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Swimming Speed of a Pacific Bottlenose Porpoise

Abstract. F our kint ls ol .speed runs .shov'ed a Pacif ic hott lenose porpoi.se
/Tursiops gi l l i )  to l tave a top.speed ol  29.9 k i lor t teter.s per hour ( t6.1 knots) lor
7.5 secoruls an(l  u top speecl ol 2l .9 ki lorneters per l tor.r (  I  1.8 knot.s) f  or 50 sec-
onds. Tltese results cotnpare closely v,ith highest preclictions based upon rigirl
bod,- drtt ,g calcr.t lat ions, the sunte pov,er output per unit  botl t ,  v 'eioht as lor arhletes,
ancl a propulsive efficiencl, ol 85 percent.

Many observat ions of  the speed of
porpoises have been made from ship-
board (1),  and analysis indicates un-
usr-ral ly high power ol l tput or unusually
low drag (2).  or  both.  Some of these
observat ions indicate var ious types of
assistcd locomotion (-3),  where the an-
in-ral  obtains thrust  f ront  ship waves.
Such f ield observations are alwavs dif f i -
cul t  to interpret  in terms of  exact
speecls.  so tests wi th cal ibrated instru-
mentat ion under control led concl i t ions
are needecl.

In I  960. speed tests were conducted
on a Paci f ic  str iped porpoise (Lageno-
r l tvrulnrs ohl iqtr idet ts)  in a 97-m tank
(1).  Top speed was onl l '  27.9 km/hr
(15.0 knots).  which indicates nothing
unusual  in performancc.

On 21 lvlarch 1964 a Pacif ic bott le-
nose porpoise (.Tursictps .ql l / i )  was cap-
tured in Hawai ian waters.  This anintal
(Fig.  1) .  an approximately 3-year-old
male named Keiki.  was trained bv con-
dit ioned-response techniques to swim
at high speed in open water and to re-
turn upon command (5). He weighed
89 kg and was 1 9 I cm long.

Four types of speed runs were con-
ducted from August 1o December 1964,
two in an enclosed lagoon racecourse
and two with a speedboat in the ocean.
The lagoon runs took place in 3 m
of sea water in the 300- by 35-m la-
goon at Coconut Island, in Kaneohe
Bay, Oahu, Hawaii .  The speedboat runs
were conductecl off  Oahu. near Rabbit
Is land. and in Kaneohe Bay.

Lagoon runs were made by stat ion-
ing Keik i  inside a 9.3- by 9.3- by 3.1-m
chain l ink pen which rested on the bot-
tom of the lagoon. With one side of
the pen open. Keik i  was stat ioned un-
der his trainer's hand at the back of
the pen. When the hand was l i f ted.
Keiki accelerated toward he entrance.
As his snout passed over i t ,  a t imer
was started and simultaneously an audi-
ble "start signal" was projected under-
water to the animal. The porpoise
raced the entire length of the 6l-m
course underwater, crossing a sub-
merged f inish l ine. I f  the run was of
acceptable speed, as indicated on a
t imer at the f inish l ine, a pol ice whist le
was blown and a reward of three fish

was given. I f  the run was unlrsual ly '
fast, six f ish were given simultaneousl-v.
An underwater recal l  signal returncd
the animal for  another run. I f  the ani-
mal appeared t ired. which would usu-

al ly '  be indicated by an increased rate
of rcspirat ion.  a rest  per iod of  5 min-
utes then ensued. Incorrect  behavior
was punished by " l inr i tecl  hold or t ime-
out per iods' '  of  varving length.

The maximum speed recordecl for
th is test  was ?9.9 knr/hr (16.1 knots)
on two runs. Scveral  othcr runs were
in thr  r : rnoe l ronr rR I  to 29.4 km hr
(15.2 to 1(r .  I  knots).  Dur ing such
runs the animal swam part ly on i ts
side less than I  m underwater,  seem-
ingly watching the nearbv buol ' l ine
that marked the course. Thou_gh i ts
tai l  never broke surface. each tai l  beat
was evidence d by a discrete boi l  on
the smooth surf  ace. Spacing of  ta i l
beats variecl f  ron.r 0.85 to 1 .15 bocl l '
lengths at  a beat r i l te of  about ?.5 per
secont l .  On fast  runs. swinrming was
cont inuous without gl ides and ver-V
straight f rom start  to f in ish.

