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CHAPTER I

INTRODUCTION

1. Literature

In his studies about Whales HUNTER (1787) gave

a short description of the baleen plate including the

part in the gum. In a drawing he gives structures

that are visible in a longitudinal section through two

adjacent baleen plates and the gum in between.

This is a sagittal section, parallel to the longitudinal
axis of the plates and perpendicular to their surface.

In the "intermediate substance" (i.e. the gum), be-

tween the two plates, laminae are present, which

in his opinion form the "substance" of the plate, by
which he means the outer layers of the baleen plate.
These laminae run through the "intermediate sub-

stance" from one baleen plate to the next without

interruption. Each plate is hollow, filled with a

') Balaenoptera physalus (Linnaeus, 1758) 2) Balaenoptera musculus (Linnaeus, 1758)

The determination of the age of individuals of the

different species of Whales, that enter the commer-

cial catches, is veiy important. For, changes in the

age composition of the catch of a certain species may

give an indication about the state of the stock of

that species.

Already SCORESBY (1820) pointed to a possible cor-

respondence of the ridges that are visible on the

surface of the baleen plates of Mystacoceti, with the

rings on the horns of cattle and the rings in the

wood of trees.
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thin broad and vascular processus (i.e. a mass of

connective tissue). HUNTER distinguishes three "sta-

ges" in the growth of the baleen plate. In his opinion
the first part of the growth of the baleen plate takes

place on the inside of the hollow. In the second

part of the growth additional layers are added to

the outside of the part first formed. These layers
are added by the tissue which also forms the semi-

horny substance between the two baleen plates. The

three parts of the baleen plate formed during its

growth are, in HUNTER'S opinion, the part formed on

the broad vascular processus on which the "hairs" of

the baleen plate are found, the part formed on the

outside of the plate (the outer layers of the plate)
and the part formed by the "intermediate substance".

HUNTER is very definite when he says that a part
of the outer layers of the whalebone is formed by the

substance between two baleen plates.

ESCHRICHT and REINHARDT (1861, 1866) and TULL-

BERG (1883) examined the baleen plates and their

parts in the gum, of the Greenland Right Whale and

the Blue Whale. ESCHRICHT and REINHARDT found

the same structures in the "roots" of the baleen

plates as described by HUNTER. They arrived at the

conclusion, however, that the baleen plate, in par-

ticular the outer layers of it, does not consist of

material formed by the tissue in between the two

plates (gum or "intermediate substance") but en-

tirely of material formed by the epithelium that

covers the wall of connective tissue in the "root" of

the plate. This means that in their opinion the

growth of the baleen plate in length and also in

thickness is solely caused by addition of material

from the inside to the inner side of the outer cover-

ing layers of the plate. TULLBERG (1883) has studied

the development of the baleen plate in foetuses. He

has not given any new evidence concerning the

growth of the plate, but supports the views of ESCH-

RICHT and REINHARDT (1861, 1866). RUUD (1940,

1945, RUUD et al., 1950) has adopted the opinion of

ESCHRICHT and REINHARDT that the growth of the

baleen plate is caused by addition of material from

the epithelium that covers the corium wall in the

"root" of the baleen plate to the inner side of the

outer layers of the plate.
RUUD (1940) and TOMILIN (1945) have developed

an apparatus by means of which it is possible to

make records of the thickness along the whole

length of the free part of the baleen plate which

hangs down from the roof of the mouth in Baleen

Whales. In his fig. 1 RUUD (1940) gives an actual

record of the thickness of a baleen plate together
with the plate. It is evident that the different ridges

in the plate correspond with the different peaks in

the record. The free end of the baleen plate which

is formed at a younger age than the parts of the

plate closer to the gum is thinnest. This is shown

in the right part of the curve. In a number of spots
in the records certain "jumps" are present, which in

RUUD'S opinion indicate the moments when the

thickness of the baleen plate suddenly increases. In

the analyses of the records of baleen plates RUUD

(1940, 1945) considers the "jumps" very important,
because they indicate the beginning of a feeding
period after a period of migration. From the actual

record (fig. 1, RUUD, 1940) it appears that there is a

gradual increase in thickness of the baleen plate.

This increase, however, is exaggerated because the

exposed part of the baleen plate is subject to wear.

Superimposed on this increase are the peaks and

"jumps". In fig. 2 a schematic curve of the thickness

is given. The points A, B, C and D are the "jumps",
the parts A-B, B-C and C-D are "the growth pe-

riods" (RUUD, 1940, 1945) of the baleen plate.
If the ideas of ESCHRICHT and REINHARDT (1861,

1866) and RUUD (1940, 1945) about the growth of

the baleen plate are correct, the addition of layers
of material to the outer covering layer (cortex; see

page 12) of the plate could only cause "jumps" on

Fig. 1. Record of the thickness of a baleen plate, devided

into “growth periods”, (after RUUD, 1945)

Fig. 2. Scheme of a record of the thickness of a baleen

plate. The points A, B and C are the “jumps”. The parts

A-B, B-C and C-D are the “growth periods”.
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the inner side of the outer covering. It would be

difficult to account for the "jumps", actually visible

on the outer surface of the baleen plate, and in the

records. If the addition of material only takes place
along the inner side of the outer covering of the

baleen plate, only a smooth surface of the outer

covering is to be expected, as it may be supposed
that successive layers will overlap each other.

2. Objections

a. Records

When a great number of records of baleen plates is

compared individual differences are obvious. The

records of baleen plates of male and female animals

of the same species show even greater differences.

This is also the case when records of baleen plates

of animals of different species of Rorquals are com-

pared. As was pointed out above, a general in-

crease in thickness interrupted by sudden "jumps" is

shown in the record of a baleen plate. Besides these

"jumps" there are peaks and hollows superimposed
on the general increase. In a careful examination

and comparison of a great number of baleen records

a regularity in this system of peaks and hollows be-

comes evident. On the other hand it also becomes

evident that the "jumps" are not regular. Also the

distance between the different "jumps" varies (see

fig. 1) (see also VAN UTRECHT-COCK, 1965). This is

contrary to what might be expected if migratory
movements and changes from a non-feeding season

to a feeding season are regular (see RUUD, 1940,

1945; MACKINTOSH and WHEELER, 1929; MACKIN-

TOSH, 1942). Moreover, recent data about migration,

food, etc. have made the interpretation of the

"jumps" questionable.

b. Data about food

MACKINTOSH (1942) is of the opinion that Blue

Whales and Fin Whales do not feed during the time

when they are in tropical waters, but he also pointed
to the fact that the stomachs incidentally contain

some food. The idea that the animals do not take

food or only small quantities during the time when

they are in tropical and sub-tropical waters, is main-

ly based on the fact that the amount of oil produced
from animals caught in early summer is small. They
have just arrived in high latitudes then.

But the amount of oil gradually increases during
the whaling season. The same holds good for the

thickness of the layer of blubber (MACKINTOSH and

WHEELER, 1929; MACKINTOSH, 1942; SLIJPER, 1948,

1954).

According to DAWBIN (1960) Humpback Whales

do sometimes feed during their migration through
the New Zealand waters if food is available there.

CHITTLEBOROUGH (1958) on the other hand never

found any food in the stomachs of Humpback Whales

caught in the Australian waters. The contents of

the stomachs of Whales caught in the North Pacific

consist more often of fish, in the stomachs of Whales

from sub-tropical waters more Crustacea are found

(NEMOTO, 1959). The food of the Whales caught in

the Antarctic waters consists mainly of Euphausia-
cea. Data about the feeding conditions and stomach

contents of Whales caught in sub-tropical and trop-
ical waters are very scanty. Most of the data that

are available have been collected by studying the

Humpback Whale.

DAWBIN (1956) mentions the fact that the stomach

contents of a number of Humpback Whales caught
in the New Zealand waters consisted of the Eu-

phausid, Nyctiphanes australis. The catch of the

land station at Durban, South Africa, consists main-

ly of Fin Whales. These animals are caught in sub-

tropical waters during the period when they migrate

along the east coast of South Africa in northern as

well as in southern direction. Most of the time the

catchers of this land station have to go a con-

siderable distance from the coast before they en-

counter Whales. Due to the insulating qualities of

the layer of blubber under the skin and the fact that

there is no transport of warmth by means of the

blood through the blubber to the surface of the body,
the temperature of a dead whale rises considerably.
One may expect the stomach contents of these ani-

mals to decompose in rather a short time after death

so that only a semi-fluid mass will be found.

On the other hand one may also expect the ani-

mals take only a little or no food at all during mi-

gration. In tropical waters no pelagic whaling of

Baleen Whales is practised. Baleen whaling can only
be practised from land stations situated along the

migration routes. Consequently no data are avail-

able concerning the stomach contents of Whales

from
areas where they are present for some time.

Therefore comparison with data concerning animals

from the Antarctic waters is impossible. So con-

clusions about feeding habits and feeding conditions

of the Fin Whales from tropical and sub-tropical seas

are only based on a few facts, while most is specula-
tion. It is evident that the change from a non-

feeding period to a feeding period as a cause of the

formation of a "jump", is an uncertain factor. Be-

cause nearly no exact data are known about food

consumption in sea areas, where the Whales are in
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lower latitudes in winter, the "jumps" are incon-

clusive in the division of the records into growth

periods. In recent years BAKER (1964) found Eu-

phausids present in the stomachs of Fin Whales, in

particular in young animals, he examined at the

Durban land station. The animals concerned were

caught in the sub-tropical region on their migration

route.

c. Migration and distribution

More data are known about the second point in

RUUD'S (1940, 1945) arguments in the analyses of the

baleen records, i.e. the migration and distribution.

By means of direct observations and whale marking
DAWBIN (1956) showed that the Humpback Whale

migrates along the coasts of New Zealand, as well

on their northward migration as on their southward

migration. The same holds good for their move-

ments in the breeding area in the Australian waters

(CHITTLEBOROUGH, 1953). During the other periods
of migration on the southern hemisphere in sum-

mer the Humpback Whales are no longer dependent
on the coasts.

By means of whale marking some positive results,

though on a much smaller scale, are obtained for the

migration of the Blue Whale and the Fin Whale in

other areas. As most of this marking is done in the

Antarctic waters and as the greater part of the marks

which are found back are from animals caught in

the same waters, these data are of limited value

(BROWN, 1954, 1956, 1957, 1958, 1959, 1960, 1961,

1962). Observations of Whales from merchant vessels

confirm the existence of migratory movements, (SLIJ-

PER and VAN UTRECHT, 1959; SLIJPER, VAN UTRECHT

and NAAKTGEBOREN, 1964). It is commonly accepted
that the Blue Whale, the Fin Whale and the Hump-
back Whale and also other species of Baleen Whales

migrate to high latitudes in spring and to lower lati-

tudes in autumn. As to the Humpback Whale,

DAWBIN (1956) arrives at the conclusion that the

direction of the migration in the New Zealand wa-

ters is not strongly influenced by currents, depth,
or distance to the coast. Of course the coastline

determines the direction in which the Humpback
Whales travel. There are, however, indications that

point to incidental influences as, for instance, tidal

streams, turbidity and presence of food. As no

whaling is practised in the seas north of Australia it

is still an open question whether some of the Hump-
back Whales go farther north than the Australian

east coast or whether a part of this group penetrates
into the Indonesian Archipelago or go even farther

north.

By means of whalemarking and analysis of blood-

types NISHIWAKI (1960) found that the stock of

Humpback Whales in the North Pacific is composed

of different groups, which show irregularities in

their migrations. For other sea areas no such de-

tailed data are available concerning the migratory

movements of this species. It is generally accepted
that the total population of this species makes regular

migrations, but in the light of what was found for

whales in the North Pacific, this is open to doubt.

The same holds good for the marking of Fin

Whales and Blue Whales in tropical and sub-tropical

waters. Only a very small number of them has been

marked in these waters but a considerable number

was marked in the Antarctic. About 5% of these

marks were recovered (CLARKE, 1957).

The numbers marked in tropical and sub-tropical
waters are so small that this cannot lend much sup-

port to a theory on the migration movements of this

species. Up to this moment eleven marks have been

recovered from Fin Whales, which confirm the mi-

gration between the Antarctic and warmer waters,

both in northerly and in southerly direction (ARSE-

NIEV, BROWN, CHITTLEBOROUGH and OMURA, 1962).

For land stations and also in pelagic whaling the

changes in numbers of animals and the changes in

fatness in the course of the "season" in a certain

area are indications for the migratory movements of

the Fin Whale. The numbers of animals involved in

these migrations are unknown. Consequently there is

no certainly about the numbers of animals which stay
in low or high latitudes in summer and winter re-

spectively.
Other indications of possible migratory movements

are the development of the film of diatoms on the

skin of Whales during the time they stay in the Ant-

arctic waters, presence of parasites on the skin and

the presence of open wounds and scars (MACKINTOSH

and WHEELER, 1929; HART, 1935; PIKE, 1951, 1953;

NEMOTO, 1955; VAN UTRECHT, 1959).

Most Fin Whales are caught in the Antarctic waters

in a limited period of time. No whaling is practised
in high latitudesin winter and whaling in low latitudes

is only practised on a small scale. Therefore it is im-

possible to get a better insight in the movements and

distribution of these animals. Consequently the ob-

servation of whales from ships is very important in

order to get an insight in this problem, in particular

concerning the Fin Whale. The merchant service

covers all sea areas between 60° N and 40° S in all

months. Therefore its observations are an important

source of information, used by the "National Institute

of Oceanography", Great Britain. In 1952 this in-
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stitute set up a program to collect data about the

Whales observed by rather a small numberof "selected

ships" (MACKINTOSH, 1952). A similar program was set

up in 1954 by the "Netherlands Whale Research

Group" in which all ships of the Netherlands Royal

Navy and the Dutch Merchant Service participated

(SLIJPER, 1954). From data obtained in this way it

appeared that only few or no "Rorquals" (in these

researches "Rorquals" comprise Blue, Fin, Sei and

Bryde Whales) are present in the central sea areas of

the northern and southern part of the Atlantic Ocean

and in the central area of the Indian Ocean. These

areas are known to be poor in biological productiv-

ity (WALFORD, 1958; MARR, 1956, 1957) so that it

is reasonable to assume that only a very small num-

ber of "Rorquals" is present in those areas. During
the summer months most "Rorquals" are sighted in

higher latitudes. SLIJPER, VAN UTRECHT and NAAKT-

GEHOREN (1964), however, pointed to the possibility
that a certain number of animals stay during the

summer in low (even tropical) latitudes. In winter

only few animals are present north of 60° N and

south of 40° S (BROWN, 1958; SLIJPER, VAN UTRECHT

and NAAKTGEBOREN, 1964; MACKINTOSH, 1942). The

northern and southern border of the area visited by

"Rorquals" is determined by the border of the pack-
ice, in the Arctic as well as in the Antarctic Ocean

(BROWN, 1958; SLIJPER, VAN UTRECHT and NAAKT-

GEBOREN, 1964). From observations on board the

f.f. "Willem Barendsz", early in the Antarctic "sea-

son" in the first half of December, it appeared that

Fin Whales are present near the pack-ice already

early in the "season" or that they have been there

during the whole winter season. For, these animals

are very fat, the film of diatoms is highly developed,
and no open or healing wounds are present in the

skin. Also small foetuses are found in these animals

in this period, the smallest being 9 mm.

From all observations it is obvious that "Rorquals"

are present in lower latitudes and also in high lati-

tudes during all months of the year. Moreover there

are movements to higher and lower latitudes in spring
and autumn respectively, in the Atlantic as well as in

the Indian Ocean. They are always in those areas

in lower latitudes which are rich in food (SLIJPER,

VAN UTRECHT and NAAKTGEHOREN, 1964).

