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LOCOMOTION AND LOCOMOTOR,Y OR,GANS IN WHALES AND
DOLPHINS (CETACEA)

BY

E. J. SLIJPER

ZoologícaT Løborøtory, Uniaers'i,ty of Amsterd,øm

This paper is a review of the present status of our knowledge of the locomotion and úhe
locomotory organs in whales and dolphins. Experiments on tho dorso-vontral flexibility of
t he body ofthe Common Porpoise have shown that the thorax and the lumbar region are very
rigid, but thal there are regions ofvery great mobiliúy at, the base ofthe tail (anal region) and
at the junction of the peduncle of the tail and the tail-fin (flukes). X'ilms of swimming
Boôtle-nosed Dolphins and a Pigrny Sperm Whaleshow the same centres of mobility during
locomotion under water. The movemenús of the tail are exclusivoly up and down, the
tail-fin makes an angle with fhe peduncle of the tail in sueh way that it can roxerù a forward
driving force on the water. The peduncle of the tail meets but little resistance.

Cruising speed and maximum speed appear to be almost the samo in the small dolphins
and in the big whales. This phenomenon can be explained by assuming,úhaú the flow of
the water along the body of the dolphin is wholly laminar, but that in tho big whales it is
partly laminar and partly turbulont. The difference may be connocted with the absolute
size of the anirnals or with their shape, but it is also possiblo that the efficiency of the spinal
muscles plays an important part in determining the speed of the animal3.

The ofÊciency of the spinal muscles probably depends to some extent on the position
of the mammillary processes in the posterior lumbar and the anterior caudal region. fn
the big whalebone whales the position of these processes is close to tho vertebral bodies,
but in porpoises and dolphins they are shifted upward. Consoquently the force exerted
by the muscle fibres and tendons of the longisbimus and transversospinalis muscles,
inserted into úhe mammillary processes in the regions mentioned, is incroasod bocause it is
transmitted to the vertebral bodies by a very long lover arm.

The structure ofthe vertebral column and the spinal musculature is deScribed. fn the
three divisions of the epaxial musculature as well as in the h¡paxial musculature the
componer¡.ts of the differont regions are fused into single muscular massbs ranging from
the occiput to the tip of the tail, although the different components still may be dis-
tinguished by their innervation. The presence of long muscle fibres enables the tail to make
large excursions. The development of the muscles and tho inserúiori of the tendons is
adapted úo the mobility of the body-axis and especially to the centres of, mobility in the
anal region and at the base of the flukes. This is especially apparent in dolphins.
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GENERÀL R,EMARKS-MOBILITY

Whales and dolphins are exclusively aquatic mammals with a streamlined,
torpedo-shaped body. X'rom species to species this shape maJf show â certain
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78 E. J. SLIJPIR,

variation. Some are very slender (dolphins, ziphiids, rorquals), some are

rather clumsy (Right whales, Sperm whale). The species may differ moleover
with regard to the relative length of the tail and the position of the flippers
(pectoral fins) (X'ig. l) or with regard to the presence oI absence of a dorsal fin.

Fig. l-Botly-shape of five different whales and dolphins. The umbilicus and the anal aperture

are indicated. X'roin left to right : Sei Whale (Bala,enoptera boreal'is (Lesson) ), Sperm \4¡hale

(Phgseter macrocephalnæ L.), SowerLry's Whale (Mesoplod,on bid,ens (Sowerby) ), Pilot Whale
(Glob'í,cephala ntel,aena (Traill) ), Common Porpoise (Phocaena phocaena (L.) ). AII animals are

reduced to tho same length' From Slijper, 1958.

Generally, fast swimmers like rorquals and dolphins ha,ve a slender body with
a dorsal fin. In slow swimmers the shape of the body is usually clumsier and.

the dorsal fln rnay be absent. 'AlI species lack external hind" Iimbs ; the
internal parts are only represented by a rod-like, rudimentary pelvic bone,
that is not attached to the vertebral column.

