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INTRODUCTION

In order to investigate the nature of the diving
reflex or diving response in seals and to test hypotheses
concerning the functions of various anatomical adap-
tations alleged to be associated with decp or prolonged
diving it i3 necesary o dive seals under experimental
conditions. Tntil recently information has been ob-
tained largely from seals cestrained in several ways
anl '|'|'||'l.'.i':'-|1_.-' !-ill.:'\lllll:'rg-'fl"'ll Al soky, inn tanks I:l"i;_:_'. ﬁ].: amil
in presure chambers, Durng such Torced dives in-
vestipators have monitored heart riate, cardiac output,
blood flow in large wessels, femperatore changes and
urine production, among other responses (Harison
ctoal., 1968 Ridgway, 1972].

Scholander {19407 firse investigated forced diving
in VO Halichaeres and f.-'::':l'uf.l.ﬁﬂ:ﬂ. and since his
experiments, the diving response has been followed in
Zalophus, Callorhirus, Pheca and Mirounpge, The
results of these investigations were reviewed by Harn-
som and Kooyman (1983 who made a number of
generalizations about the characteristics of diving
bradyeardia. Even though observations were seanty
at that l:i1:|'.|'. it aeemmed eolear that -'C|'i'-"i1'-!.-'. ]I!ihtl:-":'iilti-'ff'-
wis lese marked in unrestrained seals than in those
restrained during forced dives. In meost of these an-
restrained experiments the seal was in & hamess with
trailing ECGG leads (Harrison and Tomlinson, 1960).

Observations on restrained seals dived l:.‘i|.‘-l:“|:'il11l'.“lll-
ally (zee Harrison and Foovman, 1963, p. 2247 allow
the conclusion that bradyeardia iz o component of a
diving response which includes decreased cardiac out-
put, peripheral arterial vasoconstriction and mainten-
ance of blood pressure. Bradycardia develops rapidly
in small phocids but less rapidly in larger forms (when
drugged ) such as Mireunga. It iz more profound and
its onset more -:'1'51|'||||I i adulis than in [Pups anl -
lings. Bradyeardia is alio most marked when seals are
dived restrained in pressare tanks In young Floce a
steady increase in heart tate from the slowest rate has
bieen mratend towards the end of 20 min restrained dives,
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Figure 31. Young commen sl [Phoss situfies) seeured to a board
for shallowy restranesd clavies (see Harrsan and Tamlinsan, 19600

but in Mirgrnga the heart rate was slovest at the end
of a 40 min dive. In otariids sach as Callarhinus that
dive for relatively short pericds, bradycardia may not
develop for up o ¥ min. This could indicate an
optional aspect to the diving response, as though the
amimal could choose when to iniilate . Vagotomy
abolishes 'I'ur:',r|:.'-:'::||'|::.i:'.:, and section of the :l':ig".".l: ['l|'|l"!."-'-i!'
FEETWE 51:31[_:-|1_."ir|.!; thar vl h|:-]:|§|:|.-r:ll:r {|l.:|.:"'._'g':' the onsct of
bradyeardia and inhibits & profound slowing of heart
rate. In scals restrained out of water, shore pericds of
bradycardia or cardiac arrhythmin can oceur during
resparation, on forced apnea, and as a result of many
stimnli that caose a seal to hold its breath

MATERIALS AND METIICDS

Radiotelemetry devices have been implanted in the
hypodermis of the back and neck of 1318 month old
grey seils (Halicheerus  grypus) provided by Jon
Gunnarsson of the Aguarium Hafnarfjordur, Toeland
in order to follow heart rate chanpes in unrestrained
seals trained to dive on comemand.
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Figure 35 Exiraces of ERG transmissions: [a} seal breathing

{rate 1530<180 bopam.), (b)) seal out of water Between breaths

(rare 40-70 bpm.), (c] trained dive {rate 3040 bopan), (d)

forced dive [rabe 20-30 bopama) aod (8] Goced dive when an
accasion no boats otour Tor wp to 8 secs,
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Figare 16, This graph shows the number of heart beats per 3 see,
interval under three different conditions. The upper line represents
o seal resting out of wader, The seal breathes oo £o thros fames,
then holds il breath Tor 20860 secx fhen besathes apain, Thers
iz a reduction in beart rate oo about G0 0o, when ol seal s
ol breatkung, The next lae represents o tvainsd dive during
which the beart eave imnesdincely folls ce 2040 bopom. 2nd e
maning al that kevel with acensionn] fluctustions te 60 bopom. The
fareed dlive (lower line) is similar except that the average heart
rate = slower.
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Figure 57, Three spparate trofmed dives by a prey seal {3 = F min 45 #eiat b= 3 amin 3 wes.z £ o= # i 18 sees ). The ERG records

weee analyeed by measuring the inteeval between cach QRS complex.Each point represents the delay between individual beats e

pressed in bear-rate per minuee. Thus the horizental axis ropresents the todal mumber of Beads d_u_ri:ng cach of three dives and i

nat linear with time, Fluctuations in heart rate oeeur around 3 mean of about 30 per mdnste, When the end of the dive ix signalled

by a whistle the beart eate incrcases as the seal eats s i seward, but starts to sbow again a3 the animal surfaces, thesn shoues p
immediately ns the fingt breath is taken,
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Figurs 18, Forced dives by a grey sal (a0 = 6; B = 7; and ¢ = 8 mimas), The EKG recoeds were analysed by measuring the

interval between each QRS complex, Each point represents the delay between individual beats expressed in heart-rade per minute,