It is unknown whether or not "Rorquals" use these

sources of food, but it is reasonable to suppose that

they do. At least this possibility must not be ne-

glected, as these animals inhabit these regions regu-

larly for a shorter or longer time. RUUD (1940, 1945)

neglects this possibility. In his opinion the "Ror-

quals" and particularly the Fin Whales, have a re-

gular cyclus of a feeding season in high latitudes and

a non-feeding season, which is at the same time the

breeding season, in lower latitudes.

Summarizing from what is said above it is evident

that migrations are not as regular as was formerly

accepted. On the other hand it is quite reasonable

to assume that "Rorquals" e.g. the Fin Whales will

take the food available when they are in higher
latitudes. It is also reasonable to assume that the

animals which stay in tropical or sub-tropical waters

in summer will do the same. Then one may expect

the "jumps" not always to be present in the records

of the baleen plates or one may expect them to be

at irregular distances from each other. "Jumps" are

not always present in the figures given by RUUD

(1940, 1945) and in our own records in a consider-

able number of cases. If they are present the dis-

tance between them varies to a considerable extent.

Occasionally the distance between two "jumps" in

one part of the record is nearly twice as long as it

is in other parts. It is quite reasonable to assume

that these irregularities in the records of the baleen

plates are connected with irregularities in the migra-

tory movements of the "Rorquals" and with the

possibility that these animals take food during the

shorter or longer time they are in tropical or sub-

tropical regions. The variation in length of the

"growth periods", the variation in number of "jumps"
and the presence or absence of the "jumps" in parts
of the records of the thickness of the baleen plates

can be explained by means of irregularities in the

migratory movements of the Fin Whale. This is

confirmed by the results of observations of whales in

tropical and sub-tropical regions (SLIJPER, VAN

UTRECHT and NAAKTGEBOREN, 1964).

It is evident from the above mentioned facts that

the hypothesis used by RUUD (1940, 1945, 1958) is

not altogether acceptable as the only criterion in the

analysis and division into "growth periods" of the

records of baleen plates, as a means of determining

the age of the Fin Whale. Other criteria and phe-

nomena in these records must also be taken into

account in order to give a firm basis to the method of

age determination, and to get the "growth periods"
based on the regular variations in the growth of the

baleen plate.
One of the most striking points in the records of

baleen plates is the system of peaks and hollows

superimposed on the general trend of increasing

thickness. RUUD (1940, 1945) does not use this

system in the division into "growth periods" of the

record. He only uses the "jumps". From the exam-

ination of a great number of records of baleen plates
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of Fin Whales, these systems proved to be different

in both sexes (VAN UTRECHT-COCK, 1965).

It is evident that these peaks and hollows are

caused by a sudden increase or decrease of the

growth of the baleen plate. It is reasonable to as-

sume that they are caused by changes in the phys-

iological balance of the animals, for instance by the

sexual cycle, and also by changes in environment.

As there are differences in the records of the baleen

plates of the male and female Fin Whales, it is

obvious that the sexual cycle has great influence on

the growth of the plate. The supposed influence of

the sexual cycle on the growth of the baleen plates

plays an important role in the analyses of the records

of the plates. The advantage is that the "growth

periods" are regular in length. This regularity could

not be obtained by RUUD. An extensive description
of this method and of the results obtained in this

way is given by VAN UTRECHT-COCK (1965).

Factors which are supposed to influence the

growth of the baleen plate are migration, environ-

ment, distribution, food and the sexual cycle. A

number of factors are linked with each other as, for

instance, food and daylight; the development of the

planktonic organisms starts in spring when the daily

quantity of light increases. On the other hand for

the Fin Whales the length of the day depends on

where they are. When they are migrating to the

south in the Southern Hemisphere in spring, they

will experience a gradual increase in the length of

the day. The same holds good when they move to

the north to a lower latitude in autumn. In this way

migration, food and length of the day are connected.

LAWS (1961) is of the opinion that the sexual

cycle in the female Fin Whales is connected with

the length of the daylight. The ovulatory cycle
would start when the length of the day increases.

The Whales will certainly experience an increase in

the length of the day two times a year, in spring
when they migrate to a high latitude, and in autumn

when they go to a low latitude. In this way one

gets a reasonable explanation for the theory that the

two ovulatory cycles are connected with an increase

in the length of the day. It was found that the

interval between successive ovulations in a number

of cases was four months (VAN UTRECHT-COCK, ] 965).

This points to the possibility that these animals lived

under favourable conditions for a longer period and

probably did not migrate (SLIJPER, VAN UTRECHT and

NAAKTGEBOREN, 1964; see also VAN UTRECHT-COCK,

1965, page 67).

3. Factors which control the growth of cutaneous

epithelium

As the baleen plate is a derivative of the cutaneous

epithelium that covers the roof of the mouth it is

important to know more about the factors that in-

fluence the growth of this epithelium. Growth of

the epidermis and also of its derivatives is caused

by the division of the cells in the basal layers of this

epithelium. If there is a rhythm in the mitotic

activity of animal cells, it is diurnal in most cases.

Under normal conditions of light a 24-hours cycle
exists with a maximum number of cell divisions

during the period from about 8 p.m. till midnight.

The minimum number of cell divisions is found at

about noon. Continuous light disturbs the rhythm.

Continuous darkness, however, does not influence

the mitotic rhythm. Twelve hours of artificial light
causes irregularities in the mitotic activity (CARLE-

TON, 1934). The daily rhythm of the mitotic activity

in the skin of the mouse was examined by COOPER

and FRANKLIN (1940). Contrary to what was found

for the skin of man with its maximum number of

mitosis at about 10 p.m., the maximum of mitotic

activity in the skin of the mouse was found to be

at about 10 a.m.. COOPER and FRANKLIN attribute

this to the fact the mouse is a nocturnal animal. These

animals have their period of rest and of tissue re-

pair during the daytime. According to this conclu-

sion the high mitotic activity during the period of

rest is connected with other physiological pheno-

mena, that occur during this period. BULLOUGH (1949)

found a reduced mitotic activity in the epidermis of

the mouse as a result of a restricted diet.

In the vaginal epithelium and epidermis of the

mouse, cyclical changes occur in the mitotic activity.

Consequently there are also changes in the thickness

of the epithelia, which are correlated with the oes-

trus cycle in these animals (BULLOUGH, 1943, 1946).

Mitotic activity in both tissues is maximum during

pre-oestrus. This does not hold good for all tissues.

Apparently the mitotic activity largely depends on

the need for replacement of cells (BULLOUGH, 1946).

It is supposed that the ultimate activity is deter-

mined by two opposite factors. One factor, the

oestrogens, stimulates the mitotic activity in the

tissues, whereas the second factor is a "mitosis de-

pressor", of which BULLOUGH supposes
that it exists

in the tissue itself. The latter counteracts the action

of the "mitosis stimulator". There is also a third

factor, the "wound hormone". This factor is sup-

posed to weaken the "mitosis depressor" and in this

way strongly increases the mitosis stimulating action
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of the oestrogens. BULLOUGH (1962) gives a review

of the work on this subject. Glucocorticoids, adre-

nalin and noradrenalin are shown to have a "mitosis

depressing" activity. The oestrogens and androgens,
on the other hand, stimulate the mitosis, in particu-
lar in certain target-organs, e.g. sexual tissues and

skin. They have a weak effect on other tissues. It is

shown that especially the skin is sensitive to sex

hormones in a number of species of animals. Contra-

dictory results were found by EBLING (1953) and

CARTER (1953), for instance. In most cases these

results are due to the application of unphysiological

high doses of the "mitosis stimulator". Such a high
dose of each stimulator acts as an inhibitor (or

poison). Adrenalin is known to be one of the sub-

stances with the strongest inhibitory influence on

mitosis. Much adrenalin is formed in periods of

stress with its consequent influence on the mitotic

activity of the cells. The longer this situation of

stress is maintained the higher the number of cells

is that undergo mitosis when this inhibition is re-

moved. It is supposed that there is a correlation

between the diurnal mitotic activity and stress and

consequently the production of adrenalin. The pro-

duction of adrenalin reaches a high level during the

active period and in a "stress situation", and is lowest

during the period of rest. BULLOUGH (1962) assumes,

that adrenalin prevents mitosis of the cells of an ani-

mal in its active period but does not prevent prepara-

tions for mitosis. The longer such a period lasts, the

greater the number of cells is which is ready for

mitosis when the inhibitor is removed. The rate of

mitotic activity cannot be brought to a higher level

by application of a greater dose of oestrogens or

androgens. These substances then act as "mitosis

inhibitors". Consequently it is obvious that the

sexual cycle influences the mitotic activity of e.g.

the epidermis which is particularly sensitive to the

action of oestrogens (LOEB and HAVEN, 1929; Mc-

CREIGHT and ANDREW, 1956, quoted from BULLOUGH,

1962).

The growth and in particular the formation of

rings on the horns of domestic cattle is connected

with the sexual cycle. In most races of cattle the

first calf is born in the second or third year of life.

Consequently one ring on the base of the horn cor-

responds to an age of two or three years. The sec-

ond ring is formed during the gestation or birth of

the second calf, etc. On the other hand, rings which

are less pronounced are formed under the influence

of or are the result of changes in the composition

of the food or are due to illness (HABERMEHL, 1961).

In domestic cattle it is known when changes in com-

position and quantity of food occurred and when

the animals were ill. Therefore these influences can

be taken into account. This is not the case for free

living animals. In domestic cattle the influence of

gestation, birth and lactation on the growth of the

horns can be traced back with great certainty. These

data about cattle are important. As in most cases

the whole course of life of the animals is known,

these data can lend much support to comparable
data of free living animals. There is more uncertain-

ty about the life cycle of free living animals, for

instance the Chamois. However, the rings on the

horns are used for age determination, in which the

distance between two rings is supposed to cover a

"growth period" of one year (COUTURIER, 1938;

FUSCHLBERGER, 1955).

FAMBACH (1898) distinguished two types of rings

on horns of the Bovidae. In his opinion one type is

a constant embellishment of the horns, caused by

"periodische Lage-Gestaltsveränderungen der Matrix

und seine Papillen oder durch Faltenbildungen der

Matrix am Horngrunde". The second type of rings

on the horns should appear accidentally: "die zu-

fällig auftretende Ringbildung ist die Folge von

entfernt wirkende Ursachen (Trächtigkeit, Futter und

Haarwechsel)".

4. Conclusions

In conclusion it is obvious that the sexual cycle plays

an important role in the growth of the epithelium
and consequently in the formation of the differences

in thickness of the baleen plates.
As was said before, the records of the thickness

of baleen plates of Fin Whales show a system of

peaks and hollows. This is different for males and

females of the same species. This system has no

connection with the "jumps" RUUD (1940, 1945) uses

in order to divide the records into "growth periods".
It can be supposed that in the baleen plate the in-

crement in length as well as the increment in thick-

ness and the changes in the rate of this increment are

influenced by sex hormones, analogous to the varia-

tions in the rate of growth of the mammalian epi-
dermis (BULLOUGH, 1962). So it may be supposed that

in Whales certain peaks in the records of baleen

plates are
linked with the sexual cycle, as is the case

for certain rings on the horns of cattle. The sexual

cycles of the male and female Fin Whale are very

different. In the records of the baleen plates the

different sexes can indeed be recognized by the form

of the system of peaks and hollows. In the records

of the baleen plates of the females some peaks are
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recognizable as so-called "ovulation peaks" (VAN

UTRECHT-COCK, 1965).
These facts strongly suggest that the sexual cycle,

besides other factors, influences the growth of the

baleen plate in the Fin Whale. If the thickenings of

the plate are formed rather quickly, e.g. during an

ovulation, which takes place in rather a short period,

it is possible to use this system of peaks and hollows

to divide the records of the baleen plates into "growth

periods", in connection to the sexual cycle. This

thickening is, of course, only possible in the part of

the baleen plate embedded in the gum. If this ad-

dition of material to the part of the plate in the gum,

would be along the whole length of that part, it

would only mean that the thickness of the plate had

gradually increased. However, this does not occur.

As the peaks are narrow and are also visible as

narrow bands on the surface of the baleen plate it

can only mean that these peaks are formed in a re-

stricted area, and in a restricted period of time.

The conclusion is that this method of determining
the age can be used if in the growth of the baleen

plate these thickenings are formed quickly, and if

their formation is limited to a small area. The aim

of the present research is to get a better insight into

the growth and formation of the baleen plate in the

Fin Whale and the Blue Whale and to prove that

these thickenings are formed quickly and in a re-

stricted area. This is only possible by means of ana-

tomical, histological and cytological examinations.

CHAPTER II

HISTOLOGICAL EXAMINATION OF THE “ROOT”

OF THE BALEEN PLATE

1. Material and method

The material used in this research consists of the

part of the baleen plate which is embedded in the

gum. This is the "root" of the plate. The material

was taken from the Fin Whale and the Blue Whale,

frorrffemales as well as from males, which were all

sexually mature.

The material was collected during a number of

"seasons" of pelagic whaling in the Antarctic waters,

on board the former factoiy ship "Willem Barendsz"

of the Netherlands Whaling Company Ltd. The

"roots" of the baleen plates were collected in com-

bination with the baleen plates. In the case of fe-

males the ovaries were also collected. All this ma-

terial was used in the age determination. The longest
baleen plate of the whole set of an animal was taken

to make a record of its thickness. The two adjacent

plates were cut off, and the piece of the gum, with

the "roots" in it, was cut out of the whole set (fig. 3).
These pieces were stored for about 6 months at

—27° C. Afterwards they were cut into strips,
thawed and fixed in formalin 5%. For technical

reasons it was impossible to fix this material imme-

diately after collection, on board the factory ship.
From each piece of gum two strips, adjacent to

each other, were taken. One was used for anatomical

and macroscopical examinations, while the other

strip was cut into small pieces which were stored in

spiritus saponatus for about 6 months in order to

soften them. Also diaphanol (ROMEIS, 1948, par.

2300) was used, but as this affects the structures of

the tissue seriously, this method was not further

applied. In accordance with the normal procedure,
the pieces were dehydrated, embedded in paraffin
wax and sections were made of the thickness of 3«

and 5« respectively.
The staining techniques applied were: Azan,

Fig. 3. The way in which the “root” of a baleen plate is

cut out of a series of baleen plates (further explanation

see text).



Fig. 5. “Root” of a baleen plate in a section parallel to the longitudinal axis of the plate and perpendicular to its

surface.

Fig. 4. Transversal section through a baleen plate. 10x.
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Crossmon, Mallory, Haemalum-eosin, iron haema-

toxilin and silver staining after Gomöri (ROMEIS,

1948). The sections were examined with the or-

dinary light microscope and also with the phase
contrast microscope and in polarized light.

2. Results

A. GENERAL DESCRIPTION AND MACROSCOPICAL EX-

AMINATION OF THE BALEEN PLATE AND ITS “ROOT”

The baleen plates of the Fin Whale and of all other

Mysticeti are embedded in the cutaneous epithelium
of the upper jaw. This part of the plate will be

called the "root" of the baleen plate, the cutaneous

epithelium covering the upper jaw, in which the

"roots" of the baleen plates are embedded, the "gum".
The free end of the baleen plate hangs in the cavity
of the mouth where the tips of the plates are situated

between the tongue and the lip of the lower jaw,
when the mouth is closed. The baleen plates form a

series of horny plates with their smooth edges
directed laterally and their broad sides facing each

other. The inner edge of the baleen plate is the

hairy fringe. On both sides of the mouth the whole

series of baleen plates is at its base surrounded by

a rather high wall, formed by the epithelium. On

the lateral sides this wall gradually passes into the

lip of the upper jaw. The rows of baleen plates on

both sides of the cavity of the mouth are more or

less parallel to the longitudinal axis of the head. The

separate plates form an angle with the axis in such

a way, the outer edge of the plates is placed a little

more caudal than the edge directed to the cavity of

the mouth. The baleen plates are not straight at

their base. They are slightly bent, S-shaped. The

plates are circ. V2 cm thick in the thickest part and

become gradually thinner to both edges. The dis-

tance between the plates at the gum is circ. 1 cm.