The part of the body behind. the anal åperture is called the tail. It narrows
gradually toward.s its posterior end where it broadens abruptly into the
horizontally expanded tail-fln. In the centra,l part of this fin the vertebral
column is represented by a, series of small d.orso-ventrally compressed caudal
.rrertebrae, but the lateral parts of the fin (the flukes) consist only of a Yery
tough subepidermal connective tissue. The fibres of this tissue are connected
with those tendons of the spinal musculature that are attached to the vertebra,e
of the tail-fin (Roux IBBB). The flukes are expanded in the horizontal plane
because whales and dolphins are mammals. Contrary to fishes and reptiles,
whose principal body movements are in the horizontal plane (laterally), the
principal body movements of the mammals are in the vertical plane as may be

seen in a galloping dog or cat. Consequently the body-axis of the Cetacea is
also moved mainly in the vertical plane (up and down), and the fl.ukes must be

horizontal instead of vertical as in fishes and reptiles.
In terrestrial mammals the centre of motion of the body-axis is situated

in the region of the so-called diaphragmatic or anticlinal vertebra, that is
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usually found in the posterior thoracic region.* It is mostly represented by one

of the last thoracic vertebrae (see Stijper f946). In ungulates the centre of
motion lies in the lumbo-sacral joint. Experiments on the dorso-ventral
flexibitity of the body of the common Porpoise (P\tocøenø pTtocøenø (L.))

Fig. 2_Frexibiliúy of ùhe body 
"r il;i','i{#Hjî:J"rt."ï'mø 

phocøøttø (L.) ) in ühe vorrical

(rig. 2) show that in this respect the cetacea differ markedly from their
terrestrial relatives (Slijper 1936, f946). The short cervical region has a certain
degree of mobility, but the thorax and the anterior part' of the lumbar region
are rigid and show only a very small degree of mobility. The posterior lumbar
region is a little more mobile and a point of extreme mobility is situated in
the anal region, i.e. at the base of the tail. The tail itself is fairþ mobile. At
the junction ofthe tail and the tail-fin (the flukes) there is a second- centre of
extreme mobility. The flukes themselves are fairþ rigid.

T,OCOMOTION

Underwater films have been made of the swimming movements of dolphins
and sperm whales. Those made in the Marineland Aquarium (Florida) show

particularþ well that the swimming movements of the Bottle-nosed Dolphin
(Tursí,o1ts trwncatus (Mont.)) and the Pigmy sperm 'whale (Kogi,a breu'íceps

(Blainv.)) fully correspond with the mobility of the body and tail of the
Common Porpoise. The anterior part of the body shows almost no movements

required for ordinary locomotion, .although 
from time to time the animals

* The diaphragmaüic vortebra is the verúobra in which the position of the articular surfaces

of the zygapophyses (arüicular processos) changes from the horizontal into the verúical posiùion.

The anticlinal vertebra is tho vertebra in which the neural spine changes its direction. fn úhe

pre-anticlirral vertebrae it is inclined caudally, in the post-anticlinal vertebrae it is inclined

ãranially. In many spocies tho diaphragmaüic vorúobra is tho same as úhe anticlinal vertebra'

In the other animals they are near each other (Slijper, 1946)'
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of the head, that may be necessery for orientation or for
A special centre of extreme mobility is situated at the base

ion) and another one at the junction of the peduncle of the
The movements of the tail are exclusively up and down.

of a soulling movement as has sometimes been
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Fig. 3-Ten stages üho motion of ühe tail and flukos úaken from a film of a swimrrring Bottle-
nosed Dolphin ( trumca,tus (Mont.) ) in tho Aquarium Marineland, Florida. Modiûed
after Parry, 1949, m Slijper, 1958.
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IOCOMOTÍON IN 'WEÀLÐS Á,ND DOLPEINS

Parry (1949) has made an analysis of these movements.
in the upstroke as rilell as in the downstroke the flukes make
pedunole of the tail (Fig. 3). It gived the impression that
dov,'n movements the flukes remain a little bit behind,
during the downstroke they exert on the water a force in
direction, whereas during the upstroke they exert a foroe in
direction. The dorsal and. ventral com.ponents of these forces
other and the resultant force in the caudal direction drives the

It shows that
angle with the

ing the up and
means that

ventro-caudal
a dorso-caud.al
neutralize each
animal forward

through the water (Fig. a). ft is very difficult to whether the

Upstroke

X'ig. 4-X'orces exerted on the water during the upstroke and downst¡oke of
dolphin. From Slijper, 1958.

