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A. INTRODUCTION

B. MATERIAL

The material consisted of 50 hearts, viz.: 43 hearts

of different Pinnipeds, 2 hearts of Hippopotami and

5 hearts of Otters.

1. Callorhinus ursinus (L), Northern Fur Seal.

The material was provided by Dr. V. B. Scheffer

(Marine Mammal Laboratory, U.S. Fish and Wildlife

Service, Seattle, Wash. U.S.A.). The hearts were

collected on St. Paul Island, Alaska in July and

August 1963. The ages of the animals were estimated

by the experts who collected the material. There

were 6 newborns (less than 24 hours; length 62-68

cm; weight 4.5-5.9 kg), 2 of 1 week (60.5-68.5 cm;

3.9-6.9 kg), 2 of 2 weeks (59.5-68.4 cm; 4.4-8.1 kg),
2 of 3 weeks (63.0-68.7 cm; 6.8-7.1 kg), 2 of 4 weeks

(69.4-72.2 cm; 8.1-9.7 kg), 2 of 5 weeks (61.2-72.2

cm; 4.1-7.6 kg), 2 of 6 weeks (68.7-76.0 cm; 7.1-9.0

kg), 2 of 7 weeks (67.5-73.2 cm; 7.2-7.3 kg), and

2 of 8 weeks (76.4-112 cm; 8.7-9.4 kg).

2. Halichoerus grypus (Fabricius), Grey Seal.

One heart of a newborn (85 cm, 14.8 kg) was pro-

vided by Prof. H. R. Hewer (London), the other

three (2-3 weeks, 75 cm, 10.5 kg; 5-6 weeks, 95 cm,

15.8 kg; 6 weeks) came from Texel and from the

Zoological Garden "Artis", Amsterdam. The estima-

tion of the ages was based on data about length,

weight and period of birth of the species given by

IJSSELING en SCHEIJGROND (1950, 1962), MATTHEWS

(1952), KING (1964) and SOUTHERN (1964).

3. Pusa hispida (Schreber), Ringed Seal.

Two hearts from specimens captured alive by Dr.

Carleton Ray (New York Aquarium) on St. Lawrence

Island, Alaska during the summer 1963. The mate-

rial was sent by Dr. F. H. Fay (Arctic Health Re-

search Center, Anchorage, Alaska), who estimated

the ages of the animals at 5-6 weeks and 1 year.

4. Pusa sibirica (Gmelin), Baikal Seal.

Four hearts from specimens that died in the Zoo-

logical Garden "Artis", Amsterdam. They were bought

from an animal dealer. A 64 cm, 13 kg female lived

about 3 months in the Gardens, a 68 cm, 11.5 kg
male, a 72 cm, 12 kg female and a 77 cm, 16 kg

male lived there only 4-6 weeks. The ages of all

four animals were estimated at at least 6-8 months.

5. Odobenus rosmarus (L.), Walrus.

Two hearts from specimens captured alive by Dr.

Carleton Ray (New York Aquarium) on St. Lawrence

Island, Alaska during the summer 1963. The material

was sent by Dr. F. H. Fay, who estimated the ages

of the animals at 4-6 days and 4 weeks. One heart

from a 138 cm long female, weighing 59.5 kg,

bought from an animal dealer at 8-2-67. According
to data given by KING (1964) the age of this animal

was estimated at 6-8 weeks.

In previous research (SLIJPER, 1961) it was shown

that the anatomical closure of the ductus arteriosus

Botalli in all Cetaceans and in the Common Seal is

markedly retarded, compared with their terrestrial

relatives. It was also shown that in the Common Seal

the closure of the foramen ovale afterbirth is marked-

ly retarded. This was not found in Cetaceans. The

explanation of these phenomena required further

researches, especially on the hearts of temporary

aquatic Mammals, not belonging to the species Phoca

vitulina. Thanks to the help of some colleagues a

material of 50 hearts could be collected, belonging
to 11 different species. This material made it also

possible to pay attention to a few other characteris-

tics of the heart, our knowledge of which until now

was very scanty.
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6. Erignathus barbatus (Erxleben), Bearded Seal.

One heart from a specimen captured on St. Lawrence

Island, Alaska (see sub 5); age 11 days.

7. Histriophoca fasciata (Zimmerman), Banded Seal.

One heart from a specimen captured on St. Lawrence

Island, Alaska (see sub 5); age 5-6 weeks.

8. Zalophus californianus (Lesson), Californian Sea

Lion.

One heart of an abortus (about one month before

birth) from the Robarium, Harderwijk and one heart

of a specimen, which died in the Zoological Garden

"Artis", Amsterdam (at least 18 years old).

9. Phoca vitulina L., Common Seal.

Two hearts of 4-5-week-old animals, collected by Mr.