The "hairs" on the inner edge of the baleen plates
form a felt-like mat which covers the whole inner

"surface" of the row of plates.
From both a transversal section (fig. 4) and a

longitudinal section it becomes clear that the baleen

plate consists of three layers. The central layer is

formed by a mass of horny tubes. These form the

medullary layer of the baleen plate. On both sides

this layer is enclosed by a compact cortical layer.
The horny tubes are not parallel to each other, but

all converge in the tip of the foetal baleen plate

("zero point", RUUD, 1945). They all have a lumen,

which in a transversal section shows a more or less

constant diameter. On the other hand the thickness

of the walls of the different tubes varies greatly. This

is due to the different numbers of concentric layers
of cornified material, of which the walls are com-

posed. The horny tubes with the greatest diameter

are situated immediately under the cortical layer of

the baleen plate, as is also described by RUUD (1940).

Consequently these tubes are not circular but are

more or less triangular, the base of the triangle bor-

dering the inner side of the cortex of the baleen

plate. In a longitudinal section, parallel to the longi-
tudinal axis of the horny tubes, the layers of the

walls of the horny tubes are recognizable. They are

rather pigmented. In the lumen of a number of

tubes a mass of orange
coloured material is found

over a certain distance. Probably this is a mass con-

sisting of blood and remnants of cells (TULLBERG,

1883).
The space between the tubes is filled with less

pigmented cornified material, which cements the

tubes to each other and to the cortex of the baleen

plate.
In a transversal section of the "root" of the plate

the proportions of the different components vary

with the distance of the plane of the section to the

surface of the gum. This is also very clearly de-

monstrated in a section parallel to the longitudinal

axis of the "root"-part of the plate, perpendicular to

its surface (fig. 5). The length of the part of the

baleen plate embedded in the gum varies from 8 to

20 cm. In the longitudinal section of a circ. 12 cm

long "root" of a baleen plate the horny tubes are

visible up to a distance of circ. 3-5 cm from the

point where the plate breaks through the surface of

the gum. Deeper in the "root" of the plate above

this point follows a gradually widening wedge of

connective tissue of circ. 7 cm in length. As soon as

the horny tubes can be recognized they are enclosed

by the cortical layers on both sides of the plate. Then

follows the light grey tissue of the gum. The dark

grey cortical layer of the "root" of the baleen plate

penetrates very deep into the gum, along the wedge

shaped mass of connective tissue. The thickness of

this cortical layer gradually diminishes in this direc-

tion. At the same time the thickness of the epithe-

lium, situated between the cortex and the wedge

of connective tissue, increases. See also the scheme

fig. 6.

The terms used by RUUD (1940, 1945), for the

different components of the baleen plate and its

"roots" are questionable. The wedge-shaped wall of

connective tissue, covered with epithelium, is called

"pulpa" by RUUD. He also uses the term "enamel"

to indicate the outer covering layers of the baleen

plate. The layer of horny tubes in between both
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covering layers is called "medulla". These terms

were already used by ESCHRICHT and REINHARDT

(1861, 1866) and TULLBERG (1883) and were adopted

by RUUD (1940, 1945).

Especially the terms "pulpa" and "enamel" are

confusing in connection with the baleen plate, which

is an epidermal derivative. These terms are used in

dental anatomy. There they are used to indicate

components of a total different origin and chemical

composition as compared with the components of

the baleen plate. In dental anatomy the term

"enamel" is used for the hard material of the teeth

containing over 40% of calcium-salts, which forms a

cap covering the mass of dentine. In the covering

layers of the baleen plate only circ. 1% calcium and

calcium-salts are present (PAUTARD, 1963). The pul-

pa, situated in the dental cavity, is a mass composed
of connective tissue and blood vessels, covered with

epithelium. Though tooth-germs develop in the epi-

thelium, covering the jaws of the foetus of the Ba-

laenopteridae, there are no connections whatsoever

between these and the developing baleen plates in

the foetus (DISSEL-SCHERF and VERVOORT, 1954;

KARLSEN. 1962). The baleen plates are epidermal

derivatives, not different from similar structures such

as claws, hoofs, nails, horns and hair.

Instead of the name "pulpa" the term "corium

wall" is suggested for this component, as it can be

compared with the corium walls formed by the sub-

epidermal connective tissue of the skin. For the

part of the baleen plate called by RUUD (1940)

"enamel", the term "cortex" is suggested as con-

trasted with the "medulla" of the plate which con-

sists of horny tubes (fig. 4). The cortex of the part
of the baleen plate embedded in the gum is sepa-

rated from the corium wall by a thin layer of tissue.

This layer continues in the epithelium of the gum

(figs. 5, 7, 8). In this "root"-part of the baleen plate

thickenings of the cortex are visible opposite to each

other on both sides of the plate. The distance

between these thickenings varies considerably.

Between the "roots" of two adjacent baleen plates

the borderline between the epithelium of the gum

and the tissue by which it is covered is arched

Fig. 6. Scheme of the “roots” of two baleen plates, partly based on fig. 5. The figure numbers indicate the origin

of the various figures.



Fig. 7. Section through a part of the “root” of a baleen plate parallel to the longitudinal axis of the plate and per-

pendicular to its surface. (animal no. W1387, 1953/54). a. corium wall; b. epithelium covering the corium wall;

c. cortex; d. gum; e. arched band of flattened cells; f. corium papillae; g. row of spherical cells; h. corium lamellae;

k. zone of flattening of the epithelial cells of the gum. 20x.



Fig 8. Section through a part of the “root” of a baleen plate of animal no. W1389, 1952/53. Details as given in

fig. 7. The arrows indicate the orientation of the longest axis of the cells. 25x.



Fig. 13. Fine meshes of the argyrophilic network forming
the upper surface of the “cells”. 1000x.

Fig. 12. Argyrophilic network adjacent to the stratum

basale of the epithelium of the gum. The “cells” of the

network are distinct. 1000x.

Fig. 11. Stratum basale of the gum of the Fin Whale.

The brushlike ends of the cytoplasmatic processes are

clear. In these processes spiral filaments are visible.

1200x.

Fig. 10. Transversal section of a corium papilla in the

gum. The arrangement of the venules around the central

artery is clear. 400x.



Fig. 17. First zone of heavy flattened cells in the stratum

spinosum of the gum. The “border line” is running

diagonally from the lower left to the upper right side in

the picture. In the right lower part are the darker staining

flattened cells. 100x.

Fig. 19. Globular cells formed on the top of a corium

papilla, from the more superficial layers of the gum. 300x.

Fig. 16. Higher part of the stratum spinosum of the gum.

The tonofibrills present here form coarse bundles. No

transversal sections of them are present. 500x.

Fig. 15. Deeper part of the stratum spinosum of the Fin

Whale. The tonofibrills and transversal sections of them

are present. The desmosomes are visible as dark dots.

900x.
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(figs. 5, 7, 8). In a longitudinal section a number of

fine bands are easy to distinguish in the tissue of the

gum. These bands gradually pass into the thicken-

ings of the cortex of the baleen plate (figs. 7, 8).

HUNTER (1787) already described these bands as

lamellae (see also his fig. 2, pl. XIII). They are ar-

ranged into groups. The higher the number of bands

is in a group the thicker the cortex of the baleen

plate is at the point where they enter into this layer

(fig. 8). So each group of bands in the gum is con-

nected with a thickening of the cortex of the baleen

plate. The distance between the different groups of

bands in the gum varies in the same way as the

distance between the corresponding thickenings of

the cortex. The groups of bands run in an arch

from the thickening of one baleen plate, through the

gum, to a corresponding thickening in the cortex of

an adjacent plate.

Corium papillae penetrate far into the epithelium
of the gum. From the dermo-epidermal border they
are arranged radially over a certain distance. Then

they bend in such a way that they all run parallel to

each other. All epithelial cells formed by the stratum

basale on the top of the corium papillae run parallel
to the cortex of the baleen plate towards the surface

of the gum (figs. 7, 8). From the corium wall in the

"root" of the baleen plate corium lamellae, which

pass into papillae, penetrate into the epithelium
which covers the corium wall. The epithelial cells

which are the continuation of these papillae run in-

to the inner layers of the cortex and disappear (figs.
7, 8, 28). This is contrary to what is found for these

cells in the gum. Cells formed on top of a few

papillae in the gum, in the area where the epithelium

which covers the corium wall passes into the epithe-

lium of the gum, extend to the point where the first

layers of the cortex of the baleen plate are formed.

These cells also run into the cortex of the baleen

plate and disappear. This was also described for the

corresponding cells in the epithelium which covers

the corium wall.

In the microscopic sections the decreasing thick-

ness of the epithelium between the corium wall and

the cortex, and the increase in thickness of the cor-

tex is clearly visible (figs. 5, 7, 9).
Examination of the slides in polarized light shows

a strong birefringence in the gum, except in the

part of the epithelium adjacent to the corium. Some

birefringence is also present in the epithelium that

covers the corium wall (see page 27; fig. 29). When

birefringence is maximum in the gum there is total

extinction in the epithelium between the corium

wall and the cortex. This is due to a difference in

orientation of the biréfringent "fibres" in both epi-

Fig. 9. Diagram showing the changes in the thickness of the cortex and the epithelium covering the corium wall in

the “root” of a baleen plate. The measurements are taken at an interval of ca. 5 mm, from the first signs of the

presence of the cortex onwards.
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thelia. As the "fibres" in the gum run in an arch

from the cortex of one baleen plate to the same

layer of the next plate their orientation changes

gradually (figs. 7, 8, 28).

B. HISTOLOGY OF THE DERMIS AND THE EPIDERMAL

TISSUE OF THE “ROOT” OF THE BALEEN PLATE

a. The dermis of the gum

The border-line between the dermis and the epithe-
lium of the gum is very regular in the Fin Whale

and the Blue Whale. This holds also good for the

dermo-epidermal border in the skin of these animals.

Long narrow papillae penetrate far into the epithe-

lium of the gum. These papillae consist of fibres of

connective tissue and arterial and venous capillaries.

PARRY (1949) examined the system of blood vessels

in the dermis and the dermal papillae in the Common

Porpoise and the Fin Whale. According to his opin-

ion this system in the dermis of these Cetacea is not

very complex. From this dermal system arteries and

venae run into the dermal papillae. Then these blood

vessels become capillaries. The blood vessels in the

dermal papillae are arranged in a typical way. A

transversal section of the dermal papillae shows an

artery situated in the centre of the papillae sur-

rounded by a number of venous vessels, which form

a plexus (fig. 10) (VAN UTRECHT, 1958).

SCHOLANDER and SCHEVILL (1955), SCHOLANDER

and KROG (1957) and SCHOLANDER (1958) described

the same arrangements of arteries and venae in the

flippers, flukes and the dorsal fin of the Cetacea and

in the extremities of Seals and the Sloth. In these

cases, however, the vessels lie deeper in the tissue

under the epidermis. In their opinion this arrange-

ment of the blood vessels, according to the principle
of countercurrent heat exchange between the artery
and the venae, keeps the loss of the body-heat as low

as possible or suitable.

The epidermis of mammals is avascular. In most

cases, however, it is a comparatively thin epithelium.

Consequently the blood vessels need not penetrate
far into this epithelium, as diffusion of the nutritients

needed for the maintenance seems to be sufficient.

In mammals with a thick epidermis, as for instance

Hippopotamus and Cetacea, long papillae of a small

diameter penetrate into the epithelium. In the epi-
dermis of these animals the number of papillae per

square centimeter is high. In the extremely thick

epithelium of the gum and also in the epidermis of

the Fin Whale and the Blue Whale, the corium pa-

pillae with blood vessels penetrate very deep, ob-

viously in order to guarantee the supply of nutritients.

The corium wall in the "root" of the baleen plate
can be compared with the corium ridges of the der-

mis of the skin. On the edge of the corium wall long

papillae are found. These consist of connective tis-

sue and blood vessels and are covered by epithelium.
On the sides of the corium wall lamellae are found

which change into papillae. The blood vessels in

these papillae show the same arrangement as was

described for the corium papillae of the gum (figs.
10, 20). On the papillae of the edge of the corium

wall, the horny tubes of the medulla of the baleen

plate are formed.

b. The dermo-epidermal junction of the gum

In animals with a nearly or totally hairless skin the

system of ridges and papillae of the epidermis is well

developed. This is not the case with animals with a

hairy skin as, for instance, the rat and the mouse.

The hair follicles of the epidermis of these animals

probably fulfil the function of connecting the epi-

dermis with the dermis, just like the above men-

tioned ridges and papillae (MONTAGNA, 1956; MON-

TAGNA and HARRISON, 1957; MEDAWAR, 1953).

In the opinion of MEDAWAR there is a correspond-
ence between the thickness of the epidermis and the

development of the system of ridges and papillae of

the dermis. In a thick and hairless epidermis the

corium ridges are high and narrow and the papillae

long and thin, whereas in a hairy skin the ridges are

broad and low and papillae are absent. This fits in

very well with what is found for the dermal struc-

tures of the Cetacea.

From the cells of the basal layers of the stratum

basale of the gum radicles run into the dermis (fig.

11). WEISS and FERRIS (1954) demonstrated that in

the skin of larvae of Amphibia the basement mem-

brane is composed of a number of layers of fine

fibrils which are at right angles to each other in the

successive layers. PEASE (1951) on
the other hand,

found that in the skin of mammals the collagen fibrils

of the dermis are situated direct under the basal cells

of the epithelium. In the dermo-epidermal border of

the epithelium of the gum of Whales no trace of

a basement membrane as described by WEISS and

FERRIS is found, nor are there any structures which

could be an indication of such a membrane. This

may, however, be caused by the histological tech-

niques applied and by the resolution power of the

microscope used. The dermo-epidermal border of

the gum of the Fin Whale and the Blue Whale shows

the same features as those described by PEASE for

mammals.
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The radicles of the cells of the stratum basale in

the dermo-epidermal border are well developed in

the epithelium of the gum. They reach a maximum

length of circ. 8«. Very fine detailed structures are

visible in sections stained with the Crossmon tech-

nique (fig. 11). The radicles contain spiral filaments

which can be seen between the cells of the first two

layers of the stratum basale. Where the filaments

penetrate the dermis, they fray out and form a brush

of very fine threadlike structures.

In the gum the radicles of the basal cells of the

stratum basale have a small diameter close to the

body of the cell. Their ends are much broader, so

as to secure a firm hold in the dermis (fig. 11).

FRIBOES (1920, 1921, 1922; see MONTAGNA, 1956)
found that in mammals the basement membrane is

an argyrophilic reticulum, the meshes of which con-

tain the cytoplasmatic processes of the basal cells of

the epithelium. This is confirmed by PEASE (1951)

in his examination of the dermo-epidermal border in

the skin of mammals by means of the electron mi-

croscope.

In the dermo-epidermal border of the gum of the

Fin Whale and the Blue Whale the argyrophilic net-

work can easely be demonstrated (figs. 12 and 13),

just as in various parts of the mammalian epidermis.
From a transversal section of the dermo-epidermal

border of the gum of the Fin Whale and the Blue

Whale, it becomes evident that the argyrophilic net-

work is supported by more or less straight coarse

collagenous fibres perpendicular to the dermo-

epidermal border. These collagenous fibres stand

on a mass of collagenous fibres that run more or

less parallel to the dermo-epidermal border (fig. 12).

Schematically we can use the cubic form with a

dome-shaped top (fig. 14). This dome-shaped upper

surface is formed by an argyrophilic network with

fine meshes. The distance between the argyrophilic
network and the base of the cells of the stratum

basale is smaller than the length of the radicles of

these cells (8/u). Although not demonstrated, it is

reasonable to suppose that the radicles fit into the

meshes of the argyrophilic network and in this way

firmly attach the epidermal tissue of the gum to

its dermis (see also ÖDLAND, 1950, 1958; MONTAGNA

and HARRISON, 1957).

