea.

Whale song.

Aan mijn vrouw 
Aan Saskia
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INTRODUCTION

“A whale is a spouting fish with a horizontal tail.”
Ishmaël in “Moby Dick”.

The mounting interest in whales during the last two decades has 
revealed many new and interesting facts on the hearing of and on the 
production and utilization of sound by these mammals.

Hearing is the dominant sense in whales as it is the tele-receptor 
par excellence (Reysenbach de haan, 1956). Both field and anatom
ical observations have shown the high level of development this sense 
has reached. Tomilin (1955) and Slijper (1958)1 have given a summa
ry of the sounds at present known to be produced by whales, and it

1 The English version of this work will shortly be published.
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appears that those of the Whalebone Whales (Mystacoceti) are least 
known. Far more is known about the Toothed Whales (Odontoceti). 
The Americans in particular have contributed much to our knowledge 
by keeping several of the smaller species in their Oceanaria. MagBride 
(1940), MagBride and Hebe (1948), Kritzler (1949, 1952), Wood 
(1954) and Vincent (1960) describe sounds made by the Bottle-nosed 
Dolphin (Tursiops truncatus Mont.), Stenella plagiodon, the Pilot-whale 
(Globicephala melaena Traill), and the Common Dolphin (Delphinus del- 
phis L.). The sounds mentioned are whistling, shrieking, creaking, 
groaning, mooing, rasping, snapping, clicks and those described as pro
duced by a “rusty hinge”. It seems that whistling is mainly used for 
keeping contact, that snapping has a threatening effect, while groaning 
has mainly to be associated with pain and shock. The clicks and the 
rusty-hinge sounds have a different meaning.

Mag Bride (1956) put down the view that a porpoise [Tursiops trun
catus) might be using sound for navigation. He remarks that a por
poise will not charge into an ordinary seine with a small-sized mesh, 
but is caught by nets with meshes as wide as 10 inches square, by 
charging into them. The animal jumps over the net on the spot where 
part of the cork line is pulled under water. As this happens in thick 
water, and even at night, the operating of visual sense seems improbable.

Kellogg, Kohler and Morris (1953) found that the grinding 
noises and clicks made by captive Tursiops consisted mainly of sounds 
with frequencies varying from 10 kc up to at least 170 kc. The investiga
tions made by Schevill and Lawrence (1956) and by Kellogg 
(1958) show that echolocation was probably used, but they were not 
entirely conclusive. The experiments with temporarily blindfolded 
Tursiops by Norris, Prescott, Asa-Dorian and Perkins (1961), at 
Marine Land of the Pacific, however, proved that these animals are 
in possession of sonar1.

Similar sounds that may be used for echolocation are known from 
several other small whales, and from Physeter catodon, the Sperm Whale 
(Worthington and Schevill, 1957) and from Orcinus area, the Killer 
Whale (Valdez, 1961). We have no evidence as yet that the Whale
bone Whales use sonar; we only know that they react to man-made 
asdic2 (Part II, Chapter I).

In 1953 Schevill and Lawrence stated that Tursiops was rather a

1 From personal communication with Prof. Slijper we learned that Wood of Marine- 
land, Florida, repeated these experiments successfully.
2 Sonar is the abbreviation of SOund Navigation And Ranging. This term is used 
by the U.S. Navy for echolocation. The British name is Asdic (Anti Submarine 
Device Investigation Committee). We shall return to its use below (Part II, 
Chapter I).
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silent animal; at least, when it was alone. Their investigations in 1956, 
with better listening equipment, revealed that Tursiops was more or 
less talking continually at a low intensity, not audible to the unaided 
ear. We need not be surprised, therefore, to find that the Mystacoceti 
are not as silent in this respect as they are supposed to be.

Anatomical research - starting with Petrus Camper (1765) and 
leading to the excellent investigations of Fraser and Purves (1954, 
1960) and Reysenbach de Haan (1956, 1957) - has made it evident 
that, generally speaking, the ear of a whale functions underwater similar 
to that of a terrestrial mammal in air, thanks to the conspicuous 
modifications it underwent in connection with life in water. In his 
comparative study Reysenbach de Haan shows a sequence in anatom
ical refinements to perceive higher and higher frequencies, from man 
with a low upper threshold of hearing, via the cat and the mouse, to 
the bat, which has a very high upper limit and is in possession of 
sonar. In whales the cochlear refinements, which enable them to per
ceive high frequencies, appear to be even in excess of those of the 
bat. The upper threshold of hearing in a bat is somewhere near 170 kc1. 
Reysenbach de Haan would not be surprised to learn that a whale 
is able to hear frequencies as high as 300 kc2 purely on comparative 
anatomical grounds. These anatomical observations strongly support 
the field observations that sound must play a very important part in 
the life of a whale. The highly developed hearing centre of the central 
nervous system of cetaceans makes it very probable that echolocation 
is of general occurrence in this group of mammals too.

The work of Reysenbach de Haan has been a great incentive to 
experimental work. His description as to how the ears of cetaceans 
are acoustically isolated explains why a whale, as field observations 
learned, can, unlike man, hear the direction of a sound underwater. 
His work called for comparative experiments on directional hearing 
and stimulated us to start these. The work was carried out on the 
Common Porpoise (Phocaena phocaena L.)3.

Part I of this paper covers the anatomical background of the cetacean 
ear, the fundamentals of directional hearing, the catching, maintenance 
and sustenance of our animals, and the training experiments with one 
of them.

In order to get Phocaena we went to Denmark, where the Common

1 1 kc (= 1 kHz) = 1000 cycles (1000 Hz).
2 Schevill and Lawrence (1956) found an upper limit of hearing of about 150 
kc in Tursiops. In our opinion this interesting result is not conclusive owing to their 
experimental arrangements.
3 In the U.S.A. the vernacular name of porpoise is normally used for Tursiops 
truncatus Mont., the Bottle-nosed Dolphin; in Europe it isustdiovPhocaenaphocaenaT.
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Porpoise was hunted up to the end of the last century and again during 
both World Wars. We took part in a hunting season organized for our 
benefit once more. Knowing the sensitivity to sound of these animals 
we were not at all surprised about the part this played in the driving 
tactics. We were somewhat amazed to discover, however, that the 
Danish hunters did not realise that these animals could hear so well. 
The traditional customs - handed down through generations - are 
very effective and tell the men how to handle the porpoises during 
the drive and the actual catching. This brought us to a study of the 
different methods used for catching whales, with the assumption in 
the back of our mind that it is very probable that all cetaceans use 
asdic. This study will be published separately.

The study of whaling methods, especially the study of the method 
used for catching the Pilot-Whale, led us to another trail, i.e. the pro
blem of mass strandings. We became convinced that the cause of this 
strange phenomenon is to be found in the utilization of sound by whales.

Part II, commencing with a description of the principles of asdic, 
therefore deals extensively with the possible connection between echo- 
location and mass strandings.

PART I

AN EXPERIMENTAL APPROACH 
TO DIRECTIONAL HEARING UNDERWATER

“In passing, I would like to refer to the wonderful way in which 
these whales realize the presence of danger at a great distance, 
if the slightest sound be made. I do not use the word “hear” 
because so abnormally small are their organs of hearing, the 
external opening being quite difficult to find, that I do not believe 
they can hear at all well”.

Frank Bullen: “The Cruise of the Cachalot”. London, 1889.

CHAPTER I

THEORIES ON HEARING OF WHALES

The pioneer of anatomical research on the ear of Cetacea was Petrus 
Camper, in this treatise on the Cachalot (1765). Since his time many 
articles, containing very different views on the hearing of Cetacea, 
have appeared. Although these views do differ so widely, they may be 
summarized into four theories (after Reysenbach de Haan, 1956):
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1. Theory of air conduction
Camper (1765), Buchanan (1828), Hyrtl (1845) and Lillie (1910). 
The advocators of this theory thought that the animals only hear 
through the air, either via the external auditory canal (which in fact 
is closed in the Whalebone Whales and only partly filled with seawater 
in the Toothed Whales), or via the eustachean tube (figs. 1 and 2). 
This theory has become obsolete for a long time, and to the modern 
investigator it is so obviously incorrect that further discussion of it 
is not necessary.

2. Resonance theory
Claudius (1858), Denker (1904), Turner (1914), Kellogg (1928) 
and Kellogg (1938). Like the following theories, this view assumes 
that Cetacea hear mainly under water. The sound produced in water 
is believed (via the body tissue) to reach the air in the pneumatic 
system in and around the os petrotympanicum (fig. 3). Here resonance 
starts, reaching the inner ear directly via the round window or, indirect-

m.a

Fig. 1. Schematic dorsoventral section through the skull of the Odontoceti at the 
level of the hearing apparatus, c.t. cavum tympani; m.a.e. meatus acusticus externus 

(after Reysenbach de Haan, 1956).
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Fig. 2. Schematic frontal section of the tympanic region of a Whalebone Whale, 
modified according to Hanke and Purves (after Reysenbach de Haan, 1956). 
1 petromastoid; 2 tympanicum (bulla tympanica); 3 squamosum; 4cavum tympani; 
5 tympanic conus; 6 protrusion of tympanic membrane into external auditory canal 
(glove finger); 7 stratum corneum; 8 “cerumen”plug; 9 blubber; 10 connective 
tissue; 11 blind end of the external auditory canal; 12 porus acusticus externus; 

s stapes; i incus; m malleus.

ly, by giving rise to vibration - with respect to the perioticum - in the 
bulla with the chain of auditory ossicles attached to it. However, the 
pneumatic system is particularly unsuitable for resonance. It consists 
of cavities lined with wrinkled, trabecular mucosa, which swells during 
diving. These cavities are filled with foam. A better damper for sound 
is hardly imaginable. Moreover, movement of the bulla with respect 
to the perioticum is quite impossible, owing to the synostic connection.

3. The “Schalltrichtertheorie’'' of Boenninghaus (1903)
Notwithstanding an impressive anatomical investigation Boenning
haus developed a strange conception of hearing in whales. It possesses 
the charm of making use of the acoustic insulation of the os petrotym- 
panicum by means of the foam-filled cavities around it, and the „Schall
trichter”, the small bony auditory canal in the bulla leading to the 
tympanic conus. The further route taken by the sound according to 
Boenninghaus is, however, absolutely impossible from the acoustic 
point of view: via the bone of the bulla and the processus gracilis 
to the malleus, thus reaching the inner ear via the auditory ossicles 
as a „molecular vibration.”
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4. Bone conduction theory
Beauregard (1894), Kernan (1919) and Yamada (1953). This theory 
is the counterpart of the preceding one. Not only does it deny the 
insulation of the auditory bone, but it is even in favour of sound con
duction via the cranial bones and the pars mastoidea of the os petro- 
tympanicum. The incorrectness of this conception is based on a wrong 
acoustic interpretation of anatomical facts.

In addition to the completely incorrect idea of air conduction via 
the external ear, these theories make all possible efforts to eliminate 
the middle ear mechanism (consisting of tympanic membrane, mal
leus, incus, stapes and their muscles) as a sound transmission system.

Backed by an anatomical investigation which deserves deep respect, 
and by acoustic experiments on fresh dead whale material, Fraser and 
Purves (1954 and 1960) reached the conclusion that the sound transmis
sion must take place via the middle ear, just as in terrestrial mammals.

Reysenbagh de Haan (1956), in his important work on hearing in 
whales, not only largely agrees with Fraser and Purves, but also ven
tures to explain it as far as possible. Moreover, he throws new light 
on the anatomical structure of the cochlea of whales and compares it 
with that of terrestrial animals.

Following the route of sound according to Fraser, Purves and 
Reysenbagh de Haan, we enter first upon:

Fig. 3. Schematic dorsoventral section through the auditory apparatus of the Odon- 
toceti (after Reysenbagh de Haan, 1956). 1 tympanic conus; 2 auditory ossicles; 
3 cochlea; 4 perioticum; 5 tympanicum (bulla tympanica); 6 cranial bones; 7 N. 
octavus; 8 ligamentous suspension of the perioticum from the skull; 9 meatus acusti- 
cus externus; 10 foam cavities in cavum tympani (10 a) and around the perioticum; 

11 blubber; 12 connective tissue.



The external auditory canal
This canal is different from that of terrestrial mammals, especially in 
the Mystacoceti or Whalebone Whales (figs. 1, 2 and 3). In the Odon- 
toceti or Toothed Whales the porus of the canal is very narrow, about 
0.5 mm in Globicephala and even less in Phocaem, but it widens to about 
0.5 cm {Globicephala). The canal is “S”-curved and is under tension by 
means of a muscle. The canal is open and filled with sea water up to 
the tympanic conus, or it is partly closed with a substance consisting 
of dead cell material. In the Mystacoceti the canal is transformed to 
a string and only open over some millimeters from the skin and over 
some distance near the bulla. Here it is, however, filled with a sub
stance, the “cerumen plug”, which is already formed during embryon
ic life.

According to Fraser and Purves (1954, 1960) the string, the plug, 
the walls of the meatus and the attached muscles are well developed 
and of an active nature, and therefore the auditory canal has to per
form a function in guiding the sound to the middle ear. The auditory 
canal seems to be modified instead of rudimentary as is often assumed. 
Reysenbach de Haan disagrees with this view and proves that the 
density of blubber and tissue between skin and bulla has approximately 
the same value as the density of water. According to him the canal is 
rudimentary, and the sound travels unimpaired directly from the skin 
to the bulla. We shall return to this difference of opinion below.
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The os petrotympanicum
As opposed to terrestrial animals the os petrotympanicum of the ceta
ceans is not embedded in the skull, but hangs underneath it, suspended 
by a string, the rigidity of which differs in the various species, depend
ent on their weight. It is surrounded by air or foam-filled cavities, 
which insulate it from all outward vibrations, also from vibrations of 
the animal itself (figs. 1 and 3). This independency from the body of 
the whale itself is strongly backed by the enormous mass of the os 
petrotympanicum with a very small vestibular organ.

The middle ear
In Odontoceti the sound is only admitted to this system by the small, 
bony, air-surrounded auditory canal of the bulla, which intercepts the 
sound, concentrates it and conveys it to the tympanic conus, the be
ginning of the middle ear. In the Mystacoceti we do not find a tym
panic conus pointing inwards, but a tympanic membrane shaped as
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a “glove finger” and pointing outwards. The tympanic ligament con
nects the inside of the top of the “glove finger” with the malleus. This 
part of a hearing organ must be adapted to the medium in which it is 
required to work. Man hearing in air has a tympanic membrane and 
very light auditory ossicles, which are able to transfer to and concen
trate the air-borne sound upon the oval window. The middle ear in 
man does not work under water optimally as Reysenbach de Haan 
(1956) and Hamilton (1957) showed in an experiment. The loss in 
hearing sensitivity of man under water appeared to be about 60 db, 
a loss that is also valid in air when the tympanic membrane and ear 
bones do not function.

Returning to the middle ear of the whales, we find a system which 
has all the characteristics of the mammalian ear but is, nevertheless, 
different.

When cetaceans once started an aquatic life all kinds of adaptations 
became necessary, that of hearing under water amongst them. As the 
density of water is far greater than that of air the middle ear had to 
adapt itself too, in order to be able to continue to function. Its mass 
became greater, its rigidity increased, and its movements became smal
ler, resulting in an optimal transmission of waterborne sound. The 
tympanic membrane of the Mystacoceti is heavy and protrudes into 
the earplug (fig. 2). In the Odontoceti it is transformed into a conus. 
The auditory ossicles are modified and heavy. The processus gracilis 
of the malleus is attached to the bulla, a very heavy bone which adds 
considerable weight to the os petrotympanicum. The rigidity of the 
system allows the passage of very high frequencies in particular.

The cochlea
This organ is developed to the utmost and continues the sequence men
tioned above, from man to bat. The basal turn, where the high fre
quencies are received, is especially refined and Reysenbach de Haan 
(1956), who investigated the cochlea, concludes that the animals must 
be able to perceive very high frequencies, even higher than those of 
the bat. This conforms with the observations of Kellogg et al. (1952 
and 1953) and Schevill and Lawrence (1953) on Tursiops truncatus, 
which produces sounds of high frequencies and react to 150 kc at least.
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CHAPTER II

DIRECTIONAL HEARING

From the Introduction it will be clear that directional hearing for 
whales must be important. One may even affirm that hearing without 
being able to ascertain the direction of a sound - indicating a danger, 
the presence of a mate or a prey - is rather useless. The biological sig
nificance of the fact that fish are unable to determine the direction of 
a sound (Von Frisch and Dijkgraaf, 1935), because their hearing 
organs are not acoustically isolated and consequently act as one re
ceiver, is not yet fully understood. The view of Kleerekoper and 
Chagnon (1954) that fish can hear the direction of a sound by per
ceiving an intensity gradient, seems a wrong interpretation of the re
sults of their experiments.

Mammals living on land are capable of directional hearing, because 
they have two separate ears embedded in a skull, the density of which 
differs so much from the density of air that it isolates the ears acousti
cally from each other. The sound reaches the inner ear, where it is actu
ally perceived by way of the auditory canal and the middle ear. Many 
experiments, chiefly those on man, have given us some insight in the 
parameters which are thought to play a part in determining the direc
tion of a sound:
1. Differences in time of arrival.
2. Intensity differences.
3. Phase differences.

1. Differences in time of arrival
The difference in time needed for the sound to reach both ears may 
determine the direction of a sound. If there is no difference the source 
of the sound is in the sagittal plane. Valuable information is received 
when the first and the last sound wave reach the two ears and, in the 
event of continuous sound, with every change in frequency. As pure 
continuous tones hardly exist in nature this principle is valuable.

Hornbostel and Wertheimer (1920) and Kietz (1953) in their 
experiments on man used two clicks1, one for each ear, given with a 
very short difference in time. Assuming that the effective distance2

1 A click is a short sound pulse containing many different frequencies.
2 The effective distance is the distance between the ears measured around the head. 
This will be considered below.



between the ears is 21 cm and the velocity of sound in air is 330 m/sec, 
they got the results given in Table I.
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TABLE I

Directional sensation with respect to time differences (after Kietz, 1953)

Time difference ;in seconds Impression of the direction of the sound

0 straight forward
3 x io-5 not straight forward. Azimuth 3°. 1 cm diffe

rence in the distance from sound source to both
ears.

16 x 10-5 azimuth 15°
31 x 10-5 azimuth 30°

63 — 120 x 10-5 azimuth 90°
120 x 10-5 two different clicks are heard.

The minimum time difference which can give information on the direc
tion of a sound is 3 X 10~5 sec. This means that the minimum angle - 
with regard to the sagittal plane - which can be perceived is 3°. The 
smallest angle between the directions of two sources of sound which 
can be discriminated is therefore 6°.

How such small differences in time can be perceived is not easy to 
understand. Time is needed for a sound to go from the fenestra ovalis 
to the part of the cochlear membrane where it is received. High tones, 
which are received in the basal turn, need 0.1 msec; the low frequen
cies, which are received near the helicotrema, need about 5 msec. The 
lag in time in sound transmission within the fibrils of the acoustical 
nerve - the time which elapses between the impulse and the discharge 
belonging to it - is approximately 0.3 msec (Tasaki, 1953), a lag that 
seems to be correlated with the intensity of the impulse. The velocity 
of a nervous discharge between synapses is about 100 m/sec. The mean 
time a discharge needs to pass a synaps is 0.5 msec, an interval that 
is dependent on the intensity of the original impulse.

Considering the time needed to reach the central nervous system 
and the variations caused by different factors the minimum time differ
ence of SOfxsec, which gives information for the determination of the 
direction of a sound, is really remarkable. 2

2. Intensity differences
Owing to the density differences between the air and the head the 
latter can act as an obstruction for sound waves by causing a shadow 
so that the intensity of the sound is different for both ears. The differ
ence is a measure for the direction of the sound. No difference means
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that the source of the sound is thought to be in the sagittal plane; the 
maximum difference is found when the direction of the sound makes 
an angle of 60o-90° with the sagittal plane. The head acts as an obstruc
tion for frequencies of 2000 c.p.s. and more (Schmidt, 1955), not for 
lower frequencies. This parameter is also valid in the case of contin
uous pure tones. It will be mentioned below that, according to Sedee 
(1957), intensity differences do not give a spatial sensation, they only 
indicate whether the sound comes from the left or the right.

3. Phase differences
It should be realized that phase differences may be reduced to differ
ences in time. According to Stevens and Davis (1938) phase differ
ences cannot give information when the difference in distance from 
source of sound to both ears is more than twice the wave length in
volved. This situation is reached at 800 c.p.s. The experiments of 
Sedee (1957) on spatial binaural hearing1 are very interesting in this 
respect. Using pure, continuous tones - gradually increasing and de
creasing in intensity, prohibiting directional hearing by aid of differ
ences in time — he found that direction determination is inaccurate 
in the lower frequencies (1000 c.p.s.), but gradually improves when 
higher frequences (up to 4000 c.p.s.) are used. Intensity differences did 
not give a spatial sensation, but only indicated that the sound came 
from the left or the right. Spatial sensation is, therefore, due to phase 
differences. A combination of phase and intensity differences improves 
the precision of direction determination about twofold, compared with 
that of phase differences.

Griffin (1958) refers gratefully to Thomas T. Sandel for pointing 
out the interesting possibility that frequency modulation might play 
a part in direction determination as well. A sonarpulse (Part II, Chap
ter I) of a bat of the Vespertilionidae has a duration of about 2 msec 
and its frequency decreases during the pulse, e.g. from 80 kc to 40 kc. 
Referring to Myotis, Sandel developed the idea that „an echo reaching 
the ears of this bat will be changing in frequency at a rate of 20 kc per 
msec. Hence, if it reaches one ear 0.1 msec before the other, the two 
ears will receive frequencies which differ by about 2.000 c.p.s. Even 
smaller differences in frequency may well be detectable, making the 
auditory localization of frequency modulated echoes more precise than 
the types of human localization” which we discussed above. In connec
tion with this supposition it would be of the utmost value to carry 
out training experiments.

1 Unfortunately this work became known to us only after the work on the porpoise 
had ceased.



SOUND AND CETACEA 419
The common view is that in man the first three parameters play a 

part, but that the most dominating one is that of the difference in time 
of arrival. Disturbances in phase and intensity differences must be 
fairly considerable to cause serious mistakes in directional hearing. 
Slight disturbances in the time difference spoil directional hearing 
instantly.

Theoretically, the time differences seem more important than the 
frequency modulation in the event of sonar being used. As the combin
ation of phase and intensity differences gives better results than either 
of the constituents, both time differences and frequency modulation, 
if they act together, may improve the acuity of directional hearing too.