R. C. Bishop at Prince Wm. Sound, Alaska
on 2 and

4 July 1963 respectively. The
ages were estimated

by Dr. F. H. Fay. Two hearts from specimens washed

ashore alive on the Netherlands coast; resp. 15 and

19 kg. Their ages were estimated at 3 months. One

heart from a 101 cm specimen (13.3 kg), which lived

in the Zoological Gardens, "Artis", Amsterdam; age

about 1 year.

10. Hippopotamus amphibius L., Hippopotamus.

One of the hearts is from a 76 cm, 38 kg, young

male, which lived about 60 hours in the Zoological
Garden "Blijdorp", Rotterdam, the other is of a

female about 11 years old which died on 16-2-61 in

the Zoological Garden "Artis", Amsterdam.

11. Lutra lutra (L.), Otter.

Five hearts from resp. a juvenile male (78.5 cm,

3106 g), a juvenile female (79.3 cm, 3008 g) with a

well developed thymus, a juvenile male (3244 g), an

adult male (113.5 cm, 8000 g) and an animal about

which no particulars are known. The ages of the

juveniles are estimated at at least 9 months according
to data given by SOUTHERN (1964).
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D. DUCTUS ARTERIOSUS BOTALLI

In a previous paper (SLIJPER, 1961) it was shown

that, if the absolute size of the animals is taken into

consideration, the anatomical closure of the ductus

arteriosus Botalli in all Cetaceans and in the Com-

mon Seal is markedly retarded, compared with their

terrestrial relatives. The anatomical closure occurs at

an age of 4-14 months in the Common Porpoise and

in other Delphinidae, at ages up to 13 years in Blue

and Fin Whales, while closure probably also occurs

at high ages in other Baleen Whales and in the

Sperm Whale. In the Common Seal the ductus closes

anatomically at an age of 8-13 weeks, whereas in

terrestrial mammals of comparable size, as for exam-

ple the dog and the pig, it closes at an age of 15-18

days and 14-21 days respectively (EVERETT and

JOHNSON, 1951; SLIJPER and DE VRIES, 1965).

SLIJPER (1961) and SLIJPER and DE VRIES (1965)
showed that the time of complete anatomical closure

of the ductus varies with the size of the animals. The

larger the animal is, the later the time of anatomical

closure. The data about the Elephant on which this

statement was based, could be confirmed by the

dissection of the heart of a 28 years old female Indian

Elephant, which died in the Zoological Gardens

"Artis" (Amsterdam) on 11-5-1967. The ductus of

this animal had a diameter of 15 mm. The major

part of the vessel showed a lumen of 1.5 mm con-

taining blood. Only the terminal part of the ductus

embedded in the wall of the pulmonary artery
showed no lumen. This ductus may be called ana-

tomically closed, but the blood containing lumen sug-

gests that closure had taken place not long ago.

Probably an insignificant amount of blood regularly

passed the ductus shortly before. In a 35-year-old
female Indian Elephant (30-3-65; Artis) the ductus

was completely closed. It was also completely closed

in an 11 year-old Hippopotamus and a 23-year-old
Black Rhinoceros. The retarded closure of the ductus

in Cetaceans and Pinnipeds was explained (SLIJPER,

1961) by supposing that respiratory difficulties, the

exact nature of which is not yet known, may occur

in Cetaceans after birth, because the animals are

born in the water. They may also occur in the Com-

mon Seal because its pups are obliged to go into the

water very shortly (20 min. -8 hours) after birth. The

respiratory difficulties during the period immediate-

ly after birth are supposed to cause a temporary re-

opening of the physiologically closed ductus. This

temporary re-opening and closing of the ductus may

occur several times during the first weeks after birth.

Consequently they may have a retarding effect on

the process of anatomical closure of the ductus.

If this explanation is acceptable, it becomes quite
clear that in those Pinnipeds, the young of which
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remain on land during several days or even several

weeks after birth, the anatomical closure of the duc-

tus arteriosus will not be retarded. The ductus will

close at about the same age at which it closes in

terrestrial mammals of comparable size.

SLIJPER (1961) found that in these Pinnipeds the

anatomical closure of the ductus occurred at an age

of 2-5 weeks. This is an even earlier age than is

known of terrestrial mammals of comparable size.

The conclusion was, however, based on a very scanty
material. The present research enables us to broaden

this basis.

Although a definite proof of the anatomical closure

of the ductus can only be obtained by microscopical
examination, in this research the macroscopical closure

of the ductus was used as a criterion for its closure.

According to SLIJPER and DE VRIES (1965) the ductus

can be called macroscopically closed, when in part
of the vessel at least no lumen can be seen with the

naked eye and when at least in part of the vessel a

small probe cannot be inserted.