From the figures 11, 12 and 13 it is evident that

none of the fibrils of the argyrophilic network pene-

trates the stratum basale of the epithelium of the

gum. This was also stated for other epidermal struc-

tures by DICK (1947), ÖDLAND (1950) and PEASE

(1951).

As all "cells" of the argyrophilic network have a

convex top and as the development of the radicles

of the cells of the stratum basale depends on the

forces working on the dermo-epidermal border (ÖD-

LAND, 1950), it is reasonable to suppose that the very

fine network of the top is kept under constant ten-

sion by the "cells" of the argyrophilic network. In

this way the radicles of the cells of the stratum basale

remain fixed in the fine network of the dermis, so

that the epidermis is kept in its position, no matter

in what direction forces are working on it. This view

is also supported by the fact that the radicles of the

basal cells of the epithelium are developed best in

those parts of the epidermis on which forces are

working, e.g. in the epidermis of the knee, elbow and

the joints of the fingers.

c. The epidermal tissue of the gum

The gum of the Fin Whale and the Blue Whale is

a normal epidermal tissue, which consists of a num-

ber of more or less different types of cells, arranged
in such a way that division into a number of layers
is possible.

The normal mammalian epidermal tissue consists

of three layers: the stratum basale, the stratum spino-

sum and the stratum corneum. In certain areas of

the skin, for instance in the sole of the feet, another

two layers are found, between the stratum spinosum
and the stratum corneum. These are the stratum

granulosum and the stratum lucidum.

In the epithelium of the gum of the Fin Whale

and the Blue Whale only the stratum basale and

stratum spinosum are present, but no stratum cor-

neum proper. The baleen plates are the only struc-

tures in the Mysticeti, which consist of hard horn.

d. The stratum basale of the gum

The cells in the stratum basale of the gum are more

or less cylindrical. Without the radicles the body of

these cells is circ. 16« long and circ. 5,M broad. The

longest axis of the cells is perpendicular to the dermo-

epidermal border. The cells further away from this

border are less flattened and therefore they have an

oval form or are round. The radicles of the cells of

Fig. 14. Scheme showing the cell-like construction of the

dermis, adjacent to the epidermis. The dome shaped

upper surface of the “cells” is formed by the fine meshed

argyrophilic network.
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the first five layers of the stratum basale run into the

argyrophilic network. The radicles of the cells of the

second up to the fifth layer run in between the cells

of the more basal layers (fig. 11).

In the different stain-techniques applied, the cells

of the stratum basale of the gum stain somewhat

darker than those of the deeper parts of the stratum

spinosum which is adjacent to the stratum basale of

the same epithelium. In the first five layers of the

gum, the stratum basale, the fibrillary system is well

developed. No nodes of Bizzozero (desmosomes) are

visible, and no fibres in a form like those in the

stratum spinosum are found. In the epithelium of

the gum of the Fin Whale and the Blue Whale no

connections between the fibres of the radicles of the

stratum basale with the tonofibrils of the stratum

spinosum are found. The stratum basale of the gum

can be defined as the layer of cells in the epithelium
where no tonofibrils are visible, though fine filaments

which run in all directions, are visible in the cells.

Desmosomes are not visible but radicles from the

basal cells penetrate into the sub-epidermal tissue.

e. The stratum spinosum of the gum

The stratum spinosum of the gum in the Fin Whale

and the Blue Whale is characterized by the enor-

mous development of the tonofibrils, while desmo-

somes are present in the walls of all cells of this

stratum.

With the term tonofibrils the coarse fibrillary struc-

tures are meant which are composed of albumin

chain molecules, condensed to coarse threads and

bundled in comparatively thick fibrils in a cell. The

tonofibrils are covered by the cell membrane. They

run from a desmosome in the cell membrane at one

side of the cell to a desmosome on the other side.

They run in a definite direction and are taut struc-

tures.

Filaments are wavy, comparatively thin threads

in a cell which run in all directions through the cell.

They show no particular direction, as tonofibrils do,

and form a felt-like structure in the cell. In a sec-

tion, in the deeper layers of the stratum spinosum,

perpendicular to the surface of the cortex and par-

allel to the longitudinal axis of the baleen plate, the

tonofibrils run in all directions and also transversal

sections of them are present in the cells (fig. 15).
This is not the case in the higher layers. Here the

tonofibrils run in a definite direction. This becomes

even more distinct as the distance to the dermo-

epidermal border increases. At last all tonofibrils

bundled together, run parallel to this border while

transversal sections of them are no longer visible in

the cells (fig. 16). Another characteristic feature of

the cells of the stratum spinosum are the desmosomes

(nodes of Bizzozero) in the walls of the cells. These

structures are not present or not visible in the cells

of the stratum basale. A border-line can be drawn

at the place where the desmosomes become visible.

In the more superficial layers of the gum the cells of

the stratum spinosum become more and more flat.

The cells are not transformed into a stratum lucidum

or stratum granulosum and a stratum corneum. In

these layers of the stratum spinosum also the nuclei

of the cells become flat and at last pycnotic. Here

the cells consist of a wall and a bandlike remnant of

the nucleus. Furthermore they are filled with fibril-

lary material.

In most Fin Whales and Blue Whales, in the pieces
of the gum, which contain the "root" of the baleen

plate, and in most microscopic sections of this part,
a line runs from the origin of the cortex of a baleen

plate to the same point of an adjacent plate. The

part of the epithelium of the gum between the dermo-

epidermal border and this line, which contains the

stratum basale and a part of the stratum spinosum,

stains lighter in the microscopic sections than the

part between this line and the surface of the gum,

which only consists of stratum spinosum.
This line does not run exactly parallel to the

dermo-epidermal border, both ends being closer to

this border than the part in the centre of this arched

line.

The part of the epithelium of the gum between

the dermo-epidermal border and this arched line,

which is about 1-3 mm thick in the centre of the

arch, decreases gradually in thickness and continues

into the epithelium which covers the corium wall.

At the base of this wall the epithelium is circ. 1 mm

thick, measured from the dermo-epidermal border to

the end of the arched line at the origin of the cortex

(figs. 7, 8).

In the stratum spinosum there is a marked change

in the direction of the greatest diameter of the cells.

Together with this there is a change in the directions

of the tonofibrils. In the basal layers of this stratum

the cells have their greatest diameter perpendicular

to the dermo-epidermal border.

This is the same as in the stratum basale. This

direction is also the main direction of the growth

of the epithelium.
At a regular interval of 120,« measurements were

taken of the cells of the stratum basale and stratum

spinosum between the dermo-epidermal border, and

a point deep into the epithelium of the gum. This

is done along a line parallel to the course of the
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corium papillae in the basal layers of the epithelium
of the gum, and in the more superficial layers par-

allel to the cortex. The directions in which the meas-

urements were taken were parallel to the dermo-

epidermal border and perpendicular to this border.

As an example, the results for two female Fin Whales

are given in fig. 18. From these and corresponding
measurements taken on slides of other animals, it is

evident that great individual variations exist, which

are also found in the measurements of the thickness

of the baleen plates, thickness of the cortex, etc.

The curve representing the measurements of the

cells taken in a direction perpendicular to the dermo-

epidermal border, is rather smooth compared with

the curve of the measurements of the cells in a direc-

tion parallel to the dermo-epidermal border.

The measurements taken in the direction perpen-

dicular to the dermo-epidermal border show that in

Fig. 18. Diagram I (animal no. W1387, 1953/54) and II (animal no. W1389, 1952/53) represent the lengths of

the cells in the gum, measured in the direction parallel to the dermo-epidermal border (a), and perpendicular to the

dermo-epidermal border (b). The measurements are taken along a line parallel to the cortex from the dermo-epidermal

border into the gum, at regular intervals of 120 µ. Ordinate: size of the cells in µ. The numbers 1, 2, 3, etc., indi-

cating the peaks in the curves correspond with “bands” of flattened cells in the gum. The curves clearly show the

great individual variations. See also fig. 7 and 8. (s.b. = stratum basale)
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this direction the diameterof the cells of the stratum

basale increases from circ. 16« to 20«. The meas-

urements taken in the direction parallel to the dermo-

epidermal border show an increase of the diameter

of the cells from circ. 8,a to circ. 15«. It is evident

that the cells of the stratum basale are cylindrical
with the greatest diameter perpendicular to the

dermo-epidermal border. It is also evident that the

cells of the stratum basale grow in size. There is,

however, a decrease in the diameters of the cells in

the stratum spinosum in the direction perpendicular
to the dermo-epidermal border from circ. 20u to

circ. 7«. In the further course of the curve there are

only slight variations in the diameters of the cells.

The measurements taken in the direction parallel to

the dermo-epidermal border show great variations in

the diameters of the cells of the stratum spinosum of

the gum. At first there is a rapid increase to circ.

50«. This point is at a distance of circ. 1 mm from

the dermo-epidermal border and corresponds with

the arched line (see p. 16), which is visible in the

microscopic sections of the gum (fig. 17). From here

in the diameters of the cells of the stratum spinosum

in the direction parallel to the dermo-epidermal bor-

der, great variations exist as is shown in the curve.

The minimum is circ. 22M and the maximum circ.

65«. All peaks in the curve correspond with similar

lines in the tissue as for instance with the line at

1 mm distance from the dermo-epidermal border.

All lines are marked by arabic numerals. The peaks
in the curve representing the diameters of the cells

in the direction parallel to the dermo-epidermal bor-

der, really always correspond with a slight decrease

of the diameters of the cells in the direction perpen-

dicular to the dermo-epidermal border. This is a

clear indication that the lines in the gum are caused

by extra flattening of the cells of the stratum spino-

sum. Besides the great individual variations, in all

animals there is a decrease in the size of the cells at

a distance from circ. 240// from the dermo-epidermal
border. This corresponds with the presence of the

first cells of the stratum spinosum. Also, if there is

a line in the stratum spinosum between the beginning

of the cortex of two adjacent baleen plates it is al-

ways at a distance of circ. 1-3 mm from the dermo-

epidermal border. Examination shows that the lines

mentioned above, consist of cells of the stratum spi-

nosum which are more flattened than those at other

points in the epithelium of the gum, and that these

lines also end in the thickenings of the cortex. It

seems that the cells are spread sideways under the

influence of the flattening forces, in the direction of

the cortex of the baleen plate. As was already de-

scribed above, the corium papillae consisting of con-

nective tissue, arteries and venae, penetrate very

deeply into the gum. These papillae are important
in the emission of body heat when water flows along
the baleen plates and the gum. The artery, sur-

rounded as it is by venae, may limit this (see also

SCHOLANDER and SCHEVILL, 1955; SCHOLANDER and

KROG, 1957; SCHOLANDER, 1958; VAN UTRECHT, 1958).

Along their whole length the papillae are covered

by two layers of cells of the stratum basale. Cells

formed here very soon become indistinguishable from

the surrounding cells of the stratum spinosum. The

tops of the papillae reach beyond the line where the

cells of the stratum spinosum become flattened. This

line forms a border line between the deeper part
of the epithelium that stains light, and the more

superficial part of the epithelium that stains darker.

Also on the tops of the papillae cells are formed. These

cells never become flattened in the more superficial

layers of the gum. Even near the surface of the gum

they can be recognized as rows of globular cells

(fig. 19). Each row of them originates at the top of

a papilla. These rows run parallel to each other as

well as to the surface of the cortex (see figs. 7, 8, 28).

From these facts it is evident that compression and

consequently flattening of the cells of the stratum

spinosum of the gum only occurs in a zone between

the corium papillae. This zone is marked by the

above mentioned sudden change in the intensity of

staining. The border line between the two areas of

the stratum spinosum, marked in this way, ends on

both sides of the gum in the
very

first part of the

cortex of two adjacent baleen plates (figs. 6, 7, 8).

In the stratum spinosum of the gum the tonofibrils

run through the cells in all directions, particularly

in the more basal layers of this stratum. The nucleus

of these cells is enclosed by these fibrils. The tono-

fibrils run from the desmosomes in the cell mem-

brane at one side of the cell to the desmosomes at

the other side. CHARLES and SMIDDY (1957) described

the same features for other mammals. In theiropinion
the tonofibrilsof two adjacent cells are in contact with

each other by means of the desmosomes, and in this

way form a continuous supporting system. Conse-

quently their mechanical characteristics can be fully

utilized. In the opinion of SALECKER (1943), the tono-

fibrils are arranged in such a way that in the epi-

dermis they have an arched course in the stratum

spinosum. The stratum basale and stratum corneum

have their own fibrillary system independent of the

former. When forces are working on the epidermis

these fibrillary systems maintain the connection be-

tween the cells of the epithelium.
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This conception implies that the system of tono-

fibrils is more or less rigid and that it runs through
all layers of the epithelium, in which cell divisions

and consequently increase of the number of cells

occurs. It is shown that cell divisions occur in the

stratum basale and stratum spinosum of the epider-

mis (HORSTMANN, 1957, in "Handbuch der Mikro-

skopischen Anatomie des Menschen"; PINKUS, in

ROTHMAN, 1955). If the system of tonofibrils is such

a constant and rigid network, in which the fibrils

cross each other (SALECKER, 1943), there are not

many possibilities for the cells to move during cell

division. Unless, it is supposed that the network of

tonofibrils is subject to continuous changes. These

changes must occur in such a way that the continu-

ity in the fibrillary system is interrupted for a while

when new cells are formed. Consequently the speed
of such changes has to be adapted to the speed of

the movements of the cells (HORSTMANN, 1957).

In the stratum spinosum of the gum of the Fin

Whale and the Blue Whale the desmosomes are of

the same size as those in the stratum spinosum of the

human epidermis. The average size of the desmoso-

mes in the stratum spinosum of the gum is 0.4/; with

a minimumof 0.24.« and a maximum of 0.70//. This

rather great variation can be attributed to the fact

that not all desmosomes are exactly in the plane of

the section. The size of the desmosomes in the stra-

tum spinosum of the human epidermis obtained by

means of electron-microscopical examination (ÖDLAND,

1958) varies from 0.3« to 0.7,«. Both results corre-

spond with each other.

As was said above the corium papillae that pene-

trate the epithelium of the gum, are covered with a

stratum basale which consists of two layers of cells.

Cells formed by this stratum are not different from

the cells of the stratum spinosum of the gum.

On the tops of these corium papillae the situation

is different. Cells formed here by the stratum basale

are formed beyond the line where compression of

the stratum spinosum can occur, and consequently

flattening of this stratum. Therefore, the cells form-

ed by the stratum basale on the tops of the corium

papillae, maintain their globular form. In these cells

close to the tops of the corium papillae, tonofibrils

are not visible. However, desmosomes are present

in the walls of these cells. These cells are full of

filaments which follow a wavy course and run in all

directions. In a number of cells the development of

tonofibrils is visible. In the parts of the walls of these

cells directed to the tops of the corium papillae, only
desmosomes are visible. From this side of the cell

to the opposite side, the desmosomes become more

and more distinct, and the wall of the cell in be-

tween these structures becomes more and more con-

cave. The fibrillary material in these cells, however,

does not show any distinct direction except close to

the desmosomes (fig. 20).

Between the opposite desmosomes of adjacent cells,

near the tops of the corium papillae in the stratum

spinosum of the gum, indications of a constriction or

an interruption are visible. These are not clearly

defined as magnification and resolving power of the

optical instruments used are not sufficient to see

these extremely fine details clearly (fig. 20). In an

electron-microscopical examination of the human epi-
dermis ÖDLAND (1958) showed that desmosomes are

complicated structures. In the cell membrane he

found rather thick, dark disks. Similar disks are pres-

ent in the membrane of the adjacent cell on the op-

posite side of the intercellular space. In the inter-

cellular space between the two disks there are a

number of structures of different density. The struc-

tures are parallel to both, desmosomes and cell mem-

branes. In between the structures of higher density
there are a number of structures of lesser density.

Consequently continuity of the tonofibrils through a

number of cells is not possible. The fibrils of one

cell end in the desmosomes.