Properly speaking, these parameters concern sounds in a horizontal 
plane in front of the listener. The experiments of Klensch (1948) 
show how man makes certain that a sound source is behind him above 
the horizontal plane through his ears, or below it. Small movements 
of the head, supported by the experience that a certain sound coming 
from behind may differ slightly in „colour” from the same sound in 
front of a listener, show man where the sound is coming from. Unless 
these clues are used the source of a sound is psychologically placed in 
front. Tilting the head sideways gives no indication about the position 
of the source of a sound above or below the horizontal plane. Only by 
bowing the head forwards or backwards and turning the head at the 
same time can one know if the sound is in front and above or below 
the horizontal plane, or at the back, above or below it.

Sedee (1957) also made use of an artificial head in which the effec
tive distance between the ears was 42 cm instead of the normal 21 cm. 
The precision in direction determination appeared to be twice as good. 
Since the threshold angle in directional hearing is based on the mini
mum time difference that can be perceived either due to differences 
in time of arrival or to phase differences, it is easy to understand that, 
in the big artificial head, this minimum time difference is only reached 
when the threshold angle is about half that of the normal head.

In his experiments on man under water Reysenbagh de Haan 
(1956) proved, besides a loss in sensitivity of hearing, that man is not 
capable of direction determination in this medium. Due to slight den
sity differences between human tissue and water it is assumed that 
the whole skull starts vibrating at once when it is hit by a sound wave. 
As our hearing organs are embedded in the skull both are stimulated 
at the same moment, thus preventing a time difference being built up.

When we consider the striking features of the cetacean hearing or
gan, which hangs underneath the skull and is completely acoustically 
isolated, it is reasonable to assume that the cetaceans are capable of 
directional hearing. Nevertheless, the question arises as to whether
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the attachment to the skull, which vibrates with the sound as the whole 
whale does, does not impair directional hearing.

According to Reysenbach de Haan the principle of transmission 
of vibrations from the skull to the hearing organ can be reduced to 
the properties of a propelled pendular system. The pendulum can be 
represented by the os petrotympanicum, connected with a (rigid) liga
ment to the very large mass of the whale skull. The movements of the 
pendulum (the os petrotympanicum) are essential with respect to the 
specific frequency of the system as a whole and the vibrations of the 
skull. Close to this specific frequency or below it the os petrotympanicum 
more or less follows the vibrations of the skull caused by the sound. As 
the vibrations of the tympanicum are markedly damped resonance 
can never lead to great amplitudes. If the vibrations of the skull have 
a frequency higher than the specific frequency of the system, the os 
petrotympanicum remains stationary with regard to the vibrating skull. 
It follows from the experiments and calculations of Reysenbach de 
Haan that for the cetaceans as a whole the specific frequency is only 
50-150 c.p.s. and that, consequently, the petrotympanicum is independ
ent of the vibrations of the skull over nearly the whole range of audible 
frequencies. The attachment of the tympanicum to the skull does not, 
therefore, impair the acoustical isolation of the earbone.

The Function of the External Auditory Meatus
From the anatomical point of view and according to the field obser
vations whales are able to hear the direction of a sound. They have 
two separate receivers, which can function independently from their 
environment. Owing to the slight density differences between the whale 
and the water around it one may assume that intensity differences do 
not play a very important part, as the body of the whale is no such 
obstruction for sound as man’s head is in air. The skull may be of 
importance in this respect, however, when high frequency sounds are 
involved.

It has been pointed out that the precision of directional hearing 
is dependent on the effective distance between the ears (Sedee, 1957). 
Consequently, when comparing the precision in directional hearing in 
man and whales, we should be aware of the effective distance between 
the two ears in a whale. It is here that the controversy between Fraser 
and Purves (1954, 1960) on the one hand, and Reysenbach de Haan 
(1956) on the other, comes to the fore. In connection with this con
troversy the following should be added. Fraser and Purves state that 
in sound transmission the external auditory meatus plays a part, and 
that, consequently, the effective distance between the ears is the dis-
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tance between the two external openings. Reysenbach de Haan, on 
the other hand, is of the opinion that the meatus does not play any part, 
and, according to him, the effective distance is the distance between 
the lateral sides of the bullae. It is important that we state our view 
in this controversy.

Fraser and Purves, in their valuable contribution to our knowledge 
of cetaceans published in 1960, devote a part of it to experiments on 
the transmission of sound by the meatus and its surrounding tissues, 
in order to support their view on the significance of the external ear.

A large portion of the squamo-mastoid region of a Fin Whale (Ba- 
laenoptera physalus) was obtained in frozen condition and, when thawed, 
was dissected to expose the middle ear, the wax plug and the meatus 
as far laterally as the blind portion. The blind portion was dissected 
to expose the cord connecting the inner part of the meatus with the 
external aperture. Using two transducers, shaped as probes, the one 
connected with a cathode ray oscilloscope, the attenuation of different 
sounds was measured along the different parts of the meatus and in 
the tissues surrounding the meatus lumen, 4 cm posterior to it. A 
standard reference was obtained by a calibrated deflection of the oscil
loscope equivalent to 2 cm separation of the probes. The results are 
given in a graph in which the attenuation in decibels is plotted against 
the distance in centimeters. Three different frequencies were tested, 
the results of which are not entirely comparable as the readings are 
not from the same spots in every case.

At 100 kc readings were taken from: 1. the fibrous tissues surrounding 
the meatus lumen; 2. the meatus lumen itself; 3. the string formed by 
the wax plug and tympanic ligament; 4. the blind section of the meatus. 
At 50 kc readings were taken from regions as mentioned at 100 kc 
under 1, 2 and 4. At 10 kc readings were taken from 4. the blind 
section of the meatus and 5. the open meatus.

We reproduce with a small alteration the graph of Fraser and 
Purves in fig. 4. This alteration only affects the positions of the legends 
at 100 kc because they may have the misleading effect of adding an extra 
reading to each curve in the original graph. Instead of placing them 
halfway each curve we have brought them to the top of the figure.

From these curves (fig. 4) Fraser and Purves conclude that there 
is a significant difference between the attenuation of sound by the 
fibrous tissues surrounding the meatus and the meatus itself. They 
assume, therefore, that the sound reaches the middle ear with a higher 
intensity via the meatus than by way of the surrounding tissues, and 
that, consequently, the effective distance between the ears is the dis
tance between the two external openings. In our opinion these conclu
sions are not justified.
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Fig. 4. Graph showing the attenuation of sound waves of 10-100 kc in meatal and 
adjacent tissues of the ear of a Fin Whale (after Fraser and Purves, 1960 b).
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In the first place, the curves of Fraser and Purves are based on a rather small 
number of readings, and the distances between the latter are not regularly spaced. 
Some of the readings deviate far from the line. This is especially the case with the 
important curve of the fibrous tissues surrounding the meatus, where the reading 
at 12 cm distance and about 23 dbs (fig. 4) is far off the line. The expectation of a 
certain course of a line does not justify drawing according to that expectation if the 
readings deviate too much. A straight line seems to be a better approach. We agree 
with the curves at 50 kc and must take those at 10 kc for granted as no readings 
are given.

It is known from similar experiments in man that the accuracy of this kind of 
experiment is certainly not better than about 2 db in the lower end of the scale 
and at least 3-4 db in the higher part. This is apparent from the curves of fig. 4. The 
accuracy in the curve representing the blind meatus seems to be even less.

Besides, Fraser and Purves emphasize the fact that the initial power of the sound 
required for 2 cms of tissue surrounding the meatus is 12 dbs above reference and 
higher than that for the meatus. However, this difference in initial power would 
only be of value if it was sustained in the course of the curves. When we follow the 
curves the difference in attenuation after some distance (5 cm) is no more than 2-3 
dbs, and it scarcely changes over a distance of 10 cm. Even at 20 cm the difference 
is well within the variation of the curves. Adding this to the general variation of the 
readings it makes the significance of the differences of initial power very doubtful, as 
a reading below the reference level can be found at the same time.

The differences between the curves at 50 kc and 10 kc are, of course, even smaller, 
as low frequencies are less attenuated than high ones. The differences in attenuation 
found at these frequencies are appreciably less (less than 1 db at 10 kc) than at 100 
kc. They are undoubtedly insignificant and within the variation of the accuracy of 
the method of measuring. Fraser and Purves think that the higher the tension of 
the meatus the less the attenuation. This would be the reason for the presence of 
muscles attached to the meatus. We are of the opinion that the meatus must be 
made out of metal or quartz before an appreciable decrease in attenuation and in
crease in velocity is reached.

Moreover, the lack of significance is increased by the following statements of the 
authors (1960 b, p. 124): “The values shown are much greater than the known attenua
tion of sound in sea water (16 db per thousand yards at 100 kc) but the probes were 
set in the tissue and moved along an axis which was at right angles to the direction 
of propagation of the sound waves, so that the attenuation rate was grossly exaggerat
ed. The attenuation would be still further exaggerated by the presence of any gas 
bubbles produced by decomposition prior to freezing but the latter, if present, were 
assumed to have been uniformly distributed in the tissues”. The variation of the 
curves is unfavourably affected by this too.

Furthermore, on page 123 of their paper the authors state: “In the Mysticeti the 
inner part of the meatus is filled by the “ear plug” which consists of layers of chol
esterol and keratinized epithelium (Purves, 1955). It is an interesting fact that the 
acoustic resistance of paraffin wax is given as 1,3 X 105, whereas that of seawater 
of 3.5% salinity is 1.5 X 105 so that the interface, the wax plug, if considered com
parable, would form no appreciable barrier to sound waves”.

Keeping in mind these two statemems, we may conclude that there is no difference 
between sea water, the meatus lumen and the wax plug. From the point of view of 
Fraser and Purves, the blind section of the meatus guides sound even better accord
ing to the curves of fig. 4. The same appears to be true at a frequency of 50 kc. At 
10 kc the open meatus is doing even better than the blind section. According to 
Fraser and Purves the open meatus is filled with sea water during life and we may 
assume that in guiding sound it has the same properties as water. This would be in
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accordance with the experiments of Reysenbach de Haan (1956), to which we 
shall return later. A curious fact now arises. On the one hand, Fraser and Purves 
“prove” that the blind section conducts sound better than sea water (curves at 
100 kc), and on the other hand they prove that sea water is conducting sound better 
than the blind portion of the meatus (curves at 10 kc). We are of the opinion that 
the incongruity arising from the curves of figure 4 simply means that the supposed 
differences in attenuation are artificial and non-existent.

This is in accordance with the experiment made by Reysenbach de Haan to 
which we have already referred. A piece of blubber oflOx 10 X 10 cm with the 
meatus in its centre dissected from a Blue Whale (Balaenoptera musculus) was tested 
for its sound conductivity at frequencies varying between 3 and 20 kc. “It was shown 
that for all frequencies the sound pressure on the microphone (within limits of 2 db, 
i.e., the experimental error) was the same as that existing in the measurements in the 
completely water-filled tank, without the blubber. It was also noted that there was 
no difference when the blubber was placed with the auditory canal in the longitudinal 
axis of the tank {i.e., from the water column with the emitter to the other water col
umn with the receiver) or perpendicular to this direction’................... “At a tempera
ture of 20°, and for the frequency range of 3-20 kc a 10 cm thick layer of whale 
blubber absorbs at the most 2 db more than a water layer of 20° and 10 cm thick; 
this means that a layer 25 cm thick, i.e., the greatest thickness the blubber layer 
can reach around the auditory canal, cannot absorb more than 5 db more. There 
is thus no evidence of a particular sound transmission via the auditory canal or its 
walls. The experiment also shows that the non-bony auditory canal no longer possesses 
any acoustic function simply because water and blubber transmit sound waves in the 
same way.”

Finally, we should like to quote Norris and his associates (1961) who demonstrated 
echolocation in Tursiops. To this end they had blindfolded the animal with a neoprene 
suction cup.

“The lack of dependence upon vision is amply demonstrated by the blindfold 
experiment. While the sound emission and associated behavior is strong evidence 
for echo-location in the blindfolded animal, the crucial test is still disruption of the 
sound path of the blindfolded porpoise in some way coupled with the results of 
such disruption. The first approach to this problem was simply to cover the external 
ear openings with a patch of material that would disrupt the passage of sound. In 
this case two small suction cups were used, each 1 inch in diameter and lined with 
4 of an inch of foam neoprene sheeting. Such foam neoprene forms an excellent acous
tic mismatch with water because of its multitude of tiny trapped gas bubbles. The 
porpoise did not object to having these cups pressed in place over her external ear 
openings, and then navigated perfectly with both eye and ear cups in place. This result 
is, however, considered inconclusive for two reasons. First, it was impossible to tell 
how firmly the neoprene liner of the cups was pressed against the skin of the animal 
at the periphery of the neoprene patch. Conceivably there could have been places in 
which the barrier consisted of no more than the latex of the cup and the thin border 
of the neoprene patch. Thus there would have been no effective sound barrier. Sec
ond, if odontocetes rely upon transmission of sounds through the blubber and flesh 
to the tympanum and middle ear ossicles, as has been recently postulated (Reysen
bach de Haan, 1957), no disorientation would have been expected. According to 
this theory the external auditory canal is a rudiment. Support for this idea is pro
vided by the discovery that in at least one species of porpoise (Phocoenoides dalli) the 
canal does not reach the surface of the skin (Norris and Prescott, in press).”
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It is clear from the foregoing that we agree with Reysenbach de Haan 
that the meatus has no special function in conducting the sound. It 
is present as a tissue with the others and therefore conducts sound, 
but if it was only for this reason a whale could easily do without it. 
Nevertheless, we cannot deny the active nature of the meatus and in 
this respect we are of the same opinion as Fraser and Purves, who 
state that the meatus is definitely not rudimentary. This being so, 
the meatus must have some other function.

The malleus is set into vibration by the ligament attached to the 
inner side of the “glove finger”. This is only possible if the ligament and 
glove finger are kept tight. According to Fraser and Purves the glove 
finger is firmly attached to the ear plug, as the latter is formed by it. 
In our opinion the muscles have the important task of keeping the 
meatus, and, with it, the glove finger and the tympanic ligament, 
stretched - notwithstanding the seasonal variations in thickness of the 
blubber. On page 131 Fraser and Purves state: “In view of the high 
noise intensity in water and the great sensitivity of the cochlea, it is 
not surprising that the cetacean meatus is of very small calibre. It 
is almost certain that a mechanism exists to protect cetaceans against 
harm that excessive noise can cause”. The existence of that mechanism 
is present indeed, but in our opinion not in the small dimension of the 
meatus. We suppose that in varying the tension of the meatus - and 
consequently that in the glove finger - an ideal damping of sounds of 
high intensity is procured.

However, protection against excessive noise - rare in Nature - may 
not be the main reason. Far more important for a sense organ like 
the ear is the ability to pick up even the slightest information. The 
more the glove finger is stretched the better it conducts high fre
quency sounds, while the ability to perceive low frequency sounds 
decreases. In this way protection against excessive noise, which is often 
of low frequencies (the thunder of the surf on the shore), is ensured, 
while the animal is at the same time enabled to pick up faint high 
frequency sounds, which occur whenever a whale uses its asdic (Part 
II, Chapter I).

The view of Yamada (1953) that the many sensory cells in the con
nective tissues of the meatus are probably used to give information 
to the central nervous system about the tension of the meatus would 
be in accordance with our view. We are of the opinion that the pres
ence of the meatus - originally developed to function in air - does 
not justify the assumption that it has to function in this way in water 
as well. The original function of the meatus of the Mystacoceti being 
lost, its presence provided Nature with the possibility of allotting it 
a new important task.
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Up till now we have mainly dealt with the Mystacoceti. From what 
has been said above, it follows that the auditory meatus of the Odon- 
toceti does not conduct sound better than the tissues surrounding it. 
Moreover, the canal is markedly S-curved1 and offers a far longer 
route to the tympanic conus than the direct one through the tissues. 
Even if the small differences in attenuation found by Fraser and 
Purves (1960b) in the Mystacoceti were significant the much longer 
route via the auditory canal would certainly offset its supposed better 
conductivity. That Fraser and Purves apply the results of fig. 4 to 
the Odontoceti as well does not seem justified. The tension of the 
meatus is present as in the Mystacoceti, and its changes may have the 
same function of damping excessive noise and improving the ability 
to pick up faint high freguency sounds.

Recalling what has been said by Fraser and Purves about the 
position of the probes and the possible presence of air bubbles in the 
tissues due to decomposition before freezing, we may take their in
fluence for granted up to a certain degree, when comparing the differ
ent tissues with each other. It is quite a different story when compar
ing the attenuation in a piece of blubber of a Sperm Whale with that 
of water. Small air bubbles will increase the attenuation considerably. 
Oil conducts sound just as well as water does, animal tissues do it near
ly as well and the blubber of a Blue Whale has been tested as we have 
seen, with equal results. A more oily tissue than the blubber of a Sperm 
Whale can hardly be imagined. Viewed in this light an attenuation 
of 45 db in 7 cm of Sperm blubber is extremely doubtful.

In accordance with the view of Reysenbach de Haan we are of the 
opinion that the effective distance between the ears, both in Mysta
coceti and Odontoceti is the distance between the lateral sides of the 
bulla. In Phocaena phocaena the distance between the lateral sides of 
the bullae is about 10 cm (4 inches), in Globicephala melaena about 40 
cm (15.8 inches), and in big whales up to 1 m (3.3 feet). When com
paring the hearing of man in the air and that of whales in water we 
have to consider too that the velocity of sound in water is about four 
times greater than in the air.

1 An excellent picture can be found in the paper of Fraser and Purves (1960a).
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CHAPTER III

EXPERIMENTS WITH PHOCAEJVA PHOCAENA L.

A. CATCHING, MAINTENANCE, TRANSPORT, SUSTENANCE 
AND GENERAL BEHAVIOUR

The Common Porpoise (Phocaena phocaena L., fig. 5) is one of the smal
ler whales, belonging to the Odontoceti or Toothed Whales. The length 
varies from 1.30 to 1.80 m (newborn ones measure 0.6 to 0.8 m) and the 
weight is from 35 to 90 kg. Normally, it has 23 visible teeth on either 
side of the lower and upper jaw. The colour varies from pitch-black to 
to a brownish grey on the back and from purewhite to a greyish-white 
on the belly. The animals have a beakless head and a triangular 
dorsal fin.

The Common Porpoise lives on both sides of the North Atlantic. 
The species has been described from the Rio de la Plata too and on 
the western North American coast, but in the latter case a different 
species may be involved. A typical coast-loving species, it is an inhab
itant of the North Sea and the Baltic and its range extends north 
to the White Sea and Greenland; it is not unknown in the Mediterranean. 
On the western side of the Atlantic its distribution extends from Davis 
Strait to the coast of New Jersey (Norman and Fraser, 1948).

It enters rather confined waters and may be seen around low water 
far up the tidal streams between the dry shoals of the Dutch Wadden 
Sea. They have been reported from Emmerik on the river Rhine, 
from Venlo, more than 200 miles up the river Maas, and from the 
Thames near Teddington.

Before World War II Phocaena was a very common sight in the Dutch

Fig. 5. The Common (Harbour) Porpoise. Phocaena phocaena L. (after IJsseling en
SCHEYGROND, 1943).
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Wadden Sea. Since that time the consequences of the closing of the 
Zuider Sea in 1932 have been increasingly felt, for example by the 
disappearance since 1939 of the herring, a favourite prey of this por
poise. These may have caused the great decrease of Phocaena since 1945 
or earlier (between 1940 and 1945), although it was abundant until 
1940 (Verwey, personal communication). Sometimes, as was the case 
in January 1958 and December 1959, great masses of herrings were 
caught once again off Texel and in the Texelstream. At the same time 
fishermen told us that they had spotted many Phocaena.

As we were unable to obtain a living specimen in Holland we went 
to Denmark to catch the “Marsvin” (Phocaena) there, and transported 
some of them to Holland. During our work in Denmark and Holland 
we learned a good deal about their behaviour. From publications and 
correspondence we also learned something about the behaviour of 
Tursiops, the animal mainly studied in the U.S. A. It may be of interest to 
put our data down for comparison as an introduction to our experiments.

428

Catching Phocaena in Denmark1
For centuries the Danes have made use of the annual migration of 
the Common Porpoise through the Danish waters to the North Sea. 
This migration is caused by the impending frost, which threatens to 
cover large areas of the Baltic with ice. From the middle of November 
onwards the animals try to escape this menace by leaving the Baltic.

The narrow passage between Jutland and Fünen (fig. 6) is ideally 
suited to intercept the porpoises as they pass it in groups of 6 to 8 and 
sometimes more than 20 animals. In the spring the animals return 
in pairs or individually and are only occasionally caught.

Middelfart, near the well-known bridge across the Little Belt, has 
always been the main centre of the porpoise catching. The hunters 
formed a Guild of 33 men who assembled yearly at St Martin’s Day 
(November 11th) to begin hunting. The hunting declined and ended 
towards the end of the last century. This was due to the decrease of 
prices of oil and meat. The hunting was resumed during both World 
Wars, when the scarcity of food and fat made it once more profitable.

The hunt is a drive. Boats which could be rowed as well as sailed 
and had a crew of 3 men, took up certain positions (figs. 7 and 8). 
Each boat had its own allotted task. The “weapons” were long 
branches, which were used to give a firm slap on the water. If 
carefully executed this sound enabled the men to herd the animals 
in a preselected direction.

1 An extensive account of the tactics of this kind of whaling will be given elsewhere.
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Fig. 6. The Danish waters.

In the old days the main catching spot was at Svino (fig. 7), where 
the porpoises were finally caught in shallow water by surrounding 
them with a net (compare frontispiece). At the end of the season, 
which lasted until Epiphany or when ice covered the shallow parts 
of the Gamborg Fjord, other sites were chosen, including the spot 
which was mainly used during the last World War (fig. 8).