1. Callorhinus ursinus, Northern Fur Seal.

In 6 newborns the ductus was open, the outer diam-

eter being 3-6 mm, the diameter of the lumen 1-3

mm. In the pups of one week it was still open with

a lumen of 0.5 and 0.2 mm. In the pups of two weeks

the pulmonary end of the ductus was still open, but

in the 4.4 kg pup the aortic end was closed; in the

8.1 kg pup the aortic end was cut off. Both ductus

had a lumen of 0.8 mm. In all other pups the ductus

was closed at both ends, the outer diameter varying
between 5 and 3.5 mm. The lumen in the middle

part of the ductus had a diameter of about 0.1 mm.

These observations indicate that in the Northern Fur

Seal the ductus closes at an average age of about

12 days. This is even earlier than in terrestrial animals

of comparable size (pig, dog), especially if we take

into account that the newborn pups of the Seal are

very large (about 5 kg; KING, 1964). Data in the

literature quoted by SLIJPER (1961) and data given

by MAXWELL (1967) show that the pups normally do

not go into the water before 3-6 weeks after birth,

although they are able to swim, though in a rather

helpless way. Obviously they do not dive during this

period if they get into the water accidentally. Ac-

cording to OGNEV (1962) they would even be drowned

if they get into the water during the first 4 weeks.

2. Halichoerus grypus, Grey Seal.

In the newborn and in the pup estimated at an age

of 2-3 weeks the ductus was open. In pups whose

age was estimated at 5-6 and 6 weeks it was closed.

This points to the fact that in the Grey Seal the duc-

tus probably closes at an age of about 3 weeks. This

is a little bit later than in the Northern Fur Seal.

The newborn of Halichoerus, however, has twice the

weight of the newborn of Callorhinus. In any case

the ductus closes at about the same age as in terres-

trial animals of comparable size.

Data in the literature on this subject (see also

SLIJPER, 1961) show that there is much variation in

the time at which the Grey Seal pup first goes into

the water. This may be connected with the variation

in the age in which the embryonic coat is shed

(KING, 1964), a few pups starting the moult even be-

fore birth. About the Grey Seal of the Fame Islands

COULSON and HICKLING (1964) write that the calf

remains on land for an average of 32 days. In a letter

of 28-4-65 Dr. Coulson (Durham), however, adds:

"There is considerablevariation around this figure and

some of the calves born on the shore line are forced to

swim within the first few hours of birth, since some

of the individuals are born below high water mark.

Irrespective of their age, whether they are a few

hours or over a month old, they swim readily in the

water without any encouragement from the mother.

It is clear that the young ones are born with the

ability to swim. Diving is much less frequent in

young calves, but I have seen several instances of

calves about 4 weeks old which have gone down to

the sea for the first time, dive within seconds of

entering the water." HOOKE (1964) says about the

Grey Seal: "they swim almost as soon as they are

born". LOCKLEY (1966) says: "Grey Seals born close

to the sea learn to swim within a day or so of birth,

but they do so unwillingly and only when they are

forced by a high tide". There are, however, a num-

ber of pups born far inland. These animals do not go
into the water before an age of about 3 weeks. All

these data and those of MAXWELL (1967) point to the

conclusion that, although the behaviour of the Grey
Seal is very variable, at least a considerable number

of the pups do not enter the water before the age of

about 3 weeks.

3. Pusa hispida, Ringed Seal.

In a 5-6-week-old animal and in a 1-year-old speci-

men the ductus was completely closed. This indicates

in any case that the closure of the ductus occurs at

a much earlier age than in the Common Seal (8-13

weeks). The size of the adults of both animals is

about the same, but the weight at birth of the Com-

mon Seal is about twice that of the Ringed Seal

(KING, 1964). It is, however, not acceptable to sup-

pose that this difference in weight at birth is respon-
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sible for the great difference in time of closure of the

ductus.

According to data in the literature on the Ringed

Seal the pup does not enter the water before the

age of 5-6 weeks (SLIJPER, 1961).

4. Pusa sibirica, Baikal Seal.

The age of all four animals was estimated at 6-8

months. Consequently, the fact that in all four ani-

mals the ductus arteriosus was closed, gives no indi-

cation about the problem of the time of its closure.

According to MAXWELL (1967) the pups do not take

to the water until 2-3 months after birth.

5. Odobenus rosmarus, Walrus.

In his letter of 22-1-63 Dr. F. H. Fay (Anchorage)

writes that in 1961 he inspected hearts of one ado-

lescent and five adult Walruses in which the ductus

arteriosus was closed. It was also closed in a young

animal 120 cm long, dissected by OWEN (1853) and in

a young
male 235 cm long, describedby MURIE (1871).

Dr. Fay examineda 4-6-day-old calf in which the duc-

tus was open. In animals with an estimated age of re-

spectively 4-6 days and 4 weeks an open ductus was

found but in a young specimen with an estimated age

of 6-8 weeks the pulmonary end of the vessel was

closed. The middle part and the aortic end were

still open. This gives an indication that in the Walrus

the ductus probably closes at the age of about 8

weeks. In an animal whose size and weight may be

compared with those of the cow this is a rather

early age (SLIJPER, 1961). There is much controversy

about the behaviour of the pup after birth (SLIJPER,

1961), even in the publications of one and the same

author. PEDERSEN (1962) is his book "Polar Animals"

says (p. 120) that "the young are born out on the ice

in April, and while they are still small the whole

family remains there. From time to time one of the

adults takes a swim, but without going far away".

