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depth from the ordinary surface, by the drawing lever (L) The length
of the baleen itself is as in the original.-

Fig. 6.
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In the present studies, the magnification were made 20 times on both
surfaces. As can be seen from the Fig. 6, the induction wire is fixed at a
point one cm. from the central fulcrum of leading lever, and the drawing
lever (L) has a drawing point 20 cm. from the central fulcrum. By this
means, if the thickness of the baleen at which the measuring needle rests
is measured and its thickness made 40 times that amount, the whole thick-
ness would be transmitted as 40 times larger.

III. The Nature of the Sculptures of Baleen Plates.

The sculptures as depicted graphically by this machine are shown in
Fig. 7 for blue whales. and in Fig. 8 for fin whales. The length of the
baleens were the same in both cases and the depth of the creases on the
upper (upper line) and lower (lower line) surfaces were made 20 times
greater. The thickness of the baleen, if made also to 20 times its actual
size, would result in too far a space between the upper and lower lines so
that the distance has been suitably reduced. This graph is different from
that of Ruud, both in the mode of expression and in the method of mea-
surement, but there is riot a great difference in - showing the tendencies. In
short, it shows the periodic cycle of growth well. Disregarding small .ups
and downs, one cycle was taken as that period from the thin part (mal-
nutritious) to the next thin part through a thick part' (nutritious). The
spot marked with a round is where the thin part exists. ~Although not
very discernible in the photograph, there were some that had many small
holes in this thin place. Measurements were made as to how many of
these thin places were present. on one baleen.-

A Studies of a pair of balesns from one animal showed that, not only in
the number of cyclés but also in the shapes and forms of up and down
trends, the pair showed the same tendencies.  This seemed to prove the
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luteum, i. e. on sexually immature whales. Of 24 heads of blue whales
measured, 1 was found to be in its fourth cycle, 10-in fifth cycle, and 13
in sixth cycle. Of 33 heads of fin whales examined, 27 were in the fourth
cycle and 6 in the fifth cycle. '

If sexually immature whales are taken as those: under two years since
birth, then the cycle we have been considering does not mean one year.

It was also considered that the cycle we have been using and that of
Ruud’s are the same, but, if the cycle does mean one year, then the period
necessary for sexual maturity is between five and six years in blue whales
and four years in fin whales. This is contrary to the conventional theory
that female whales become sexually mature two years after their birth.

At any rate, period necessary to attain sexual maturity seems to be
different in blue and fin whales. This is an important point on which our
ihvestigation rests. However, we shall let these points rest a while and
arrange the results of measurements made on all of the female whales.

In Fig. 9, the black dots (physically mature whales) and white circles
(physically immature whales) represent individual data, and the solid line
is the average cycle curve according to the number of corpora lutea. The
- broken line is the average number of corpora lutea according to the num-
ber of cycles.

If baleens are not replaced since birth, the growth rate must differ at
the tip and at the rost. The number of cycle must also change at a cert-
ain proportion, and an increaes in the number of corpora lutea must have
the same increase in the number of cycles. Also, the aforementioned two
curves must show approximately the same results. However, the curve
showing average mumber of cycles according to the number of corpora
lutea levels off after a certain number of cycles, i. e. eight to nine cycles
in blue whales, seven cycles in fin whales. :

As can be seen from Figs. 7 and 8, the space between each cycle,
though differring slightly between whales, is almost the same in each in-

dividual.

These facts seem to point out that baleens, like human hair or nails,

grow from their roots all the time and, after a lapes of certain time (the

length of this time being different in each individual) bigin to chip off from

the tips. '
The curves for number of cycles according to the number of corpora

i:-‘%ﬁ:k:");“. ! ~
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lutea stabilizes already at seventh cycle in blue whales and at sixth cycle
in fin whales. Even with varieties of ups and downs, curves finally level
off at the above period ‘which give the impression that, even at that early
period, chipping off starts inA some individuals. .

Fig. 9. Number of Periodic Cycles on Baleen Plates
and Number of Corpora Lutea.