The next scr ies of  speed runs was
conducted of lshore of OahLt and con-
sisted of  Keik i  pacing or ovcrtaking a

homing signal  t ransmit ted f ron-r  a nrov-
ing speedboir t  ( -5) .  The tests took place
along a 320-m cor.rrse nrarked bv buovs
spaced l  5 n-r  apart  a long an anchorecl
steel  cable.  The same ca-qe that was
used in thc lagoon tests was moorcd
nearb). '  and used to house Keik i .  Data
werc recorded l-rom the top of ncarbt '
Rabbi t  Is l i ind wi th a 16-mm Bel l  and
HowelI  mot ion-picturc c i rmera. Thc
ca.mera was held stat ionarv when Keik i
entered onc eclge of the l ' rame ancl
nrovc( l  qrr icklr  to thc ncrt  posi l ion i rs
he reached the opposi te s idc o1 the
fra nrc.

Frirme ratc \4'as recordcd for each
run. Walkie-talk ie racl ios werc usecl  1-or
con-rr- ' r - runicat ion betwcen stat ions.  The
clata were reducecl .  boat length being
used as the length scale.  f rame rate as
thc t inre scale.  and the numbered buovs
as stat ionary markers.  Keik i  was di f -
f icLr l t .  and eeneral l ,v in-rpossible.  to see
in thc t lata f i lms whcn he was uncler-
water.  Fortunatelv.  he n-rade scvcral
jumps in cach test  r l ln.  so ntost  records
were taken dur ing these j t rmps. Avcr-
age sustained speed was obtained from
elapsed t ime between jumps. Two out-
board boats were used. each capable of
high speed. The measured speed of  the
animal was corrected (  increased )  ior
jump height to obtain t rue speed at
wi i ter  exi t .  The correct ion var ied wi th
speed and jump height.  but  was normal-
lv around 2.8 to 3.7 km/hr (1.5 to 2. t )
knots).

Water cLrrrents along the course
were measured with a Pr ice cLlrrent
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Fig.  l .  Side view of  Keik i .  The measure at  the top of  the photograph is a yarclst ick.
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meter at  low ancl  h igh t ide.  Typical ly
thc current ran 0. .5 knots f rom SSI]  at
high t idc.  ancl  the sanre f ronr ESE or
F.NE at Iow t ic le.  both t ic la l  cLrrrents
tending to quarter across the course. In
view of  thc snral l  r lasni t r . rde and the
direct ion.  no corrcct ions in ul t imate
speed *,ere nracle.

Highcst recorder l  spceds were 26.8
km/hr ancl  16.9 knrrhr (1.1. .1 and 14.-5
knols ) .  wi th several  othcr v i r lues rang-
inq f ronr 21.8 kmihr to 1,1.9 km.,hr
(  l l .8 to I3. .1 knots).  N{ar imum sus-
tained spcccl  between juntps n 'as I9.0
knrrhr (  10.2 knots) for  6.6 seconds.
Dtrr in! . r  l r l l  rLrns Kcik i  :pent \o l l tc  or
nrost  of  h is t inte sw, i r -nnt ing in the bow
vvave. or af t  in one of  the spi l l ing
u,aves ol '  the wake. doLrbt lcss obtaining
sonrc thnls l  f ront  thc pressurc f ie ld of
the boat or f rom the wake.

In v iew ol  thc manv subject ive i rn-
prcssions of  porpoise swin-rnr ing speed
that havc been recordecl .  i t  is  worth-
whi lc to note that  observers of  these
onen-scir  r l ln\ .  incl t rd ing purt ic ip:rnts.
guessed Keik i 's  speed to be ntore than
r0 knots.  The ror-rgh sea :rnd the buffet-
ing of  the crew as the boat crashed
f ronr crest  to crest  added to the im-
pression ol 'speed. Thc porpoisc wi ls
of tcn outpaced b1'  the boat.  so record-
ed speeds may be near nraxinrum for
thesc concl i t ions.