This is quite in accordance with a personal communi-

cation of M. M. Sleptzov, that the young do not go

into the water before they are three weeks old. On

the other hand PEDERSEN (1962a) writes in "Das

Walross", that copulation and birth never have been

observed on land. He supposes that these events take

place in the water. In the early stage after birth the

female swims on her back with the pup between her

forelegs. This is more or less in accordance with

MAY'S (1964) statement, that the calf is able to swim

promptly after birth but that it often rides on its

mothers neck; see also MAXWELL (1967).

Although the information on the whole is not very

convincing, the preliminary conclusion may be that

probably the young Walrus does not swim in the

early stage of its life and that at least it does not

dive in that stage.

6. Erignathus barbatus, Bearded Seal.

In the 11-day-old male the ductus arteriosus is still

open. The lumen, however, is so narrow that it makes

the impression that it will close within a few days.

Dr. F. H. Fay (Anchorage) writes in his letter of

22-1-63 that in 1961 he inspected 5 Bearded Seals.

In one specimen that lived on land for 11-12 days
the ductus was nearly closed, in an animal of 3-4

weeks it was completely closed, as well as in 2 speci-

mens of approximately 1 year and in an adult fe-

male. These observations lead to the conclusion that

the ductus closes between the 11th and the 21st days
after birth. This is about the same age at which the

ductus closes in terrestrial animals of comparable

size. Dr. I. A. Mc Laren (Montreal) informed us, that

pups of this species remain on land at least several

days after birth. Dr. F. H. Fay (Anchorage) writes

in his letter of 6-2-63: "In the area about St. Law-

rence Island, Bering Sea, where most of my work

has been done, Bearded Seals are born mostly during
the last half of April on the drifting ice. They ap-

parently first enter the water within a few hours

after birth but stay in the water only long enough

to cleanse their woolly foetal coat and reach a

"clean" ice floe where their hair will not become

fouled again by the blood and other organic debris

that was expressed with them at birth. I judge this

only on the basis that newborn or very young indi-

viduals that I have seen were not on the same ice

where they were born. Since their ability to control

loss of body heat is very poor at that time, I also

judge that they probably remain on the ice most of

the time during the succeeding two or three weeks.

During that time they are suckling and losing their

foetal pelage".
These data point to the fact that the behaviour of

the Bearded Seal with regard to diving and swim-

ming, in the first weeks after birth, differs markedly

from that of the Common Seal, at least from the be-

haviour of the European Common Seal. If the Beard-

ed Seals enter the water during this time, they prob-

ably do this unfrequently and without diving.

7. Histriophoca fasciata, Banded Seal.

In a 5-6-week-old pup the ductus was still open.

This indicates that the closure of the ductus occurs

at a later age than in terrestrial Mammals of com-

parable size (adult about 90 kg; KING, 1964).
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Dr. F. H. Fay (letter of 6-2-63) informs us, that in

the area about St. Lawrence Island (Alaska) Banded

Seals stay out of water most of the time until they
have lost their foetal coat, just as Ringed Seals and

Common Seals. By that time they are weaned and

all very fat and apparently able to withstand the

cooling effect of the icewater.

Unfortunately our material does not indicate

whether the closure of the ductus is as much retarded

as in the Common Seal, or whether the animal shows

an intermediate position between the Common Seal

and the terrestrial Mammals with regard to this

characteristic.

8. Zalophus californianus, Californian Sea Lion.

As might be expected, the ductus was closed in an

18-year-old animal.

9. Phoca vitulina L., Common Seal.

In two animals of 4-5 weeks the ductus was cut off.

In the animals with an age of 3 months, 3 months

and 1 year respectively, the ductus was closed on

both sides. There was an insignificant lumen in the

middle. These data are in accordance with former

observations (SLIJPER, 1961), leading to the conclu-

sion that in the Common Seal the ductus closes

anatomically at the age of 8-13 weeks.