The netboat lay at Svino, ready to encircle the animals as they 
arrived in the narrow and shallow entrance between the isle and the
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Fig. 7. The Little Belt and the Gamborg Fjord near Middelfart showing the tradi
tional positions of the boats when catching the porpoises at Svino. --------- normal
track of the migrating animals to the North Sea.----------- track during the drive.
1 Stendrup Hage; 2 Tanghutten; 3 Shalllows; 4 Kongshoved; 5 Position of store 
net in the season 1957/1958; 6 Bridge across the Little Belt. Seaboats: Sj Visten; 
S2 Midthold; S3 Tyver; S4 Baekken; S5 Odden; S6 Sonder Koje. Fjordboats: Fj Rum- 
pen; F2 Filer; F3 Vaadbaaden; F4 Hyller; F6 Gäulen or Stikgarnsbaaden; F6 Netboat.

shore. The arrangements for the actual catching at the north-eastern 
point of the Fönskov peninsula was somewhat more complicated, as 
is shown in fig. 9. With the aid of poles and nets a fence was made with 
a “boundgarn”1 at its end. The net boat lay moored to a pole and 
was connected with an anchor by means of a slack line. As soon as the 
animals had passed this anchor line, the line was pulled taut - the noise

1 A round or rectangular net with a bottom.
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Fig. 8. The Little Belt and the Gamborg Fjord near Middelfart showing the positions
of the boats according to the method of the Second World War.--------- normal track
of the migrating animals------------ track of animals during the drive. 1 Stendrup Hage;
2 Tanghutten; 3 Shallows; 4 Kongshoved; 5 Position of the store net during the 
season 1957/1958; 6 Bridge across the Little Belt; 7 1st catching spot in the season 
1957/1958. Seaboats: Si Visten; S2 Midthold; S3 Tanghutten; S4 Kongshoved.

Fjordboats: F4 Sullust; F2 Mid-Fjord; F3 Turnboat; F4 Net boat.

keeping the porpoises from returning - the net boat cut loose from 
the pole and pulled shorewards, paying out the net. Once in shallow 
water the boat made its way to the fence. By taking in the net again 
the animals were forced to enter the boundgarn. By lifting the bottom 
of the net the men could grasp the porpoises by their flukes and haul 
them aboard, to kill them afterwards.

In the winter of 1957/1958 a hunting season was once more organ
ized for our benefit. Migration was in progress at the end of Novem-



432 W. H. DUDOK VAN HEEL

Entrance Gamborg Fjord
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depth 6m
■width 5 m---->

ca. 65 mFönsskov

netboat

Fig. 9. Detail of the catching site near the entrance of the Gamborg Fjord.

ber, and on December 6th we arrived at Middelfart. After a rainy day 
of practice, during which only a few animals were spotted, and contact 
between the boats was hardly possible, the real hunting started on 
Sunday, December 8th. As hunting depends entirely on the weather, 
nobody minds on which day it begins, the only restriction being, accord
ing to tradition, that the hunting season does not begin on a Monday 
as this is supposed to bring bad luck.

The hunt was originally planned as in the old days, catching the 
animals at Svino. Compared with those days there were two changes. 
One change concerned the boats, which were formerly rowing and 
sailing boats, but these were not available any more. The only one 
left was used as the net boat. The other boats were of the same type, 
but were equiped with two-stroke engines, most of them with one cy
linder only. The second change concerned our net (150 m long and 4 m 
deep), which was different too, as in accordance with the written in
structions of the leader, and much to our surprise, it had 12 meshes 
to the meter instead of 4-5.

We drove the animals in the same way as usual. Our sea boats
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were stationed at Visten, Midthold, Tanghutten and Kongshoved (fig. 
8). As we used motor boats no boat was stationed at Odden. There 
were three fjord boats and a net boat, which were stationed appro
priately with regard to the catching spot.

As in the old days the animals were driven into the Gamborg Fjord 
without much difficulty. The sea boats returned to their stations to 
pick up a new herd, confident that, once the animals were in the fjord, 
they would be caught. However, as soon as the animals were inside 
the fjord and had to be driven into rather shallow water, things went 
amiss. In the old days they stayed more or less near the surface, blow
ing regularly, so that they could be easily spotted and followed. Now 
it was quite different. The animals dived long and deep and they often 
reappeared far away, even behind the boats, which they had passed 
underneath. They were easily scattered into small groups. One group, for 
instance, moved right into the blind end of the Gamborg Fjord, only 
to return late in the afternoon or during the night, whilst another 
group fled to the entrance of the Gamborg Fjord, moving deeply. In 
this way the hunters often pursued different groups, thinking there 
was only one group. Driving the animals into shallow water appeared 
to be almost impossible. Ellebek appeared to be closed off with an 
invisible barrier unless the boats were far away! The hunters were 
at a loss, but they did not give up. They could not lose face and for
tunately this did not happen. When catching at Svino seemed hope
less another spot was looked for. Facing Ellebek, on the southern shore 
of the Gamborg Fjord (figs. 8 and 10), a strayed group of six porpoises, 
which had returned from the dead end of the fjord, were caught in 
a boundgarn normally used for the nightly cod fishery and temporarily 
used by our hunters. Such a fish trap is formed by a fence from the
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Fig. 10. Detail of the catching spot facing Ellebek. Explanation in the text.
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shore, a forechamber and the round boundgarn. Using this trap for 
the porpoise hunt, the last part of the fence was fastened to a pole of 
the forechamber, as is indicated by the dotted line in fig. 10. The oppo
site side of the forechamber was removed and the net boat with about 
60 m of its net paid out lay anchored in line with the broken line in 
fig. 10. The Ijordboats were stationed appropriately in relation to this 
catching spot and in the same way as shown in fig. 8.

We were in one of the ijord boats, that was floating with stopped 
engines, awaiting the animals. The animals approached close to the 
shore. The man in the first boat (the turn boat in fact, as we were ex
pecting animals from the entrance of the fjord) was an old and expe
rienced hand. He let the porpoises pass without starting his engine and 
only gave a single sound to speed them up, while he followed the ani
mals rowing. The other boats closed in, rowing in the beginning as 
well. Only one more crack was needed to let them pass the net boat 
at the right side. Now the engines were started and the net boat was 
rowed and pulled to the fence, while two other boats closed off the 
narrowing gap between the net boat and the fence. Everything went 
very smoothly and easily.

After many fruitless attempts seven other animals were caught at 
Svino and six more at the catching spot near the entrance of the 
Gamborg Fjord (compare Table II), which was used in the Second 
World War. It was always very difficult to drive the animals into 
Ellebek or as near to the southern shore of the Fjord as was necessary 
to get them to swim into the trap. Nearly every time they swam paral
lel to the coast, approximately in fine with the net boat (fig. 9), de
flecting to deeper water and passing the net boat sometimes at a dis
tance of only a few meters. Once the animals had escaped it seemed 
impossible to get them, although we brought them back many times 
to the catching spot. They probably knew the obstructions. It was 
maddening. We could not understand why the hunters were reluc
tant to follow the lesson of the first catching, when no engines were 
used before the animals had passed the net boat. We often discussed 
the problem but the hunters never wanted to leave their motorboats 
and change over to the rowing boats for use in the fjord.

Another disturbing factor in the actual catching was the nets used 
by these hunters. In the old days nets were used with big meshes, 
about 4 or 5 per meter. This conforms with the use of nets with big 
meshes for the catching of the Bottle-nosed Dolphin (Tursiops) in the 
United States (MacBride, 1956). This time small meshes (10 to 20 
per meter) were ordered or borrowed by the hunters, much to our 
surprise, since it meant going against tradition founded on practical 
grounds. The meagre results of this season were in our opinion due to
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the changes mentioned and not to the absence of animals, as several 
hundreds passed according to the scout boat. Looking back on this 
season, the hunters are convinced now that rowing boats are essential 
during the drive inside the Fjord.

Maintenance and sustenance of the porpoises in Denmark
After the animals had been caught and were swimming restlessly around 
within the closed net we ignored tradition, as we wanted the animals 
alive. Our first problem was that of bringing the animals into a round 
boundgarn placed in the Faeno Sund near the shore of Faeno facing 
Odden (Figs. 8 and 11 A), while awaiting their transport to Holland.

For transporting the porpoises from the catching spot to the store 
net we used a motor boat without thwarts, but with seating facilities

^ Y////////,/,/J/' aelg ross/////,
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storenet in Foenosund

Fig. 11. A. The storenet in the Faeno Sund facing Odden. B. Transport of the store
net to Odden.
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along the gunwhales present from the fact that the boat was used as 
a ferry between Odden and the Isle of Faeno.

The gunwhales, the narrow seats and the floor boards were covered 
with foam-plastic sheets. Foam -plastic was also kept ready to wrap 
around the flukes of the porpoises in order to protect them in the first 
few minutes after the animals were lifted out of the water. The skin 
of the porpoise is very delicate and bleeding occurs at the slightest lack 
of precautional measures.

When the animals were caught near the shore of Svino (Plate I, 
frontispiece) the net was pulled on the shoal and we could seize an 
animal by its dorsal hn and wade with it alongside the motorboat.

When we wanted to take the porpoises out of the boundgarn, in 
which they were caught in deep water (fig. 9), the motor boat lay moor
ed alongside the net and a dinghy was brought inside, attached with 
a line to the motor boat. The bottom of the net was lifted in order to 
force the animals to the surface of the water. An animal was seized 
by the dorsal fin (never by the tail) and an iron hoop, the lower half 
of which was covered by foam-plastic was placed around the head and 
held across the breast. By slightly lifting the hoop and keeping down 
the dorsal fin the porpoise could easily be kept under control. As soon 
as the hoop was placed around the head the men let go the bottom 
of the net to give the other porpoises room to swim again. The crew 
of the motor boat pulled the dinghy alongside. Then, with the help 
of two slings, both fastened to one stick, the porpoise was lifted out 
of the water and put on to the foam-plastic-covered floors.

The tail was held tightly for a little while to prevent lashing. The 
animals were kept wet, even when it was drizzling. The hand approach
ing with a cup of water had to do this in such a way that the animal 
could see it. If the animal could not see it, it reacted to the slightest 
touch or drop of water sprinkled on it by turning its eyes, by moving 
its head or flukes, or by shivering. As long as the animals could see 
what we did, they scarcely reacted at all. The animals did not blow 
either if they saw the cup coming, avoiding in this way the inhaling 
of water.

The animals were put on their sides in the motor boat with their 
dorsal fins touching the floor, with a piece of foam-plastic under the 
head. In this way they could move both flippers, the breast could 
freely move and the blowhole did not touch the floor.

We tried to count the heartbeats with a stethoscoop. This appeared 
impossible, the rate being too fast, at least a hundred beats a minute. 
This is undoubtedly a terrible strain on the heart. Apart from too 
fast the heartbeat of most animals caught in the boundgarn was very 
irregular. Many of them started to shiver, groaned once or twice and



then died, one of them even within a minute. Others died after a few 
minutes and some of them after 20 minutes or a day.

The shivering, the groans, much urinating, the serious loss in weight 
in 2 to 3 days, the irregular heartbeat and the often sudden death 
gave us the impression that we were dealing with a case of shock. In 
some of these cases we returned the animal into deep water immediately 
with very good result. During the time needed to get back to the 
storenet - at least 20 minutes - this was not possible without losing those 
animals. It was interesting to see that this shock seldom occurred when 
the animals had been brought into shallow water first, as was the case 
at Svino.

We did not realize this difference in behaviour fully until some 
months later, when we wanted to transport a porpoise in Holland. The 
animal we wanted to transport had been used for our experiments on 
directional hearing. This porpoise, a male, was tame, and we could 
touch the animal without frightening it. When we seized it and put 
the hoop around its head in rather deep water (about 3.5 m) the animal 
started to show signs of the feared shivers and groans. We let it go 
immediately, and it circled the enclosure a few times, jumping clear 
of the water three or four times. Normally, the Common Porpoise 
hardly jumps at all. We tried it twice more with the same result.

We then decided to put into practice our view about the difference 
in behaviour in deep and shallow water. We led the animal into a 
temporary enclosure with a depth of water about 1.5 m (5 ft) and kept 
it there for some hours. After guiding it into still shallower water the 
porpoise stopped swimming altogether as soon as it came into water 
with a depth of less than 0.9 m (3 ft). We could put a canvas bag under
neath the animal and this bag, partly filled with water, was lifted on 
to a car with the animal in it. The rate of heartbeat was regular - about 
70 per minute. We are inclined to think that this is the key for hand
ling these animals. They may be caught in deep water, but apparently 
they have to be brought into shallow water before transporting them.

The symptoms which gave us the impression of „shock” are distinct. 
It is difficult, however, to decide how it is exactly caused. Anyhow, 
the animals may look terribly frightened. We often noticed oily patches 
on the surface of the water when we wanted to seize the porpoises 
at the catching spot. Later we observed the same patches after a fe
male had lost some milk. It may be that in their anxiety they also loose 
milk when the net is hauled and they are seized. The oily patches were 
not seen when we wanted to seize the male porpoise at the end of our 
experiments as is described above.

Dying from “shock” is quite different from dying of a prolonged 
stay in the air. Porpoises are not able to stay on land for very long.
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and sooner or later the weight of the body seems to impede breathing. 
Anyhow, their breathing and the rate of heartbeats gradually decrease 
and grow weaker. We once observed in such a case that the rate of 
heart-beats increased shortly before blowing.

On reaching the storenet (fig. 11 A) we lowered the animals gently 
into the net. We kept up to 10 animals in it at the same time. The 
only trouble of this net was the small size of its meshes and the thinness 
of the threads it had been made from. Due to the spatula-shaped teeth 
of the porpoises they stuck to the net after they had bitten into it. 
They then had to be freed quickly in order to prevent drowning. We 
lost one female in this way, which drowned during her first night in 
this enclosure.

As a general rule, the porpoises keep at a distance of at least 1 m 
from a net. This is also the case when they swim accidentally into a 
boundgarn used for herring-fishery. They are clearly afraid of touching 
the net and after a while they cease looking for a hole to escape. This 
was clearly demonstrated when, during one stormy night, the water 
rose quickly within a few hours. We went out to the storenet at night 
to investigate and found that part of the top-rope was nearly one foot 
under water. Despite this all the animals swam quietly around within 
the boundgarn. When we approached they came to the net eagerly. 
They were familiar with the sound of the engine of this particular 
boat which we often used when feeding them. Nevertheless, as a pre
caution, we raised the top-rope above the surface of the water.

The Common Porpoise seems to differ in this respect from Tursiops, 
the Bottle-nosed Dolphin. According to Nading Hill (1957) these 
animals may be caught by chasing them into a wide-meshed net in 
which they get stuck and which is then hauled in quickly. Fishermen 
from Den Helder, too, told us that the Bottle-nosed Dolphins, when 
accidentally caught in a small-meshed herring seine, would try to 
escape either by jumping over or breaking through the net, while 
porpoises under the same conditions fled before it and ran ashore on 
the sandy beach. The Danish hunters said the same. They used nets 
with large meshes, but the animals seldom ran into them.

Transport to Holland
Before going to Denmark we gave much thought to the problem of the 
transportation of porpoises by road to Holland, over 800 km. After 
the difficulties we had encountered in handling the animals and trans
porting them in Denmark, we were dubious about our arrangements 
for the long trip. We decided therefore to make a trial. We made a 
soft floor of straw covered with a heavy plastic sheet with upturned
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edges about 25 cm high inside a van. We then put three animals on 
their sides in a shallow layer of water. The animals were kept wet by 
pouring water on them regularly. When ventilation became insufficient 
the rate of breathing, the rate of the heartbeats and the body temperature 
increased noticeably. Flippers, dorsal fin and flukes became very warm 
and eventually damped. In one animal the flukes became very warm 
even when the body was constantly kept wet. Cracks appeared in the 
skin, and the tips of the flukes curled. When ventilation, on the other 
hand, turned out to be too much the skin of the animals started to show 
wrinkles, a kind of goose-flesh. In most cases we could get rid of these 
wrinkles by pouring water over them constantly. If this did not help 
they were covered with foam-plastic sheets, which were kept wet. 
When the car took the bends in the road with some speed we clearly 
observed movements of the flippers; these reactions may have been 
caused by stimulation of the semi-circular canals.

The transport took 17 hours. After 9 hours the biggest animal died 
from exhaustion. As w^ were convinced the animals would not sustain 
a longer transport we ended the trip at Harderwijk, where a basin of 
11 m diameter was kept ready. The animals were gently lowered into 
the water, and, within a minute, they were quietly looking around 
their new environment. These porpoises refused the dead mackerels 
and whiting offered to them, but swallowed live eels. We assume the 
animals could not cope with this heavy food, disgorging it the next 
day, as they had not eaten for several days. Two days later both were 
dead.

The experiences in Denmark and during the trial trip caused us 
to revise our method of transport. At the end of the season, when we 
wanted to take 5 porpoises with us to Holland, a big lorry, normally 
used for transporting cattle, was prepared. In order to prevent shock, 
the animals were ferried inside the store-net from the place where it 
stood, to Odden, where the lorry was waiting. For this purpose the 
store-net was made smaller and shallower and suspended from a square 
frame which rested on four dinghies (fig. 11B). By means of a motor- 
boat this contraption was slowly towed across the Faeno Sund.

In the lorry six troughs were constructed by means of sailcloth, 
wooden partitions covered by air-mattresses, and a plastic sheet (fig. 12). 
The water under the long plastic sheet that passed up and down over 
the partitions acted as an effective shock-absorber. We filled the 
troughs with so much water that the animals just did not float. A 
foam-plastic pillow kept their blowhole above the water.

Judging from their breathing the animals were very sensitive to fresh 
air. All ventilation apertures of the lorry were opened to let the fresh 
air in and to expel the used air. When the car stopped for more than
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Transport lorry
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Fig. 12. Schematic view of the transport lorry. Explanation in the text.

a quarter of an hour the animals clearly showed oppressed breathing. 
Generally speaking, the breathing-rhythm was regular. The duration 
of closing of the blowhole varied between 20 and 30 sec, depending 
on the animal. After about 16 hours (the transport lasted 24 hours) 
two animals grew restless and shivered slightly now and then. We filled 
the troughs of these animals up to the brim. After a few minutes the 
animals were quiet again and so to speak made their well known 
tumbling movements on the spot. They lay quietly for about 30 sec, 
with their blowhole underwater. Then they lifted their heads, breathed 
and tumbled without going forward, as their head lay against the end 
of the trough, protected by a kind of fender of foam-plastic. This be
haviour went on for hours.

We also used oxygen to help a weak animal. To this end we put a 
piece of plastic sheet over the trough above the head of the animal. 
With the aid of a pressure cylinder, kept ready for this purpose, the 
air above the head was amply mixed with oxygen.

If we had to transport Phocaena again we would put them on a foam- 
plastic mattress inside a canvas bag hung from a rectangular iron 
frame and lined with a plastic sheet to get a smooth surface, and 
filled with a shallow layer of water. The animals should be taken out 
of the water in this bag and the bag should be filled with water after
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it had been placed inside the transport boat or van. For long distance 
transport a flying boat would be ideal. In this manner undue strains 
would be avoided to a great extent.

Maintenance and sustenance in Holland. Notes on the behaviour
In Holland we were able to give our animals a much larger enclosure 
than in Denmark. It was 40 m long, 30 m wide and had a mean depth 
of 3 m (Plate II, fig. 13 and fig. 16). The fence consisted of wire netting 
with square meshes of 10 X 10 cm; this netting was fastened to poles 
driven into the bottom. The enclosure was situated in a kind of canal 
just inside the seadyke on the east coast of the Island of Texel, near 
the watermill “Het Noorden”. This canal is connected with the Wadden 
Sea via a lock, which operates automatically on the rise and fall of 
the tides. Fresh water from the neighbouring polder, stored in the 
canal, is let out during the ebb while salt water seeps through the 
doors of the locks and through the dyke, causing salinity differences. 
Heavy rainfall and high tides outside the dyke have a marked influence 
on these differences too. It was not noticeable that the changes in 
salinity, which remained largely unknown to us, caused any difficulty 
to the animals, and we did not worry much about these as the animals 
are known also to live in waters with a lower salinity than they had 
here.

The water was usually very opaque and our main difficulty was in 
keeping track of what the animals were doing. A Secchi disc was gene
rally visible up to a depth of less than one meter and sometimes up 
to half a meter only. Just for a few days - fortunately when we wanted 
to take some films — the disc was visible up to 1.5-2 m.

In Denmark the animals were easily tamed and trained to take fish 
from the hand. In the beginning they were afraid to take the fish if 
part of the hand was under water. One newly caught animal, brought 
in when we already had five animals in our store-net, took a fish from 
the hand within 24 hours. Eventually, this animal - which at first 
appeared to be very nervous and was given oxygen for about 10 hours 
during the second transport to Holland - was the only one to survive 
all the initial troubles and so it could be used for our experiments. 
When the animals had been put into the new enclosure their tameness 
was no longer apparent. When, however, the male animal, later used 
for our experiments, was brought into the store-net, suspended within 
the enclosure, he took fish from the hand again within 24 hours. This 
happened within the first month of his stay in Texel. After a few months 
when fully trained, he would come up to us even when the total en
closure was at his disposal.
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Our animals always swam clockwise within their enclosure, but they 
did not always take the longest route. The long axis of the enclosure 
was directed north-south. They would often start in the morning by 
making rather small oval tracks with a long axis east-west at the north 
end of their enclosure. This oval track would gradually shift to the 
south and after a few hours they would be swimming in the southern 
part only. It seemed as if they were systematically searching for food 
in their enclosure, which possibly came through the netting and per
haps consisted of eel and flounder. Eddying water at the surface some
times indicated that something had happened on the bottom. As the 
water was very opaque we could not see what had actually happened. 
From observations made in Denmark, however, we knew that they 
may stand vertically nosing on or in the muddy bottom.

As a general rule, they showed a very regular pattern of diving 
and blowing inside their enclosure. When they came up for a blow 
after sounding, they went down twice slowly for about 4 seconds, be
fore sounding again for about 20 seconds and speeding up this time. 
The longest dive we ever observed was 2 minutes. Very soon we knew 
by the way they wheeled round whether they were going down for 
a short, or a long and deeper dive. In the latter case, they would curve 
and show more of their backs. They never showed their flukes and 
very seldom jumped. After some time we were rather sure as to where 
a certain animal would surface, and at what time. In smooth water a 
conspicuous surface wave could be observed if the animals were moving 
quickly or near the surface. We noticed the same regular pattern of 
diving and blowing in wild animals in shallow water on the other side 
of the dyke.

We had taken precautions to prevent the formation of ice inside the 
enclosure. Around and towards the center of the enclosure a polyethylene 
tube provided with a small hole every two metres was lying at the 
bottom. Air at 7 atmospheres pressure, pumped by a compressor, 
could escape from the tube. The rising bubbles brought water from 
the bottom to the surface. With frost of up to -8° to-10° C we could keep 
our enclosure free from ice, unless it snowed. Heavy snow formed a 
kind of soft oval floes, even within the enclosure. When about three 
quarters of the water surface inside the enclosure was covered with 
these floes, the animals no longer dived, but remained at the surface, 
swimming in a confined circle. When this occurred ice formed on 
their backs. One of the animals got a kind of “cauliflower” on its 
dorsal fin on the mark we had fixed there. The “cauliflower” and mark 
came off together later on, when the ice became too heavy. The little 
wound made by the mark healed completely, but a more or less ring- 
shaped scar was clearly visible afterwards. We assume, therefore, that
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the appearance of scars on the back of porpoises may sometimes be 
due to frostbite. Ice also formed around the blowhole, and soon the 
animals began to cough. A few days later three of the remaining an
imals - one a pregnant female — died, but one of them, a male, after 
a narrow escape from death, recovered.

