OSSIFICATION PATTERN OF THE VERTEBRAL EPIPHYSES
IN THE SOUTHERN MINKE WHALE

HIDEHIRO KATO*
ABSTRACT

The pattern of fusion of the vertebral epiphyses to the centrum in the
southern minke whale was examined using materials collected during the
1978/79 and 1979/80 Antarctic whaling expeditions. The fusion of the ver-
tebral epiphysis to the centrum proceeds from the center of epiphysis to
the peripheral on each vertebra regardless of the position on the vertebral
column. On a vertebral column, epiphyseal fusion starts at anterior cervi-
cal then at posterior caudal vertebra, and is completed on the middle or
posterior dorsal vertebrae. The fusion is completed on the entire vertebral
column at ages of 23-36 years (males) or 28-36 years (females), and it has
little correlation with the body length.

INTRODUCTION

The southern minke whale (Balaenoptera acutorostrata Lacépéde, 1804) is the
only species which is currently exploited by the pelagic whaling in the
Antarctic. Because of its importance in the stock management and study of
the antarctic ecosystem, various studies attempted to clarify historical changes
in their growth. For example, the decline of age at sexual maturity with time
prior to the full exploitation started in 1971/72 has been suggested (Masaki,
1979; Best, 1982; Kato, 1983, 1987), which was thought to have resulted from
the decline of possible competitative whale stocks such as blue (B. musculus
(Linnaeus, 1758)) and fin whale (B. physalus (Linnaeus, 1758)).

Recently Kato (1987) compared growth curves between year classes of
the southern minke whale and found the recent year-classes grew faster than
the earlier ones. He analysed and suggested a possible change in the body
length at the attainment of physical maturity with year-class. Although the
examination of epiphyseal fusion to centrum is essential for the identification
of physical maturity of whales, our information has been very fragmental on
age, body length and progression of such change on the vertebral column.
Kato (1987) analysed some of these aspects of southern minke whales using
only the middle dorsal vertebrae, but he didn’t present technical bases that
this vertebral part can be used as a mark of the physical maturity. This study
presents such basic information missing from the study of Kato (1987).
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14 KATO

TABLE 1. COMPARISON OF EPIPHYSEAL FUSION STAGES* BETWEEN THE CENTER
AND PERIPHERAL OF A EPIPHYSIS.

fusion at epiphyseal peripheral*

Vertebral fusion at

segment epiphyseal center Urc UFC FJv FJI

Cervical UuTcC 25 - - -
UFC 4 70 - -
FJv — 5 118 -
FJI — - 1 415

Dorsal uTrc 436 - - -
UFC 6 169 - —
Fjv - 85 123 -
FJI — - 59 107

Lumber Urc 402 - — -
UFC 28 128 - -
Fjv - 59 123 -
FJI = — 98 260

Caudal urc 269 — - -
UFC 5% 116 - —
FJv 4 46 140 —
FJI - = 184 811

» UTC, unfused with thick cartilage; UFC, unfused with thin cartilage; FJV, fused with join visible; FJI,
fused with join invisible.

of the vertebrae showed the equal stage of fusion between the center and
peripheral (ventral). Such vertebrae comprised 85.5% of the total data sets
(4,344) or 77% of 2,751 vertebrae excluding those with fully fused epiphyses.
However, 14.5% of them showed more advanced stage of fusion at the epiph-
yseal center and none of them showed the opposite case. Agreement of the
two observations was lower on the posterior vertebral column; 95.5% in cervi-
cal vertebrae, 82.9% in dorsal vertebrae, 77.5% in lumbar vertebrae, and
64.7% in caudal vertebrae (excluding observations on vertebrae with fully
fused epiphyses).

It is important to note that if the two observations disagreed the fusion
near the peripheral of epiphysis was always less advanced. This indicates that
the fusion of the vertebral epiphysis proceeds from its center to the
peripheral, and that the progress is slower on the posterior vertebrae. Epiph-
yseal fusion completes at the marginal of each epiphysis. In the following
analyses, I used only the status of epiphyseal fusion at the peripheral part.