Former data about the behaviour of the newborn

(it swims and dives perfectly even about 20 minutes

after birth (KLINKHABT, 1967) and remains in the

water for long periods) were confirmed by observa-

tions in the Amsterdam Zoological Gardens "Artis"

and by references from the literature on the subject,
as for example with MAY (1964) and MANSFIELD

(1963) (Arctic and Eastern Canadian animals). About

the Common Seals of the Bering Sea Dr. F. H. Fay

(letter of 6-2-63) reports, that they are born with

their foetal pelage. This
may

be the reason why they

stay out of water most of the time until they have

lost their foetal coat. The animal described by KLINK-

HABT (1967), however, was born on Tugidah Island,

Alaska. Our conclusions about the retarded closure of

the ductus arteriosus in Cetacea and in the Common

Seal were, however, based on the European Com-

mon Seal living in temperate regions, in any case not

in Arctic regions. The pups of these Seals are mostly
born on the sand banks when these are dry at low

tide. At high tide the banks are overflown by the

sea water and the newborns are forced to swim and

dive within 1-8 hours after birth. According to

HAVINGA (1933) the intra-uterine moulting may be

regarded as an adaptation to this habit.

10. Hippopotamus amphibius, Hippopotamus.

In the 60-hour-old animal the ductus was anatomi-

cally open, in the 11-year-old female it was closed.

These observations do not lead to conclusions about

the time of closure.

11. Lutra lutra, Otter.

Because the animals involved were at least 9 months

old, no conclusions could be drawn from this mate-

rial. In one adult animal the ligamentum Botalli was

present as a very thin ligament. In the other four

hearts not a single trace of the ligament was found.

Apparently it may disappear completely. MARSCHNER

(1901) describes, however, a solid ligament in an

adult specimen, 68 cm long.

The above-mentioned data show that the informa-

tion about the ductus arteriosus and about the be-

haviour of the newborn animals in the Northern Fur

Seal, the Grey Seal, the Ringed Seal, the Walrus,

the Bearded Seal and the Banded Seal confirms

SLIJPER'S (1961) preliminary conclusion.

In these Pinnipeds the ductus arteriosus closes

anatomically at the same time or even earlier than

in terrestrial Mammals of comparable size. Their

newborns remain on land for several weeks or, if

they swim during the first weeks, they do so very

unfrequently, and they do not dive. This behaviour

differs markedly from that of the Common Seal in

which the closure of the ductus is retarded because

the young animals are forced to swim and to dive

almost immediately after birth.

The ductus arteriosus of the Pinnipeds is charac-

terized by its length. In the hearts involved in this

research the length varied between 9 and 20 mm,

in the Walrus even between 9 and 25 mm. It rises

from the aorta and the pulmonary artery in a more

or less pronounced depression of the aortic or pul-

monary wall. The anatomical closure may start at

the aortic (Northern Fur Seal, Common Seal) as well

as at the pulmonary end (Baikal Seal). In the middle

of the vessel an insignificant lumen may be present

for a comparatively long time.

The microscopic structure of the ductus was exa-

mined in the Northern Fur Seal, the Bearded Seal,
the Grey Seal, the Common Seal and the Walrus.

The intima is thickened in all species with the ex-

ception of Callorhinus. There is a well developed
elastica interna which apparently remains intact fair-

ly long during the process of closure of the ductus,

just as in the pig (SLIJPER en DE VRIES, 1965), but

contrary to the rat, where there is no elastica interna

at all (HOEFSMIT, 1967).
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The media contains a gradually diminishing amount

of muscle fibres and comparatively few elastic fibres,

with the exception of Callorhinus where a large

amount of elastic tissue was found in the media. In

all species the adventitia is characterized by a great
number of concentric elastic membranes. The struc-

ture of the wall of the ductus shows no essential

differences with its structure in terrestrial Mammals,

nor with its structure in Cetacea (SLIJPER, 1961).

Neither are there essential differences between the

Common Seal and the other Pinnipeds. No signs of

aortification of the ductus, like those described in

the ductus arteriosus persistens (HOEFSMIT, 1967),

have been found in Cetacea and in the Common

Seal.

Vasa vasorum were found as small arteries and

veins in the adventitia and as capillaries in the outer

half of the media in all species examined. This is

quite in accordance with the situation in Cetacea, in

the Common Seal, in the Pig and the Guinea Pig

(SLIJPER and DE VBIES, 1965). In man the vasa vaso-

rum penetrate into the outer half of the media in the

first week after birth. In the second week they pene-

trate also into the intima and at the end of the third

week the entire wall of the ductus is vascularized

(CLARKE, 1965). In the cow the entire media and ad-

ventitia are vascularized (HARMS, 1966).

In the carotid arteries, the aorta, the pulmonary

artery and the coronary arteries of man and some

other Mammals, vasa vasorum mostly penetrate into

the media to about Va of its transverse diameter

(CLARKE, 1964, 1965a; VAN LIMBORG, 1959; SUWA

c.s., 1962; WOERNER, 1959).
All results of the present research confirm SLIJPER'S

(1961) conclusion that the microscopic structure of

the ductus arteriosus, as well as the histological

process of its closure, are quite the same in aquatic
and terrestrial Mammals irrespective of the time after

birth at which the ductus closes anatomically.