We are inclined to think that the death of porpoises in severe winters 
may be due to the inhaling of particles of ice and snow. This might 
explain why dead porpoises after such a winter may also be fished in 
the North Sea, although it never freezes over completely. In a cold or 
temperate climate, where snow can be expected, the basin in which 
the animals are kept must be covered in the winter. Great care must 
be taken, however, to allow for excellent ventilation.

When we started feeding in Denmark we began by giving 6 kg of 
young cod a day, at intervals of two hours, between 08.00 and 20.00 
hours. They lost visibly weight on this diet and we changed over to 
the same quantity of herring, after which no more weight was lost. 
In Holland we found out what Phocaena really needs.

We arrived in Texel with five animals, one of which died from 
shock when it was transported from the lorry to the enclosure. As a 
consequence of frost and snow three more animals died, and only one 
male animal was left. He was very lean, the back had fallen in, the 
dorsal fin tilted sideways, and he had many scars due to frost bite.

This male was fed 5 to 8 times a day, usually every two or two and a 
half hours. Feeding took place during daylight as well as in darkness 
between 08.00 and 24.00 hours. He got seven fat mackerels or herrings 
at each feed. If he was very hungry he got one or two more at the first 
meal and as much as he could eat at the last meal. When we gave more 
than seven fish at a time he would, as a rule, not eat at the two or 
two and a half hourly interval. We kept to this schedule in order to 
spread our tests over the day. The last meal consisted of 12-16 fish. 
The total amount of fish seemed to be the same, whether the animal 
was rationed or not.

Usually some 40-50 fish a day were given, somewhat depending 
on the size of the fish. At first, the total weight in fish each day was 
about 12 kg, but later on this amount decreased to 8-10 kg a day. 
We wonder if a porpoise eats less after prolonged captivity. It is reason
able to assume that these animals eat more food in winter than in 
summer, as less energy is needed to keep up the body temperature during 
the warmer months of the year. Compared with the amount of food 
(10-20 kg) which is eaten by an adult Tursiops, weighing at least three 
times as much, 8-12 kg is a great deal. Possibly the lungworm disease, 
which is more or less present in every porpoise or seal, has something 
to do with the matter. We shall return to the lungworm shortly.
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The fish we gave were mackerel {Scomber scomber) or herring {Clupea 
harengus). ^octrees viviparus and Pleuronectes flesus, the flounder, were 
refused. The animal itself perhaps caught some flounders or eel 
{Anguilla anguilla), which could enter the enclosure from the outside. 
The behaviour of the animal sometimes made the impression that he 
was fishing on his own. He never took pieces of fish and when given 
mackerel with the belly slit open we had to conceal the slit carefully, 
otherwise the fish would be dropped or refused.

The porpoise we used for our experiments easily learned to react 
to his name and when he became accustomed to us he always came to 
the feeding-platform to take a look from close quarters until we taught 
him not to prospect anymore. Even after some months he still knew his 
name and reacted to it when we called him for fun. He always came 
up to us when we were inside the enclosure in our round tub which 
we used as a boat. He would often come alongside standing on his 
tail, head above the water, asking for a fish open mouthed and wagg
ling his charming head, with the fixed grin. After some time he was 
not frightened if we stroked his back when he passed. Nevertheless, 
when we took hold of him in order to lift him out of the water at the 
end of his stay he showed the dreaded symptoms of “shock” immediately.

Occasionally there was no wind and then the animal floated or 
swam lazily around. However, when a shower came the animal speeded 
up and sometimes jumped nearly free from the water several times 
as soon as the rain began to pour down. Kellogg (1959) during his 
experiments on echolocation observed the same behaviour in the Bottle
nosed Dolphin {Tursiops).

There was a significant change in the behaviour of the animal when 
the wind increased. Brehm (1920) has already drawn attention to this 
behaviour and he even says “wie dies schon die Alten wussten”. With 
little or no wind the animal was very quiet, often appearing to doze 
on the surface of the water. The more wind, the more restless the animal 
became. All the laziness disappeared and even an occasional jump 
could be observed. He was on the move day and night and he never 
seemed to take any rest as long as the wind blew, even if this meant 
swimming for some days. It never impaired his willingness to come for 
his food after being summoned, although he did everything at the 
double. Above about windforce 7, Beaufort scale, the prey fish that 
we suspended just above the water level during our experiments (fig. 14) 
blew out of his reach. After failing several times to get his food in this 
way he would give up and we had to start feeding by hand. Strong 
winds were frequent in this period and they were one of the main 
handicaps in our work because they meant a break in the experiments.

During the weeks we stayed in Denmark we found the same behav
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iour with respect to wind as that described here. When it was windy 
they travelled faster and were rather easier to manage during the hunt. 
If there was no wind, it was better to stay at home because, on the one 
hand, the animals were lazy, on the other hand they seemed far more 
alert than usual. On such days they were probably not confused by the 
background noise of waves and knew exactly how to evade the boats 
and the nets when chased into the confined quarters of a Qord.

We still wonder when the porpoise sleeps. When there was much 
wind he was continually on the move, as we have mentioned, but when 
there was no wind he could often be seen floating for 1-2 minutes 
before swimming on again for a while. The film made of this animal 
in his enclosure clearly demonstrates its lazy behaviour. We observed 
that this porpoise was never motionless for a long time in succession 
either during the day or night.

The chief enemy of the porpoise is, perhaps, a lungworm belonging 
to the Strongylidae, a parasite which lives in the lungs and even pene
trates the heart, ears and brain by way of the blood vessels. As far as 
we know all living porpoises (also all seals) have these parasites, but 
when they are well-fed the parasites seem to cause them little trouble. 
Malnutrition (frozen food only over a period of several weeks) or in
sufficient feeding cause the parasites to become dangerous, as Mr de 
Haan, conservator of the Texels Museum, learned from keeping the 
Harbour Seal.

We lost one of our porpoises as a result of these parasites, which 
had got a hold through the difficulties we experienced at the beginning 
in feeding, handling and shock. This porpoise showed the same kind of 
behaviour in the course of the illness as the Harbour Seal: laziness, 
coughing, the gradual refusal of food, even when it was still inclined 
to come for it, and, finally, the giving up of blood. Dissection showed 
enormous quantities of lungworms, which even clogged the bronchii.

There is a difference in the position of a healthy porpoise or a sick 
animal when it floats at the surface. A healthy animal tumbles and 
when floating shows its back from the blowhole to the far edge of the 
dorsal fin. A sick animal floats more often even when there is much 
wind. It only shows its forehead and blowhole and not the dorsal fin. 
It does not tumble, but often sinks when diving.

As pointed out earlier, the porpoise we used for our experiments 
had a big appetite. Dissection showed a fair amount of nematodes in 
the liver and some lungworms. In the last week before his death he 
moved spasmodically when diving and he brought up some blood on 
the last day he lived. The movements he made were quite different 
from those of the animals who died from lungworms. Every time we 
tried to feed him, he let the fish fall at once. We observed the same be-
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haviour later on in a specimen of Phoca vitulina kept by Mr. de Haan. 
This animal appeared to have sore gums around the teeth after having 
been fed solely on frozen fish for six weeks. Injections with vitamin 
preparations cleared up the trouble completely, as did feeding with 
live fish for a period of 5-7 days. We are, therefore, inclined to think 
that prolonged feeding with frozen fish - our porpoise refused freshly 
killed1 Zoarces> small flounders and small Caranx - was the main cause 
of his death. This assumption agrees with that of Rigdon and Drager 
(1955), who concluded that thiamine deficiencies in sea lions, fed on 
frozen fish only caused the death of three of these animals.

Table II gives the causes of death of our animals. The main causes 
were shock, malnutrition, ice and snow, and inexperience on our side. 
Malnutrition is also at the bottom of the losses caused by lungworms. 
Shock can be prevented in most cases by careful handling, and the 
influence of ice and snow by the construction of a roof over the basin. 
Ample supply of fish with a high percentage of freshly killed or, even 
better, live fish appears to be a conditio sine qua non.

TABLE II

Causes of death of Common Porpoises caught in Denmark December 1957 and
January 1958.

Site Facing
Ellebek Svino Fönskov

Date of capture Dec. 15th Dec. 22nd Jan. 16‘h

Waterdepth at catching spot (m) 5-6 0.5-1.5 6

Total

Number of animals caught 6
1st transport 23-24 Dec. 2
2nd transport 29-30 Jan.

Probable Cause of Death 
Immediate “shock”
Shock 10 min to a few hours after 
being lifted from the water 2
Drowned -
Consequences of shock and malnu
trition in Denmark 2
Lungworm in Denmark (dissection) 
Exhaustion during 1st transport 1
Malnutrition after 1st transport 1
Shock end 2nd transport 
Ice and snow on 25-28 Febr. 1958 
Lungworm (?) and prolonged feed
ing with frozen fish June 9th 1958

7 6 19
1 - 3
4 1 5

2 2

1 2 5
1 1

1 3
1 - 1

1
1 - 2
1 - 1
3-3

1 1

1 In our case, we were unable to give these fish alive because they could have es
caped through the meshes of the enclosure.
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B. EXPERIMENTAL WORK ON DIRECTIONAL HEARING

During the period of our experiments we did not know about Sedee’s 
(1957) work on spatial binaural hearing. One of the conclusions in his 
thesis covers the problem we wanted to study: “The time difference 
being very small for animals with a short intercochlear distance through 
the air (e.g., the field mouse) or for aquatic animals with a short trans- 
cephalic distance {e.g., the porpoise), it is desirable to investigate whether 
the ability of discriminating time differences in these animals is greater 
than in man with equal ability of hearing direction, or whether their 
directional hearing is less good than in man”. It is upon the precision 
in directional hearing that we directed our attention.

The animal, a male, was therefore trained to react to a sound signal 
by offering him a fish in the neighbourhood of the source of the sound. 
By producing the signals, one at a time, at two places, gradually de
creasing the distance, the precision of directional hearing could be 
determined.

To this end, a platform was constructed from which we had a good 
view of the enclosure. The animal could be fed from the same spot 
and the underwater loud-speakers we used could be lowered into and 
lifted out of the water by means of pullies. For nearly four months we 
lived with our assistant in an old gipsy van, which stood on the shore 
close to the feeding platform (Plate II fig. 1 3 and figs. 15 and 16). 
Being continually present, we had ample opportunity of getting ac
quainted with the porpoises and were able to observe them day and 
night.

As already stated we put the animal used for our experiments into 
a round net within the enclosure, in order to tame him. The animal 
was 1.60m long and in a bad condition after the ice and snow we had had. 
Getting him into good shape again and starting his training went hand 
in hand. We began feeding by the hand from a round wooden tub, 
which served as a boat, slapping the fish on the water, a signal he 
had already become accustomed into in Denmark. After a few days he 
was tamed and came to our boat playfully. When he had gained some 
more weight and his dorsal fin was almost erect once again we started 
to associate the giving of food with a sound signal produced by the 
sound apparatus in the van.

Apparatus
The underwater signals were produced by a Philips commercial tone- 
generator with a continuous scale from 10 to 15000 c.p.s., and emitted 
by two Ba-titanate transducers, one at a time. The transducers could
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be placed at varying distances from each other and the signal was a 
pure tone, click-free and of short duration (about 2/3 sec). The switch 
was provided with a condensator to make it click-free and this was 
tested with an oscilloscope. Different frequencies, one at a time, be
tween 100 c and 15kc were used. Now and then a check was made to 
ensure that the animal did not react to a possible click of the trans
mitting switch. The frequency tuner was then put on zero and the 
“signal” was made while playing the gain control. The animal never 
reacted to this “signal” by coming to one of its feeding spots. The 
transducers were suspended in the water inside the enclosure, connect
ed by long wires to the apparatus, which was housed inside the gipsy 
van on the shore of the canal at the base of the sea-dyke. The fence 
was covered with a thick layer of algae. The bottom of the slopes of 
the canal around the enclosure were muddy, and eelgrass was abun
dant. Apart from reflections against the surface the basin was, there
fore, probably practically free from disturbing echoes.

Training of the animal
In order to train the porpoises to react to our sound signals we started 
giving these signals intermittently from the moment a fish was put into 
the water until it was swallowed. Within a few days after the beginning 
of the training the animal was accustomed to this method, coming up 
to us quickly and generally in the same way, often blowing hurriedly 
some one to two meters from the spot where we held the fish. He also 
learned to come after being called by his name, but reacted even 
better to a slap with a fish on the water. He often reacted to this slap 
and afterwards to the signal by letting a burst of air escape immediately 
under water and by a very fast approach. We often observed the same 
behaviour in the seal of the Texels Museum; when the animal sudden
ly wanted to speed away it let a burst of air escape.

During the training he did not fail to catch a fish when, by chance, 
one fell out of our hands with a splash and sank to the bottom of his 
enclosure. Very soon he started to prospect, as Schevill and Lawrence 
(1953) and Kellogg (1958) describe for Tursiops. He came to the tub 
we used, or the platform form which we fed him, and waggled his head 
to the left and right before going on. He also stopped no more than 
half a meter from the tub, standing on his tail, head above the water, 
and open-mouthed asking for his fish.

How pleasant it may be to have an animal like a dog at one’s feet 
this particular behaviour is a nuisance in experimental work, as one 
cannot be sure whether the reaction is to the signal, or to something 
else. We trained him to cease prospecting by not feeding him when he



SOUND AND CETACEA 449
f eed i n g platf orm Van

-lead

dividing net

eelgrass
sand and clay

weight mud

pole of
enclosure fence

Fig. 14. Feeding technique during the experiments.

came up to us in this manner, but only feeding him when he was called 
for by the signal. In the same way we taught him not to come when a 
fish was slapped on the water or when called by his name. At the end 
of his training he did not react even when a fish fell into the water 
accidently. Checking his behaviour regularly we were certain that he 
only came because he reacted to our signal. Discouraging the animal 
from prospecting is a conditio sine qua non in this kind of experiment.

After the porpoise was conditioned to the signal we trained him to 
take his fish when it was dangling just on or a little above the surface 
of the water from a clip. By means of a pully the fish could be lowered 
or lifted by the observer standing on the platform (fig. 14). The fish 
was hanging head downwards and the method differed little from that 
of feeding by hand, but the porpoise objected at first to having to give 
a little tug at the fish in order to free it from the peg. As a result it 
was some days before the porpoise was fully accustomed to this way 
of getting food. When approaching the feeding spot he would always 
start to sway his head horizontally covering the last few meters.

Test according to the first experimental arrangement
For the first series of experiments we made, within the enclosure, a 
smaller one by means of the net GQF represented in fig. 15. A and B 
denote the places where the transducers were hanging, and the fish
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Fig. 15. First experimental arrangement. A and B transducers; PT = 5 m; PS =
16 m; PQ,= 18 m; PG = PF = 12 m; x feeding spot at 1.2 mfromPT;-----------

normal track;............  track during feeding time. Compart text.

was suspended at the place of the crosses. The dividing net PT made 
it impossible for the animal to go easily from one feeding spot to the 
other. With the help of two pullies both transducers could be lowered 
into the water at varying distances from the dividing net, aiming at 
AP = PB, the distances of both transducers to this net.

At first the distances AP and PB were 6 m and the signals 6000 c.p.s. 
The signal was given intermittently by one of both transducers, starting 
the moment the animal was at S and stopping the moment he had 
swallowed his fish at the right spot. When the porpoise arrived at the 
wrong feeding spot the fish was ostentatiously lifted out of his reach. 
In the beginning of the experiments the fish at the right spot was 
lowered into the water from the moment the signal started; later on 
it was not lowered until the animal was 2—3 m away from the feeding 
place. Gradually we diminished the amount of signals until the animal 
received only one pip when passing S. Since we wanted to know the



PLATE II

Fig. 13. The enclosure at Texel.

PLATE II

Fig. 17. The experimental arrangement according to fig. 16 viewed from the dyke. 
The animal can be seen floating to the left of the nearest white ball.
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smallest angle ASP the animal could determine, we had to make sure 
that the signal was given only when the animal was at S. As the animal 
might be travelling with some speed the signal given at that moment 
had to be of short duration.

The tests themselves were performed as follows. The hydrophones 
were tested above water to make sure they worked satisfactorily. They 
were lowered into the water at the chosen distance and in both feeding 
spots a fish clipped to its peg was kept at about 5 cm above the water 
surface. When the animal was at S the observer, still on the platform, 
gave an inconspicuous sign to his assistant inside the van. The assistant, 
invisible from the direction of S, gave the signal. Tests were made to 
prove that these inconspicuous signs did not influence the animal.

The signal was given either at A or at B according to prearranged, 
irregular patterns1 *. The observer on the platform did not know which 
transducer gave the signal and the sound could not be heard above 
the water surface. Only when the animal had definitely chosen, the 
assistant, from the van, pointed out where to feed the animal. The 
observer then lowered the fish, which a moment later was taken by the 
porpoise. When the animal approached the wrong feeding spot the 
fish was lifted out of his reach and the porpoise had to swim to the 
other side first to get his fish. In this way he was always rewarded when 
reacting to the signal.

It should be added that the transducers changed position according 
to a prearranged irregular pattern too. In this way conditioning the 
animal to possible specific pecularities of the transducers was avoided. 
After every test they were lifted out of and lowered into the water, 
whether a change of position took place or not. As a rule the recordings 
of the animal’s reactions did not present difficulties. When the por
poise approached the fish at some depth, however, we could not be 
sure about what he did before he took the fish. In such a case he could 
have approached the fish via the wrong side and we therefore discarded 
these tests. Neither did we make use of the results when there was too 
much wind, causing the lowered fish to be blown right out of the water, 
when we had to feed by hand.

The reactions of the animal - after being observed from the plat
form - were recorded by the assistant in the van, a plus indicating 
that the animal went from S directly to the correct side after being- 
signalled and a minus indicating that the animal went to the wrong 
side first. The responses were put down in such a way that the right 
hand side (R) and the left hand side (L) were those of the animal.

1 These signal sequences were coded as a7, b7 etc., or a12, b12 etc. The numbers
7 and 12 representing the number of fishes given in one series of experiments.
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To prove that the porpoise did not get a clue from the presence of 
the observer on the platform, we made tests in the dark. A spotlight 
directed on S from the platform, which itself was in the dark, made it 
possible to see him. These tests (Table III) gave the same results as 
those made during day-light (compare Table IV).

We also proved that the lowering of the fish could not give the animal

TABLE III

Tests in darkness
Spotlight on S. Frequency 6000 c.p.s.

Time Sunset Signal
sequence /_ ASP Responses

21.15 19.30 c12 11.6° R + + + +
L + + + + +

22.45 19.45 b12 15.5° R + + + + +
L + + + +

22.15 19.50 f!2 10.4° R + + + +
L + + + + +

TABLE IV

The results of a day, with and without an observer on the platform
Frequency 6000 c..p.s.

Time Sunset Signal
sequence /_ ASP Rtsponses

09.00 _ c7 21.6° R + + + +
L + + +

15.30 _ b7 21.6° R
L + + + +

17.30 ’ _ d7 21.6° R + - +
L + + + +

No observer present on the feeding platform

11.30 _ a7 21.6° R + + - +
L + + +

a1220.30 19.28 21.6' R
L
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a clue. To this end we lowered the fish near B after having given the 
signal at A. Even in the event of the porpoise, coming from S and mak
ing his way along B, he did not take the fish near B, but went on to 
A as he was supposed to do. Here the fish was only lowered when he 
was as near as usual (2-3 m). This was repeated several times during 
the experiment.

We also proved that it made no difference to the animal whether a 
person was present on the platform or not. We therefore made most 
of our observations from the platform, as it was the only spot from where 
his movements could be followed quite well. The reader is referred 
to Table IV.

In subsequent tests the distance PA = PB was gradually decreased. 
When the distance became smaller the animal began to make mistakes. 
He than went to B first even when he was signalled from A. It was clear 
that the discrimination between A and B with regard to P became 
difficult. In order to keep the animal trained the distance PA = PB 
was increased again. The reader is referred to Table V.

TABLE V

A series of tests on the threshold angle of direction determination, in which the sagit
tal plane of the animal is perpendicular to SP. Compare fig. 15. Frequency 6000 c.p.s.

Distance
AP = PB 

in dm

amount of 
signals given

Left Right

azimuthPositive
responses Percentage Positive

responses PercentageL R

38 34 32 34 100 29 91 11.9°
27 8 10 8 100 10 100 8.9°
22 14 17 14 100 1 6 7.0°
38 3 7 3 100 1 14 11.9°
38 4 9 4 100 7 78 11.9°

For easy comparison with the results of the tests according to the arrangement of 
fig. 16 (SP = 18 m) the distances AP = PB of fig. 15 (SP — 16 m) are converted 
as if SP = 18 m.

Tests according to the second experimental arrangement
For the second series of experiments the arrangement was changed 
considerably because: 1. it was difficult to tell accurately when the 
animal was at S; 2. the animal as a rule did not come straight from S 
to A, but first passed B; 3. the animal always moved from left to right 
when at S, and was not directed to the platform. This may have in
fluenced the precision of his localization of the sound.

Now, knowing from experience that we could lead the porpoise on
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Fig. 16. Second experimental arrangement. A and B transducers; PZ = 11 m; 
PL = 17.50 m; PK = 20.50 m; PS = 18 m; PE = PG = 5 m; ZW = ZY = 1.6 m;
X feeding spots at 1.2 m from PZ; PU = 30 m; HK = 40 m;----------- normal track;

............ track during feeding time. Compare text.

to a more or less prescribed track by means of nets, we changed the 
arrangement as is shown in fig. 16.

To mark S we fastened two white trawlnet balls (Plate II, fig. 17 
and K and L in fig. 16) to the net. The sound would be given when the 
animal blew at S, between the two balls. Furthermore, the animal had 
to go in the right direction not far from S already, since the net ZP, 
separating the localities A and B, was 11 m in length.