tail of a swimming

movemerrts of the flukes agaþt the peduncle of the tail are
by the resistance of the w¿ter or whether they are activeþ
tractions of the muscles of the tail The fact, however, that

iveþ caused
lected. by con-
special bundle

of tendons of the tail muscles runs to t'he vertebrae of the tail mey serve as
an indication that the position of the flukes in relation to the
tail is caused, or at least controlled, by contraetions of this al part of the
musculature.
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In its up- and downward movements, the peduncle of the tail meets only
very little resistance in the water. One might say this part of the tail cuts the
water iike a knife because it is laterally compressed and tapers off rather
sharply at the upper and lower side. A cross section through the tail shows
that this particular shape is caused by high crests of subcutaneous blubber
at both the upper and lower side of the tail (X'ig. 5).

b

Fig. 5-Cross section through tho poduncle of the tail of a BIue Wh Iø (Balaenoptera muscutrus
(L.) ) (loft) and a Common Porpoise (Phoaøenm phocaena (L.) ) (righú).
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IN 'WHALES AND DOI,PIIINS

The movements described above are seen when the animals swim in a
straight line. When they make a turn, lateral movements of the head and
tail as well as different movements of the flippers and flukes may be observed.
Experiments have shown that the body of the Common Porpoise shows the
same mobility and rigidity with regard to the mobility in the hbrizontal plane
(lateral movements) as have been described with regard to tlre movements
in the vertical plane, with this exception, however, that at the base of the
flukes there is no special centre of great lateral mobility (Slijper, 1936).

'Wood.cock (1948) observed that in dolphins swimming at a speed of
20 m.p.h. the tail moved with a frequency of two strokes up and down per
second. This is confirmed by Gunther (1949), who recorded. L-2 strokes per
second in a Fin Whale (Bø1,øenoptera, pltysøl,ws (L.) ) swimming at a speed of
10-12 knots.

It is not easy to say what is the swimming speed of whales and dolphins.
In the first place there are very great' differences between the diifferent species
and in the second place a distinction must be mad.e between animals swimming
in a sprint at a speed they can maintain only during a few minutes, and those
swimming at cruising speed, which they can maintain for hours. A third type
of locomotion that is called rid.ing on the bow wave of a ship, is often observed.
in dolphins. In this case the body of the animal seems to be motionless. The
details of this way of swimming are not yet fully known, but it appears to be
related to the so-called " surf-riding " of man. Probably the flukes are brought
in such position that the animal is propelled by the up-wellirlg water of the
bow wave. It has been studied-among others-by Hayes (1953), Woodcock &
McBride (195I) and by Scholander (1960).

Right Whales (Balaenidae), Grey \Vhales (Eschri,chti,us gi,bbosus (Erxleb.))
and Ilumpbacks (Megøgtterø noil,osø (Bonnat.)) appear to be slow swimmers,
their cruisingspeedbeingaboutthreeknotsand.theirtopspeed about seven knots.
Sperm Whales (Physeter mauocephøl,us L.) may show short sprints of
16-20 m.p.h., but their normal speed in most, cases does not exceed six miles an
hour. Recent observations of n'in Whales (Balaenopteraphysøl'us (L.)), that were
frightened by the Asdic apparatus of whale catchers, have shown that they.
could leave the range of this apparatus within a few seconds, demonstrating
thereby that they can reach a speed of 30-40 m.p.h. This speed was already
known for the Sei 'Whale (Bøløenoptera, boreal,'is Lesson)) (see Andrews 1914)

and it may be supposed that the BIue Whale (Baløenoptera musculus (L.))
may also attain this speed. The normal cruising speed of these rorquals as

well as of the Minke Whale (Bala,enoptera a,cutorostrata (Lacép.))iis 10-15 miles.
Almost the same speed has been observed in dolphins. Several observers

(among others Captain Mörzer Bruins ; see also Lane 1953 and. Gunter 1943)

have stated that Common Dolphins (Del,plui,nus d,el,phi,s L.), Bottle-nosed
Dolphins (Tursi,ops truncøtus (Mont.)), Red Sea Bottle-nbsecl Dolphins
(Tursiogts ailwmcus Ehrenberg), X'alse I(illers (Pseud,orcø cra*síd'ens (Owen))
and some species belonging to the genera Proil,elphi,nus and Bteno can maintain
a speed of 15-20 m.p.h. during a fairly long time, even when they do not swim
on the bow wave of a ship. According to Backhouse (1960) a sprint of 25 knots
has been observed in the Common Dolphin. Freshwa!çr dolphins appear to

83
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be slower. Layne (1958) observed a cruising speed of two miles and atop speed
of ten miles in the Boto (Inì,a, geoffreøs¿s Blainv.), whereas six miles has been
observed in a dlolphin of the Indian coâstal 'waters (Botati,cr, Ttlumbeø Cuv.).