Thuzs the borizonta] axis represents the total nember of beats during dives of 6, 7 and & minutes and 8 ool lsese with Eme.

There wers mnre beakz in the 8 minute dive Leecauss the seal exhaled |;|'||I_-'i|-'|H the <dive and the heart Toie "“l:.”-\::-l“.l_ll :i"-’il‘lg the
submursion a grepter proportionsl number of beats than the 6 and 7 minuce dives.
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40-70 during the hreath-helds, which otcurred reg-
ularly for 30-30 sce at intervals of 30 sec to one min
(Fig. 35). When asleep out of water the respimtory
rate was 315 and heart rate was 140-170.

When the seal was resting in water the respiratory
pate was 3-5 and the heart rate was LI0-170, but this
fell to 3348 during the short breath-hold perieds,
Dharing forced restrained dives the heare rate fell to
a5 low as 10-40 beats per min, Durng unrestraine
dives the heart rate fell to 20-#0, bue in these young
trained grey seals there was often o continual luciw-
ation 1n the eadyeardia. A seal wotld sometimes, but
not always, exhale under water betwesn 250 m] and
about one litre of air once or several times during a
rained dive of 2-8 min. On these exhalations the
heart rate rose from about 30w G3-100 for a few sec.
When the whistle wis sounded as a bridging stimulus
and the seal took and ate its fish under water, there
was a rise in heart rate from about 300 6o §0-80 for
a few see. There followed o sharp fall in heart rage for
a Turther [ew seconds while the seal returned o the
surface, when heart rate immediately rose to 150-180
{Fig. 36).

In order to determine if there were any consistent
trends or small changes in heart rate during a dive
we analvsed some of the records by measuring the
interval between every QRS complex of the EKG. In
Figure 37 three separate trained dives are compared.
In every case the hears rate falls immediately to near
its lowest podnt, Fluctuations cccur arcumd @ mean
of about 30 per min. When the end of the dive is
signalled by the whistle, the heart rate increases s the
seal eats its fish but starts to slow a3 the animal sur-
faces, then shoows up immediately as the first breath
is takem,

In Figure 38 cata from forced submersions ave treat-
ed in the same way. Again the onset of bradycardia is
immediate, the heart rate falling to the lowest point
during the submersion. The median (average for dive)
heart rate is lower, Since the scal receives ne signal
when it is going to be allowed up, there is no brief
rise and fall in heart rate at the end of the dive as
seen in the trained dives. The cage is brought up fast
and the heart sate immediately goes to near maximil
rate on the first breath, On the longest submersion the
rate increased suddenly to about 70 aboul & min after
the start of the dive. This is characteristic of exhal-
ation under water.

Seals submerged in a glass ahsprvition tank were
seen 1o exhale a large bubble of air which pernained
heneath the surface glass sheet. On exhaling, the
heart rate pose momentaeily as during other breath

releases under water, The scal would dive o the bot-
o of the tank, but after 30 sec o 1 min it reterned
o the bubble of exhaled air still beneath the glas and
rebresthed it with a further momentary increase of
busart rate. Such behaviour might be of value o seals
making prolonged shallow dives under ice, since carbon
dioxide would rapidly diffuse from the air bubble inge
the sca water,

ELUMMARY

We have endeavoured to show that the cardiovascu-
lar response of seals during a trained dive and a
forced dive is at & maximum in the forced dive,

There are alao ceadjustments in cardiac rhythom that
oeour when (1) air i3 exhaled under water, (2] ex-
haled air is occasionally sebreathed, (3] a whistle
signale the offering of a reward and the end of the
dive, and (4] fish is swallowad.

It is essential that we understund the normal diving
responses of the unrestrained seal before we can
understand the anatomical specialzations that are
31|_||'|||;:-|'I|=-c] ta he invalved in d.i.-.'i.rlg: such as the caval
5|:|E|.i|1-:'1{'1' and the extradural veins. P'!":!-]-::-II_L..:-:':'ZL absery-
ations of trained seals Testing o or out of water,
aslecp, and diving at will suggest that there i3 o
facultative element in the response, and that a seal
may well be capable of adjusting the response to
diffevent types of dives.
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