E. FORAMEN OVALE

In all Pinnipeds dissected the situation of the foramen

ovale and its valve protruding into the left atrium

was practically the same as in man and the domestic

animals. About the time of closure of the foramen

the following observations were made:

1. Callorhinus ursinus, Northern Fur Seal.

The foramen was open in 6 newborns, in 11 animals

of 1-6 weeks and in one animal of 76.4 cm, 8.7 kg,

whose age was estimated at 8 weeks. In the new-

borns the diameter of the opening was about 6 mm,

in the other animals it varied from 2-7 mm. The

foramen was completely closed in one animal of 4

weeks, two animals of 7 weeks and one animal of

8 weeks. These data are in accordance with those

found by SLIJPER (1961). They point to the fact that

in the Northern Fur Seal the foramen closes at the

age of 7-9 weeks, although occasionally it may close

at an earlier time. The width of the opening at birth

is maintained until the time of closure. In all ani-

mals with a closed foramen the ductus arteriosus was

also closed. Eight animals with an open foramen,

however, had a closed ductus.

2. Halichoerus grypus, Grey Seal.

In a newborn and in a 5-6-week-old animal the

foramen was open, although the diameter was only
2 mm in the 5-6-week-old animal. In animals of resp.

2-3 and 6 weeks the foramen was closed. Probably

the average time of closure is about 6 weeks. The

2-3-week-old animal had an open ductus, in the

5-6-week-old animal the ductus was closed.

3. Pusa hispida, Ringed Seal.

The foramen of a 5-6-week-old animal made the

impression that it had just closed. The one-year-old

animal had a completely closed foramen.

4. Pusa sibirica, Baikal Seal.

In all 6-8-month-old animals the foramen was closed.

5. Odobenus rosmarus, Walrus.

In the 4-6-day-old and 4-week-old animals the fora-

men was open with a diameter of 18 and 7 mm. In

a 6-8-week-old animal it was closed. The same

situation was found with regard to the ductus arte-

riosus. In his letter of 22-1-63 F. H. Fay (Anchorage)
writes that he found an open foramen in a calf of

4-6 days, whereas it was closed in 1 adolescent and

5 adults. In the 120 cm long animal dissected by
OWEN (1853), whose age was probably about 6 weeks,

the foramen and the ductus were closed. These ob-

servations point to a closure time of the foramen of

about 5 weeks.

6. Erignathus barbatus, Bearded Seal.

In the 11-day-old animal the open foramen showed

a diameter of 13 mm. F. H. Fay found an open fora-

men in an 11-12-day-old animal, but it was closed

in a specimen of 3-4 weeks, in two one-year-old ani-

mals and in an adult female. Probably the foramen

closes at the age of about 3 weeks.
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7. Histriophoca fasciata, Banded Seal.

In the 5-6-week-old animal, which had an open duc-

tus arteriosus, the foramen ovale was closed.

8. Phoca vitulina, Common Seal.

Dissections of 20 Common Seals (SLIJPER, 1961) have

shown that in this species the foramen ovale closes

at the age of 8-13 weeks. This is in accordance with

the present observations on an animal of one year

(closed) and two animals of approximately 3 months

(one open, one closed). In two 4-5-week-old speci-

mens the foramen was closed. These animals, how-

ever, were caught in Alaska, whereas the other speci-
mens were of European origin. Probably the beha-

viour of the Alaskan young animals with regard to

swimming, diving or other circumstances differs from

that of their European relatives. Unfortunately no

data about their ductus arteriosus could be obtained.

About the time of closure of the foramen ovale in

terrestrial mammals very little exact information is

available, especially because the foramen closes grad-

ually. PATTEN (1931) showed that in man the closure

of the foramen is not completed until about 7 months

after birth. Approximately 25% of all adult hearts

show incomplete adhesion with "probe patency". In

other mammals also a certain percentage of adult

animals still have one or two small openings in the

foramen. In some species (as for example the Pig)

even sometimes a large opening (SLIJPER, 1961) may

be found. From data in the literature quoted by

SLIJPER (1961) and from data given by ELLENBERGER-

BAUM (1943), BORN c.s. (1954), DAWES (1964), and

CONDORELLI and UNGARI (1960) the preliminary con-

clusion may, however, be drawn that, apart from one

or two very small openings which may occur occa-

sionally, the foramen closes in Man and in the Sheep
at the age of about 8 days, in the Dog at the age of

about 3 weeks, in the Pig at the age of 7-10 days
(SLIJPER and DE VRIES, 1965), in horses and cows at

the age of 3-5 weeks (according to DAWES (1964) in

the horse at the age of 2 days) and in the Rabbit at

the age of about 12 days. In an 8-day-old Bactrian

Camel it was still wide open, but in a young Hippo-

potamus which was at most of the age of 60 hours, it

was completely closed. In all Otters examined it was

also closed. According to PATTEN (1931) the orifice

of the human foramen ovale at birth is about 30.1

square mm. In the 7th week it is already reduced

to 9.1 mm.