All these data clearly show that in any case whales and dolphins are able
to attain an u4.derwater speed that is much higher than that of an ordinary
submarine (six to eight miles). Another veryremarkable phenomenon is the fact
that on the average the speed of the small dolphins is the same as that of the big
whales whose rqeight is about 1000 times that of their small relatives. In ships
of the same tyXre the speed generally increases with the size of the ship. The
explanation of the phenomenon was discussed at length at the annual meeting
of the British Association for the Advancement of Science in 1g49. Especially
by the work of, Gray (f 936 ; see also Gray & Parry 1948), KermacË (I94Éi)
and HiIt (1950) it has been shown that the phenomenon might be explained by
assuming that the flow of the water along the body of the doþhins is entirely
laminar, but that along the body of the big whales it is partly laminar and
partly turbulent. It may be supposed, for example, that along the anterior
two thirds of the body it is laminar, whereas it is turbulent among the posterior
one third. A turbulent flow causes a much higher resistance and consequently
a much lower sþeed than a laminar flow.

rt cannot yelt be proved that along the body of a dolphin there is indeed an
entirely laminar flow of the water, because it has not yet been possible to make
experiments with a mod.el that shows the same active motions as the body of a
swimming animral. It may be assumed, however, that along such a body the
flow differs from that along a rigid or along an only passively movable model.
Probably it is entirely laminar. observations made by steven (1950) of
dolphins swimming in a phosphorescing sea, give a strong indication that an
entirely laminar flow indeed occurs. If this is true, it may be further assumed.
that the diference between the dotphins and the whales is in the first place
connected. with ihe length ofthe bod! because the longer the body is, the sooner
a turbulent flow will -i*". rn the second. piace iã may also be connected.
with the shape rof the body. The further the greatest girth of the body lies
to the anterior,rthe greater is the possibility that the flow will be turbúIent.
The greatest girth of the bbdy is found more to the anterior in whales than in
dolphins. rn the United. States of America some people engaged in technical
research hold the opinion that the laminar flow may be connected with the
way_in which the epidermis of Cetacea is attached to the underlying layer of
blubber, viz. : by means of very long papillae. with the aia of a silica-gel
some models have been constructed, but definite results are not yet available.

LOCOMOTOR,Y OR,GANS

- T-h" princjna! locomotory organ of whales and dolphins is the body-axis,
i.e. the vertebral column and the spinal muscles of the back and tail. The
{ippe-rs_ 

(pectorall fins) are only usedin very slow motion and in steering, but
the abdominal rh-usculature and the l,eacúor øní rr.ruscle may assist the mlscles
on the ventral A,iae or the vertebral column (h¡raxial muscles) to a certain
degree. The neck is very short (Fig. G) and has always seven cervical vertebrae.
These are highlyicompressed in the longitudinal direction, and in Right whales,
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X'ig. 6-Comparison of tho skoloton of a Bluo W1nale (BøIøenoptexd rmr's l,ws (L') ) and a horse. From Slijper' 1958.



86 r. J. SLLIPIIB

dolphins and Xrorpoises they are fully or partly coalesced. Consequentty the
mobility of the head mainly' depends on the occipital joint, which in some
dolphins is fairly mobile but which may be restricted in its motion in others,
as for instancerin the Pilot Whale (Globí,cephal,ømeløena (Traill)). The shortness
of the neck and. its rigidity are necessary because the propulsive powers of the
animal are concentrated in the posterior part of the bod.y-axis.