C. HISTOLOGY OF THE DERMIS AND THE EPIDERMAL

TISSUE COVERING THE CORIUM WALL, AND THE CORTEX

OF THE BALEEN PLATE

The epithelium thai covers the corium wall consists

of a stratum basale and a stratum spinosum. The

homy cortex can be considered as a stratum cor-

neum. In this epithelium there is no stratum lucidum

and no stratum granulosum.

As was already described above (p. 13) the thick-

ness of the epithelium that covers the corium wall

in the "root" of the baleen plate decreases from the

base of this wall to its rim (figs. 5, 6, 7). In this

epithelium bundles of flattened cells do not exist.

Neither there are tonofibrils visible in the cells. This

is contrary to what is found in the gum. This epi-
thelium shows a very regular overall "density" of

staining, which is contrary to what is found in the

epithelium of the gum between two baleen plates,

although both are cutaneous epithelia, which are

even closely connected. From the corium wall lamel-

lae, composed of connective tissue fibres and blood-

vessels, penetrate into the epithelium (figs. 7, 21).

This is also found in the hoof of the horse (ZIEGLER,

1951). These lamellae split into secondary lamellae.

At their distal ends these lamellaepass into papillae.

The rims of the lamellae as well as the papillae and



20 W. L. VAN UTRECHT

the rows of globular cells formed on the tops of these

papillae, run in a direction not parallel to the longi-
tudinal axis of the baleen plate. They run from the

corium wall to the cortex of the baleen plate, and the

rows of globular cells enter it at a small angle. In a

transversal section both lamellae and papillae are

found in the sequence corium wall, lamellae, papillae

(fig. 21). The blood vessels in these lamellae and

papillae are arranged in the same way as in the

corium papillae in the gum and in the papillae on

the rim of the corium wall (figs. 10, 21).

It is evident that the speed of growth of the baleen

plates and gum on the one hand of the baleen plate

and the epithelium between the cortex of this plate
and the corium wall on the other hand, is equal.

Otherwise, the epithelium of the gum or the epithe-
lium covering the corium wall would be torn.

As was described above, however, there are strong

connections between the epithelium of the gum and

the cortex of the baleen plate. As will be shown

below, the same holds good for the epithelium that

covers the corium wall and the cortex. The increase

in length of the cells of the epithelium that covers

the corium wall, seems to be regular. In this epi-
theliumno bands of extra flattened cells are present.

Close to the inner side of the cortex there is a part
of the stratum spinosum that stains somewhat darker

than the stratum basale and the rest of the stratum

spinosum. In a section through the "root" of a ba-

leen plate parallel to its longitudinal axis and perpen-

dicular to the cortex in that "root", the smallest and

greatest diameters of the cells were measured. On

the whole the smallest diameter is more or less per-

pendicular to the dermo-epidermal border of the

corium wall and the epithelium that covers this wall.

The greatest diameter is in a direction at a small

angle with the dermo-epidermal border, which angle

opens to the free end of the baleen plate (figs. 8, 24,

25). As the cells of the stratum spinosum in this

epithelium come near to the cortex, they become

more and more flattened. This holds also good for

the nuclei of these cells. At least they are only visible

as narrow bands. From a section perpendicular to

the longitudinal axis of the baleen plate and perpen-

dicular to its surface (fig. 21) it appears that the

cells, which are seen here in a transversal section

more or less perpendicular to their greatest diameter,

are all of about equal size except close to the cortex.

Here they also become flattened in the direction

perpendicular to the dermo-epidermal border. This

is confirmed by curve d in fig. 23, which represents

the measurements in this direction. The end of this

curve, which represents the measurements of the

Fig. 23. Diagram I (animal no. W1387. 1953/54) and II

(animal no. W1389, 1952/53). Both curves represent the

lengths of the cells in the epithelium covering the corium

wall, respectively in the direction of the longest axis (c)

and perpendicular to this direction (d). The measure-

ments are taken at regular intervals of 120 µ from the

dermo-epidermal border onwards, along a line which has

the same direction as the longest axis of the cells has

(fig. 8, 25). (s.b. = stratum basale; s.sp. = stratum spino-

sum; c.o. = cortex)



Fig. 20. Epidermal cell close to the top of a corium papilla in the stratum spinosum of the gum. Desmosomes are

visible in the cell membrane and also very fine fibrillary structures run through the cell. In the lower half of the

cell the development of the prickles is visible. Going to the opposite of the cell the prickles gradually diminish in

length. 1500x.



Fig. 26. The cortex in the “root” of a baleen plate in a

section parallel to the longitudinal axis, and perpendicular

to the surface of the plate. (g. = gum; c¹ and c² = cortex

of the baleen plate; e. = epithelium covering the corium

wall) The cortex is composed of two layers. Rows of

globular cells are present in the gum
in the immediate

vicinity of the cortex. 100x.

Fig. 24. Stratum spinosum of the epithelium covering the

corium wall. The direction in which the section is made

is the same as it is in fig. 22. The cortex is immediately
below the bottom of the picture. Desmosomes are visible.

In particular they are present pressed together to form a

dark line (in the lower half of the picture) in the direction

of the longest axis of the cells as is also indicated by ar-

rows in fig. 8 and 25. 700x.

Fig. 21. Section through the epithelium covering the co-

rium wall perpendicular to the longitudinal axis of the

“root” of the baleen plate, showing the corium lamellae

and papillae. These latter are present as transversal sec-

tions. 250x.

Fig. 22. Epithelium covering the corium wall in a section

parallel to the longitudinal axis of the baleen plate and

perpendicular to its surface. At the left side is the corium

wall, at the right side the cortex. Flattening of the cells

in this epithelium is gradual. 150x.



a b

Fig. 29. Section parallel to the longitudinal axis of the baleen plate and perpendicular to its surface, through the

“root” of the plate, examined in polarized light. The position of the polarizer (—) and analyser (— —) is in-

dicated in the upper right corner. The rows of globular cells are visible as dark belts running parallel to the cortex,

in the gum (a). However, these rows enter the cortex from the side of the epithelium covering the corium wall (b). 5x.

Fig. 28. Section of the free baleen plate perpendicular

to the longitudinal axis of the horny tubes of the medulla

of the plate, in polarized light. A part of the cortex is

visible at the bottom of the picture.
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cells in the darker staining part of the stratum spino-

sum adjacent to the cortex, shows a decline. From

these measurements it appears that, in the animals

of which the measurements are given in fig. 23, curve

d, there is an initial increase in size of the cells of

the stratum basale, just as is found in the stratum

basale of the gum (curve b in fig. 18). In the stratum

basale of the epithelium that covers the corium wall

this increase is from 10,u to 15,«. In the stratum

spinosum and the first few layers of the cortex a

gradual decrease is found which becomes greater
and greater.

a. The stratum basale of the epithelium covering

the corium wall

The stratum basale of the epithelium that covers the

corium wall, in the "root" of the baleen plate, is

rather thin compared with the same stratum of the

epithelium of the gum.

The longest axis of the cells of this stratum is not

perpendicular to the dermo-epidermal border. This

axis forms a small angle with it, in a section perpen-

dicular to the surface of the corium wall and parallel
to the longitudinal axis of the baleen plate. The

nuclei of the cells of the stratum basale are oval like

the cells themselves. The greatest length of the basal

cells of the stratum basale is 16« to 17,M. This length
is the same as that of the basal cells in the stratum

basale of the gum.

The cells of the stratum basale of the epithelium

that covers the corium wall have root-like radicles

projecting towards the corium wall. They are circ.

8,« long. The same was described for the correspond-

ing cells in the epithelium of the gum. These radicles

are also filled with fine fibrils which fray out and

form a brush-like mass (fig. 11). In the radicles spiral
filaments are found (filaments of Herxheimer) just as

in the cells of the stratum basale of the gum. The

filaments of three or four layers of cells of the stra-

tum basale run between the basal cells of this stratum

into the dermo-epidermal border in the zone where

the argyrophilic network is situated.

With the stain techniques applied, fibrillary struc-

tures appear to be dominant in the cells in the stra-

tum basale of this epithelium. However, desmosomes

and tonofibrils are not found here. In the dermo-

epidermal border the argyrophilic network shows the

same characteristics as were described for this border

of the epithelium of the gum.

b. The stratum spinosum of the epithelium covering

the corium wall

The stratum spinosum of the epithelium that covers

the corium wall in the "root" of the baleen plate is

not well developed compared with the corresponding

layer of the epithelium of the gum. The cells of this

stratum lie close together, the intercellular spaces are

small. This is contrary to what was found in the

stratum spinosum of the gum. In the stratum spino-

sum of this epithelium tonofibrils, as found in the

gum, are not present. In the cells only filaments are

visible. These run in all directions. This is contrary

to what was found in the stratum spinosum of the

gum but corresponds with the fact mentioned on

page 16 and the theory about the formationof tono-

fibrils. There are no indications of irregularities that

give rise to bands of flattened cells and bundles of

fibrils that can be compared with the tonofibrils. In

this epithelium indications of forces are only found

in the few layers of cells closest to the cortex. So it

is reasonable to suppose that the transport of cells in

this epithelium is so regular that development of

forces which cause extra flattening of the cells dur-

ing the growth, and also during fixing of the epi-

thelium, is not possible. If cell transport had been

irregular, a zone of flattened cells would have been

found in the epithelium that covers the corium wall,

just as in the stratum spinosum of the gum (see p. 13).

The colour of the cells in the stratum spinosum
of the epithelium that covers the corium wall is less

pronounced in the stained sections, just as in the

stratum basale of the same epithelium. The nuclei

are oval, while the diameterof the cells in the stra-

tum spinosum in the direction of the growth of the

cells is much greater than their width perpendicular
to this direction. These cells are spindle-shaped. In

this stratum compression causes a sharp but gradual

increase in length of the cells, while in the same time

the nuclei are compressed.

In a section parallel to the longitudinal axis of the

corium wall and perpendicular to the surface of it,

the distance between the desmosomes in the outline

of the cells of the stratum spinosum is not constant.

In some directions they are closer together than in

other directions (fig. 24). The cells are encircled by
a dark line, but in certain directions this line is only

very faint. In one certain direction the row of des-

mosomes is very dark blue, in the sections stained

with the Crossmon technique. This is particularly-
evident in the part of the stratum spinosum which is

close to the cortex. Here no separate bodies of the

desmosomes are visible in one direction in contrary

to what is found in other directions, where they are

visible as separate bodies.

These dark lines of desmosomes lie in a narrow

clear zone between the contents of the cells of the
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Stratum spinosum. In the layers of the cells of the

cortex of the baleen plate (in the "root"), adjacent to

the epithelium that covers the corium wall, the des-

mosomes are still visible, though cornification has

already started (fig. 24). In the intercellular spaces

of the stratum spinosum of the gum these differences

in distance between the desmosomes in various direc-

tions are not clearly visible (figs. 16, 17). This

crowding together of the desmosomes in the stratum

spinosum of the epithelium that covers the corium

wall may point to growth-pressure in a certain direc-

tion exerted on the cells in this epithelium. This direc-

tion forms a small angle with the dermo-epidermal
border, and is the same as the direction of the long-

est axis of the cells in this epithelium.
The results of measurements taken of the cells of

the stratum basale and stratum spinosum of the epi-
thelium that covers the corium wall in the "root" of

the baleen plate and also of the first few layers of

the cortex, are given in a diagram in the same way

as was done with the measurements of the cells in

the epithelium of the gum (see p. 16).

The greatest diameter of the cells in the stratum

basale forms a small angle with the dermo-epidermal
border. In the stratum spinosum the greatest diam-

eter has the same direction (fig. 22), from the dermo-

epidermal border to the cortex. The opening of this

small angle is to the free end of the baleen plate.
The rim of the corium lamellaeand the corium papil-
lae that penetrate the epithelium between the corium

wall and the cortex also points in the same direction

as the greatest diameter of the cells. The greatest

diameter of the cells was measured just as the axis

perpendicular to this.

Fig. 23 shows that the length of the greatest diam-

eter of the cells in this epithelium (c) increases rap-

idly. Perpendicular to this direction there is an in-

crement, after which a slight decrease appears in the

first few layers of the stratum spinosum. This was

also found in the stratum spinosum of the gum.

There is a flattening of the cells in the higher layers
of the stratum spinosum as they move further away

from the dermo-epidermal border to the cortex of

the baleen plate. However, as the length of the axis

perpendicular to the longest axis is not much smaller

in the cells of the stratum spinosum than in the cells

of the stratum basale {figs. 22, 23), this means that

the flattening of the cells in this direction is not very

significant. The length of the cells measured in the

direction in which the corium papillae run, i.e. the

direction of their greatest diameter, shows a sharp
increase in the stratum basale and stratum spinosum
of this epithelium.

This length increases by leaps, just as in the gum

(fig. 18). But in the epithelium that covers the cori-

um wall these irregularities are much smaller than in

the gum. However, the general trend of the curve

representing the increase of the length of the cells is

much steeper. In the stratum basale and particularly
in the stratum spinosum the size of the cells in-

creases.

Apparently this can only manifest itself as an in-

crease in the length of the cells. Probably this is due

to the fact that this epithelium is enclosed by the

corium wall and the cortex of the baleen plate. Be-

cause of the increase in numbers of cells (cell divi-

sions) and the increase in size of the cells there has

to be constant movement of the entire system of the

baleen plate and gum in the direction of the free

end of the baleen plate. If this would not be the

case it would result in compression of the cells in the

epithelium that covers the corium wall. The main

Fig. 25. Scheme of the “root” of a baleen plate (c.w. =

corium wall; c.o. = cortex; g. = gum). The arrows a. in-

dicate the general direction of growth of the whole com-

plex of gum and baleen plate. The arrows b. indicate the

direction in which the longest axis of the cells of the

epithelium increases. The arrows c. indicate the addition

of cells to the inner side of the cortex.
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direction of the movement of the cells in the epi-
thelium that covers the corium wall, is the same as

the direction of the growth in length of the whole

system of baleen plate and gum (a in fig. 25).

From what was said above it will be evident that

in this epithelium there is also a movement of the

cells from the dermo-epidermal border to the cortex

of the baleen plate, since they pass into this cor-

nified layer. The direction of this movement is in-

dicated by the longest axis of the cells and by the

direction in which the corium papillae and the rows

of globular cells, formed on the tops of them, run

(b in fig. 25). These globular cells all disappear into

the cortex. Also the accumulation of the desmoso-

mes as to form dark blue lines between the cells is

in this direction (figs. 22, 24). A third direction of

movement of the cells in the epithelium that covers

the corium wall, perpendicular to the main direction

of growth of the whole system of baleen plate and

gum, is the movement of the cells to the cortex (c in

fig. 25). All these movements are caused by the in-

crease of the numbers of cells by cell division in the

stratum basale and stratum spinosum of this epi-
thelium.

c. The cortex in the “root” of the baleen plate

In the cornified cortex, in the "root" of the baleen

plate adjacent to the epithelium that covers the cori-

um wall, the outlines of the cells are recognizable as

clear belts which are very weakly stained and which

encircle the intensively stained and heavily com-

pressed cell contents. In these clear belts a fine blue

line of desmosomes is visible. These are packed to-

gether. This is the same situation as is found in the

epithelium between the corium wall and the cortex.

The nuclei in the flattened cells of the cortex, adja-
cent to the epithelium covering the corium wall, are

visible as dark, almost black bands in the intensively
stained cell contents (figs. 24, 26).

There is a stratification in the cortex, in the

unstained microscopic sections as well as in the

stained ones (figs. 6, 7, 23). The part of the cortex

adjacent to the gum consists of veiy heavily com-

pressed cells. This part is dark in stained and un-

stained sections. This layer, however, is rather thin

compared with the part of the cortex adjacent to the

epithelium that covers the corium wall. The latter is

more transparent in the unstained sections and shows

bright colours in the stained ones.