Table 2 shows the progress of eplphyseal fusion with increasing body
length. The fusion begins at the anterior cervical vertebrae in both sexes, and
cervical epiphyses were completely fused to the centrum even on the smallest
male sample (22ft in body length). Epiphyseal fusion on the posterior caudal
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EPIPHYSEAL FUSION IN MINKE WHALES 15

vertebrae starts at a body length of about 27ft for both sexes. After then, the
fusion proceeds with increase of body length towards the middle vertebral
column. However, there are considerable individual variations in the stage of
the epiphyseal fusion among the individuals of the same body length and sex.
For example, some individuals almost completed fusion while others had only
started the process on the dorsal and lumber vertebrae at the body length
classes between 27ft and 29ft in males, and between 28ft and 31ft in females.
However the ossification is usually advanced on older individuals of the body
length classes above.

Then, the individual data were rearranged according to their age to
produce Table 3 (individuals without sufficient age irformation were
excluded). It was confirmed again that the fusion of epiphyses begins firstly at
the anterior cervical at about age two years, and subsequently at the posterior
caudal at about age 10 years in both sexes. The fusion proceeds with age from
the both ends toward the middle region of the vertebral column and have
been completed at the middle or posterior parts of the dorsal region. The
youngest physically mature animals appeared at 23 years and 28 years in
males and females respectively, while the oldest physically immature animals
were 36 years in both sexes. However, the differences between sexes may not
be significant.

DISCUSSION

Although histological technique will be desirable for the observation of
epiphyseal fusion as by Wheeler (1930), it was not applicable in the present
study. I cannot deny, therefore, misclassification of some stages of fusion,
especially between later stage of UFC (unfused, thin cartilage present) and
beginning of FJV (fused, join visible). However, as shown in Fig. 2, the pre-
sence or the absence of cartilage on the joining line can be easily recognized
without histological section if observed carefully. Thus I consider the present
method is adequate for the present study.

Mackintosh and Wheeler (1921) had preliminarily examined the physical
maturity status of blue and fin whales by the eplphyseal fusion on some parts
of the vertebral column, based on the suggestion given by an earlier work
(Flower, 1864). Wheeler (1930) examined further the nature of the ossifica-
tion pattern on column in southern fin whale, and found in female that the
epiphyseal fusion starts from both ends of the column and is completed at the
anterior dorsal vertebrae. Later Ohsumi et al. (1958) confirmed similar pat-
tern of ossification in the North Pacific fin whale using a larger sample size
and detailed observation.

The present study compared ossification pattern with absolute age by
earplug growth layer counts, though both Wheeler (1930) and Ohsumi et al.
(1958) used number of ovulation, and confirmed, for the southern minke
whales, similar pattern of the ossification of the vertebral column to that in fin
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TABLE 2. RELATIONSHIP BETWEEN EPIPHYSEAL FUSION STAGES AND BODY LENGTH