Taking into account that if in the present paper a

foramen ovale is called open, it is wide open (ap-

proximately the same opening as at birth), the con-

elusion may be drawn, that compared with their

terrestrial relatives, all Pinnipeds show a more or

less retarded closure of the foramen ovale. This con-

clusion is different from the conclusion drawn in my

paper of 1961. The retardation is most evident in

the Common Seal, but it is also very obvious in the

Northern Fur Seal. This means that the difference

in swimming behaviour between the two species,
which provided an explanation for the retarded clo-

sure of the ductus arteriosus, cannot be responsible
for the retardation of the closure of the foramen

ovale.

Probably there is no direct relation between the

two processes. This is confirmed by the fact that in

many (but not in all) cases an open ductus and a

closed foramen or an open foramen and a closed

ductus were found in the same heart. In the other

Pinniped species the closure of the foramen was not

as much retarded as in the Common Seal and the

Northern Fur Seal. Taking into account our scanty

knowledge about what happens exactly in terrestrial

mammals, we may, however, conclude that also in

these Pinnipeds the process is retarded. An accept-
able explanation of the phenomenon cannot yet be

given.

F. RAMIFICATION OF THE AORTIC ARCH

In the material involved three different types of

ramification of the aortic arch can be distinguished.
The most common type corresponds with the situa-

tion found in Man, where there are three branches

of the aortic arch, viz.: an art. anonyma (branching
into the art. subclavia dextra and the art. carotis

communis dextra), an art. car. comm. sin. and an

art. subclavia sin. This type was found in 4 out of

14 hearts of Callorhinus ursinus and in all hearts of

Halichoerus grypus, Pusa hispida, Pusa sibirica, Eri-

gnathus barbatus, Histriophoca fasciata and Phoca vi-

tulina. It has been described by MECKEL (1831),

BÜROW (1838), MARSCHNER (1901) and MÜLLER (1941)

in Phoca vitulina and by MURIE (1874) in Eumeto-

pias jubatus. The same type is found in most Mysti-
cetes and in Sirenians (SLIJPER, 1936; type A 2 and

A2a).

A more concentrated type of ramification, corre-

sponding with the situation found in the Dog and the

Pig, consists of an art. brachiocephalica (branching
into the art. subclavia d., the art. car. comm. d. and

the art. car. comm. sin.) and an art. subclavia sin.

It was found in 10 out of 14 hearts of Callorhinus

ursinus (see also MÜLLER, 1941).
It was also found in the Hippopotamus and in the

Otter. It has not been found in Cetacea. A more
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dispersed type of ramification in which all four arte-

ries arise separately from the aortic arch, was found

in Odobenus rosmarus. In this animal it was already
described by OWEN (1853) and MURIE (1871).

It has been shown (SLIJPER, 1936) that the type of

ramification of the aortic arch is determined by the

spatial relations in the cranial part of the thoracic

cavity. A concentrated type is found in animals with

a narrow cranial part of the thorax, a dispersed type

is found in animals where this part is wide. The type
is also determined by the way in which the heart is

situated in the thorax. In this research, however,

these relations could not be examined, because the

hearts could not be examined in situ.

G. DILATATION OF THE AORTIC ARCH

With regard to the Walrus MURIE (1871) writes:

"The aortic arch has a capacious thick-walled dilata-

tion opposite the obliterated ductus arteriosus". This

very remarkable dilatation was also found in the

three specimens of the present material. They showed

a similar dilatationin the pulmonary artery. MARSCH-

NER (1901) pointed to the fact that this is not an

aneurisma, because the walls of the vessels are

thickened instead of thinned. According to several

authors quoted by MARSCHNER (1901) the dilatation

also occurs in the aorta of the Common Seal. BÜROW

(1838), however, says that in this species an incon-

spicuous dilatationof the aortic arch is only found in

young animals. In the present material no dilatation

was found in the aortic arch and the pulmonary

artery of Callorhinus ursinus and Phoca vitulina (see

also MÜLLER, 1941). Two specimens of Halichoerus

grypus also had no dilatations. In two other speci-

mens of this species an insignificant dilatation was

found in the aortic arch as well as in the arch of Pusa

sibirica. Histriophoca fasciata shows a moderate dila-

tation of the aorta, whereas there is a fairly large
dilatation of the arch in Erignathus barbatus.

MÛRIE (1874) described the phenomenon in Eumeto-

pias jubatus. No dilatation was found in the Otter

and the Hippopotamus. The above mentioned facts

show that in the Pinnipedia the same phenomenon
is met with as in Cetacea (SLIJPER, 1962): some spe-

cies show remarkable dilatations of the aortic arch

and even of the pulmonary artery, whereas in others

no trace of such a dilatation can be found. The func-

tional significance of the dilatations remains obscure.