The number of thoracic vertebrae is almost the same as in terrestrial
mammals. They show a, veïy small degree of mobility. The lumbar region is
very much lengthened, sometimes by an increase of the number of lumbar
vertebrae, sometimes by an increase in length of the vertebral bodies and
sometimes by a combination of both phenomena. The same may be observed
in the tail The highest total number of vertebrae is found in the White-beaked
Dolphin (La,genorhynchus ølbi,rostri,s Gray) which has g3 vertebrae, but even
a Blue Whale with 63 has more vertebrae than a dog, which has 50. A distinct
tendency to increase in the number of vertebrae is also apparent when the
geologically ygunger representatives of the different groups of Cetacea are
compared with their older relatives. This increase in number of the vertebrae
causes an increase in mobility and elasticity of the vertebral column because
the amount of cartilage (intervertebral discs) is greatly increased, especially
when the vertebral bodies are comparatively thin (short) as for example in
dolphins.

There is no sacrum because the rudimentary pelvic bone is not attached
to the vertebrail column, but the original sacral vertebrae can still be found by
determining the nervous roots that are homologous with those leaving the
vertebral canal between the sacral vertebrae in terrestrial mammals (plexus
pudend.us). rf the sacral vertebrae are determined in this way, it appears that
the first oaudal vertebra does not follow immediately on the last sacral. In the
Common Porpoise (Phocøena phocaeria, (L.)), for example, there are six
so-called. postsacral vertebrae.

The first caudal vertebra lies at the level of the anal aperture. All caudal
vertebrae-with the exception of those of the flukes-6ear at the ventro-
cranial side of their bodies a pair of chevron bones (x'ig. 6). As with the very
long neural spines at the dorsal side of the lumbar and caudal vertebrae anã
the long transverse processes at their lateral side, so these chewon bones at the
ventral side give the muscles a large surface for théir origin and a long lever
arm for their inserting tendons. The principal task of the body-axis in whales
and dolphins is not to carry the body-weight, as in terrestrial mammals, but,
to serve as a surface for the attachment of the locomotory muscles.

The musculature of the cetacea is very well deveropód. rn the big Blue
whale (Bølaertoptera musculus (L.)) the total weight of the musculaiure is
about 40 tons,t i.e. 40 per cent of the body weight (weight of the skeleton
17 per cent), and in some other whales and dolphins it may be even about
50 per cent. The musculature is characlerized by the fact that the muscles
of the neck, the trunk and the tail are completely fused. consequently each
of the three big epaxial muscular systems is represented by one single
functional unit, ranging from the occiput to the tip of the tail. Apart frãm
the muscles at the ventral side of the cervical vertebrae, the hypaxiaimuscula-
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ture consists also of a practically indivisible muscular mass, ranging from the
last four or fi"ve ribs to the tip of the tail. It originated. from the fusion of the
psoas-muscles (which are not attached to the rudimentary pelvic bone) with
the musculature of t'he ventral side of the tail. The components may still be
distinguished by their innervation, and this innervation also shows that the
original border between the muscles of the trunk and. those of the tail (epaxial
and hypaxial) lies at the level ofthe anal aperture and the first chevron bone'
AII these muscular systems show a distinct tendency to develop trong muscular
and tendinous fibres, but a certain number of short flbres can still be distin-
guished. The presence of long muscular fibres means that, especially in the
tail, large excursions can be made.

In the toothed whales lhe i,li,ocostal'is muscle expand.s as a broad sheet over
the lateral surface of the ribs, but in whalebone whales the thoracic part is
comparatively narrow. The lumbar part, continued, in the tail as tlne 'ínter-
transuersariò cøud,ae d,orsøl,is et aentrølis, is a comparatively narrow muscular
band. embracing the outer part of the transverse processes. This muscle is
not, very strongly developed but, its effect is highly enlarged by the lever-arm
of the long transverse processes. A part of the lumbo-dorsal fascia separates
iÌne i,Iíocostalis from the adjacent spinal muscles, but a fascial separation
between the longi,ssí,mus and llte transuerso-spi,nal,'i,s is only present in the tail.

In terrestrial mammals the majority of the fibres of the I'ong'iss'imus d'orsi

show an arrangement around the diaphragmatic (or anticlinal) vertebrae
(X'ig. 7 ; Slijper 1946). Most of the fibres originate from the pre-diaphragmatic
vertebrae and their ribs; they are inserted into the neural spines and the
mammillary processes of the postdiaphragmatic vertebrae. fn ungulates there
are strong sacral attachments. Because of the different ty¡re of mobility of the
vertebral column in Cetacea, thelongi,ssi,møs complex of these animals originates
at the occiput, at the ribs and at the transverse processes and neural arches of
all thoracic, Iumbar and caudal vertebrae as far back as the middle of the tail.
There are three systems of inserting tendons, viz. (X'igs. 8 and 9) : 1. Super-
ficial tendons running to the summits of the neural spines from the first lumbar
vertebra to the vertebra that lies at the junction of the peduncle of the tail
and the flukes. 2. Deep tendons running to the mammillary processes from
the first thoracic vertebrae to the junction of the tail fin and the peduncle of
the tail. 3. A special system oflong tendons inserted. into the vertebrae ofthe
flukes.