MALE FEMALE
Position on vertebral column* Position on vertebral column No.
BL C D L Ca BL C D L Ca Ovula-
f) 147 2610 2610 31017 € 147 2610 2610 31017 tons
22 - - ———- ———= ——- 24 AN—- ——— ——— —AA 0
24 AAA - - __ - 25 ONA - ——— —— - _—AA -
925 AANAN — —— ———  — -~ OA- ——— ——— -—AA 0
ONAN — - — ——— - — 00LA NA—— —— - A 0
AN — — - — - - - 26 QAN —— - —— - A 0
26 AAN A—— —AA AAA 000 A/ ANA 00O 20
00, A - — ———- —AA 27 AAN — - —~__ __A 0
00~ A—-— ——— AAA 28 AAAN ——— ——A AAA 0
27 QLN — — - ——— - AAN — -~ — - AA- 1
0., —— - —ANA LO® —AA ——— ——— AAO® 9
000 A - ——-- NLAO AAAN ——— ——A AAA 12
000 /LA - — A AA® QAL N—— AANA AGO 5
OOA A - —— A 00O 000 00A AOGO 00O 23
000 AL, LOO 00O 000 04,0 00O 00O 16
OOA AAA AGO 00O 29 @AANA ——— ——A AAA 7
000 OAA AAOG OO0 OA- ——— ——A AAA 2+
000 00A A00 O04AO AAA ANAA ANA AAO® 23
928 Q0A N— - - ——- —_A- Q@A AANA ANAN AAG® 12
00, —— - — - _AA 000 AN ANA 00O 21
QAN ———- ——A AA® O@OA ANA AAOG O0O0O 18
OAL AN ——A 000 000 A/A AGO 00O 17
00, A—— ——-A 00O OOA AAA AAOG 04 17
OAA —— - —_NA AGO 30 AN- ——— ——— —AA 17
000 A,/ NAA 00O ®_ - — - —— - _AA 6
000 AANNA AAA 00O @AN A—-—-— ——— —A® 4
OAA ANA AAOG 00O O0A A - ——_— _—AO 4+
29 QAN ——— —— - _—A- QO0A /L - —— - AAA 9
QAN ——- ———- 00 - 00900 LAA- AN 000 10
QAN A—— ——A AOGO 00A A — - ANO® 000 28
00~ AANAN ANAG 000 QAA ANAAN AAOG OO0 19
000 A/ AAG O0O0O QOA AN AAOG O0O0O 13
O0OA ANA AAO O0O0O 00O AL AAOG OGOO 19
O@OA AAA 00O 004 000 OAA GO0 o000 26
000 AAA AOGO® OOCOC 000 004A ACGO 00O 30
000 0AA AO0OG OOO 200 000 000 00O 28
000 0AA AOGO 00O 000 000 000 o000 36
30 000 A/ NAAA AOGO 000 000 000 00O 29
OOA ANA AAOG 00O 30 OA- - —__— _AA 9
000 000 000 L00 QAA A—— —_AA LhO® 10
000 000 000 o000 oL - - AN 000 18
000 000 000 o000 000 A - /LAOG OO0O 22
39 00@ AAA AAA ©0@ 000 06— /A0 000

O0A LALAA AAOG 00O 14
OOA AAA AOGO o000 28
000 OAO 000 00O 30
900 000 000 o000 -
000 000 000 o000 28
000 000 000 o000 21
000 000 000 o000 33
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32
33
34

17

41
32

* Symbols used are; C, crevical; D, dorsal; and Ca, caudal vertebrae. Hyphen indicates stage unfused with
thick cartilage (UTC), open circle unfused thin cartilage (UFC), closed triangle fused join visible (FJV),

closed circle fused join invisible (FJT).

TABLE 3. RELATIONSHIP BETWEEN EPIPHYSEAL FUSION STAGES AND AGE.

MALE
Position on vertebral column®
Age BL C D L Ca
(fr) 147 2610 2610 31017
2 25 @AN — - - — - - - -
25 QAN ———- ——— —AA
4 26 @A NA—— — - — —AA
5 29 @AA ———- ———- —AA
7T 26 @A A—-—- — - — AAA
8 28 @0@A — —— — - - _AA
9 26 AAN AN—— —NAN AAA
29 000 ANANA NAA 000
12 29 @OAA —— - ——-- 00—
28 Q0L N—-—- —— A 000
14 27 000 /L - - ———- AAO
27 000 A - - - AAO
16 28 000 LA AA AAA 00O
17 30 OO A ANA AAOG SO0O
19 29 QAN AN—— —— A AOA)
28 OAA ALNA AALO SO0O
29 OO0 A AAA 000 004
21 32 000 A/LA ANLA 00O
23 30 00O A/~ NAA AOGO
30 000 000 000 000
26 27 Q00 AA/)N AGO 00 A
29 29 000 AAA A0 OGO0O
30 30 000 000 000 000
36 27 000 @OAA AAOG OG0O0O