As soon as the animal had the new arrangement at his disposal 
he behaved exactly as we had expected by passing S in line with the 
dividing net PZ and directing himself to the platform. It was very 
interesting to see that the animal learned within a day to blow between



the white balls. Thus, we could give the signal when the animal was 
on the definite spot S at 18 m from the platform.

After the signal was given we often saw the porpoise react by giving 
a burst of air instantly or by giving a kind of shudder during his 
tumble. In smooth water we could, from the V-shaped surface wave 
produced by the animal, tell at once whether he was choosing the left 
or the right-hand side.

In these experiments we gradually decreased the distance PA = PB. 
Just as in the tests according to the first experimental arrangement a 
distance AP = PB was reached at which the porpoise started to make 
mistakes. As soon as this happened the distance AP = BP was increased 
to keep the animal trained. The results are shown in fig. 18, which is 
based on the data summarized in Table VI A. Our tests came to a 
premature end when the animal died.

According to fig. 18 and Table VI A it seems that the animal has 
no difficulty in chosing correctly when we consider the positive res
ponses to signals from L, discarding for the moment AP = PB = 24 dm.
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percentoge 
positive

Azimuth responses
1250119° 11.3° 10.7° 10.1° 9.5° 8.9° 8.2° 7.6° 7° % 7° 7.6° 8.2° 8A° 9.5° 10.1° 10.7° H3° U9°12.5°

32 30 28 26 2£ 22 98 22 24 26 28 30 22 34 36 38 4040 38 36 34
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Fig. 18. Graphical presentation of the positive results of tests according to the arran
gement of fig. 16 and based on the data of Table VI. In most cases the animal took 
the habit to prefer L as soon as he was unable to discriminate exactly between L and 
R and had to find his reward by trial and error. In one series (AP = PB = 24 dm) 
it seems, however, that he took the opposite habit in preferring the right-hand side, 

as is shown by the broken line.

4
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The positive responses to signals from R, however, give a different 
result. We are inclined to assume that the asymmetry, which is evident 
in fig. 18, arises from the fact that at a certain point the animal could 
not discriminate anymore between L and R. Knowing, however, that 
a signal meant food he continued to come for it, starting to show a 
certain preference for the left-hand side, which might be caused by the 
direction he was in the habit of taking, being guided by the net UF. 
The results for the right-hand side should therefore be more trust
worthy than those for the left-hand side. It should be added that at 
the greater distances of AP = PB the animal, after being signalled, 
turned directly either to L or R. At the lesser distances of AP = PBhe 
appeared to hesitate and only chose at the last moment, generally for L.

Figure 18 suggests that at a distance AP = PB of less than 25 dm 
the choice of the porpoise becomes uncertain, while at 22 dm the 
animal cannot tell whether the sound is coming from the left or the 
right. The number of observations with a distance AP = PB of 24 dm 
is too small to warrant the conclusion that direction determination 
might be possible at a distance smaller than 25 dm. We may therefore 
conclude that for the porpoise in question the threshold of determining 
the direction of a sound of 6000 c.p.s. is reached when this direction 
with regard to the sagittal plane becomes less than 7.9°. The standard 
deviation for this angle being 0.7°.

TABLE VI

Results of tests according to the arrangement of fig. 16

Distance
AP = PB 

in dm

Amount of 
Signals given

Left Right Azimuth
in

degreesPositive
Responses % Positive

Responses %L R

A. Frequency 6000 c.p.s.
38 34 32 34 100 29 91 11.9
35 32 25 31 97 24 96 11-

33 45 45 44 98 42 93 10.4
32 22 26 18 82 21 80 10.1
31 23 28 22 96 27 96 9.8
30 45 45 43 95 41 91 9.5
28 8 10 8 100 10 100 8.9
27 15 16 14 93 15 94 8.6
25 18 20 18 100 14 70 7.9
24 4 3 2 50 3 100 7.6
22 14 17 14 100 1 6 7.-

B. Frequency 3500 c.p.s.
38 16 18 15 94 15 83 11.9
35 10 12 7 70 8 66 11.-

32 10 12 10 100 4 33 10.1
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It should be added that the distance SP varied between 19 and 17 m. 
This gives differences in size of the angle ASP = BSP of + 0.45° for 
SP = 18 m. The distance SP = 18 m has been a fairly accurate average 
distance, however, at which the animal heard the signal.

We also tested some other frequencies in the same experimental 
arrangement. Using only one transducer and one feeding spot we found 
(Table VII) that the animal did not hesitate to come when the fre
quency was changed. Table VI B shows that we found, at 3500 c.p.s., 
a threshold angle ASP of 11.-° with a standard deviation of 0.8°. Table 
VIII clearly shows the difference in reaction in a series of tests in which 
we used 6000 c.p.s. and 3500 c.p.s. alternately. The angle ASP of 
9.5° was wider than the threshold angle for 6000 c.p.s., but narrower 
than the one for 3500 c.p.s.

TABLE VII

Results of a series of tests using different frequencies

Frequency 6000 100 13000 15000 2000

Results + + + + + + + + +

One feeding spot. Strong wind. The animal did not prospect any more at this time.

*
TABLE VIII

Difference in reaction at different frequencies.

Time Signal
sequence /_ ASP Frequency 6000 3500 6000

21.15 b12 9.5° Results R
L

+ + - 
+ + + +

+ +
+ + +

We tried to train the porpoise to determine the direction of a sound 
at 2000 c.p.s. at an angle of 12.6° without success. The day after changing 
to 6000 c.p.s., using the same angle, the animal had learned his lesson.

Sedee (1957) determined the precision in directional hearing in 
man for frequencies of 250, 500, 1000, 2000 and 4000 c.p.s. using con
tinuous tones. On our behalf, he repeated his tests with our kind of 
signal. Only a few people, however, were able to give their answer 
straight away. Most of them needed two or more pips. Sedee found 
the same threshold angles as during his earlier experiments. Owing to
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the difference between the velocities of sound in water and in air, 
1450 m/sec and 330 m/sec respectively, we should compare frequencies 
of 6000, 3500 and 2000 c.p.s. in water with 1500, 850 and 500 c.p.s. in 
air. Table IX shows our results compared with those of Sedee.

TABLE IX

Precision of directional hearing of Phocaena and Man.

Frequency 600011500 35001850 2000/500 Effective distance 
between the ears

Man 4° 6° 7° 21 cm
Porpoise 7.9° 11.-° > 12.6° 10 cm

As pointed out before, Sedee (1957), using an artifical head with an 
effective distance between the ears of 42 cm instead of the normal 21 
cm, proved that precision of directional hearing is about twice as good 
in the case of the bigger head. The differences between man and the 
porpoise in question, as shown in Table IX, are in accordance with 
the experiments of Sedee. We are of the opinion that this is another 
argument in favour of the view of Reysenbagh de Haan - in contra
distinction to Fraser and^PuRVES - that the effective distance between 
the ears of a whale is the distance between the lateral sides of the bullae. 
Taking the view of Fraser and Purves, and allowing the whale a much 
longer effective distance by alotting to the meatus a conducting func
tion, the threshold angle we found at the frequencies used would not 
be appropriate to this distance and too wide, as might be expected. 
It seems highly improbable that the precision of directional hearing of 
a porpoise would be less compared with that of man, taking into 
account the disparity between the effective distances and the highly 
developed sense of hearing of these animals.
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PART II

A WHALE HEARS ITS ENVIRONMENT

.... I do not believe these whales can hear at all well. Bat 
I firmly believe they possess another sense by means of which 
they are able to detect any unusual vibration of the waves of 
either air or sea at a far greater distance than it would be possible 
for them to hear.

Frank Bullen: ’’The Cruise of the Cachalot”. London, 1889.

CHAPTER I

ASDIC

Considering the anatomical characteristics of the cetacean ear, the 
recordings of sounds from whales with the characteristics of asdic sig
nals, and the behaviour of the animals, we are of the opinion that asdic 
is of general use in whales. We should therefore like to discuss first the 
general principles of echolocation, the use of asdic in coastal waters, 
and its application in the animal kingdom.

The general principles of asdic
A pure tone may be represented by a sinusoid wave. The intensity of 
the sound is proportional to the square of the amplitude. The frequency 
is the number of waves or cycles per second (c.p.s.). Consequently, a 
sound of a low frequency has a long wave length and a sound of a 
high frequency a short wave length. Sound travels with a velocity 
which is dependent on the medium. The velocity of sound in air is 
about 340 m/sec, in sea water it is ab'out 1450 m/sec. The wave length 
of a sound of a certain frequency in water is therefore about four times 
as long as it would be in air. The attenuation of sound in air is more 
than that in water and low frequencies have a longer range than high 
ones. Sometimes water layers are able to keep sound inside due to total 
reflection against its boundaries. In such a case a sound may travel 
for hundreds of miles, as has been proved by setting off a small charge 
of high explosives under favourable conditions. An explosion off Dakar 
(W-Africa) was heard near Bermuda (Stifler and Saars, 1948). A 
second example of the good conductivity of water for sound is shown 
by experiments of the Royal Navy with sea lions during World War I.
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These animals have been shown to react to a buzzer over a distance of 
31 nautical miles1.

According to Griffin (1958) Hiram Maxim was apparently the first 
to point out the possibility of using echoes of sound to detect objects 
under water. The disaster of the “Titanic” after hitting an iceberg, 
which probably floated just beneath the water surface, and World 
War I, have started the development of artificial echolocation under 
water. As the range of sound in the air is too small, radar (Radio 
Aircraft Detection And Ranging), making use of radio-magnetic waves, 
has been developed likewise for this medium.

The first practical application of using the echo of a sound under 
water was the echosounder. This apparatus gives a pulse from a trans
ducer in the bottom of a ship downwards. This pulse is a pure tone of 
very short duration. After reaching the sea floor the sound returns 
as an echo and is received either by the same or a second transducer. 
The apparatus is constructed in such a way that, accounting for the 
velocity of sound in (sea) water and the lapse of time between sending 
the signal and receiving the echo - in between which the sound travelled 
twice the distance ship to bottom - the depth is given directly. The 
depth is made visible by a flash on a marked scale (meters, feet or 
fathoms), the “blinker”, or is continually recorded on a sheet of paper, 
the echograph. The blinker is more accurate than the echograph. As 
low frequencies have a greater range than higher ones, different echo- 
sounders are used. Sets used in deep water have a rather low frequency 
(50 kc or less); those working inshore use high frequencies (about 
150 kc). The so-called false echoes very often appeared to be echoes 
of living organisms such as fish and plankton. Especially since World 
War II, the application of the echosounder in detecting fish besides 
finding the depths of the water has been general among fishermen.

Even before the last war these false echoes led the way to asdic, and, 
generally speaking, an asdic-set is an echosounder directed horizon
tally. The asdic-set, like the echosounder, gives intermittently pulses 
of short duration. The sound travels away and returns as an echo when 
it has hit something. This may be a rock, a sandbank, a submarine, 
a whale, fish, a cloud of plankton or the sharp boundary of two water- 
masses of a different nature. Pulse and echo make themselves heard by 
a loudspeaker, and are visible on a continually moving sheet of paper 
like the echograph. On a modern set a kind of blinker is also used. 
The experienced ear is able to discriminate between different kinds 
of possible objects by the pitch and character of the echo heard from

1 We would like to thank Mr L.H. Nott of Luton, England, who took part in the 
training, for these particulars.
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the loudspeaker. The Doppler effect even indicates whether the object 
is moving away or towards the ship. When the echo has a higher pitch 
than the emitted pulse the object “heard” is approaching and in the 
event of the echo having a lower pitch the object is moving away. As 
both the emitted pulse and the echo are heard one has always an ex
cellent reference and very small changes in frequency are easily distin
guishable.

The modern asdic-set is used by navies, fishermen, whalers and 
oceanographic research vessels. Generally speaking, the set has only 
one transducer, which emits the signal and receives the echo as well. 
The transducer protruding from the bottom of the ship can be turned 
in any direction. In this way, it is possible to read off the distance and 
the bearing of an object.

Realizing the differences between high and low frequency sounds, 
it is not very difficult to visualize the general properties of an asdic- 
set for a special purpose.

WAVE LENGTH

WAVE LENGTH

Fig. 19. Frequency versus wave length with respect to the dimensions of an object. 
A “Low” frequency sound; B “High” frequency sound.
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Fig. 20. Schematic view of the main and secondary beams of an asdic transducer 
(after chesterman c.s., 1958).

The Navy uses asdic mainly for the detection of submarines. The 
farther away a submarine is detected the better. This calls for an asdic 
working at a long range and consequently low frequencies have to be 
used, the dimensions of the object offsetting the disadvantage of the 
longer wave length (fig. 19). The sound travels away from the trans
ducer in a beam. The higher the frequency the narrower this beam. 
This makes the precision in direction-determination better for high 
frequencies than for low ones. Therefore an ideal submarinechaser 
will have to use a higher frequency once the target is detected and the 
range appropriate to the higher frequency.

In fact, the sound distribution in the beam is somewhat more com
plicated than given here. The sound travels away in “lobes” (fig. 20). 
The main lobe or main beam is the one actually in use at long range. 
It carries most of the energy emitted by the transducer. At close range 
the side lobes or secondary beams will play a part too, and they may 
give a solid echo at a wide angle anywhere from the bearing of the 
main beam. Man-made asdic uses only one receiver and we have seen
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(Part I) that one receiver is not able to establish the direction of a sound 
Using a narrow beam is the way to overcome this difficulty, but the 
secondary beams are a great nuisance at close range. The narrower the 
main beam of the artificial asdic is, the better its directionality. The 
mean direction of this beam is the assumed direction the echoes return 
from. A narrow beam, however, may easily miss an object by passing 
clear of it, in which case no echo gives due warning at all. By scanning 
movements this disadvantage is partly overcome.

A fisherman is interested in fish schools consisting of small objects. 
Consequently, he uses sets with a frequency of 20-26 kc and is satis
fied with a smaller range (about 1800 m = 2000 yards). The latest 
sets even use frequencies as high as 50 kc (Kelvin and Hughes, Elac).

Asdic is also used for studying bottom profiles, for instance on board 
the British research vessel “Discovery 11” (Stride, 1959). In this case 
an asdic-set with a frequency of 37 kc was used at ranges up to about 
730 m (800 yards).

Although frequency modulation (variation of the frequency within 
one pulse) is used in some degree in naval sets, a pulse generally 
has a fixed frequency.

The intensity of the sound of a pulse has to be taken into account 
too. A rock or a submarine will give solid echoes and a relatively low 
intensity is needed. A mud-bank will hardly return an echo, and the 
pulse needs a high intensity to give any echo at all. A disadvantage 
has to be accepted in this case as all kinds of small particles will give 
echoes as well and the “view” of the mud-bank will become somewhat 
hazy.

The duration of a pulse is not always the same. Some sets use pulse 
durations varying between 0.1 and 0.2 sec, while others emit pulses 
of 1 msec only. Thus the pulse length may very between 145 m and 
1.45 cm. These very short pulses are used, for example, in coastal 
waters for bottom surveys (Stride, 1959), and long pulses were used 
during the war in naval asdic-sets for detecting submarines. A disadvan
tage of a long pulse is that, at rather close range, the echo already starts 
to return before the end of the pulse is reached. The always fainter 
echo may be masked in that case, although in the artificial asdic the 
emitter blocks the receiver. A rather long pulse of a constant frequency 
in a narrow beam is of advantage with respect to the Doppler-effect.

Besides frequency, intensity and duration of a pulse, the rate also 
plays a part. Generally speaking, the pulses are arranged in such a 
way that a possible echo is given time to return before the next pulse 
is given. Therefore one uses different pulse-rates (pulsemodulation) at 
different ranges. In a modern fish-finder (Kelvin and Hughes for in
stance) one can choose between four different rates: 50, 66|, 100 and
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Fig.21. The Dutch Wadden Sea showing the position of our asdic observations. 
Dotted areas emerge during ebb
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200 pulses/minute. At short range one uses 200 pulses/minute and at 
long range 50 pulses/minute. The approximate range of the set can 
be calculated from the slowest pulse rate/sec and the velocity of sound 
in water (1450 m/sec). As 50 pulses/minute cv> 0.8 p/sec the emitted 
pulse has 1.2 sec to travel away and to return as an echo, which is 
twice the distance in time of the object. The range is therefore 0.6 X 
1450 = 870 m. The actual range of the set, as stated by the manu
facturers, is 840 m (460 fathoms). In modern sets the use of a fast rate 
on a long range is possible under special conditions.

Asdic in coastal waters
We have seen that turbidity of the water, mud or sand, air-mixed water, 
etc., influence the use of asdic. As whales inhabit not only the open 
sea, but also coastal waters we made observations in order to get some 
insight into the usefulness of asdic in shallow water. This was essential 
because we were of the opinion that a misunderstanding or failing 
of the asdic signals of whales might be the cause of mass strandings.

Thanks to the valuable cooperation of the Royal Netherlands Navy 
a small subchaser was put at our disposal for some days. In December 
1960 and January 1961 the observations were made in several parts 
of the Dutch Wadden Sea (fig. 21). The transducer was 2.5 m below 
the water surface and the speed of the vessel over the bottom was two 
to three knots. The frequency, the length and the rate of the pulses 
were identical with those of the commercial sets.

We made the following observations:
a. From buoy Nr.3 towards the steep dyke of “’t Horntje” (fig.22). 
The slope of this dyke is covered with heavy boulders. Plate III, fig. 23 
is the last part of the approach to the dyke, which shows clearly1.
b. The next run was made a little to the North-East of’t Horntje 
(fig. 22). Once more we approached the coast at right angles shortly 
after high water. At this place the dyke is boarded by shallows, but 
these were under water. The side of the channel is rather steep and 
consists of hard sand, and the depth of the water at the edge of the 
shoal was about 2.00 m. The echogram of Plate III, fig. 24, shows the 
last part of the run. In this case the edge of the shallow cannot be seen 
as clearly as in Plate III, fig. 23, although the pulses were of the same

1 The echograph on the subchaser was not of the latest version as it is no essential 
part of the equipment. Chesterman c.s. (1958) and Stride (1959) show much better 
pictures of the echograms of the modern deep Echo Whale Finder of Kelvin and 
Hughes.
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Fig. 22. Runs a and b near ,,’t Horntje”. Compare text. Depths in meters and deci
meters reduced to Mean Low Low Water Spring. Dotted areas emerge during ebb.
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Fig. 25. Runs c and d near the Burgzand and Vogelzand. Depths in meters and deci
meters reduced to Mean Low Low Water Spring. Dotted areas emerge during ebb.
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PLATE III

Fig. 23. Echograph made during run a towards the steep dyke, covered with boulders, 
of’t Horntje. The figure should be read from the right to the left. The zero line is at

the bottom of the sheet.
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PLATE III

Fig. 24. Echograph made during run b, approaching the sandbank NE of’t Horntje, 
should be read from the right to the left. The zero line is at the bottom of the sheet. 
The dyke did not show. The echoes to the extreme left of the picture mark current 
turbulences picked up when the ship turned away at the end of the run. The dots 
at the top of the graph are the interfering recordings of the echosounder via the asdic

transducers.
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PLATE III

Fig. 26. Echograph of run d. Once more the picture should be read from the right 
to the left. At the righthand side in front a heavy “ping” is caused by the propeller 
wake. Above the broken line, denoting the edge of the 1st bank, darker spots mark 
the first bank. Near P (d; 150 m from the edge of the 1st bank) these darker dots 
disappear. Above the broken line marking the second bank darker dots appear at 

about 13.56 hrs at a distance of about 1500 m.
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intensity. The beam passing over the bank gives a kind of distance 
recording with echoes probably returned by the mussel-banks on top 
of the shallow.

c. The next run was made shortly before high water close to the 
edge of the banks shown in figs. 21 and 25. The Burgzand clearly 
showed at a distance of about 170 m. After passing point X this echo 
disappeared, only to be replaced by an echo from 1500 m, marking the 
edge of the next bank. The beam clearly passed the bank in front 
(waterdepth about 4 m).1 At point Y the little knoll showed itself 
clearly at 120 m.

d. The following run was made at right angles to the preceding one 
(fig. 25) between X and Y. It has to be remembered that the modern 
asdic echograms give much clearer pictures than the ones shown here, 
which can only give an indication of what we actually observed by 
the other more sensitive recorders. Plate III, fig. 26 shows the last 
part of this run. As we retraced our preceding course the foul, air- 
mixed water from the propellers and a current turbulence gave clear 
echoes in the foreground at first. The bank shows faintly above this 
“ping”. At P the bank disappeared even on the visual recorders. The 
next bank started to show already a bit earlier and was more clearly 
visible on the other recorders.

ei. The following observations were made on the flat Javaruggen 
(figs. 21 and 27). We anchored in 6.50 m of water and made echograms 
into seven directions of which the true bearings are given. From every 
direction we received echoes at mean distances of 275, 475 and 875 m, 
although in only one direction a very gently-shelving elevation might 
be expected to give some echoes. The first two distances probably 
consist of 3-5 echoes, caused by the secondary beams, but without 
the aid of a modern echograph it was not possible to fix them exactly. 
Using the echosounder afterwards we found nothing indicating ridges 
at those distances.

e2. We also made observations in a depression on the same Java
ruggen a little to the NE. Anchored in 7.50 m of water (fig. 27) we 
found echoes coming from a longer distance along the axis of the gully 
than at right angles to it. Keeping in mind fig. 19 this is only to be 
expected. The less water there is, the closer to the ship the sea-floor 
will give rise to reflections.

1 As there is a kind of channel behind the bank in front, the echo pattern as mention
ed under Cj and e2 did not show.
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Fig. 27. «2. The observations at e1 and e2 on the Javaruggen. Depths in meters and deci
meters reduced to Mean Low Low Water Spring. Dotted areas emerge during ebb.

Compare text.
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f. We also made observations in some narrow channels (fig.21). We 
always got echoes from 200-400 m, in whatever direction the trans
ducer pointed, probably due to the secondary beams.

Summarizing these data we may say that the experiments with arti
ficial asdic have shown that a more or less gently-shelving beach gives 
a very bad echo, which hardly shows above the background noise - 
“ping” - caused by foul water, turbulence etc. A sandbank at close 
range may be missed altogether and over a shoal misleading echoes 
may hide the exit to safe and deeper waters. Sand or mud on the bot
tom will also decrease the clarity of the echo.