In terrestrial mammals the fibres of the tra,nsaerso-sgti,n'øl'i's sltow the same

arrangement around the diaphragmatic vertebra as those of the longissi'mus.

The fibres of the semisyti,na,li,s and spi,nalis originate at the neural spines of the
prediaphragmatic vertebrae. They are inserted into the mammillary processes

and. the neural spines respectively of the postdiaphragmatic vertebrae (X'ig. 7).

In all Cetacea there is an undifferentiated transaerso-sptí,nal,is, reaching from
the skull or the first cervical vertebrae to the junction ofthe tail and the flukes.

In the neck and thorax it consists almost entirely of mul,ti'fi'd,us- and shorter
fascicles, but in the caudal part of the thorax the number of sem'ispinølis fibres
increases and in the lumbar and caudal region there may be even very long
muscular fascicles and, tendons. All tendons are inserted into the mammillary
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Fig. g-Musculature of the trunk and üail of the Common Porpoiso (Phoaaønø phocøena lL.)). Apon.:sttpor:ficial tendons of m,. l,ong'í,ssi,mus d'ors'i-
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processes (n'ig. 9). There are no spùnølis fibres and thers is not the slightest
relation to a diaphragmatic vertebra.

From the functional point of view the arrangement, of the muscular fascicles
arld tendons of the hypaxial muscles is almost the same as in the epaxial
musculature. There are tendons running to the tip of the chevron bones,
tendons inserted into the lateral surface of the chewons and special tendons
running to the vertebrae of the flukes.

X'ig. 9-Schematic drawing of the insertion of the tondons of llne longissi,mus cornpløx and tho
trømsøerso-sp'inalis irrlo the noural spines and mammillary pxocessos of tho posterior lumbar
vertebrao in a baleen whale.

Because the muscular bundles are not arranged around a diaphragmatic
vertebra nor around any other special vertebra,, there is no anticliny of the
neural spines, ajs can be observed in a great number of terrestrial mammals.
rn Archaeocetes, baleen whales (Mystacoceti) and beaked whales (ziphiidae)
the presence of a centre of mobility at the base of the tail has no influence on
the structure of, the musculature or on that of the vertebral column. rn these
animals all mammillary processes are situated at the same, comparatively
short, distance from the vertebral bodies. All neural arches have almost the
same length and are comparatively short. AII neural spines are inclined
backward and. make about the same angle with the vertebral bodies (I'ig. l0).

In sperm whales (Physeteridae), River dolphins (Platanistidae), dolphins
(Delphinidae) and porpoises (Phocaenidae) the presence of a well-marked centre
of mobility in the anal region has exerted a very distinct influence on the
structure of the vertebral column and the spinal musculature. Some species
show only a shifting upward of the mammillary processes in the posterior
Iumbar and. anterior caudal region (Physeter, Pseuil,orcø, rn'i,ø, Btenod,etphi,s),
others show a shifting upward of the mammillary processes combined with an
anticliny of the neural arches : the neural arches of the posterior lumbar and
anterior caudal vertebrae being inclined in the cranial direction, whereas the
other neural arches stand upright or are inclined caudally (Delphina,pterus,
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orca, Kog'í,ø, Ligtotes). More specialized species show a very great, shifting
upward of the mammillary processes combined with a forward inclination oÍ
the neural arches as well as the neural spines in the posterior lumbar and the
anterior caudal region (Pl,øtønistø, Phoaøenø). In these animals the neural
arches are very long, the neural spines comparatively short. Representatives
oJ the genera Delphinus, Prod,el,phi,nus, Løgenorhynchus and, Grømpøs, show
the same phenomenon along with a very significant red.uction in size of the
mammillary processes in the middle and posterior part of the lumbar region.
rn this region these processes may even be completely absent. rn thJ tail
they suddenly reappeå,r and. here they are very well developed.