The third test series \\ 'as run in Coco-
nut Is lancl  Lagoon. A homing signal
was transmitted fron-r i in underwater
speaker about 89 nr downcourse from
Keiki 's  pen. and a stopwatch was
started when he reached a point  4.0 m
downcourse. Keik i  received a rein-
forcenrent that variecl fronr one f ish
for s low runs to s ix f ish for  the fastest
rutns. The top speecl recorcicd for the
6l  -m racecoLrrse was 23.2 km/ hr (  I  2.5
knots).  Moving pictures take n at  the
f in ish l ine f rom a 3.7-n.r  tower incl i -
cated a s lowing of  abor-r t  3.7 knr/hr
(2 knots) near the encl  of  the nrn.

Further t ra in in_q nr ight  have achieved
better over i i l l  t inres.  but  i t  was decided,
instead. to tr) '  a for-rrth ancl more prom-
is ing techniqr-re.

For the last  ser ies of  tests.  a spcccl-
l--oat was cquippccl r '" ' i th a cal ibratecl
speeclometer.  and Keik i  s imply swam
with the boat at  var ious preselected
speeds unt i l  he fe l l  behind. Visual  ob-
servat ions of  Kcik i 's  posi t ion and cl f
hoat speed were recorcled on a port-
uhlc t l rpe r l 'c( , r r1cr.  Thc tape speed \ \  as
accurate rv i th in 1 perccnt and the boat
speedometer was cal ibrated b,v running
cach w'av at varior-rs speeds over i i  mci l-
sured course. Keik i  could rcmain wi th
the boat 1or extended per iods at  a speed
of at  least  I  I  .1 km/ hr (6 knots),  for
50 seconds at  21.9 knr i  hr  (  I  1.8 knots).

and for l0 seconds at  2-5.2 km/ 'hr  (13.6

knots).  In gcneral .  he swant r tnder

the bow of thc boat or in the f i rst
stern wrve. Obviousl l '  he obtained
sor-r.rc assistance l ' rom the boat unti l
hc could no longcr keep r"rp.  Al though
thcre is no wa) '  we could be sure that
he did or did not exert  maxinr l lm ef for t .
he appeared to bc strongly mot ivated
to sta) '  wi th the boat,  much l ike a dog
chasing an ar,r tomobi le.  Keik i  b lew
much nrore f requent ly af ter  the faster
r l lns, so he was given a rest period
belween nlns unl i l  respirat ion rr le ap-
peared normal.

A detai lecl  lnalysis of  Keik i 's  body
and appendilge drag was conducted with
methods applicable to conventional r ig-
id bodies (6) in which the boundary
layer is predominantly turbulent and
the surfaces are smooth. Numerous
n1e:isurements of Keiki were taken and
photographs obtained to aid in the hy-
drodynamic analysis. Corrections were
included for interference drag at the
intersection of the body and the append-
ages. The calculated drag-area coeffi-
cient (drag/ dynamic pressures) was
0.0644 at  29.9 km/hr (16.1 knots)
where the length Reynolds number is

11.2 x 106. I f  his power output per
unit body weight was the same as that
of athletes (7) and his propulsive eff i-
ciency 85 percent, Keiki could travel
26.8 km/hr (  14.4 knots) for  7.5 sec-
onds, 25.8 km/ hr (  1 3.9 knots )  for
l0 seconds, ?1.4 km/hr (11.5 knots)
for 50 seconds, and 12.8 km/hr (6.9

knots) for a t . l -hour day. The experi-
mental results showed a top speed of
29.9 km/hr (16.1 knots) for  7.5 sec-
onds. 2-5.2 km/ hr ( I  3 .6 knots ) for I  0
seconds. 21.9 km/hr (  I  1.8 knots) for
50 seconds, and at least 1 I  .  I  kmi hr
(6 knots) for an indefinite period. C--on-
sequently the experimental results com-
pare closely with predicted turbulent
values for th is animal.
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