Average number of corpora lutea in number of period.

Average number of period in number of corpora- lutea.
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V.y Relationship between the Periodic Cycles on Baleens
' and the Weight of Testes.

Combination of the periodic cycles appearing on baleens and age data
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in male whales, i. e. weight of testes, is given in Fig. 10. Black dots show
individual data for physically mature whales, and white circles, those for
physically immature whales. The solid lines represent average numbef of
periodic cycles according to weights of testes. Wheré (_)nly a few heads of
whales were available, an average of that group has been taken up. The
broken lines show the average weight curve of testes according to the
number of cycles.

In this case also, the same idea applies as to the female whales. The
chipping of baleen seems to start at seventh to eighth period in blus wha-
les, and at fourth to fifth period in fin whales.

‘ Fig. 10. Number of Periodic Cycles on Baleen Plates
and Weight of Testes. *
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VI Relatiohship between Periodic Cs;cle on Baleens
and Baleen Length.

In accordance with the ideas formulated in the foregoing chapters,
long baleens should have larger number of periodic cycles, although a s-
light difference méy exist between individuals. In other words, in two
whales of similar nature, one possessing less chipped baleens would possess

Fig. 11. . Number of Periodic Cycles on Baleen Plates and Length
of Baleen Plate in Blue Whales.
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longer baleens.

the periodic cycles appearing on the baleens for blue and fin whales,
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Figs. 11 and 12 show the combination of baleen length and

pectively. '
Fig. 12. Number of Periodic Cycles on Baleen Plates and Length
of Baleen Plate in Fin Whales.
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Black dots show individual data for physically mature, and white circles,
those for physically immature whales. The solid lines represent average
curve for number of periods according to baleen length, and the broken
lines, average curve for baleen length according to the number of periods.

In both graphs, the positions of individual data, i. e. black dots and
white circles, are different from foregoing data. Although there are vario-
us small movements, the curves as a whole have no relationship to the

res-
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number of corpora lutea or to the weight of testicles, and short baleens
have fewer number of cycles, the longer ones, more. This proves authen-
ticity-of the hypothesis that baleens begin chipping off at the tips.

The curves for fin whale males are all without. much variation which
seem to show that no great difference in periodic cycles exists between in-
dividuals, the majority showing four to five cycles. Hewever, variation bet-
ween these two periods are not small, compared to others.

The rate of growth of baleen plates in one periodic cycle, calculated
from Figs. 11 and 12, give the values of 7 to 10 cm. in blue whales, and 9
to 15 cm. in fin whales. These values coincide well with actual measure-
ments.

VII. Relationship between Periodic Cycles on Baleen Plates
and Body Length.

Combination of the body length and number of periodic cycles. in blue
and fin whales are shown in Figs. 13 and 14, respectively.

Black dots signify data for physically mature whales and white circles,
those of the physically immature. The solid lines represent average curve
of the number of periodé according to body length, and the broken lines,
that of body length according to the number of periods. In these graphs,
as in the others, the curves level off after eight to nine cycles in blue
whales, and five to six cycles in fin whales, showing that baleen plates start
chipping off after these periods. This period seems to be late in fin whale
males but, compared with curve for baleen plates, it shows that they have
strohg tendency to chip off.

Figs. 15 and 16 show the combination of body length and baleen length
in blue and fin whales, respectively. They both show similarity to the
curve for periodic cycle and body length. As a whole, the increase in body
length is accompanied by increase in the length of baleen plates. This
shows that the baleen plates increase, not only in proportion to passage
of time but also with the increase in body length, i. e. increase in the size
of the mouth. The change in the léngth of baleen plates differ greatly in
individuals of the same body length and not so much between whales of
similar body length, which makes this factor unsuitable as age determination
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datum. Ho'wever, this fact also proves the explanations given regarding
relationships between the body length and the number of periodic cycles, or
that between the length of baleen plates and the number of periods.