The shifting upward of the mammillary processes gives a longer lever arm
to the inserting tendons of the l,ongissi,mus and the transuerso-spi,nal,i,s in the
posterior lumbar and the anterior caudal region. This phenomenon is certainly
connected with the high mobility of the anal region, as is particularþ note-
worthy in those species where the mammillary procesr"s of the middle and
posterior lumbar region are poorþ developed or er¡en lacking. The tend"ons
inserted into these processes are apparently also poorly developed because the
11teri_or caudal region is moved against a comparativety rigid. lumbar region.
The shifting upward of the mammillary processes ako óausãs an enlargeáent
of the areaof origin at the neural arches of those fibres of line longissi,rius that,
are inserted into the vertebrae of the flukes and are supposed tó originate in
the posterior lumbar and anterior caudal region.

The cranial inclination of the neural arches and even (in some species) of
the neural spines may be connected with the prevalence of the Longi,ssi,mus
in the muscular systems that are inserted into these vertebrae. It has been
demonstrated that vertebral processes show a tend.ency to attain a direction
perpendicular to that of the muscles or tendons attached to them (Slijper
1946). The prevalence of the tendons of the longiss,í,mus attached to 

-ihe

mammillary processes and the summits of the neural spines of the vertebrae
involved, may have caused their forward. inclination.

The shifting upward of the mammilrary processes in the anal region is a
specialization that has developed gradually in the Cetacea. It givesä longer
lever-arm to the tendons of the trong,íssimus and. transaerso-splnal,i,s inserãed
in-to these vertebrae, which produces a hiþher efficiency of thesl muscles. The
above-mentioned. fact, that the small dolphins can âttuio almost the same
speed as the lar$e whales, may be ascribed not only to the laminar flow of the
water along their body, but at least also parily to this higher efficiency of their
spinal musculatrhre.

rn the presen-t state of our knowledge this explanation of the remarkable
swirnming speed of dolphins is however only a supposition. careful researches
on the intimate structure of the spinal muscuiature and. on the forces exerted
orr- the skeleton by these muscles must be carried out before better insight into
this question can be achieved.

SUMMAR,Y

The present state of-our knowledge of the locomotion and the locomotory
organs in Cetacqa is reviewed.
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The results of experiments on the flexibility of the body of the common
Porpoise have been conûrmed by frlms of swimming Bottle-nosed Dolphins
and a Pigmy Sperm Whale.

cruising speed and maximum speed appear to be almost the same in the
small dolphins as in the big whales. This phenomenon can be explained by
assuming that the flow of the water along the body of the dolphins is wholly
laminar, but that it is partly turbulent, in whales. Another plausible explanation
is furnished by the supposition that in dolphins the development and the
insertion of the spinal musculature shows a higher degree of efficiency than in
whalebone whales, as may be deduced from the shifting upward of the
mammillary processes of the posterior lumbar and the anterior caudal region
in dolphins.

The development of the muscles and the insertion of the tendons is adapted

to the presence of two centres of extreme mobility, viz. : at the anal region

and at the junction of the peduncle of the tail and the flukes.
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GENER,A.T, DTSOT/SSTON

: Professor Sir James Gray, C.B.E., X'.R,.S.

A speaker
dolphin could

if the function of the " melon " on the porpoise and
to provide a tift of the head,' counteracting the apparently

excessrve of the upstroke in the tail.
Dr Slijper

hy¡raxial and
bted the asynnmetry of the power stroke, pointing out that
ial musculature were almost equally developed.

Dr Manton mentioned Dr Hill's contention that inertia oould be an
in swimming speeds. The weight ratio of whale to porpoiseimportant

was 1000 to l, the greater inertia of the larger animal, leading to a tail beat,
which is about tenth as fast in the whale, could be responsible for the
relativeþ speed of this animal. In smaller animals the inertia effect is
apparentþ The speed of running of iliplopods where the movement
of the iimbs is
weight range of

very fast, is almost proportional to their length, over a
to. 1. Centiped.es on the other hand do not increase their

spêed in to their length.
Dr Slijper

difiered so m
mammals, the
small ones.

,ubted. whether the frequency of beat in the large whales
from that in the porpoise, and pointed. out that in terrestrial

animals were oapablo of much higher speeds than the
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