Asdic in Nature
As early as 1794 Spallanzani proved that bats use their ears to 
evade obstacles when flying. Not before World War II, when communi
cations between occupied Europe and the United States were impos
sible, Griffin and Galambos (1941) in the United States and Dijk
graaf (1943) in Holland independently discovered that bats utter 
high frequency sounds and use the echoes from all kinds of objects to 
evade them, or to catch them if a prey is concerned. The subsequent 
investigations and observations of Griffin and others on different kinds 
of bats and certain birds are described in Griffin’s book “Listening 
in the Dark” (1958). Since the last war Moehres and his cooperators 
in Tübingen (W-Germany) have devoted their attention in particular 
to the Rhinolophidae (summarized by Griffin, 1958).

Although Griffin is of the opinion now that the diff erences between 
the sonar signals do not seem to be as fundamental as they were at 
first thought to be, the division in two or three types is still useful for 
our purpose.

1. Rhinolophidae type
The pulse rate is very slow, 1 to 6 pulses per second, and the average 
pulse duration is 65 milliseconds. The frequency - 80 kc in the Greater 
Horseshoe Bat and 100 kc in the Lesser Horseshoe Bat - is nearly 
constant throughout the pulse and only drops shortly before the end. 
The narrow beam with the fixed frequency and the long pulse duration 
makes the use of the Doppler-effect possible. 2

2. Vespertilionidae type
When the animal is normally flying around the average pulse length 
is only 2 milliseconds and the repetition rate is about 30 pulses per 
second. This rate may increase to 250 p/sec (normally only up to
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about 60 p/sec), if necessary. The frequency is not constant, but drops 
about an octave during the pulse. For example, the pulse may start 
at 80 kc and end at 40 kc or start at about 60 kc and drop to about 30 
kc. It is sometimes assumed that one of the main advantages of the 
frequency modulation is the decreasing risk of the pulse being absorbed 
by objects or background. Wool, cotton, mud and seaweed return sound 
very badly. As mentioned before, Griffin gratefully refers to Sandel 
for pointing out the possibilities of frequency modulation in spatial 
hearing. Attention is being paid to these possibilities (Pye, 1961; Kay, 
Pye and Nordmark, 1961).

There are bats which make, roughly speaking, use of both types, 
and, according to Moehres, they should form a third group. Actually, 
the existence of this group backs Griffin’s latest ideas on the subject. 
We should like to refer to Griffin’s book for particulars on the sonar 
of some species of birds.

Our knowledge on echolocation in whales is still limited, compared 
with that of bats. Those sounds of Tursiops described by Mag Bride 
(1940) and Mac Bride and Hebe (1948) as clicks and “the rusty 
hinge sound” were investigated by Kellogg, Kohler and Morris 
(1953), and they turned out to have all the characteristics of sonar 
signals. The remarks of Mag Bride (1956), the experiments of Sche- 
vill and Lawrence (1953, 1956) and of Kellogg (1958) made it 
extremely probable, to say the least, that Tursiops uses echolocation. 
Norris, Prescott, Asa-Dorian and Perkins (1961) have at last clearly 
demonstrated that Tursiops uses asdic. The results of this clever and 
difficult training experiment with a blindfolded animal reveal several 
interesting facts, which are summarized here.

The pulse length of Tursiops varies from about 1 millisecond to 
about 1.5 millisecond (20 to about 40 milliseconds in the clicks of 
Delphinus delphis, Vincent, 1960). While cruising, the pulse repetition 
rate is very variable, but usually low, about 5 pulses per second. During 
the initial orientation to a reward the rate is still variable, but at least 
16 pulses per second. In a semi-systematic way this rate normally in
creased to about 190 pulses per second just before the reward was given 
but dropped to 26 to 50 pulses per second after it was taken. When 
swerving away bursts with rates up to 416 pulses per second were often 
observed. Kellogg (1959a and b, 1960) and Norris and his associates 
(1961) found a very high degree of precision of echolocation and they 
also found that Tursiops is well able to discriminate the nature of an 
object, that is to say the difference between a piece of fish and a dummy 
of equal density, shape and dimensions.

The frequency pattern of the sonar signals of Tursiops is hardly 
known. Kellog et al. (1953) found frequencies between 6 and 200 kc
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and Norris et al. (1961) found a 100 kc component, using a special 
hydrophone. Their normal listening equipment was sensitive up to 
33 kc. Vincent (1960), with equipment sensitive up to 15 kc, found 
frequencies mainly from 8 kc to 12 kc. Kellogg, Kohler and Morris 
(1953) are of the opinion that the frequencies from 8 kc to 25 kc are 
the most important, judging from the occurrence of them on the re
cordings. We are of the opinion that for various reasons it is not per
mitted to stress the importance of these rather low frequencies for the 
time being.

We have seen that the higher the frequency the narrower the beam. 
It is to be expected that the high frequency components of a Tursiops 
click will only be received when the animal points to the hydrophone. 
When it does not do this, only the lower part of the spectrum of the 
click will be taken up. This is clearly demonstrated by an experiment 
of Norris et al. (1961). Using a hydrophone sensitive to a narrow 
frequency band around 100 kc, they could only pick up the high 
frequency sound when the animal was pointing directly to the hydro
phone. The observations of Kellogg and Norris and his associates 
on the precision of echolocation, also when small objects are involved, 
show that the animal makes scanning movements - swaying of the 
head to the left and to the right and circular movements with the ros
trum - and that in this way it achieves a remarkable degree of pre
cision. The theoretical advantage of the discriminating power of the 
short wavelengths of high frequency sounds, the narrow high fre
quency beam used by Tursiops, and the scanning movements, make it 
probable that Tursiops may use very high frequencies in his ultimate 
effort to locate and identify the nature of an object which may serve 
as a prey. Moreover, the sonar signals of bats consist of high frequen
cies, and water is a far more suitable medium for sound conduction 
than air, which makes it improbable that only the lower frequencies 
play an important part. Last, but not least, the cetaceans have, anatom
ically, an extremely well developed hearing organ, particularly suited 
to receive sounds of a high frequency, with a large and important 
centre in the central nervous system.

Norris and his co-workers have also tried to learn something about 
the shape of the beam of their porpoise. The result is shown in fig. 28, 
which we reproduce from their paper with its original text. The dis
tinct decrease in intensity of the clicks observed when the porpoise 
turns away his head from the hydrophone or from a diver in the tank 
points to a directionality in the horizontal plane as well. We should 
like to add that with two receivers a wide beam will offer no disadvan
tage to the animal and might be even favourable when cruising. A 
wide beam and a rather low frequency would make pos ible the detec-

5
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Fig. 28. A diagram showing the detection of fragments of fish drifted into the water 
near the blindfolded porpoise. Flusses indicate the positions where food fragments 
were detected immediately and snapped up without hesitation. Minuses indicate 
positions at which reward fragments were lost. Circled plusses indicate positions 
at which the porpoise did not immediately snap up the reward, but returned and 
recovered it on another pass. E. Eyecup of neoprene. (After Norris c.s., 1961).

tion of a prey or an obstacle over a wide arc and at long range. When 
the animal closes in, the higher frequencies, with the narrower beams, 
might gradually take over and offer greater precision.

We have already seen that Vincent recorded the clicks of Delphinus 
delphis. Sounds identical to the sonar signals of Tursiops have also been 
recorded from the Sperm Whale, Physeter catodon (Worthington and 
Schevill, 1957), the Pilot-Whale, Globicephala macrorhyncha (Kritzler, 
1952), the Beluga, Delphinapterns leucas (Schevill and Lawrence, 1949) 
and from Orcinus orca and “dolphins” (Valdez, 1961). As mentioned 
before, these recordings and the development of the cetacean ear lead 
us to the assumption that asdic may be of general use in whales.
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CHAPTER II

THE PROBLEM OF MASS STRANDINGS

“ This other excellent deed of the dolphins have I heard and ad
mired. When fell disease and fate draws nigh to them, they fail 
not to know it but are aware of the end of life. Then they flee 
the sea and the wide waters of the deep and come aground on the 
shallow shores. And there they give up their breath and receive 
their doom upon the land.” _ _ , _

Oppian, becond Century.

For a long time mass strandings of whales have presented an in
triguing problem. Why do whales sometimes hurl themselves ashore 
en masse ?
The supposed theory of suicide seems too anthropomorphic to be taken seriously and 
a disease causing madness in the animals seems highly improbable, because the 
whales in question look quite healthy. In his book “So few are free” Green (1945) 
refers to the mass stranding of False Killers (Pseudorca crassidens) near Mamre, South 
Africa, and he even ventures to suppose that these animals tried to find a prehistoric 
strait to the Indian Ocean, which they might remember because whales grow very 
old. And he is certainly not alone in trying to find a fantastic solution. Green also 
says that Dr. Leonard Gill, at that time director of the South African Museum, in
clined towards a “follow-my-leader” theory; the herd following the leader blindly, 
who may have lost his head somehow. But how?

Hector (1872 b), reviewing data on the occurrence of whales and dolphins of 
New Zealand, states that the “Blackfish” (the vernacular name for Globicephala, 
Pseudorca and Orca) visit the coast in large schools, occasionally running into shallow 
bays, where they get stranded, and so fall a prey to the natives and settlers. Van 
Deinse (1918), in his paper about the rorquals stranded on the coasts of the North 
Sea, says that.... “a living rorqual may strand because it is hunting unwarily or is 
impeded by a gale. Different circumstances may cooperate in such a way as to be 
fatal to the animals. For instance, they are swimming near a sandy coast with sand
banks offshore; they are hungry and there is a gale, and the wind is directed to the 
coast. Sometimes these facts cause a stranding of several individuals. The nature 
of the coast, ebb, flood etc., influence strandings”. He concludes that it is a serious 
drawback that we do not know several meteorological particulars at the time the 
stranding took place. We should like to emphasize at once the point that mass strand
ings may also occur when there is no wind at all, as Green mentions for Tasmania, 
where a stranding took place when it was dead calm. The remark of Gilmore (1957) 
with respect to the Cabo Tapoca strandings (Table X, No 16) seems to be of interest: 
“That the stranding took place during the dark of the moon is significant. It so 
happens that in certain Sperm-grounds near shore, the commercial catch jumps at 
this lunar phase, as if the whales were more active. Sperm Whales then work closer 
to land, perhaps as a result of similar movements of their food, the squid. We know 
little of this lunar periodicity in whales and squid, but with more observations, a 
pattern of extremely interesting behaviour may become evident. The day after the 
discovery there was a great number of whales two or three miles offshore.”

Fraser (1936 a) - considering the British strandings of Pseudorca - assumes that 
the inflow of Atlantic water into the North Sea since 1930 might have brought these
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whales to the shallow parts of the eastern coasts of England and Scotland. He refers 
to Birkby (1935), who mentions strong south-westerly winds when a large school of 
Pseudorca ran ashore near Mamre. According to Fraser, these strong winds might 
have caused a distributional effect as in the North Sea. We are inclined to think that 
Fraser meant to indicate that this effect brought the favourite food of these whales 
close to the shore. He argues further that, once in shallow water, to which Pseudorca 
is not accustomed, this oceanic species easily gets stranded. He further states that the 
nature of the shore might be important, since the spots where the recent strandings 
(1927 and 1935) of Pseudorca occurred are shallow, gently-shelving coasts, consisting 
of sand and mud. Tomilin (1937) mentions approach to the coast, difference in sea 
level caused by the tides, barriers, sandbanks, etc., and also gales, as factors respon
sible for the strandings of whales.

Williamson (1945), describing the catching of Globicephala in the 
Faeroes, stresses the necessity to use gently-shelving beaches to drive 
Pilot-Whales, a species which often shows spontaneous mass strandings, 
ashore. A bottom consisting of sand and mud is preferred, but the 
best catching beach in the Faeroes at Kvalvig has small round stones 
on its gently-shelving bottom. Realizing that gently-shelving beaches 
will give bad echoes we developed the view that the strandings might 
be caused by a failing of the cetacean asdic under certain conditions. 
If this would be the case it would not matter at all whether we would 
be dealing with forty animals or a single one. In this connection 
it became of interest to examine the circumstances under which a 
healthy animal, be it one of a party of forty or a single animal, 
stranded alive.

The excellent Reports of the British Museum of Natural History, 
started by Harmer and continued by Fraser, and dealing with ceta
ceans stranded on the British Coasts, reveal an endless list of hundreds 
of strandings since 1911. Mass strandings of great numbers of animals 
become rather easily known even if they occur in remote parts of the 
world. Many strandings of smaller numbers, however, will hardly at
tract attention. The strandings we have been able to find have been 
listed in Table X. It contains:

a. Every simultaneous stranding of 2 or more animals of one species 
we were able to find.

b. Strandings of solitary animals from the British coasts according 
to the “Reports” mentioned above, and from other coasts, of 
which it was stated that they were alive at the time of stranding. 
Live animals wounded or chased before the stranding are ex
cluded.

We, of course, left out early mass strandings on the Orkneys, the 
Shetlands and the Faeroes on account of the whale drives. Strandings 
on these Islands, if listed, are truly spontaneous strandings.
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Ray (1961) is of the opinion that most solitary strandings are in 

response to sickness. Nevertheless, recording the solitary strandings of 
animals alive at the time of stranding seems valuable, as some of these 
strandings actually appear to have an abnormal character (compare 
Table X, No 32).

We feel sure that our list is incomplete, but we do think that the 
majority of the published strandings are listed here, with the exception, 
perhaps, of those of Globicephala. It is certain that many more strandings 
will come to light as more attention is given to them. Up till now re
ports like the British ones are rare. We know such reports are under 
preparation in the U.S.A.

After listing the published strandings we had, whenever possible, 
to fix their exact position in order to learn the nature of the particular 
beaches. In most cases, the reports only give a general indication as 
to the spot. As an example, we take Weisdale Voe, Shetlands. As this 
Voe has rocky as well as sandy beaches, steep as well as gently-shelving, 
we had to dig into the original data. Without the help of people all 
over the world this would have been impossible and we should like 
to thank once more all those who helped us and, in particular, Dr 
Fraser of the British Museum of Natural History, Dr Guiler of the 
University of Tasmania and Mr O’Halloran of the Marine Depart
ment in Wellington, New Zealand. Every position was compared with 
Admiralty Charts1 and with particulars from reports and private cor
respondence. In this way we were able to fill in the second half of our 
Table.

Table X shows a wide variety of species and numbers of animals 
stranded at a time. Two points have to be considered. Firstly, the 
adaption of the different species to coastal waters. A species which 
frequents the channels between the tidal flats will certainly avoid 
stranding easier than a species which is known to inhabit the open 
ocean. Table XI has set out the species according to their preference 
for a certain habitat. A second point of importance is the schooling 
behaviour. It is clear that a species normally living solitarily or in 
pairs can hardly be expected to cause a mass stranding. In Table XII 
we listed the species according to their schooling behaviour. Naturally, 
a species listed in the fourth column does not always occur in large 
herds. Tursiops, for example, normally roams about in small herds 
of 5 to 10 animals.

1 We are greatly indebted to “Observator N.V.”, Rotterdam, and in particular to 
Mr F. C. Beekhoven and Mr. P.Schrey of this firm, and the Royal Netherlands 
Navy, for their generous help in the search for dozens of charts, and for putting 
them at our disposal for a detailed study.
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TABLE X

Strandings of Living Whales.

Number of 
animals 
stranded

Nature of
Beach

Nature of
Bottom off shore

No Species Date Locality deep — d, shallow — sh, gently
sloping = gs, sand = s, mud 
— m, rock = r, boulder — b, 
sandbank = sb, mudbank = mb

Remarks

1 Physeter catodon 2 VII-1577 Bieselingen, Zeeland, Holland. s^, s or m sb Halfway up Western Schelde. 1

2 i 5 5 5 2 23-XI-1577 Terheide, S-Holland, Holland. ®s> s sh, sb, s One more on 22-XI-1577. 2
3

55 55 4 20/21-1-1617 Scheveningen, Holland. s sh, sb, s 3
4 55 55 1 31-XII-1720 Mouth Elbe River, North Sea. s^> s sb, sh, s 4
5 „ 17 XII-1723 Mouth Elbe River, North Sea. s^, s sb, sh, s Severe gale. 5
6 „ „ 2 1762 Northern beach Terschelling, Holland. s sb, sh, s 1 ex. on 20-11-1762 near Zandvoort, 

Holland. 1 ex. on XII-1761 on Texel.
6

7 „ 2 18-1-1762 Southern coast N.E. part of Vlieland, Holland. s^3 s or m sb Between tidal flats, one more on 
17-1-1762.

7

8 3, „ 2 11-1762 Isle of Griend, Wadden Sea, Holland. s or m sb Between tidal flats, compare with 
date of No. 7.

8

9 „ 32 13/14-III-1784 Rivage de Primelin (Prémelin) near Audierne, ®s> s
France.

gs, s with 
occas. b.

Great tidal diff. Fig. 30. 9

10 „ 2 1880 Lyall Bay, Cook Strait, New Zealand. ”7- s gs, s Compare no 66. 10

11 „ 16 11-1888 Cape Canaveral, Fla., U.S.A. “s> s gs, S 11
12 „ 27 1895 Kaipara Coast, New Zealand. ®s> s gs, s Off Kaipara Harbour, many shifting 

sandbanks.
12

13 „ „ 37 H-1911 Perkins Island, Tasmania. e)ctremely gs, s extremely gs, 
s and m

Figure 32. 13

14 „ 25 III-1918 N.W. side North Island, Dargaville, New Zealand ^3 s gs, S 14
15 55 55 2 24-11-1937 Middelplaat, mouth Western Schelde, Zeeland, S’ sh

Holland.
sb, s On 24-11-1937 1 ex stranded on the 

very gently-shelving coast (banks 
offshore) near Bridlington, Yorksh., 
Engl. Stormy weather.

15

16 3, 9 12-IV-1953 Beach south of Cabo Tapoca, near Puerto Lobos, VerY gs, s 
Sonora, Mexico.

gs, s Large extents of sand with a tidal 
difference of 14 ft. Spring tide.
Quick run of the tide.

16

17 22 16-1-1954 Shallow cove at La Paz, Baia de la Paz, Calif., ^s’ sh, s 

Mexico.
sh, gs, s Compare no 85 and 133. 17

18 „ 13 20-VI-1958 Muriwai Beach, south of Kaipara Harbour, Ne\V sh, s 
Zealand.

gs, sh, s 18

19 Hyperoodon ampullatus 1 26-IX-1880 Grau du Roi, Card., France. S^> gs, s sh, s 19

20 4 20-IX-1927 Brora, Sutherland, Scotland. ^s’s gs, s 20
21 1 27-X-1927 Weymouth, Dorset, England. Very gs gs Rocky shoreline. 21
22
23

1
1

4-IX-1930
27-VIII-1931

Burry Port, Carmarthen, Wales. ^s> s
Kilronan, Aran Island, Ireland.

sh, sb Between tidal flats, compare no 45. 22
23

24 „ 2 30-VII-1939 West Mersea, Essex, England. S'rn flat very sh very gs Mersea flat dries, out during ebb. 24

25 Ziphius cavirostris 1 6-XI-1884 Warrington, Otago, New Zealand. 1 s gs, S 25
26 „ 1 18-VII-1915 Bannow Bay, Fethard, Wexford, Ireland. gs 26
27 55 55 1 19-VIII-1924 Poelogading between Cheribon and Pekalongan, ^ sh

Co. Brebes, Java.
gs, sh

A very rare species, same bay as No38.

27

28 Mesoplodon grayi 25 1875 Waitangi Beach, Chatham Islands. V':ry gs, s gs, s 28
29 Mesoplodon layardi 3 29-XII-1876 Saltwater Creek, 30' N of Banks Peninsula, NcW s

Zealand.
gs, S 29

30 Mesoplodon bidens 1 21-IX-1914 Rosslare, Wexford, Ireland. Very gs very gs Sandbanks offshore. 30

31 „ • „ 2 18-IV-1957 Hjertvika, Gossen Island, Romsdal, Norway. 5 r wide sh, s Compare text. 31

References

Van Deinse (1918).
3) 33 ( 33 )*

„ „ ( „ )•
CoNRADi en v. D. Plaats (1784) 
Anderson (1747).
Van Deinse (1918).

„ „ ( „ )•

„ 3- ( „ )•

Cuvier (1836).

Oliver (1922).
Gilmore (1959).
Oliver (1922).

Lillie (1915).

Oliver (1922).
Boschma (1938).

Gilmore (1957).

Gilmore (1957).

O’Halloran, New Zealand 
(priv. corr. 1960).
Paulus, France 
(priv. corr. 1961).
Fraser (1934).
Harmer (1927).

„ ( „ )•
Fraser (1934).

„ (1953).

Oliver (1922).
Harmer (1927).
Dammerman (1926).

Oliver (1922).
„ ( „ )•

Harmer (1927). 
JoNSGÄRDandHaiDAL (1957)
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No Species
Number of 

animals 
stranded

Date

Nature of Nature of
Beach Bottom off shore

Locality deep = d, shallow = sh, gently
sloping = gs, sand = s, mud 
= m, rock = r, boulder = b, 
sandbank = sb, mudbank = mb

Remarks References

32 Mesoplodon spec. i 23-IX-1957 Oioo Beach, Saganri Bay, near Tokyo, Japan. s “Dashed” ashore. 32 Nishiwaki and Kamiya (1958)
33 Monodon monoceros i 20-IV-1957 Mouth of Caribou River, Nelson Lagoon Alaska sh, s “Stranded in a few inches of water 33 Geist c.s. (1960).

34 Orcinus orca i 3-III-1918
Peninsula (Lat. 56°N, Long 161 °W).
Castlewray, Lough Swilly, Donegal, Ireland. sO> m, s gs

and thrashing violently”.
Died on 6-III. 34 HARMER (1927).

35 a j> 17 2-V-1955 Paraparauma Beach, New Zealand. 8s! s gs, S 35 Slijper (1958).
36 Grampus rectipinna 11 14-1-1941 Near Masset, Queen Charlotte Island, Canada. r very wide sh The Pacific Killer Whale. 36 Clifford (1946).

„ ( „ )•37 i) 55 20 13-VI-1945 Between Boulder Point and Estevan Point, Van- r very wide sh The Pacific Killer Whale. 37

38 Pseudorca crassidens several III-1906
couver Is., Can.
Long Beach, Petre Bay, Chatham Island. Very gs, s gs, S Same bay as no 28. 38 Oliver (1922).

39 55 55

hundreds
4 ± 1918 Biscayne Bay, 20/S of Miami Fla., U.S.A. S8, m very wide sh 39 Miller (1921).

40 55 55 127 21-X-1927 Between Edderton and Bonar Bridge Dornoch £s, s, m
r (coral) 
sb, s, m On banks in the river, afterwards 40 Fraser (1934).