The series of bands of flattened cells which form

the arched "fibres" in the gum, in the "root" of the

baleen plate, only form the heavily compressed dark

superficial layer of the cortex (figs. 7, 8, 26). This

is clearly demonstrated by the fact that these bands

run from the gum into the cortex. Therefore a super-

ficial layer is torn off when pieces of gum are re-

moved from the cortex.

In both epithelia, the gum and the epithelium that

covers the corium wall, the longest axis of the cells

forms a small angle with the longitudinal axis of the

baleen plate. In the epithelium that covers the cori-

um wall, the cells formed on the tops of the corium

papillae, also run in this direction. They pass into

the inner zone of the cortex, where they are still

recognizable for a short distance (figs. 7, 8). At last

they become flattened. This is contrary to what was

found in the gum, where these rows of round cells

all run parallel to the entire length of the surface of

the cortex. Only a few of these rows, which enter

the area where the tip of the outer layer of the cor-

tex is formed, run into the cortex and become totally
flattened. The ultimate thickness of the two layers
of the cortex is different. The newly formed cortex

at the "base" of the "root" of the baleen plate only
consists of the few heavily compressed dark layers
of cells originating from the gum. The epithelium
that covers the corium wall has its greatest thickness

in this area (figs. 5, 6, 7, 8). The thickness of this

epithelium decreases in the same degree as the cor-

tex increases in thickness, in the direction of the rim

of the corium wall. This increment in thickness oi

the main part of the cortex is caused only by addition

of material to its inner side by the epithelium that

covers the corium wall. At the place where the epi
thelium disappears at last, at the point where the

rim of the corium wall passes into the long threadlike

papillae, the cortex has reached its ultimate thick-

ness. Then no further increment in thickness of the

cortex is possible. The increase of the total thickness

of the cortex is regular and takes place over a long
stretch.

The superficial layers of the cortex, adjacent to

the gum, vary considerably in thickness. At irregular
intervals thickenings are present in this layer. They
are opposite to each other in the cortex on both sides

of the baleen plate. These thickenings occur with

the same intervals and at about the same height in

the cortex of the other baleen plates of the whole set

of one animal (see also RUUD, 1940, 1945).

It is impossible to give exact figures for the thick-

ness of the different layers which form the cortex of

the baleen plate. This is owing to the great varia-

tions in thickness along the whole length of this part
in the "root", embedded in the gum, and also of the

other components.
On the average the total thickness of the cortex of
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a baleen plate is maximum 3 mm. This is also the

thickness of the epithelium that covers the corium

wall in the zone where the first outer layers of the

cortex are formed by the gum. Together these outer

layers are circ. 100,« to 300« thick. This variation is

mainly due to differences in height of the thickenings.
When fig. 7 and fig. 8 are compared it is obvious

that the thickness of the outer layers of the cortex,

adjacent to the gum, depends on the amount of ma-

terial added to it by the gum. In fig. 8 a great mass

of bundles of "fibres" run into the cortex, in the

area where these outer layers are formed. This part

is thick in comparison with the corresponding part
shown in fig. 7, from another animal. From fig. 18

it is evident that the thickness of the cells in the

stratum spinosum of the gum that form these "fibres",

measured in a direction perpendicular to their long-
est axis, shows only very small variations. So it is

obvious that there must be a correlation between the

width of these bundles of "fibres" and the numbers

of cells in these bundles on the one hand, and the

thickness of the outer layer of the cortex, into which

such a bundle or group
of bundles ends, on the other

hand.

D. FORMATION OF TONOFIBRILS

From what was said above (page 16 and 21) of the

stratum spinosum of the gum and of the stratum

spinosum of the epithelium that covers the corium

wall in the Fin Whale and the Blue Whale, it is

evident that there always are desmosomes in the

walls of the cells. Tonofibrils are found in most cells

of the stratum spinosum except in the cells formed

by the stratum basale on the tops of the corium pa-

pillae, formed beyond the line where flattening of

the cells of the stratum spinosum occurs (fig. 19).
Neither

are there tonofibrils found in the cells of the

stratum spinosum of the epithelium that covers the

corium wall (figs. 22, 24).

In these cells and in the cells formed on the tops
of the corium papillae there are only fine, wavy fila-

ments. These run in all directions through the cells

and show no clear connections with the desmosomes,

which are visible as dark thickenings in the cell

membrane. It is evident that the reality of the tono-

fibrils in the stratum spinosum is questionable, as in

both cases in which they are not found in the cells,

these cells were not subject to heavy forces exerted

on them. Moreover, they are easily reached by the

fixing fluid. On the contrary, the cells of the stratum

spinosum of the gum are subject to heavy pressure,

while penetration of the fixing fluid may be very

difficult and slow.

So the value of different structures in stained mi-

croscopic sections of epidermal tissue is question-

able. This is obvious for the tonofibrils, and it is

very clear in the cells formed on or close to the tops
of the corium papillae. It is reasonable to suppose

that the fixing fluid easily penetrates the gum via the

corium papillae, while penetration is more difficult

through the dense epithelium of the gum. In the

papillae the connective tissue fibres and blood ves-

sels run in a longitudinal direction, along which the

fixing fluid may penetrate deeply into the epithelium.
In this way the epithelial cells near the tops of the

corium papillae are reached very quickly by the fix-

ing fluid. From here the fluid penetrates the epi-
thelium rather slow. Consequently there may be a

gradation in the quality of the fixation, dependent
on the distance of the cells to the tops of the corium

papillae (fig. 20). From what was said on page 18,

however, it is evident that these cells are not subject
to compressing forces. Actually, in the cells near or

on the tops of the corium papillae in the gum no

tonofibrils or only very faint indications of fibrils are

visible. Although indications of the formation of

"prickles" are present (fig. 20).

On the side of the cell bordering the top of the

corium papilla no "prickles" are present. Along the

sides where the cell is bordered by adjacent cells of

the stratum spinosum of the gum the "prickles" be-

come better developed, when the distance to the pa-

pillae or to the point where the fixing fluid enters

the cell increases (fig. 20). On the side of the cell,

opposite to the side where it borders the corium pa-

pilla, there are distinct "prickles". However, they

are small compared with those of the cells deep in

the stratum spinosum of the gum (fig. 16). The ends

of the "prickles" are formed by the dark desmosomes

in the cell membrane. In the "prickles" short tufts

of fibrils are found. These occur only in the longer
ones. The shorter the "prickles" are, the less the

tufts of fibrils become distinguishable. They are not

visible in the smallest ones.

It is evident that the cells of the stratum spinosum
of the gum are connected with each other at certain

points. These points are the desmosomes. When the

walls of two adjacent cells are separated, by shrink-

age of the cells under the influence of the fixing

fluid, the desmosomes become more and more dis-

tinct as this shrinkage continues and the threadlike

extensions of the cells become longer. This is par-

ticularly clear in the cells on the tops of the corium

papillae. Shrinkage of the cells in an epithelium may

give rise to the development of intercellular spaces

crossed by "prickles" where the cells keep contact
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with each other in the desmosomes. In the epi-
thelium that covers the corium wall a similar situa-

tion, as is found for the cells on the tops of the

corium papillae in the gum, exists. This compara-

tively thin epithelium lines the corium wall, which

can to some extent be compared with the corium

papillae. All cells in this epithelium are easily reach-

ed by the fixing fluid, while there are also no indica-

tions pointing to variations in the forces working on

this epithelium. As was said before in this epithelium
no tonofibrils are found, while desmosomes are clear-

ly visible. The cells are full of a felt-like mass of fila-

ments. In the cornifying cells formed by the epi-
thelium covering the corium wall, however, coarser

fibrils aie present.

In literature the following opinions are expressed

concerning the presence and reality of tonofibrils in

the cells of the stratum spinosum of epidermal tissue:

a. Desmosomes and tonofibrils form a system which

is constantly present in the cells. The fibrils form

a more or less rigid system. This opinion is clear-

ly expressed by, for instance, SALECKER (1943)

and CHARLES and SMIDDY (1957).

b. Tonofibrils are formed under the influence of

fixation, while fixing of the tissue with fluids

that contain osmic acid or acetic acid results in

a lower number of tonofibrils visible in the sec-

tions. Mechanical stimulation also causes swel-

ling or shrinkage of the cells (DE MOULIN, 1923;

CHAMBERS and RÉNYI, 1925; LEWIS, POMERAT

and EZELL, 1949; FAWCETT, 1958; MARTINOTTI,

1921; HOEPKE, 1927: quoted after HORSTMANN,

1957).

BURGOS and WISLOCKY (1956) found that the dis-

tance between the cells of the stratum spinosum in

the vaginal epithelium of the Guinea Pig was small

during dioestrus. There was a great distance between

these cells during the oestrus period, when "prickles"
were present.

The functional aspect of the epithelium and the

need of nutritients in the epithelium may cause

shrinkage of the cells. In this way the intercellular

spaces become considerably larger. This promotes
the supply of nutritientsand can cause the formation

of "prickles", while the cells maintain mutual con-

tact at the desmosomes.

From the results of various electron microscopic

examinations of the epidermis, in particular of its

stratum spinosum, it appears that desmosomes are

always present. If tonofibrils are present, they are

found in various stages of development (SELBY, 1957;

FAWCETT, 1958; HORSTMANN and KNOOP, 1958;

ZwiLLENBERG, 1959).

The development of the "prickles" and tonofibrils

in the stratum spinosum of the gum probably de-

pends on the functional aspect of the epithelium,

while forces acting on the tissue and the quality of

the fixation are highly important factors in the for-

mation of these structures.

What probably happens during shrinkage of the

cells is demonstrated in the schemes I, II and III

(fig. 27).
Scheme I represents the ideal situation as shown

in a number of electron-microphotographs (HORST-

MANN and KNOOP, 1958; HAY, 1961; ZWILLENBERG,

Fig. 27. Scheme of the development of the prickles,
a. cell membrane; b. desmosome.

I. normal situation of parallel cell membranes.

II. situation mostly present in microscopic sections.

III. intermediate stage dependent on the quality of fixing
and also of the activity of the cells.
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1959). The cell membranes of two cells are parallel
to each other. Desmosomes are opposite to each

other as thickenings of the cell membrane. Scheme

III gives the situation that is normally seen in the

stratum spinosum. The tonofibrils or "prickles" are

well developed, as the intercellular space between

the walls of two adjacent cells is large. Scheme II

shows a transitional stage between I and III. In

scheme I and II the situation is as was described for

the cells on or near the tops of the corium papillae.
Fixation of tissues also causes shrinkage of the

cells. As was
described before, in the cells on the

tops of the corium papillae only very fine fibrils are

present in the plasma and no "prickles" or only very

small ones occur. The cells maintain their mutual

contact by means of the desmosomes, which are

opposite to each other with a constant distance in

between. Originally the membranes of both cells

were parallel to each other (scheme I).

When shrinkage of the cell starts, the distance

between the membranes becomes larger, while the

desmosomes of two neighbouring cells remain oppo-

site to each other and at the same distance. This

gives rise to small "prickles" as seen in the cell in

fig. 20 and scheme II. The "prickles" end in a small

dark desmosome, and are filled with plasma.
It is evident from what was seen in the cells on

the tops of the corium papillae in the gum that there

is a correlation between the development of the

"prickles" and the distance of these cells to the top
of the papilla, where the fixing fluid first enters the

cell. When the cell further decreases in size, the

"prickles" become thin, long, threadlike and pro-

nounced structures, which end in a knob formed by
the desmosome. The part of the cell membrane be-

tween two desmosomes is now retracted close to the

nucleus of the cell and the cell contents are coars-

ened, also in the "prickles" (scheme III). Forces in

a growing epithelium (see also FAWCETT, 1958) and

also shrinkage during fixing of such an epithelium,

may promote the formation of tonofibrils.

Fixation may be considered as condensation and

precipitation of the cell contents, especially of the

chains of albuminous macro-molecules of the cell

plasma. When this happens, and when the cells de-

crease in size and become deformed, the macro-

molecules may be bundled and pressed together.
This will cause a coarsening of the structures in the

cells to a degree at which they become visible with

the light microscope (see also MEDAWAR, 1953). This

will particularly occur in the "prickles" of the cells,
and gives rise to the formationof coarse fibrils. These

are composed of bundles of macro-molecules pressed

together by the wall of the cell, and form the tono-

fibrils. In the microscopic slides these are predom-

inating coarse structures in the stratum spinosum
of the epithelium of the gum in the Fin Whale and

the Blue Whale. The formation of the "prickles" or

tonofibrils is caused by shrinkage and condensation

of the macro-molecular contents of the cells of the

stratum spinosum. These cells decrease in size while

the intercellular space increases. The cells keep mu-

tual contact by means of the desmosomes in the cell

membrane.

Results of the examination of the epithelium of

the gum and of the epithelium that covers the corium

wall in the Fin Whale and the Blue Whale, give
clear indications that the desmosomes are always

present in the walls of the cells of the stratum spino-

sum, whereas tonofibrils aie only present when forces

are working in the epithelium. They are formed due

to the presence of the desmosomes, which is in ac-

cordance with the observations of CHAPMAN and

DAWSON (1961) who mention the tendency of fibrils

to concentrate in the points of attachment of the cells

in the Anuran epidermis.

E. EXAMINATION OF THE “ROOT” OF THE BALEEN PLATE

AND THE FREE BALEEN PLATE IN POLARIZED LIGHT

The tubes in the medulla are easy to distinguish in

thin sections of the free baleen plate, in which the

plane of the section is perpendicular to the longitudi-

nal axis of the tubes. When examined in polarized

light they show an uni-axial interference figure, simi-

lar to that of an uni-axial crystal. The optical axis

of these tubes coincides with their longitudinal axis

(fig. 23). In a section, parallel to the longitudinal

axis, there is no interference figure. There is, how-

ever, a very distinct difference in colour and intensity

between the various layers that form the wall of the

tubes, varying from bright red to orange, dark red

in all shades and bright green. This is also visible in

the sections perpendicular to the longitudinal axis,

but less pronounced. These differences in colour and

intensity are caused by differences in orientation of

the cornified cells, to the plane of the section and

of polarization in the layers that form the wall of

the tubes. In the microscopic sections, perpendicu-

lar to the longitudinal axis of the tubes, concentric

layers in the wall of the tubes are visible (figs. 4, 28).

This difference in direction causes the various colours

in polarized light and points to a spiral arrangement,

different in the successive layers. NICKEL (1938) has

given a diagram of the horny tubes in the wall of

the hoof of the horse. It shows that these tubes are
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formed by a number of layers of cornified cells. These

cells are arranged in spirals around the lumen of the

tube. In the successive layers the spirals alternate to

right and left, and are more or less steep. This agrees

with the situation in the horny tubes in the medulla

of the baleen plate.
In a section through the "root"of the baleen plate,

parallel to the longitudinal axis and perpendicular to

its surface (figs. 7, 8), the fibres of the connective

tissue of the corium wall, the corium lamellae and

papillae, and the cortex of the baleen plate show a

distinct birefringence. There is also some birefring-
ence in the epithelium that covers the corium wall

and also in the gum. In a section perpendicular to

the longitudinal axis of the baleen plate, there is no

birefringence at all in this epithelium.
In a section parallel to the longitudinal axis and

perpendicular to the surface of the cortex of the

baleen plate, the fibres in the corium wall, the fibril-

lary material in the epithelium between the corium

wall and the cortex and the fibrillary structures in the

gum, all run parallel to this plane of the section.

Birefringence is very clear in the gum. In a sec-

tion through the "root" of the baleen plate, perpen-

dicular to its longitudinal axis, there is an alternation

of dark and light bands in the gum. In polarized

light these dark bands and the cortex of the baleen

plate show clear birefringence. The distancebetween

the biréfringent bands in the gum is not constant.

Close to the cortex these bands are close together,
the distance between them rapidly increases with in-

creasing distance to the cortex. These biréfringent
bands are the same as the darker staining arched

bands of heavily flattened cells that run from one

baleen plate to the next.