H. THE SHAPE OF THE HEART

KING'S (1964) statement that the Otariid heart is

longer, firmer and more compact than the flatter,

more quadrangular and flabby Phocid heart, could

not completely be confirmed. The hearts of the foetal

and the 18-year-old Californian Sea Lion both show-

ed a length to breadth ratio of 87:100. The hearts

of the newborns of the Otariid Callorhinus ursinus

were as broad as they were long (ratio 100%), but in

animals of 8 weeks and older the length: breadth

ratio was about 120%. This confirms also the descrip-

tion of MÜLLER (1941). In all other Pinniped species
the length: breadth ratio varied between 61 and 96%.

They all belong to the Phocids with the exception of

the Walrus. In the Otter the index varied between

112 and 136, in the Hippopotamus it was 90.

It is quite evident that the shape of the heart is

principally determined by the spatial relations in the

thoracic cavity as, for example, has been pointed out

by DWIGHT DAVIS (1964) with regard to Bears and

by SLIJPER (1962) with regard to Cetaceans. These

relations, however, could not be studied at the present
material.

I. THE THICKNESS OF THE VENTRICULAR

WALLS

In the ordinary textbooks of human and veterinary

anatomy it is stated that the left ventricular wall of

the heart is about three times as thick as the right.

According to LATIMER (1953) in 153 adult human

hearts the ratio of the thickness of the left ventricular

wall: right ventricular wall was 2.66. The ratio of

the weight of these walls appeared to be 2.27 in man

(LATIMER, 1953), 1.96 in Guinea pigs (LATIMER,

1952) and 1.80-1.87 in adult dogs (LATIMER, 1961).

The phenomenon is explained by the difference in

pressure in the aortic and the pulmonary system.
Because of the open embryonic pathways before

birth the pressure in the right ventricle of the foetus

is almost the same as in the left ventricle. Conse-

quently the thickness and the weight of both ven-

tricular walls may be expected to be the same in

newborns. This is what MÜLLER (1883) found in

man and LATIMER (1965) in newborn dogs. KYRIE-

LEIS (1963) has shown that there is even an absolute

decrease in thickness of the right ventricular wall,

(1.63 mm) during the first months of human postnatal
life. In the hearts of all newborn Pinnipeds as well

as in a heart of a newborn Hippopotamus and
a new-

born Bactrian Camel the thickness of the left and

right ventricular wall appeared to be the same. But

already in one-week-old animals of Callorhinus, Odo-

benus and Erignathus the ratio of the thickness of

the ventricular walls was resp. 44-58, 88 and 66

(right wall in % of left wall). In 2-3-week-old animals

(Callorhinus and Halichoerus) the ratio was 50-55,
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38 and 35, whereas in all older animals it varied be-

tween 50 and 25 with an average of about 35. The

same ratio was found in the adult Otters. These data

show that in newborn as well as in adult Pinnipeds
the same ratio of the thickness of the two ventricular

walls is found as in terrestrial Mammals. The time

in which the adult ratio is reached is definitely not

longer, probably even shorter, than in terrestrial

Mammals (MÜLLER, 1883; KYRIELEIS, 1963). Neither

the retarded closure of the foramen ovale, nor the

characteristics of the circulatory system connected

with diving, have affected the thickness of the ven-

tricular walls.

J. Summary

1. Researches were made on 50 hearts of 9 differ-

ent Pinnipeds, of the Hippopotamus and the Otter.

2. In the Northern Fur Seal, the Grey Seal, the

Ringed Seal, the Bearded Seal, the Banded Seal and

the Walrus the ductus arteriosus closes anatomically
at the same time, or even earlier, than in terrestrial

Mammals of comparable size. In contrast to those of

the Common Seal the newborn pups of these animals

remain on land for several weeks, or, if they swim

during the first weeks after birth, they do so in-

frequently and they do not dive.

These data confirm the supposition that the re-

tarded anatomical closure of the ductus arteriosus

in Cetaceans and in the Common Seal may be ex-

plained by the fact that their newborns swim and

dive immediately or almost immediately after birth.

Shortage of oxygen (or eventually a rise of the pres-

sure in the pulmonary artery) may cause a temporary

re-opening of the ductus during the first period of

postnatal life, which retards its anatomical closure.

3. All Pinnipeds show a more or less retarded

closure of the foramen ovale during the first period
of postnatal life. Obviously this phenomenon is not

directly related with the closure of the ductus arte-

riosus.

4. In most Pinnipeds a ramification of the aortic

arch was found, which corresponds with the situa-

tion in Man. Some animals show a more concentrated

type, like the Dog and the Pig. The Walrus has a more

dispersed type.
5. Data are given about the shape of the heart.

This shape and the type of ramification of the aortic

arch are highly correlated with the spatial relations

in the thoracic cavity.
6. The ratio of the thickness of the right and left

ventricular wall in Pinnipeds is the same as in terres-

trial Mammals. This is the case in newborns as well

as in young and adult animals.
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