41 55 55 120 XII-1928
Firth, Sutherl. Scotland.
Kommetje, Cape Peninsula, South Africa. §s, s sh, gs, s

washed ashore (r). Compare fig. 31.
41 Steytler (1929).

42 55 55 167 3-VII-1929 Shallow inlet near Kambanturai at Kayts, Velani m, s sh, m In turn narrow sh channel. 42 Pearson (1931).

43 55 55 54 2-XII-1933
Island, Ceylon.
Mtoni beach, N of Zanzibar. §s, s wide sh, s 43 Anonymus (1934).

44 55 55 21 6-V-1934 NE side of Whiteford Point near Llanmadog, Very gs, s extens. sh,s Tidal flats. 44 Matheson and

45 55 55 2 7-V-1934
Glamorgan, Wales.
Burry Port, Carmarthen, Wales. §S5 s sh, s Tidal flats, comp. No 22. 45

Cowley (1934).
Idem.

46 55 JJ 97 10-XI-1934 Near 4th ferry from Trincomalee to Batticola, s^5 m sh, m Between muddy banks of mangrooves 46 Deraniyagala (1945).

47 55 55 11 16-XI-1935
Muthur Estuary, Koddiydn Bay, Ceylon.
2' NNW of Donna Nook, Line., England. &S5 s gs, sh, s

swamp. Koddiyan Bay gs.
47 Fraser (1946).

48 55 55 8 18-XI-1935 Wootton Creek near King’s Lynn, Norfolk, Eng- §s> s wide sh, s, m On tidal flats. 48 „ ( „ )■

49 55 55 200-300 19-XI-1935
land.
The Grotto near Mamre, Darling District, South ^ r sh, s, r Sandbar just covered at low tide off- 49 Birkby (1935).

50 7 27-XI-1935
Africa.
Near Kinkell, Fife, Scotland. r sh, s

shore, strong SW wind, compare text.
50 Fraser (1946).

51 55 55 41 27-XI-1935 Barry Sands, Forfar, Scotland. very gs, s gs, s Same sands as No 132. 51 „ ( „ )•
52 55 55 1 28-XI-1935 Belhaven Sands near Dunbar, East Lothian,; 8s, s gs Same sands as No 53, no more than 52 55 ( 55 )*

53 55 55 1 28-XI-1935
Scotland.
Tynnigham near Dunbar, East Lothian, Scotland. §s5 s gs

a mile apart.
Same sands as No 52. 53 „ ( ,, )■

54 55 55 a herd VI-1936 Stanley, NW Tasmania. Very gs, s gs, s, sh Compare No’s 77 and 87. 5 individ- 54 Pearson (1936).

55 55 55 58 27-XII-1936 St Helena Bay, near mouth Berg River, South r very gs, sh, s

ual strandings of Neobalaena Mar- 
ginata known from the same beach. 
Figure 32.
Strong offshore wind, compare text. 55 Smithers (1938).

56 55 55 4 19-VIII-1958
Africa.
Die Kelders just S of Stanford Cove, Walker Bay, r sh Offshore bank at 2 fath. 56 Talbot, S. Africa

57 Grampus griseus 2 4-XI-1913
South Afiica.
Torcross, Devon, England. sh, s, m Tidal inlet. 57

(priv. corr. 1960).
Harmer (1927).

58
59

55 55

55 55

5
2

26-IV-1933
11-1934

Elly bay in Blacksod Bay, Co Mayo, Ireland.
Kirkwall, Orkney Islands. r and s, gs sh Compare No 123.

58
59

Fraser (1946).
„ ( „ )•

60 55 55 2 10-III-1938 Deer Sound, Orkney Islands. r and s, gs sh 60 ,, (1953).
61 55 55 2 29-IV-1939 Belmullet, Mayo, Ireland. very gs, s sh, gs, s 61 55 55

62 Globeciphala melaena 37 9-IV-1825 St Annaland, Tholen, Zeeland, Holland. Between tidal flats. 62 v.Oort (1918).

63 55 55 dozens VII-1852 Salt Lakes, Calcutta, India. sh5 m sh, mb In river estuary, compare no 84. 63 Moses (1948).
64 55 55 61 2-IV-1856 Ouddorp, Goeree, Zeeland, Holland. sh, s sb Between tidal flats, 300-400 animals 64 v.D.Hoeven (1856).

65 55 55 15 11-1864 Barcares, Pyrénées Oriental, France. sh} s sh, very gs
escaped to sea.
Very large shallow beach. 65 Paulus (1960).
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Number of 
animals 
stranded

Nature of
Beach

Nature of 
Bottom off shore

No Species Date Locality deep = d, shallow = shy gently
sloping = gs, sand = s, mud 
= m, rock = r, boulder = b, 
sandbank — sb, mudbank — mb

66 Globicephala melaena > 10 1-1876 Lyall Bay, Cook Strait, New Zealand. S?s, s gs, s
67 ,, 50 l-VII-1911 Mount’s Bay, Penzance, Cornwall, England. §s gs
68 33 2 27-VIII-1918 Longhope, Orkney Islands. very gs, sh

69 ” ” 55 2-1-1923 Mouth of river near Kampong Mlandigan, E of &s, s
Besoeki, Java.

gs, s

70 33 50 15/16-VIII-1930 Near Borden, Prince Edward Island, Canada. 8s gs
71 >> ” 200 29-VIII-1930 At the mouths of Percival and Enore Rivers, §s

South coast Prince Edward Island, Canada.
gs

72 ” ” 21 31-VIII-1930 Trois Pistoles on South shore St Lawrence Est. §s river bank 
opposite Saguenay River, Canada.

73 j, 23 early-IX-1934 Métis, St Lawrence Est., Canada. ,, ,,
74 5» 33 8 Around Tartague and Rivière Blanche, St. Law- &s „ ,,

rence Est., Canada.
75 33 40 „ -IX-1934 Boule Rock sandbank, St Lawrence Est., Canada. Ss „ ,,
76 ,, 33 2 l-X-1935 Findhorn, Moray, Scotland. ^3 s

gs, s, sh77 5J 33 300 14-X-1935 Stanley, Tasmania. Vety gs, s
78 33 66 13-III-1936 Jammerbugten, West Jutland, Denmark. §s5 s gs, s

79 > J 33 151 20-V-1943 Yoff Bay, Dakar, W.- Africa. &s
80 >3 33 20 31-VIII-1944 Conway Estuary, Caernarvon, Wales. §S3 s, m
81 33 ,, 75 l-VII-1946 Yoff Bay, Dakar, W.-Africa. 8s
82 ,, 33 46 6-X-1948 St Augustine Beach, Fla., U.S.A. sh
83 ,, 33 a herd 2-VIII-1949 St. Mary Bay, near Digby, N.S., Canada. 8s

sh, mb84 33 dozens VII-1950 Salt Lakes, Calcutta, India. sh, m
85 ” 33 a herd ± XI-1953 Shallow cove at La Paz, Bahia de la Paz, Cali- £s, sh, s 

fornia, Mexico.
gs, sh, s

86 33 33 a herd 1-1954 Cape Cod, U.S.A. ^ 8s, s sh, s

87 a herd X-1955 Stanley, Tasmania. very gs, s gs, s

88 ± 200 XII-1955 Marion Bay, Tasmania. gs gs

89 ± 300 XI-1957 Port Welshpool, Victoria, Tasmania. gs, s gs

90 57 1957/1958 Flagler Beach, Fla., U.S.A. gs, s
sh, s, sb91 61 V-1959 3' N of La Paz, East shore Bahia de la Paz, Califor

nia, Mexico.
gs, s

92 Orcinus area, Pseudorca 
crassidens, Globicephala 
melaena

between
1866-1868

Adventure Bay, Tasmania. gs, S gs, s

93 Black fish 40 7-II-1928 Whangarei Harbour, New Zealand. gs, s gs, s

94 „ 38 IX-1935 Wairau, Opoutama, New Zealand. gs, s sh
95 200 VI-1936 Waikokopu Bluff and mouth of Nuhaka River, 

New Zealand.
gs, s

96 „ 49 1-XI-1938 Marsden Point, Whangarei, New Zealand. sh, s gs, s
97 „ 44 21-X-1941 Near Whangarei Heads, New Zealand. gs gs
98 „ 70 11-XI-1946 Hadfield Beach, Orewa, New Zealand. very gs, s very gs,

Remarks References

Compare No 10.

Rocky coastline heavily covered with 
seaweeds.
Dry sandbar at low tide offshore.

Compare No’s 54 and 87. Fig. 32.
5 fath ±21' offshore.

Open Ocean coast.
Channel bank between flats. Fig. 33. 
Open Ocean coast.
Shifting bar.

River estuary, compare No 63. 
Compare No’s 17 and 133.

“Strandings are common at Cape 
Cod and also along the Virginia and 
North Carolina Capes on sand flats” 
(italics by us).
Compare No’s 54 and 77. Fig. 32.

Many whales have stranded on this 
ocean beach.
Sheltered beach.

Occasionally seaweed.

Fig. 34. Compare 96, 97, 99 and 100.

Fig. 34. Compare 93, 97, 99 and 100. 
Fig. 34. Compare 93, 96, 99 and 100.

66 Oliver (1922).
67 Harmer (1927).

68

69 Delsman (1923).

70 Needler (1931).

71

72 Prf.fontaine (1930).

73 Mathewson (1955).

74

75
76 Fraser (1946).
77 Pearson (1936).

78 Degerbol, Denmark (priv. 
corr., Prof. Slijper, 1958).

79 Paulus (1960).
80 Fraser (1953).

81 Paulus (1960).
82 Kritzler (1952).
83 Sergeant and Fisher (1956).

84 Jones (1953).
85 Gilmore (1957).

86 Lynwood (1954).

87 Guiler, Tasmania 
(priv. corr. 1961).

88 Guiler, Tasmania.

(priv. corr. 1961).
89 Guiler, Tasmania 

(priv. corr. 1961).
90 Anonymus (1958).
91 Engel, U.S.

(priv. corr. 1960).
92 Scott and Lord (1910).

93 O’Halloran, New Zealand, 
(priv. corr. 1960).

94
95

96 „ „
97
98

!
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No Species
Number of 

animals 
stranded

Date

99 Black fish 130 2-VIII-1952

100 70 10-X-1955

101 „ 100 23-IX-1958
102 Phocaena phocaena 2 24-X-1922
103 „ 2 2-HI-1929
104 „ 2 23-XI-1935
105 2 X-1957

106 Cephalorhynchus hectori 1 V-1921
107 Lagenorhynchus acutus 1 5-VIII-1925

108 30 6-VIII-1926
109 2 4-VIII-1926
no 35 27-VIII-1929
HI 1 20-11-1933
112 Lagenorhynchus albirostris 2 3-H-1911

113 2 2-II-1918
114 1 8-II-1918
115 Turslops truncatus 1 8-V-1918

116 „ 2 l-VII-1927
117 „ 2 12-11-1934
118 2 4-VII-1939

119 „ 5 14-V-1945
120 „ 2 5-VI-1945
121 Delphinus delphis 5 3-IX-1915
122 1 4-VIII-1919

123 2 9-1-1932
124 1 8-II-1937
125 „ 1 8-II-1937

126 „ 5 8-II-1937

127 2 9-VII-1938

128 „ 15 ll-VIII-1938

129 Balaenoptera musculus 1 6-V-1825

130 1 23-VIII-1858

131 Balaenoptera physalus 1 1954/1955
132 Balaenoptera acutorostrata 1 13-III-1926
133 Megaptera nodosa 1 X-1953

Nature of Nature of
Beach Bottom off shore

Locality
deep = d, shallow = sh, gently 
sloping = gs, sand = s, mud 
= m, rock = r, boulder = b, 
sandbank — sb, mudbank = mb

Ruahaka Beach, Whangarei, New Zealand.

• sClose to mouth Ruahaka River, Ruahaka Beach, ’ 
New Zealand. ,
Shallows off Okura River, New Zealand. ’ s
Dunwich, Suffolk, England.
Eccles 2 miles of N Palling, Norfolk, England. ^
Caister on Sea, Norfolk, England.
Balgzand, near Den Helder, Holland.

sh, s 
gs, sb
gs
gs
sh, s, sb

Castlecliff Beach, New Zealand.
Loch of Stenners, 4' from Stromness, Orkney 
Islands.
East Voe of Scalloway, Shetland Islands.
Filey Bay, Yorkshire, England.
Huxter, Weisdale Voe, Shetland Islands. 
Catfirth, Nesting, Shetland Islands.
Blackness, Linlithgowshire, Scotland.

gs, s

gs, s, m 
Very gs 
Very gs, s, m 
gs, m
^rge s, m flat

gs, s 
gs

gs, s 
very gs 
gs, s 
gs 
gs

Shingle Street, Suffolk, England.
Noordwijk aan Zee, Holland.
Battersea, Thames, England.

Porthcawl, Glamorgan, Wales.
Falmouth, Cornwall, England.
Strand on the Green, Middlesex, Thames, Eng
land.
Bartranne, Mayo, Ireland.
Moyrahan, Mayo, Ireland.
Tean, Scilly Islands.
Knockadoon Strand, Youghal, Cork, Ireland.

Kirkwall, Orkney Islands.
Cleethorpes, Lincolnshire, England.
Golf House, Tain Beach, Ross and Cromarty, 
Scotland.
Underneath Polio farm near Barbaraville village, 
3J' east of Invergorden, Ross and Grom., Scotland. 
Ballinacourty near Dungarvan, Waterford, Ire
land.
2' W of Hundleton near Pembroke, Pembr. shire, 
Wales.
Above the punt ferry of New Norfolk, River 
Derwent, Tasmania.
Bar of North River near Bellaville, Chesapeake 
Bay, U.S.A.
Long Island, U.S.A.
Buddon Ness, Forfar, Scotland. .
Shallow cove at La Paz, Bahia de La Paz, Cali
fornia, Mexico.

gs gs
gs, sh, s 
sh, m river
bank

gs, sb, s

fldal flat gs
gs
sh, s, m river 
bank

gs

Very gs, s, m gs
tidal creek s, m
sh sh
gs, s gs

r and s, gs sh
gs gs
gs, sh, s estuary

sh, gs, s, m estuary

Very sh gs

, sh, ms

gs, s river

sh, s. river

sh inshore
gs, s sb
gs, sh, s sh, gs, s

Remarks References

Fig. 34. Compare 93, 96, 97 and 100. 

Fig. 34. Compare 93, 96, 97 and 99.

Rocky shoreline, 
s and shingle, 
s and shingle.
Left by receding tide on tidal flat.

Stranded alive among seaweed in 
shallow water.

Sand and shingle.
Figure 35.
Choked in the mud.
Occasional groups of rocks near the 
shore.
s and shingle

At low tide in the mud.

Rocky shore.

Rocky coastline.
Beach between group of rocks and a 
rocky headland.
Compare No 59.
Sand and shingle.
Tidal flat.

Tidal flat.

Sand, shingle.

Southern side of Channel to Pem
broke.

Same sands as No 51.
Compare No 17 and 85. A Whale
bone Whale, probably this species 
according to Gilmore (1957).

99 O’Halloran, New Zealand 
(priv. corr. 1960).

100

101
102 Harmer (1927).
103 Fraser (1934).

104
105 Dudok van Heel, unpubl. 

obs.
106 Oliver (1922).
107 Harmer (1927).

108 JJ 55

109 55 55

110 Fraser (1934).

111 „ (1946).

112 Ritchie (1924).

113 Harmer (1927).

114 van Deinse (1931).

115 Harmer (1927).

116 Fraser (1934).

117 „ (1946).

118 „ (1953).

119
120 J5 55

121 Harmer (1927).

122 ,, „

123 Fraser (1934).

124 „ (1946).

125 55 55

126 55 55

127 „ (1953).

128 55 55

129 Crowther (1919)

130 Cope (1866).

131 Anonymus (1955).

132 Stephen (1926).

133 Gilmore (1857).
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TABLE XI

Preference for Habitat

Littoral Pelagic Oceanic Unknown

Monodon monoceros 
Delphinapterus leucas 
Phocaena phocaena
Turslops truncatus 
Lagenorhynchus albirostris 
Eschrichtius gibbosus 
Balaenoptera acutorostrata

Hyperoodon ampullatus 
Orcinus area
Grampus griseus 
Globicephala spec. 
Lagenorhynchus acutus 
Delphinus delphis 
Balaenoptera physalus 
Balaenoptera borealis

Physeter catodon 
Pseudorca crassidens 
Balaenoptera musculus

Ziphius cavirostris 
Mesoplodon spec. 
Cephalorhynchus spec.

TABLE XII

Schooling Behaviour

Solitary or in 
pairs up to small 
flocks {10-20)

Up to moderate 
herds {40-50)

Large herds 
{100 or more) Unknown

Hyperoodon ampullatus 
Grampus griseus1
Phocaena phocaena 
Balaenoptera musculus 
Balaenoptera physalusx 
Balaenoptera acutorostrata

Physeter catodon1 2

Balaenoptera borealis

Monodon monoceros 
Delphinapterus leucas 
Orcinus area
Pseudorca crassidens 
Globicephala spec. 
Lagenorhynchus acutus 
L. albirostris
Turslops truncatus 
Delphinus delphis

Ziphius cavirostris 
Mesoplodon spec. 
Cephalorhynchus spec.

Sometimes very large herds are observed.
Physeter is often observed in pods of 2-3, or small flocks of 6-8.
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CHAPTER III

DISCUSSION

.... he turned his still face to me: “The king out of the west 
comes to meet me,'” he murmured, pointing downwards. My eyes 
followed his hand. There, not ten yards away, was the great 
shape of a porpoise poised like a glimmering shadow in the glass- 
green water. Behind it followed a whole dusky flotilla of them.

They were moving towards us in extended order with spaces 
of two or three yards between them, as far as my eye could reach. 
So slowly they came, they seemed to be hung in a trance. Their 
leader drifted in hard by the dreamer's legs. He turned without 
a word to walk beside it as it idled towards the shallows. I fol
lowed afoot or two behind its almost motionless tail. I saw other 
groups to right and left of us turn shorewards one by one, arms 
lifted, faces bent upon the water.
’’The Galling of the Porpoise” in ”A Pattern of Islands” by Arthur 
Grimble, John Murray, Ltd, London, 1960.

It is clear that the results of the above-mentioned observations on the 
use of asdic in the Wadden Sea can only serve as an indication as to 
what a whale, if using asdic, might experience. Just as man can hear 
that sounds in a street have a different “colour” as the same sounds 
in the open field, a whale might get information from the difference 
in colour of the echoes of his pulses when emitted in the open sea or 
close to land. This might supply it with a general idea of its surround
ings. For actual navigation, however, the direct information of the 
echoes may be far more important.

Thanks to Norris and his colleagues (1961) we have some idea of 
the overall shape of the asdic beam of Tursiops (fig. 28). Considering 
the anatomical structure of the head of Odontoceti and its foam- 
filled cavities (Fraser and Purves, 1960b) we need not be surprised 
that a beam not reaching below the horizontal plane is of general 
occurence in whales. Moreover, we have seen that directional hearing 
of man in the vertical plane is bad. If the same holds true for whales 
a beam extending in the vertical plane only increases the chance of 
returning echoes the direction of which cannot be determined. If it is 
a beam like the one found in Tursiops the possibility of missing a bank 
or of getting misleading echoes from a gently-shelving beach increases.

In man-made asdic the main beam uses most of the emitted energy. 
To prevent the interfering secondary beams becoming too much of a 
nuisance it is reasonable to assume that the use of pulses with a low 
intensity is to be favoured in shallow water. We might point out that, 
according to the observations of Schevill and Lawrence (1956),
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their Tursiops, which they thought to be a silent animal, was continual
ly talking at a very low intensity in its shallow, muddy pool, as compared 
with observations in deep water. It will be interesting to pay attention 
to this point of the behaviour in future research.

When we see the differences between the echograms from the differ
ent runs described in Part II, Chapter I, it is obvious that the more 
shelving the beach the worse the echoes are. When there is a gently- 
shelving beach between rocky parts of the coast, for example, a whale 
might believe that there is a passage until he is right on top of the 
shallow part in front of the beach. If the animal is hunting, using 
higher pulse rates because the fish is at close range, the faint echoes 
from the beach may be masked1. If the animal uses higher frequencies, 
too, during hunting, which is not at all improbable, the range of his 
pulses will be shortened. In that case the already faint echoes from a 
distant bank will be fainter still and might even disappear altogether. 
This could be a cause why a gently-shelving open coast might be 
dangerous to a whale.

We are indebted to Prof. Moehres, who allowed us to make use of 
the following unpublished observations on the behaviour of a bat. 
When the animal approached a vertical wall of glass evasive move
ments demonstrated that the animal had observed it. However, if the 
glass wall was gently shelving the bat was not able to perceive it. At 
a certain, less marked, inclination of the glass the animal tried to 
grab it as if it were a horizontal wire. In this case the glass apparently 
reflected the sound in a narrow band back to the animal. The sound 
hitting the glass outside this band was not reflected into the direction 
of the bat at all. Dijkgraaf (personal communication) made a similar 
observation of a bat approaching a vertical mirror obliquely. This 
illustrates clearly the difficulties a whale may encounter when navi
gating close to the shore (fig. 29).

A whale approaching sandbanks will only get relatively bad echoes 
from them. When he actually closes in to them they may even dis
appear (runs c and d and figs. 25 and 26). A large Sperm Whale may 
easily get stranded on a bank with only about 2-3 m of water on top of it.

Whales which, during hunting, or accidentally, because they failed 
to observe the edge of a shallow, reached shoal water will certainly 
be confronted with echoes like those which we found on the Javaruggen

1 It may be of interest to refer to the paper of Sergeant and Fisher (1957) with 
regard to the Canadian strandings of Globicephala. The majority of these strandings 
can be correlated with invasions of squid close to the shore (riverbanks) as these 
animals have been found in the stomachs of the stranded whales. In our opinion this 
may confirm our view that hunting whales may come, unwittingly, so close to the 
gently-shelving shore or banks that they eventually strand.
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Fig. 29. Schematic view of the supposed difficulties a whale may encounter when na
vigating close to the shore. A. Tentative asdic beam after Norris c.s. (1961). B. Echo 
gives exactly the safe distance to the shore. C. Echo gives more searoom than there

is actually available.