In a section through the "root" of the baleen plate

parallel to its longitudinal axis and perpendicular to

its surface, there is a strong birefringence of these

bands in the gum. From this it is evident that the

"fibres" in these bundles have the same direction as

the plane of the section has. The fibrillary material

in the cells has the same direction. This is also the

direction of the plane of the longest axis of the cells

of the stratum spinosum in the gum. However, the

parts of the gum between these highly biréfringent

bundles show a weaker birefringence. This points

to a relation between the degree of flattening of the

cells and their orientation. This is in agreement with

the results of histological and cytological analysis.

In the plane of section mentioned above the fi-

brous structures in the gum show maximum bire-

fringence if the polarizer and analyser are turned in

a position as indicated in fig. 28. From this figure

it is evident that the "fibres" in the gum run in an

arch to the cortex and pass into this layer. There is,

however, no birefringence in the epithelium between

the corium wall and the cortex. But if the niçois are

turned about 60° there is maximum birefringence in

the epithelium between the corium wall and the cor-

tex and extinction in the gum (fig. 28). From both

figures it is evident that fibrous structures run from

both sides to the cortex, from the gum as well as

from the epithelium between the corium wall and the

cortex. Therefore it is evident that material is added

to the cortex from both sides. From fig. 28 it is also

evident that the cells formed on the tops of the cori-

um papillae in the gum are not biréfringent. They
are seen as dark bands in the sections examined in

polarized light and their course is independent of the

direction of the bundles of "fibres". The fact that

these cells are not biréfringent at all also points to the

connection between the flattening of the cells and

the formation and orientation of fibrous material in

these cells. In the epithelium between the corium

wall and the cortex the dark bands of cells formed

on the tops of the corium papillae that originate from

the corium lamellae of the corium wall, run in the

same direction as the longitudinal axis of the cells

in this epithelium (figs. 7, 8, 28). At last they dis-

appear as they become flattened in the cornified cor-

tex. There they have the same optical characteristics

as the surrounding cells of the cortex which originate
from the normal stratum basale.

From the examination in polarized light the con-

clusion is also drawn that material is added to the

cortex of the "root" of the baleen plate, from the

epithelium between the corium wall and the cortex

as well as from the epithelium of the gum. These

facts confirm the findings of other histological and

cytological examinations.

CHAPTER III

1. Conclusions

The "root" of the baleen plate consists of the follow-

ing parts:

a. the corium wall, and at its rim the long hairlike

papillae on which the horny tubes of the medulla

of the baleen plates are formed. From the sides

of the corium wall lamellae penetrate the adja-
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cent epithelium. These lamellae turn into pa-

pillae;

b. the epithelium that covers the corium wall. This

epithelium is situated between this wall and the

cortex;

c. the cortex which is already cornified in the "root"

of the baleen plate. The cortex consists of two

parts, one part formed by the epithelium that

covers the corium wall and the other part formed

by the gum;

d. the gum, situated between two adjacent baleen

plates.

The borderlineof the corium and the gum is arched.

The epithelium of the gum and the epithelium that

covers the corium wall are both cutaneous epithelia.

They consist of a stratum basale and a stratum spino-

sum. There is no stratum granulosum or stra-

tum lucidum. The cortex of the baleen plate can be

considered as a stratum corneum. From cells of the

stratum basale of both epithelia radicles run into the

argyrophilic network of the corium. These radicles

and the cells are full of fine fibrillary structures.

These cannot be compared with the tonofibrils of

the cells in the stratum spinosum. There are no in-

dications of a connection between the fibrillary struc-

tures of the stratum basale and those of the stratum

spinosum. A great difference between the two epi-
thelia is that no tonofibrils are visible in the epithe-
lium that covers the corium wall, whereas in the stra-

tum spinosum of the gum the system of tonofibrils

is highly developed.
This canbe explained by assuming that the amount

of cells formed (in a certain period) in the epithelium
that covers the corium wall is in accordance with the

total growth in length of the baleen plate and with

the increase in thickness of its cortex in the "root"

of the plate. So no pressure can be build up in

this epithelium. As was shown on page 18, this pres-

sure is exerted in the epithelium of the gum, and con-

sequently tonofibrils are present in that epithelium.
In the epithelium between the corium wall and

the cortex, the longest axis of the cells of the stra-

tum spinosum forms a small angle with the dermo-

epidermal border. The direction of this axis is to-

wards the inner side of the cortex just as the direc-

tion of the corium papillae that penetrate this epi-
thelium from the side of the corium wall. This direc-

tion of the longest axis is such that there is a move-

ment of cells in the epithelium that covers the corium

wall, to the inner side of the cortex and also in the

direction of the growth in length of the baleen plate.

The movement of the cells in the epithelium that

covers the corium wall is in the direction of the cor-

tex and gives rise to the increment in thickness (figs.
22, 24) of this cornified layer.

The nearer the cells in the epithelium that covers

the corium wall come to the cortex, the more flat-

tened they become. This is a very regular process for

no bands of flattened cells are found. Also in the

curve (figs. 22, 23), representing the increase in length
of the longest axis of the cells in this epithelium, high

peaks are absent. This is contrary to what is seen

in a similar curve of the cells of the gum (figs. 7, 8,

18). As was already mentioned above, only filaments

arepresent in the cells of the stratum spinosum of the

epithelium that covers the corium wall but no tono-

fibrils. However, desmosomes present in the direc-

tion of the longest axis of the cells, are crowded to-

gether, which is not the casewith desmosomespresent

in other directions. They form fine dark lines. The

absence of tonofibrils is an indication that the cells

are not subject to heavy and variable compression. It

also points to a regular transport of the cells. The

corium papillae penetrating the epithelium that covers

the corium wall and the epithelium of the gum are

covered by the stratum basale. On the top of each

papilla a single row of spherical cells is formed. Flat-

tening of these cells does not occur, not even in the

stratum spinosum of the gum and in the epithelium that

covers the corium wall. This is due to the fact that

they are formed beyond the zone where flattening
of the cells of the stratum spinosum occurs. In the

epithelium that covers the corium wall, the corium

papillae have the same direction as that in which the

longest axis of the cells of the stratum spinosum

points. They form a small angle with the dermo-

epidermal border in the direction of the cortex. This

is also the case with the rows of spherical cells

formed on the tops of the corium papillae. As soon

as they enter the inner layer of the cortex they can

not be distinguished from the surrounding material.

All this points to a growth in the epithelium between

the corium wall and the cortex, which is about equal

to the growth in length of the baleen plate. If this

had not been the case, signs of extra flattening would

have been present. On the other hand the rows of

spherical cells formed on the tops of the corium pa-

pillae in the gum all run parallel to each other and

to the outer layer of the cortex. They never enter the

cortex. Birefringence in the epithelium that covers

the corium wall is due to the flattening of the cells,

by which the contents of these cells are forced to

take the direction of the longest axis of the cells.

This is proved by the fact that the cells formed on

the tops of the corium papillae, which are not flat-

tened, show no birefringence. However, they be-
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come biréfringent when they enter the cortex where

they are at last flattened.

All the above mentioned facts show that the cells

in the epithelium that covers the corium wall move

in the direction of the cortex. This is also confirmed

by the data obtained from analysis of the epithelium
that covers the corium wall in polarized light. The

rows of cells, formed on the tops of the corium papil-
lae, are not found in all layers of the cortex. They

are absent in the outer layers adjacent to the gum.

This is an indication for the fact that only a part of

the cortex is formed by layers of cell material from

the epithelium that covers the corium wall.

The dermo-epidermal border of the gum is arched.

From the dermis long corium papillae penetrate the

epithelium. The cells of the stratum basale of this

epithelium show the same characteristics as the cells

of the corresponding layer of the epithelium that

covers the corium wall. In the stratum spinosum of

the gum, however, the development of the system of

tonofibrils is striking. It is also evident that the cells

in this stratum become flattened as the distance to

the dermo-epidermal border increases. In the centre

of the arch of the dermo-epidermal border, at a dis-

tance of circ. 2 mm from this border, there is in the

stratum spinosum a band of darker staining cells

which is also arched. This arch of darker staining
cells is not always clear in sections of the gum of

different individuals of Fin Whales and Blue Whales.

But if present, this arch always is at the above men-

tioned distance from the dermo-epidermal border. At

irregular intervals to each other these darker bands

are also seen in the more superficial layers of the

stratum spinosum of the gum. They all end on both

sides of the baleen plate in the cortex.

At the base of the stratum spinosum the longest
axis of the cells is about perpendicular to the dermo-

epidermal border. Its direction gradually changes and

finally the axis is parallel to the dermo-epidermal
border. This change of direction of the axis is cou-

pled with an increase in length. The cells reach their

greatest length in the dark bands. The cells are

heavily flattened here. Their nuclei are all visible as

bands and the tonofibrils are pressed together form-

ing coarse fibres. This is different from what is found

in the cells of the stratum spinosum of the gum out-

side these dark bands. All dark bands present in the

gum end in the thickenings of the cortex. The first

band ends on both sides in the origin of the cortex.

At first tonofibrils in the cells of the stratum spinosum
of the gum run in all directions through the cells. In

the bands of dark cells, however, all tonofibrils run

in a direction parallel to the longest axis of the cells.

Consequently they are also directed to the cortex.

In the centre of the arched bands in the stratum spi-

nosum staining of the cells is less intensive than on

both ends. The cells are less flattened, the tonofibrils

are visible as separate fibres. The longest axis of the

cells is somewhat shorter than it is in the cells in the

other parts of the arch. From this it is evident that

compression of the cells is comparatively weak in the

centre of the arch and strongest in both ends, close

to the cortex.

The corium papillae in the gum reach beyond the

first arch of flattened cells. On the tops of these

papillae rows of spherical cells are formed. They

never become flattened in the more superficial layers
of this epithelium, as they are formed beyond the

zone where the cells of the stratum spinosum become

flattened. These rows of round cells run parallel to

each other and to the surface of the cortex. These

cells can even be recognized at the surface of the

gum as spherical cells. Corium papillae are also pres-

ent in the stratum spinosum of the gum, at the base

of the corium wall (figs. 7, 8). Here the outer layer
of the cortex of the baleen plate is formed by cornify-

ing cells originating from the gum. On the tops of

these papillae also rows of spherical cells are formed.

A few of these rows run into the heavily flattened

part of the arched band and are bent in the direction

of the longest axis of the cells in this band. Only
these rows of spherical cells become flattened as they
run into the outer layer of the cortex. These are the

only rows of spherical cells in the gum which run

into the cortex and become flattened.

From the above mentioned facts it is evident that

flattening of the cells only occurs in an arched zone

in the stratum spinosum of the gum. In the centre

this arch is at circ. 2 mm distance from the dermo-

epidermal border. At both ends of this arched zone

the cells of the gum become totally flattened and

form the outer layer of the cortex. If there would

also be flattening of the cells of the stratum spinosum
of the gum in the more superficial layers, the spheri-
cal cells originating from the tops of the corium pa-

pillae would become flattened also in other parts than

the above mentioned. Those closest to the cortex,

already formed, would then run into this layer ar»d

become totally flattened. This, however, is never

found. So it is evident that material is not added

from the gum to the cortex along its whole length,
but only near the base of the corium wall. The fur-

ther increase in thickness of the cortical layer of the

baleen plate is caused by the addition of material

from the epithelium that covers the corium wall to

the outer layer already present.
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From all the facts mentioned above it is evident

that the cortex of the baleen plate consists of two

layers:

a. the outer layer which is formed by the gum, but

only in the zone at the end of the first arched

bundle of heavily flattened cells, and

b. the thick inner layer which is formed by the epi-
thelium that covers the corium wall. Addition of

the cells to the cortex by this epithelium is along
the whole length of its inner side.

This is contrary to what was assumed by RUUD (1940,

1945), who is of the opinion that the growth in thick-

ness of the cortical layer of a baleen plate is solely
due to the additionof material by the epithelium that

covers the corium wall.

The tonofibrils are most probably an indication of

pressure in the tissue, caused by growth and subse-

quent shrinkage. They are only found in those cells

of the stratum spinosum which are more or less flat-

tened. They are not found in the round epidermal
cells formed on the tops of the corium papillae, nor

in the epithelium that covers the corium wall. It is

reasonable to suppose that the pressure works in a

direction perpendicular to the dermo-epidermal bor-

der, at least in the deeper layers of the gum, and

parallel to the longitudinal axis of the baleen plate.
This is the direction in which the baleen plate in-

creases in length. The longest axis of the cells of the

stratum spinosum of the gum is perpendicular to this

direction, so it is reasonable to assume that these cells

are flattened by this pressure. In the centre of the

gum halfway between two baleen plates, the cells are

less flattened than in other parts of the gum. Flat-

tening increases from the centre of the gum to the

base of the corium wall. Owing to the arched form

of the dermo-epidermal border there are more cells

present in an area outside the centre of the arch than

in an area of the same size in the central part. This

means that there is a higher number of cells in the

stratum basale and stratum spinosum of the part first

mentioned that can divide, so that the pressure on

the more superficial cells is stronger here. Together
with the convergent movement of the cells of the

stratum basale and stratum spinosum of the gum, the

cells are flattened and spread sideways.
At the base of the corium wall cells meet from two

sides, the cells of the epithelium that covers the cori-

um wall and the cells of the stratum spinosum of the

gum which are already more or less flattened. The

latter will become subject to still more pressure and

form the outer layer of the cortex. This is the only

part of the cortex present in this area.

The epithelium that covers the corium wall and

the epithelium of the gum are both cutaneous epi-
thelia. Both react in the same way to a stimulation

or inhibition of the mitotic activity of the cells in the

stratum basale and the stratum spinosum. However,

owing to the arched form of the borderline between

the corium and the epithelium of the gum, there is

a higher number of cells in this epithelium. Moreover,

owing to the greater total thickness of the stratum bas-

ale and stratum spinosum, there are more cells which

can divide. When the mitotic activity increases under

the influence of a certain stimulus, e.g. hormones pro-

duced in the period of ovulation (BULLOUGH, H. F.,

1943, 1947; BULLOUGH, W. S., 1946, 1949, 1962),
this increase is equal in both epithelia. In the

epithelium of the gum, however, more cells are

able to divide than in the epithelium covering the

corium wall. This causes the increase in pressure

in the epithelium of the gum, and consequently gives
rise to a broad band of flattened cells in the stratum

spinosum of the gum. More cells aie then pressed

together at the end of the band near the corium wall

which causes a greater thickness of the outer layer of

the cortex. When the mitotic activity decreases again
to a lower and constant level, the thickness of the

outer layer also decreases. Consequently at the mo-

ment of highest mitotic activity, the greatest thick-

ening of the cortex is caused, and at the lowest mito-

tic activity the smallest thickening.

In the stratum basale and stratum spinosum of the

epithelium that covers the corium wall, the same

stimulus results in a smaller number of cell divisions,

as compared with the number of cell divisions pos-

sible in the stratum basale and stratum spinosum of

the gum. It is evident that pressure is built up and

is greatest on the superficial cells of the stratum spi-

nosum of the gum. This causes extra flattening of

these cells, while the speed of the outward growth of

the whole complex of gum and baleen plate also in-

creases. In the epithelium that covers the corium wall

the increase in number of cells is probably so much

smaller that this keeps pace with the increase in the

speed of growth of the whole complex of gum
and

baleen plate. If this would not be the case there

would also have been extra flattening of the cells in

the stratum spinosum of the epithelium that covers

the corium wall.

It is evident that the speed of growth in both epi-

thelia is equal in the direction of the longitudinal

axis of the baleen plate, for otherwise parts of the

gum or the epithelium that covers the corium wall

would be torn off. The longest axis of the cells in the

epithelium that covers the corium wall is directed
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obliquely to the inner side of the cortex, in the direc-

tion of growth of the whole system. In this way the

cells can move from the corium wall to the cortex.