Fig. 13. Number of Periodic Cycles on Baleen Plates

and Body Length in Blue Whales.
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Fig. 14. Number of Periodic Cycles on Baleen Plates
and Body Length in Fin Whales.
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Fig. 15. Length of Baleen Plates at different
Body Lengths in Blue Whales.
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Fig. 16. Length of Baleen Plates at different
Body Length in Fin Whales.
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VIII. Relationship between Periodic Cycles on Baleen Plates
and Sexual Maturity.

Judging from the various curves obtained in the foregoing chapters,
following conclusions may be drawn, although in some instances where two
curves show coincidence or approximate coincidence such conclusion would
be dangerous. ‘

The number of corpora lutea according to periodic cycles seems to be
about four corpora per cycle. ' ‘ '
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Number of‘corr')ora lutea Blue whales - Fin vhales
00— 2 up to 6th cycle up to 4th cycle
3— 6 C6—T7 » 4—5
7——10 7—8 v 5—6
11—14 8—9 v 6—7 1

According to Wheeler’s theory, the whales are divided into groups hav-
ing five corpora lutea each, from the curve of the number of corpora lutea.

The sexual maturity of female whales, i. e. those having one corpus
luteum, is at the seventh period in blue whales, and at the fourth to fifth
period in fin whales, éccording to Fig. 9. The body length at that period,
from Figs. 13 ahd 14, is 78 feet for blue whales and 66 feet for fin whales.
These values coincide well with other theoretic data.

In male whales, there is no state in which the two curves in Fig. 10
show the same tendencies. This shows that not only the éhipping of bale-
en plate$ but also the relationship between growth rate (e. g. body length)
“and testicular weight must be very irregular. However, the average curve
for testicular weight according to the number of periodic cycle stabilizes at
about the seventh period showing that there is no remarkable increase in
weight after that period. This peried is about fourth to fifth in fin whales.
The testicular weight at these periods is 35kg. in blue whales and 17. 5 kg.
in fin whales. From the curve of testicular weight according to body length,
no great change occurs after blue whales reach the length of 75 feet with
32 kg. testicular weight, and at 65 feet with 32 k. testicular weight in fin
whales.

The increase in testicular weight during one periodic cycle at sexual
maturity is about 10 kg. in blue whales and about 7.5 kg. in fin whales.

The rate of body growth during one pericdic cycle, as calculated from
Figs. 13 and 14, is about 2.5 feet in blue whale males at fifth to seventh
period, and 3.5 feet in blue whale females at the same period. In fin whale
males, this is 6 feét at fourth to fifth period, and in females, 4 feet at four-
th to sixth period. From these data, it seems that fin whales gain more
in body length than blue whales during cne ‘periodic cycle. The growth rate
is especially high in fin whale males. This may offer somewhat baffling
idea but multiplication of these rate of body length increase by the number
of periods give values equal to the increase in body length from infancy to
the sexually mature stage. ' '
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The increase in body length during the young stage should be much
greater than at or near the sexual maturity. Although not among my own
data (J. T. Ruud’s data), one young fin whale caught during its suckling
period. possessed a baleen plate 42 cm. long, yet it could not be even one
year old.
~If the increase in the length of baleen plate during one periodic - cycle
s taken as 12 cm., and the increase in body length during the same period
as 4 feet, then 42 cm. would mean the increase in body length of 14 feet.
Based upon these assumptions, values obtained are coincidental with the  a-
ctual measurement of body length from birth to sexual maturity.

From foregoing ideés, it seems that one periodic cycle on baleen plates
mean one solar year. According to this- assumption, several years elapse
between birth until attainment of sexual maturity, and the length of time
differs between blue and fin whales. However, according to existing theori-
es, both blue and fin whales reach sexual maturity in about two years, and
there have been no data to disprove this theory.

IX. Relationship between the Periodic Cycle on Baleen Plates
and Physical Maturity. :

_In all the graphs shown in the foregoing chapters, black dots denote
physically mature whales, i. e. those in which the vertebrae are fully an-
kylosed, both in thoracic and lumbar series, and white circles, the immature.