(fig. 27). When they make nodding movements with the head the beam 
will touch the bottom at some distance. This means that a whale in 
shallow water, if mainly navigating by asdic, will not be able to find 
his way back to deep water otherwise than by trial and error. In 
whatever direction the animal moves it will be confronted with echoes 
of about equal intensity. It is clear that the nature of the bottom of 
this shallow flat is of no importance. A rocky, sandy, coral or muddy 
sea floor will all give at least one of these rings of echoes, depending 
on the shape of the beam(s) and of the reflecting capacities of the sea 
floor. Boulders here and there will not alter the general picture, but 
will probably make things even more difficult. If a whale would have 
the same difficulty in determining the direction of sounds in the vertical 
plane as man has, the decrease in precision would increase the mis
leading character of the returning echoes. We need not be surprised

6
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if unrest, or even panic, arises under such circumstances, as the whale 
will find itself surrounded by “objects” barring the retreat to deep 
and safe water.

Several authors - van Deinse (1918), Birkby (1935), Fraser (1936 
a), Tomilin (1937) - mention the probable influence of gales on the 
stranding of whales. We do not believe for a moment that a whale 
would be unable to swim away from a leeward coast in stormy weather. 
During a gale, however, much air is mixed with the water, and, in the 
neighbourhood of the coast sand, swept up from the bottom, is brought 
into suspension. We have seen that foul water from the ship’s propellor 
can give rise to a considerable “ping” and so do sand particles. In a 
gale this is even worse. Faint echoes from banks offshore or a gently- 
shelving coastline have a fair chance of being masked, at least for the 
oceanic species. These will certainly be acquainted with “ping” caused 
by air mixed with water, which in the open ocean will at its most be a 
nuisance. As they are not accustomed to shallow water they may miss 
the faint echoes from a bank or a sandy beach. The thunder of the 
surf will be audible underwater at great distances and in most cases 
this will warn the whales to stay away, although the direction of low 
frequencies is very difficult to determine. It is interesting to note that 
Anderson (1747), reporting the stranding of 17 Sperm Whales on the 
banks in the mouth of the river Elbe (Table X, No 5), says that this 
occurred during a severe December gale, while Birkby mentions a 
strong SW wind at the time of the Mamre stranding (Table X, No 49). 
Further, Smithers (1938) mentions a strong offshore wind at the time 
of the Berg River stranding (Table X, No 55). He states that such a 
wind brings much sand into suspension over the shallows in front of 
the beach, where the False Killers stranded. The same thing seems to 
happen over the shallows off the Mamre coast.

Several standings (Table X, No’s 16, 17, 36, 43) occurred at places 
with rather great tidal differences. On extensive flats it will not be 
easy for the animals to escape when they are surprised by the falling 
of the water and when they can only use asdic for finding their way 
out to deeper water.

Stranding No 9 is the often cited stranding of 32 Sperm Whales in 
Brittany, France. Figure 30 shows us a rocky coast with a shallow off
shore, which partly emerges in the course of the ebb. Between the 
rocks is a nice shelving beach. It is here that the herd ran ashore. If 
the animals did reach the top of the flats around high water they may 
have received misleading echoes from the shallow bottom. The gently 
shelving beach between the rocks may have given less or fainter echoes 
than the adjoining rocks. A desperate flight to this supposed exit was 
their doom.
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2 NAUT. MILES

Fig. 30. Rivage de Primelin near Audierne, France, after Admiralty Chart No 2351. 
—► position of stranding No 9. Depths in fathoms and feet. Dotted areas emerge

during ebb.

Much attention has been paid to the strandings oï Pseudorca in 1927 
and 1935 on the British coasts. Dr Fraser ,who gave much valuable 
assistance in our search for exact positions, also pointed out the site 
of stranding No 40 in the Dornoch Firth (fig. 31). This river must have 
been very tricky for these oceanic animals to navigate. Trying to re
turn to sea, the choice between the presumably bad and faint echoes 
of the river bank, where they actually stranded at one side, and the 
“ping” possibly caused by the turbulence at a kind of headland in a 
bend of the river at the other side, must have been very difficult indeed.

The sandy gently-shelving beach near Stanley is open to the Ocean 
(fig. 32). It is here that, besides several individual strandings, among 
which 5 strandings of the rare Pigmy Right Whale [Neobalaena mar- 
ginata), strandings No’s 54, 77 and 87 occurred. 37 Sperm Whales 
(No 13) stranded on Perkins Island in West Bay, which has an extremely 
gently-shelving muddy and sandy bottom.

We are indebted to Mr A. Simpson of the Fisheries Laboratories of 
Burnham on Crouch and Conway for pointing out to us the exact 
position of stranding No 80 (fig. 33) and for giving some particulars 
on the nature of the channel at the same time. The channel leading 
to the site of the stranding is boarded by musselbeds, which should
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Fig.31. Dornoch Firth, Scotland, after Admiralty Chart No 2170. ->■ position of 
stranding No 40. Depths in fathoms and feet. Dotted areas emerge during ebb.

I0"4b'
SB

StanleyWEST BAY

2 NAUT MILES

Fig.32. Stanley Beach and Perkins Island, Tasmania, after Admiralty Chart No 
3687. —>• position of stranding No 54, 77, 87 and 13. Depths in fathoms and feet. 

Dotted areas emerge during ebb.
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Fig. 33. Conway Estuary, Wales, after Admiralty Chart No 1978. —>• position of 
stranding No 80. Depths in fathoms and feet. Dotted areas emerge during ebb.

give good echoes. The right bank in the bend of the river is bare of 
them, it is gently-shelving and consists of muddy sand. It looks as if 
the animals failed to notice the curve of the river, like a driver may 
miss the curve of a road in foggy weather.

Strandings No’s 93, 96, 97, 99 and 100 all occurred in the same bay 
(fig. 34). Three strandings took place on the sands near Marsden Point 
and two near the mouth of the Ruahaka River. The whales were ver-
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Fig. 34. Bream Bay, New Zealand, after Admiralty Chart No 3798. —>■ positions of 
strandings No 93, 96, 97, 99 and 100. Depths in fathoms and feet. Dotted areas emerge

during ebb.

nacularly named Blackfish, a name used for Globicephala, Pseudorca and 
Orca. It is significant that a bay with beaches exactly fitting our con
cept on the strandings of living whales shows so many victims.

Stranding No 110 (fig. 35) is of interest, since the White-sided Dol
phins stranded spontaneously on the spot which, in the old days, was 
the best beach to land Pilot-Whales in the Shetlands. The bottom is 
very gently-shelving and consists of muddy sand. Stones present are 
covered with seaweeds. We should like to stress the fact that L. acutus 
shows mass strandings, while the closely related, but more or less coast 
loving, L. albirostris does not.

In addition to these examples we should like to quote what some



people have observed with respect to the behaviour of whales stranding 
alive.

The Editor of the Hobart Town Gazette, May 6th, 1825 (Crow- 
ther, 1919), wrote: “The whale alluded to in our last as having been 
seen up the River as high as New Norfolk (Tasmania), has since been
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i/f Huxter

Fig. 35. Weisdale Voe, Shetlands, after Admiralty Chart No 1122. —► position of 
stranding no 110. Depths in fathoms and feet. Dotted areas emerge during ebb.
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killed on the beach at that Township above the punt ferry. It is no 
less remarkable than evident that this animal was bewildered, having 
actually run itself aground in a circumstance perhaps never before 
heard of on this Island. It was not a specimen of the whales usually 
caught1 in and near the Derwent, but one of the specimen of fish 
frequently taken at sea, and known as the “Finback”. It was 90 ft2 
in length and will produce a considerable quantity of oil” (Table X, 
No 129).

Green (1945) remarks on the Mamre stranding (Table X, no 49) 
in South Africa: “They came in suddenly through the breakers, leaping 
over the rocks, a farmer told me. It was a determined dash, and those 
that survived the battering threw themselves on and on, until they 
reached the sand. Not one tried to return to open sea. They made tre
mendous efforts to jump over all obstacles. Something drove them on 
shore. I would never have imagined such a thing if I had not seen it. 
Now the theories. First and most obvious is the possibility of the leader 
of the school finding itself in surf or shallow water, losing its head, and 
leading a flurried rush in the wrong direction. I tested this by walking 
south from Grotto beach in search of more whales. I found one lying 
far up on a sandy beach a full mile from the rest of the school. The 
same instinct, or misfortune, had brought this lone creature to death. 
It was plain that it had not followed a leader and that it had not been 
swept there by the tide.”

Deraniyagala (1945) says: “Strangely enough in November (1934) 
the fishermen of Egoda Uyana in the Western Province, Ceylon, re
ported the presence of large schools of porpoises close to land, all 
apparently in a very agitated condition.”

JonsgArd and Hoidal (1957) remark: “On Thursday April 18, 1957 
at 11.45 a.m. Mr Johan Hjertvik discovered two whales in Hjert- 
vika near his house. Hjertvika is a creek situated on the SW side of 
Gossen Island in Romsdal, Norway. It is extremely shallow, with a 
sandy bottom extending far out, and large areas of this creek are dry 
at low tide. When Hjertvik noticed the whales, they had already 
reached such shallow water that their bellies were touching the bottom. 
They were swimming side by side about 300 metres southwards along 
the shore and their dorsal fins were continually visible. It appeared to 
Hjertvik that the movements of the whales became more and more 
irresolute .... 15 minutes later it looked as if the whales would sheer 
away offshore, but they turned shorewards again, still side by side. 
The largest then drove straight on to the sandy beach. It laboured a

1 The Southern Black Right Whale (Balaena glacialis-australis).
2 The Blue Whale [Balaenoptera musculus).
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good deal in its death struggle, making a deep depression in the sand 
and striking the sea with its flukes. Meanwhile the smaller whale swam 
southwards along the shore, turned toward the land and drove on to 
a crag about 20 m south of the place where the larger one had stranded. 
This animal behaved more quietly, but its reaction when Hjertvik bent 
a rope round the flukes, showed that it still had some strength left. Not 
more than 30 minutes elapsed between the time the whales were first 
observed and their stranding.”

Jonsgärd, referring to this stranding of Mesoplodon bidens (Table X, 
No 31), wrote us: “.... I did not understand at all why the standings 
occurred, because the possibilities were present for the animals in ques
tion to avoid stranding. It simply looked as if they lost their sense of 
orientation when they arrived into very shallow waters”. We may 
add that JonsgArd’s and Hoidal’s description illustrates exactly what 
we may expect from whales in shallow water.

conclusions

Our perusal of the recordings of stranded whales learned us that dead 
whales may drift ashore anywhere. Not only on a sandy beach, or 
into a sheltered bay, but also on an exposed, steep rocky coast line. 
In the case of the strandings of living whales it is different, however, 
and only those coastlines which give rise to difficulties to navigations 
with asdic seem to be fatal.

Gilmore (1959) thinks that the following factors may operate in 
the case of mass strandings: 1. A close social cohesion and organization 
under leaders. 2. A sensitive nervous system which permits panic 
in a violent, “blind” response to sudden strange stimuli. 3. Non
adaptation to shallow water. Gilmore has some doubts as to the im
portance of factor 1 as he thinks that Delphinus, Lagenorhynchus and 
Stenella do not strand en masse. Table X, however, shows mass strandings 
of Delphinus and Lagenorhynchus.

If we endeavour, on the basis of Gilmore’s explanation, to give a 
fuller description of the possible cause of mass strandings, we should 
probably say:

1. Through failure to receive due warning or by misleading infor
mation from asdic whales which have accidentally wandered into 
shallow water have to find their way out mostly by trial and error.

2. A sensitive nervous system may cause panic and a blind response 
to the misleading asdic information.

3. Non-adaptation to shallow water and a strong social cohesion may
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add to the result of bringing disaster to groups of individuals of the 
pelagic species of whales.

Factors 1 and 2 after the preceding chapters speak for themselves. 
In connection with 3 we may add that those species which inhabit 
coastal waters or rivers - Phocaena, Tursiops and the Platanistidae, for 
example - may in the course of their life obtain experience with shallow 
water and thus overcome the difficulties. But they may make mistakes 
by misjudging the fall of the tides or by being too eager in hunting. 
Therefore, Phocaena and Tursiops, although representing coastal spe
cies, may strand, and we should like to pay attention to the catching 
of the Susu in the Ganges, where gently-shelving, sandy or muddy 
beaches are selected to land this species.

It should be added that future research might reveal that coast 
loving species are not only able to learn how to overcome the difficul
ties of using asdic in shallow water, but also have an asdic which 
is somewhat different from the one used by a pelagic or oceanic 
species.

It has already been remarked upon that oceanic species will be 
more easily baffled by faint and misleading echoes than coastal ones. 
Some of them will, moreover, form schools and the bigger the herd the 
greater the number of misleading echoes may be that will be formed in 
shallow water. These echoes may even be partly masked by direct 
pulses from other animals of the herd, if all or many of them use their 
supposed asdic at the same time. Social behaviour, which tends to 
keep the members of a herd together, may add to the difficulties.

Williamson (1945) describes how a single Pilot-Whale, who escaped 
from a circle of catching boats around his herd, returns to it. This may 
have its counterpart in what is said with regard to some mass strandings. 
Deraniyagala (1945) and Gilmore (1959) say that people witnessing 
the struggling of whales on the beach have tried to return some of them 
to the sea. It is said that the animals turned and ran ashore once more. 
Although we should be rather careful with such tales in case the ob
servations were not made by a trustworthy observer, and although 
it is not impossible that in gregarious species it may be the social in
stinct alone that drives the animals back, the possibility remains that 
the animals, after they feel free again, are confronted with the same 
confusing echoes as before. That we should be cautious with such tales, 
however, follows from the stranding at Kommetje in South Africa 
(Table X, No 41), where a herd of Pseudorca ran ashore. It is often 
referred to in connection with the strange behaviour of the whales and 
of their return to land after being freed. Steytler (1929), who visited 
the spot, tells us, however, that some of the animals, after having been 
put into the water again, were washed ashore because they had no



strength to swim. This, of course, is not the same as if they returned 
on their own.

It is remarkable that no mass strandings of Mystacoceti are known. 
They probably do not occur in herds close to land except for Eschrichtius 
gibbosus (the Grey Whale), Megaptera nodosa (the Humpback Whale) 
and Balaena glacialis-australis (the Southern Black Right Whale). The 
Black Right Whale and the Grey Whale are well adapted to coastal 
waters and it is known that these animals may get stranded during the 
falling tide and may swimm off again when the tide rise. Tomilin 
(1937) is inclined to think that they let themselves strand voluntarily 
while scratching their backs and bellies to get rid of whale lice. It is 
also known that they may flee for Killer Whales through the surf, which 
these ferocious animals are afraid to pass. As is probably the case with 
Tursiops and Phocaena, individuals of these species, too, might make a 
mistake and thus strand fatally. Careful reports from the coasts that 
these whales frequent are badly needed. The stranding of a large 
whale (according to Gilmore, 1957, probably a Humpback) near La 
Paz (Tabel X, No 133), of which it is said that it could have got away in 
time, may point to the fact that the Mystacoceti, in principle, meet with 
the same difficulties as the Odontoceti. The same may be true of 
stranding No 129, quoted already, and perhaps for the stranding of a 
Little Piked Whale (No 132)on the same sands as No 51. A Blue Whale 
hitting the bar in a river entrance (No 130) may form another instance. 
We must confess, however, that our knowledge with respect to strand
ings of Mystacoceti is as yet too scanty. A careful study of many more 
strandings than are available at present is necessary. The only thing we 
can probably say is that they may fit into the picture of the strandings 
of Odontoceti.

We offer the following trend of thought as a working hypothesis. 
The Mystacoceti prey upon schools of fish and plankton, in contrast 
to the Odontoceti, who take their food one piece at a time. Theoret
ically, therefore, the oceanic Mystacoceti only need a low frequency 
asdic for spotting these schools. A low frequency asdic will give a gen
eral warning of the coast and no detailed information. They do not need 
such information, because their innate behaviour will keep them away 
from coasts. These oceanic species will only accidentally get near 
enough to the shore to come to harm. The coast-loving Mystacoceti 
may be species well adapted to shallow water, and individuals only 
now and then may make mistakes as apparently holds for coastal 
Odontoceti. From the preceding chapters the following lines for future 
research seem to emerge:

1. Extension of the preliminary experiments described in this paper 
on the precision of directional hearing. The work should be carried
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out on whales with different effective distances between the ears.
2. Continuation of the work of Schevill and Lawrence on the 

supposed upper limit of hearing in Tursiops and other cetaceans.
3. Field observations on the sound production of Cetacea, Mysta- 

coceti in particular, with recording equipment specially developed for 
this purpose. Asdic sets are unsuitable to this end as they are sensitive 
to a narrow frequency band only.

4. Further extensive research on the properties of cetacean asdic.
5. Special attention should be paid to all circumstances under which 

whales strand alive.
Experimental research on the hearing, the production and the utili

zation of sound by Cetacea has been rare and occasional. We sincerely 
hope that this paper will be helpful in convincing those who are able 
to promote research in this field - which affects pure as well as applied 
science - to join hands. Even a very small team of scientists would be 
able to obtain interesting results. The presence of living animals would 
also benefit other fields of cetological interest.

SUMMARY

The whole book is but a draught - nay, but the draught of a 
draught. Oh Time, Strength, Cash, and Patience!

Ishmaël in ”Moby Dick”.

1. Theories on hearing in whales are reviewed.
2. Directional hearing is discussed in relation to the anatomical struc

ture of the cetacean ear.
3. Catching, maintenance and transport of Phocaena phocaena are de

scribed. Directions are given for the maintenance and sustenance 
of live Phocaena.

4. Experiments show that the precision of directional hearing in Pho
caena is dependent on the sound frequency, as is the case in man. 
The threshold angle with regard to the sagittal plane is 7.9° at 
6000 c.p.s., 11.-° at 3000 c.p.s. and over 12.6° at 2000 c.p.s. These 
results are compared with similar tests on man.

5. The principles of asdic and its use in Nature are reviewed.
6. Observations on the use of asdic in coastal waters are described.
7. It is argued that the stranding of live whales may be caused by a 

failing of the cetacean asdic under special circumstances.
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SAMENVATTING

1. Er wordt een overzicht gegeven van de verschillende theorieën over 
het horen bij walvissen.

2. Richting-horen in verband met de anatomische bouw van het 
walvisoor wordt besproken.

3. Het vangen, behandelen en het transport van Phocaena phocaena 
worden beschreven. Aanwijzingen voor het behandelen en het 
houden van bruinvissen worden gegeven.

4. Experimenten laten zien, dat, evenals bij de mens, de precisie van 
richting-horen afhankelijk is van de frequentie. De kleinst waar
neembare hoek ten opzichte van het sagittale vlak is 7.9° bij 
6000 Hz, 11.—° bij 3000 Hz en meer dan 12.6° bij 2000 Hz.
Deze resultaten worden vergeleken met overeenkomstige proeven bij 
de mens.

5. Een overzicht van de principes van asdic en haar toepassing in de 
natuur wordt gegeven.

6. Waarnemingen over het gebruik van asdic in kustwateren worden 
beschreven.

7. Argumenten worden gegeven, dat de strandingen van levende 
walvissen veroorzaakt worden door het falen van de asdic van 
deze dieren onder speciale omstandigheden.



STELLINGEN

I

De conclusie van Schevill and Lawrence, dat de bovenste gehoor
grens van Tursiops truncatus (Mont.) bij 150 kc ligt is niet gerechtvaar
digd in verband met de door deze onderzoekers gebruikte experimentele 
opzet en dressuurmethode.

Schevill, W. E. and Lawrence, B.,1953: Auditory res
ponse of a Bottle-nosed Dolphin {Tursiops truncatus) to 
frequencies above 100 kc. J. Exp. Zool. 124, 147-165.

II
De opvatting van Idyll, dat vinvissen in de lengterichting van een 
asdicbundel gaan zwemmen om zo de minste hinder van het geluid 
te ondervinden, is onjuist.

Idyll, C. P., 1958: A shocking way to fish. Sea Frontiers 
14, (2), 89-100.

III
Het lijkt waarschijnlijk, dat de bruinvisjacht, zoals deze eertijds langs 
de kust van Normandië plaatsvond en waarover wettelijke bepalingen, 
daterend uit het jaar 1098, bekend zijn, van Deense oorsprong is.

IV

De opvatting van von Buddenbrook, dat de lichtgevoeligheid van een 
oog recht evenredig is met zijn grootte, is onjuist.

BUDDENBROOK, W. von, 1952: Vergleichende Physiologie, 
I, 109-110.

V
De conclusie van Janssen, dat Littorina obtusata (L.) positief phototac- 
tisch is, is niet gerechtvaardigd wegens toepassing van een ten dele 
onjuiste proefopstelling.

Janssen, C. R., 1960: The influence of temperature on 
geotaxis and phototaxis in Littorina obtusata (L.). Arch. 
Néerl. Zool., XIII, 500.



VI
De ogenschijnlijk juiste gegevens betreffende de opbouw van organische 
stoffen in zee en afbraak van deze stoffen tot opgeloste organische ver
bindingen eisen voor de laatste een belangrijker plaats op dan de 
heersende ideeën betreffende de kringloop van levende en dode materie 
in zee doen verwachten.

Duursma, E. K., 1961: Dissolved organic carbon, nitro
gen and phosphorus in the sea. Nethl. J. Sea Res., 1 
1-147.
MacAluster, C. D., Parsons, T. R., Stephens, K. and 
Strickland, J. D. H., 1961: Measurements of primary 
production in coastal sea water using a large-volume 
plastic sphere. Limnology and Oceanography, 6, 237.

VII
De opvatting van Kurotaki, dat aan de saccus vasculosus een zin
tuiglijke functie moet worden toegeschreven, lijkt onwaarschijnlijk.

Kurotaki, M., 1961: The submicroscopic structure of 
saccus vasculosus in two teleosts. Acta Anat. Nippon., 
36, (3), 277.

VIII
De opvatting, dat de geringe afmetingen van insectivoren de hoofd
oorzaak zijn, dat zij slechts zeer kort kunnen vasten, is niet houdbaar, 
daar hetzelfde fenomeen ook bij de grootste zoogdieren is terug te 
vinden.

IX
De bepaling van de exacte leeftijd van individuele vinvissen heeft geen 
practische betekenis voor het vaststellen van de samenstelling van een 
stock.

X
Analoog aan de wijze waarop de Vollenhovense Bol is ontstaan uit de 
kleine Vollenhovense schokker lijkt de blazer te zijn voortgekomen uit 
de grote schokkers, welke in de zeegaten en het kustgebied in gebruik 
waren.

Dudok van Heel, W. H., 1960: Platbodem modellen en 
een beschouwing over het ontstaan van de Vollenhovense 
Bol. De Waterkampioen, jrg. 1960, No 1039, 496-499.

W. H. Dudok van Heel. 9 april 1962.
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