In the gum the longest axis of the greater part of the

cells is perpendicular to the general direction of

growth, except in the area near the base of the corium

wall. Here, however, the cells are pressed sideways

by the other cells in the epithelium that are nearer

to the middle of the gum, when these cells become

flattened. From the fact that no extra flattening of

cells is found in the epithelium that covers the corium

wall and from the direction of cell transport, it is

evident that this epithelium acts as a layer by which

the cortex slides from the corium wall, by means of

addition of cells to the cortex. As the epithelium of

the gum is much greater in size than the epithelium
that covers the corium wall, a rise in the mitotic level

will cause a higher outward pressure on the epitheli-
um of the gum. The speed of growth in this epi-
thelium evidently is equal to the speed of growth in

the epithelium that covers the corium wall. Because

of the higher outward pressure a greater number of

cells is pressed sideways at the same time. This

causes a wider bandof flattened cells and consequent-

ly a greater thickness of the outer layer of the cortex.

Variations in the activity of e.g. the ovaries, by
means of hormonal activity cause variations of the

mitotic activity in the epithelium and in this way in

the cornification; cornifying material is added to the

outer surface of the cortex by the epithelium of the

gum, as well as to the inner surface of the cortex by
the epithelium that covers the corium wall. The vari-

ations in cornification on the outer surface occur in

one spot and are visible as peaks and hollows. Addi-

tion of cornifying material to the inner surface of the

cortex is gradual and along the entire length so that

the variations cannot demonstrate as peaks and

hollows.

As was said above the cortex of the baleen plate is

formed by two epithelia, both of epidermal origin.
Far the greater part of the cortex is formed by the

epithelium that covers the corium wall. Only a small

and variable number of layers, which form the sur-

face of the baleen plate, are added by the
gum.

This

is contrary to RUUD'S opinion. He assumes that the

cortex of a baleen plate is only formed by the epi-

thelium that covers the corium wall. If this would

be the case sudden sharp variations in thickness

would not be present on the outer surface of the

cortex. This is contrary to what can be seen on the

outer surface of a baleen plate and in the record of

such a plate. On the other hand no bands of flat-

tened cells are ever found in the epithelium that

covers the corium wall, even though there is a very

highly developed first band of flattened cells in the

stratum spinosum of the gum (figs. 7, 8, 17).

The long range increment in thickness of the ba-

leen plate, and consequently also of the cortex is

certainly a result of the addition of material to the

cortex by the epithelium that covers the corium wall.

The variations in thickness of the baleen plate, the

peaks and hollows, are caused by the addition of

material from the gum to the cortex. Obviously the

occasionally occurring "jumps" in the records of the

baleen plates (RUUD, 1940, 1945) are also caused by

an increased addition of material from the epithelium
of the gum to the cortex.

The increase in thickness of the whole baleen plate
is, however, exaggerated by wear to which the free

baleen plate is subject. During the growth of the ani-

mal the thickness of the baleen plate increases (VAN

UTRECHT-COCK, 1965). The wedged form of the "root"

of the baleen plate and its components, the corium

wall and the epithelium that covers the corium wall,

gives the impression that increment in thickness of

the baleen plate is possible even in physically mature

animals. This is confirmed by the fact that the horny
tubes converge to an imaginary point, in the direc-

tion of the free part of the baleen plate. From trans-

versal sections at various distances from the tip of the

baleenplate it appears that the diameters of the tubes

and the thickness of their walls increases.

Changes in the thickness of the superficial layers

of the cortex of the baleen plate are instantaneous as

a result of a sudden change in the physiological bal-

ance in the animals. In a record the peaks resulting
from such changes give a better clue in the division

into "growth periods" (see VAN UTRECHT-COCK, 1965).

Moreover, they can give a better insight in the sexual

cycle. For instance, when a certain peak in a record

is the result of the stimulation of the epithelium by
hormones produced during an ovulation which is fol-

lowed by pregnancy there are always more data such

as the corpus luteum in the ovaries, the length of the

foetus or the conditionof the mammary glands during

lactation. From the length of the foetus conclusions

can be drawn concerning the moment when this preg-

nancy started. This can be of importance particularly
in female animals which have just reached sexual

maturity and have ovulated only one or two times.

The record of the baleen plate of such an animal of-

fers a good basis for the comparison of certain peaks

resulting from ovulations, with comparable peaks in

the records of baleen plates of older female animals.

It is obvious that changes in the physiological bal-

ance, not only ovulations but all other kind of varia-
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tions in the life cycle of the Whales, which are of

comparatively short duration, cause characteristic

traces in the superimposed system of peaks in the

record of the baleen plate.

2. Summary

1. In Whales variations in the thickness of the ba-

leen plates are supposed to give an insight into cer-

tain cyclical processes in the life of the animal. To a

certain extent, by means of these variations, it is

possible to reach conclusions about the age of the

animal and/or about its recent period of life.

In order to get a better insight in the significance
of the variations in thickness of the baleen plate,
researches are made in the histogenesis of the baleen

plate of Fin Whales and Blue Whales, caught in the

Antarctic waters. The variations in thickness are

caused by variations in thickness of the cortex of the

baleen plate.

2. The “root” of the baleen plate consists of the

following parts: the corium wall, the epithelium that

covers the corium wall, the cortex and the epithelium

of the gum.

3. In the epithelium of the gum arched bands of

varying width are visible. These bands run into the

outer layer of the cortex. There is a correlation be-

tween the width of these bands and the height of the

thickenings of the cortex, in which they end. These

bands are not present in the epithelium that covers

the corium wall. In both epithelia corium papillae
are found. On the top of each papilla a row of

spherical cells is formed. In the epithelium that cov-

ers the corium wall these rows of spherical cells all

run into the cortex and there they cannot be dis-

tinguished from the surrounding cornified material.

This is also correct for the
very

few rows of spherical
cells originating from the corium papillae near the

base of the corium wall. These rows run into the

first band of flattened cells of the gum. They be-

come flattened with the cells of the stratum spinosum
of the

gum in this band, forming the very first layer
of the cortex. The other rows of spherical cells in the

gum, even those immediately adjacent to the cortex,

all run parallel to each other and to the outer surface

of the cortex. They never run into the cortex. This

shows clearly that the cell material of the gum forms

the first and outer layer of the cortex of a baleen

plate near the base of the corium wall. Cell material

of the gum is not added to the cortex in any other

place.
4. The cortex of a baleen plate is formed by two

epithelia, the epithelium of the gum and the epithe-

lium that covers the corium wall. Variations in the

thickness of the cortex and consequently of the ba-

leen plate, which are visible as peaks and hollows in

the record, are only formed by variations in the ad-

dition of material by the epithelium of the gum.

5. One of the functions of the epithelium that cov-

ers the corium wall is that it serves as a layer by
which the cortex slides from the corium wall. The

long range and gradual increase in thickness of the

baleen plate, and consequently also of the cortex, is

mainly a result of the addition of material to the inner

side of the cortex by this epithelium.
6. It is shown that the peaks and hollows are in-

stantaneous formations, resulting from increased mito-

tic activity in the epithelium of the gum. These

extra thickenings are only formed at a special point
at the very first origin of the cortex. So the “growth

periods” in which the records of baleen plates can be

divided, by means of the “regular” occurrence of

peaks and hollows, are conclusive in age determina-

tion.

7. The variations in thickness of the cortical layer
of the baleen plate visible as peaks in the records, are

probably caused by changes in the physiological bal-

ance of the Fin Whale. These changes are of com-

paratively short duration. They may e.g. be caused

by the mitotic stimulating activity of hormones, pro-

duced by the ovaries during ovulation. Owing to

such a stimulus more material is added to both sides

of the cortex. This is visible as a thickening only on

the outer surface because here all the extra material

is added at one point, whereas to the inner side of

the cortex material is added along the whole length.
8. The cells of the stratum spinosum in the “root”

of the baleen plate maintain their mutual contact in

the desmosomes. These structures are always visible

in all microscopic sections of the various parts of this

stratum.

9. The coarse tonofibrils run through the cells

from the desmosomes in one part of the cell wall to

the desmosomes in another, mostly opposite, part.

10. The tonofibrils are not present in all cells of

the stratum spinosum of the gum and nowhere in the

stratum spinosum of the epithelium between the cori-

um wall and the cortex.

11. The presence of tonofibrils in the stratum spi-

nosum of the gum of the Fin Whale and the Blue

Whale is most probably caused by shrinkage of the

cells, e.g. under the influence of the fixing fluid. The

main direction of this shrinkage of the cells and the

direction in which the tonofibrils run, is determined

by forces that work on the cells in the epithelium,

caused by mitotic activity.
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Samenvatting

De variaties, welke optreden in de dikte van de ba-

leinen van Walvissen, kunnen een inzicht geven in

bepaalde cyclische processen in het leven van deze

dieren. Gebaseerd op deze dikte-variaties is het mo-

gelijk de leeftijd van deze dieren te bepalen en in-

zicht te verkrijgen in hun recente levensgeschiedenis.
Deze variaties in de dikte van de balein zijn alleen

dan bruikbaar voor leeftijdsbepaling, wanneer zij op

één bepaalde plaats en elk op één bepaald moment

worden gevormd.
Om de betekenis en het ontstaan van deze variaties

in dikte beter te kunnen interpreteren, is de histo-

genese van de baleinen van Gewone en Blauwe

Vinvissen, gevangen in de Antarctische wateren,

onderzocht.

De variaties in de dikte van de balein zijn een

gevolg van de variaties in de dikte van de schorslaag

van de balein.

Het onderzoek heeft zich geconcentreerd op de

wortel van de balein, het deel dat zich in het tand-

vlees bevindt. De baleinwortel bestaat uit de vol-

gende delen: de wigvormige coriumwal, aan beide

zijden daarvan het epithelium dat deze wal bedekt,

en daar buiten de schorslaag. Aan de schorslaag

grenst het tandvlees, dat de ruimte tussen twee

baleinwortels inneemt. Het tandvlees en het epithe-
lium dat de coriumwal bedekt zijn epidermale weef-

sels. De schorslaag is het enige verhoornde deel dat

aanwezig is in de baleinwortel.

De grens tussen de coriumwal en het epithelium is

recht. Tussen twee naast elkaar gelegen coriumwallen

is de grens tussen corium en het epithelium, dat het

tandvlees vormt, boogvormig.

In het tandvlees zijn boogvormige banden aanwe-

zig, die in breedte verschillen. Deze banden gaan

over in de buitenste laag van de schorslaag. Er be-

staat een correlatie tussen de breedte van deze ban-

den en de hoogte van de verdikkingen van de schors-

laag, waarin zij overgaan. Dergelijke banden zijn niet

aanwezig in het epithelium dat de coriumwal bedekt.

In beide epithelia zijn coriumpapillen aanwezig.

Op de top van iedere papil wordt een rij spherische
cellen gevormd. In het epithelium dat de coriumwal

bedekt, gaan deze reeksen cellen over in de schors-

laag. Zij worden hier onherkenbaar van het om-

ringende verhoornde weefsel. Dit geldt ook voor en-

kele reeksen spherische cellen, welke ontstaan op

coriumpapillen in het tandvlees, gelegen bij de basis

van de coriumwal. Deze reeksen eindigen in de eerste

band van afgeplatte cellen in het tandvlees. Zij wor-

den, evenals de cellen van het stratum spinosum van

het tandvlees, afgeplat en vormen, samen met de cel-

len van dit stratum, de eerste laag van de schorslaag,
welke aanwezig is in de baleinwortel.

De overige reeksen spherische cellen in het tand-

vlees, zelfs die reeksen welke aan de schorslaag gren-

zen, lopen allen parallel ten opzichte van elkaar en

ook ten opzichte van de schorslaag. Zij gaan niet over

in de schorslaag.
In het tandvlees reiken de coriumpapillen voorbij

de eerste zône van afgeplatte cellen van het stratum

spinosum. Voorbij deze zône worden dus ook de

spherische cellen gevormd.

Uit het feit dat deze cellen door de gehele diepte

van het stratum spinosum van het tandvlees hun

vorm behouden, en uit het feit dat de reeksen even-

wijdig aan elkaar blijven lopen en niet opgenomen

worden in de schorslaag, kan worden geconcludeerd
dat afplatting van de cellen in het tandvlees alleen

optreedt in deze eerste zône. Hieruit volgt dat cellen

van het tandvlees de eerste en buitenste laag van de

schorslaag vormen, nabij de basis van de coriumwal.

Van het tandvlees uit worden verder geen cellen aan

de schorslaag toegevoegd. Tegen deze buitenlaag van

de schorslaag wordt door het epithelium dat de

coriumwal bedekt, verhoornd materiaal afgezet. De

schorslaag van de balein wordt dus gevormd door

twee epithelia, door het epithelium van het tandvlees

en het epithelium dat de coriumwal bedekt. Variaties

in de dikte van de schorslaag en dus van de balein,

welke als pieken en dalen in de baleindiktecurve

zichtbaar zijn, kunnen uitsluitend ontstaan door vari-

aties in de hoeveelheid materiaal, welke de buiten-

laag van de schorslaag van de balein vormt.

Het epithelium dat de coriumwal bedekt, maakt

het mogelijk dat de schorslaag van de coriumwal

glijdt. De geleidelijke en continue toename van de

dikte van de balein en ook van de schorslaag wordt

veroorzaakt door de afzetting van materiaal van dit

epithelium uit tegen de binnenzijde van de schorslaag.

Aangetoond is dat de pieken en dalen momentane

afzettingen zijn als resultaat van verhoogde delings-
activiteit in het stratum basale en stratum spinosum

van het tandvlees. De verdikkingen van de schorslaag
worden alleen gevormd op één plaats, n.l. daar waar

de eerste laag van de schorslaag onstaat. Dit betekent

dat de pieken en dalen in de baleindiktecurven bruik-

baar zijn voor een indeling van deze curven in groei-

perioden.

De variaties in de dikte van de schorslaag van de

balein worden waarschijnlijk veroorzaakt door ver-

schuivingen in het physiologisch evenwicht van de

Walvis. Deze verschuivingen kunnen b.v. worden ver-

oorzaakt door ovulatie, begin van de trek, etc. Het is

bekend dat bij zoogdieren ovulaties begeleid worden
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door een verhoogde productie van oestrogene hormo-

nen, waarvan is aangetoond dat deze de delings-
activiteit stimuleren. Aangenomen mag worden dat bij

Walvissen tengevolge van een dergelijke verhoogde

delingsactiviteit meer materiaal wordt toegevoegd aan

beide zijden van de schorslaag. Dit kan alleen op het

oppervlak van debalein zichtbaarworden als een ver-

dikking, daar alle materiaal hier op één punt wordt

afgezet terwijl tegen de binnenzijde van de schorslaag

dit over de gehele lengte van deze laag, waar deze

grenst aan het epithelium, plaats vindt.

De cellen van het stratum spinosum van de epithe-
lia van de baleinwortelbehouden hun onderling con-

tact door middel van desmosomen. Deze structuren

zijn altijd zichtbaar in de celwanden in de verschil-

lende delen van dit stratum. Tonofibrillen zijn niet

in alle cellen van het stratum spinosum van het tand-

vlees zichtbaar, en in het geheel niet in het stratum

spinosum van het epithelium dat de coriumwal be-

dekt. Wanneer tonofibrillen aanwezig zijn, gaan zij

van de desmosomen in het ene deel van de celwand

door de cel naar de desmosomen in het tegenover ge-

legen deel van de celwand.

De aanwezigheid van tonofibrillen in het stratum

spinosum van het tandvlees wordt zeer waarschijnlijk
veroorzaakt door krimpen van de cellen, b.v. ten

gevolge van de werking van fixatie vloeistoffen. De

richting, waarin dit krimpen van de cellen plaats

vindt, en de richting, waarin de tonofibrillen verlo-

pen, wordt bepaald door krachten welke op de cellen

van het epithelium werken, veroorzaakt door delings-
activiteit.
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