In female whales, as shown in Fig. 9, the physical maturity is related
to the number of corpora lutea but the relationship between the number of
corpora lutea and the number of periodic cycles on baleen plates is. very
obscure. The number of heads examined, as a whole, is very small but no
physically ‘mature whales were found in blue whales of less than the fifth
period, and fin whales of less than the fourth period. The number of ma-
ture whales increases as the number of periodic cycles increase, but in both
species of whales, physically immature whales can be found in those having
the maximum number of periodic cycles. _

In male.whales, as shown in Fig. 10, the physical maturity‘ is not re-
lated either to testicular weight or to the number of periodic cycles on bale-
en plates.

Its relation to the lengths of baleens is also doubtful since, from Figs.
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11 and 12, the longer the baleen plates does not always  mean a mature
whale, or vice versa. , _

Figs. 13 and 14 show that physical maturity is not at all related to
body length or to the number of periodic cycles found on baleen plates. Of
course, the ratio of méturity is greater in whales of larger body length, or
in those having larger number of cycles on baleen plates since the latter
means a longer time passed from birth. .

However, no clear line can be drawn as was possible with the number
of corpora lutea bétween the physically mature and immature whales.

These' facts seem to indicate that baleen plates, when it has reached a
certain length (differing in each individual); begins to chip off irrespective
of physical maturity, i. e. the age.

X. Conclusion.

As can be seen from the foregoing, baleen plates begin to chip off after
reaching a certain period. This period is at a stage when the rate of in-
crease in the mouth volume becomes smaller than the rate of increase in
length of baleen plates and seems to differ by the growth rate of each in-
dividual. » :

In other words, the inner volume of the mouth becomes larger as' whales
grow, similar to body length, but the growth rate becomes smaller after a
certain period of time. However, b_aleen plates go on growing as before
without any regard for growth rate; so that, at one time or -anocther, it
begins to get in the way. This is the period referred to above, which na-
turally differs in each individual. " Some whales show chipping at the four-
th period, Wh,ile'some show nc chipping even,at the seventh period.

J. T. Ruud gives a graph for a young fin whale (still in suckling stage)
of 42 feet of body length, among his data. He sites the fact that the sculp-
tures on the baleen plate from this whale is remarkable smooth compared
to those of mature whales, and explains. the phenomena by saying that the
yeung whale does not receive any nutritional effect other than periodic drink-
ing of milk. _ ‘

\ In -examing many baleen plates, several were found to have these pheno-
‘mena towards the tips. These must be plates in which the chipping had
not started. Generally, the surface towards the tip is more smoother than
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at the root of a plate, but this inust be a different phenomenon. These
baleen plates, as shown in Fig. 17, show more sharper point than the one
that has began chipping.

Fig. 17 Baleen Plates with Chipped and Unchipped ﬁoints.
a) Unchipped plate by Chipped plate

During measurements; it was found that some blue whales showed chip-
ped plates as early as the fifth period but generally, this chipping seem to
take place from the seventh period. In fin whales, this phenomenon was
found from the fourth to fifth period in males, and from fifth to sixth
period in females. , o :

This poses a question of whether - these results are entirely negative
and that the chipping of plates would give no data as to the total number
of periodic cycles since birth and consequently no determination as to the
age of whales. : v

It is true that whales with whole plates offer enough data for age es-
timation but in those having chipped baleen plates, only the life history
vduring the recent several periods can be learned and there is nothing to tell
the passage of time since birth.

The investigations were made more difficult by the fact that it was
very hard to determine whether the tip of baleen plate was chipped or not.
It was generally easy enough to tell whether a certain baleen had began to
chipped off, but it was very difficult to say that a plate was not chipped off
at all.
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In short, further investigations are necessary to determine whether these
sculptures on the surface of baleen plates represent one solar year per one
periodic cycle, or whether several periods constitute a one solar year. Howe-
ver, there is no doubt that a certain relationship does exist between baleen
plates and age determination data.

(October 20, 1949)
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