FEMALE
Position on vertebral column*
Age BL C D L Ca
(fo) 147 2610 2610 31017
4 25 OANA - — — = - - - ==
5 27 AANAN — — — — - - — o~
7 30 O@A A- - —— - _—_ANA@
10 28 AAN — — - — - — AA-
11 31 OA- ——-——- —— - —AA
30 @AANA A—-—— —— - _—A®
13 30 00 - - — - —_ - _AA
14 31 @AA N— - AN NGO
15 30 AN - —— - ———~ —AA
28 @AA A—— AAA AOGO
16 29 @A - ——— ——_ A AAO
28 AA)N ——— —— A AAA
17 28 —AA ——— ——— AAG®
18 30 000 AN AGO 00O
19 31 @0, — - - A0 00O
21 29 @AANA ———- ——_A AAA
30 OQOA A——- — - - AAA
28 000 04A0 000 000
22 31 QO0A ALNA AAG SO0O
24 30 00@®@ AAAN AANN 00O
29 QO A ANN AANAN AAS
25 29 000 ALNA AGO O0O0O
30) 000 00A AOG0O OO0O
26 29 000 AANANA ANA 00O
28 31 Q0@ A - LAAO® OGO0O
30 @AA AAANA AAG 00O
30 o000 000 000 00O
29 34 000 000 000 000
30 26 00O A-AN ANO 000
31 31 00 000 000 00O
32 30 OO A AAA AAO 04 -
34 30 000 000 000 000
35 28 000 O00A A00 00O
366 30 000 OAA 000 00O
38 30 o000 000 000 000
41 31 000 000 000 000
42 33 000 000 000 00O

* For symbols see Table 2.
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whale above. Some differences exist, however, between fin and minke whale;
in the fin whale the epiphyseal fusion firstly commences at posterior parts of
caudal vertebrae while it firstly starts at the anterior of the cervical in minke
whales; the fusion is completed among the anterior dorsal vertebrae for fin
whale rather than the posterior dorsal as in minke whale.

As stated by Wheeler (1930) and Mackintosh (1942) the completion of
epiphyseal fusion bears relation to number of ovulation and little to the body
length. It was considered, in fin whale, that the ossification was completed at
13—-16 ovulations (Wheeler, 1930; Peters, 1939; Nishiwaki and Oye, 1939;
Brinkman, 1948; Ohsumi, et al., 1958); based on the evidence of ossification at
the particular vertebrae. By converting these values of ovulation to absolute
age by average annual ovulation rate reported (0.67-0.71; Laws, 1961;
Lockyer, 1971; Gambell, 1973) and assuming average age at sexual maturity
in the 1930—-1950s to be age 11-12 years (from studies by Lockyer (1984) and
Ohsumi (1986)), the values can be roughly calculated to be age 28-36 years.
These ages for fin whale is similar to those in the present study for minke
whale (age 23-26 years), though the maximum life span for the former is
about twofold to the latter (Ohsumi, 1979).

However, it is still not clear whether completion of epiphyseal fusion of
individual depend on time after sexual maturation or absolute age. Moreover,
another aspect should be considered; the relationship between the physical
maturity and changes in density. For example, Kato (1987) found that density
dependent changes in growth parameters such as age at sexual maturity and
growth rate and suggested increase in body length at physical maturity with
density in the southern minke whale stocks. These aspects are desired to be
examined further in the future study.

ACKNOWLEDGEMENTS

My sincere thanks are due to Dr T. Kasuya, Far Seas Fisheries Research
Laboratory (FSFRL), for his critical and helpful review of this manuscript. I
would like also express my thanks to Dr S. Ohsumi (FSFRL) who kindly and
critically reviewed the manuscript. The suggestion of Dr P. B. Best, University
of Pretoria, Republic of South Africa, at the field researches on the factory
ship was great assistance to the present study. Ms T. Shirai and Ms E. Shimura
of my institute kindly assisted in making the manuscript. I was not able to
carry out the field researches without cooperation of the staff and crew of Nus-
shin-maru No. 3, especially Messers K. Yamaguchi, M. Sato, S. Tabata,
K. Maeda, T. Kaneda and S. Ohnaga.

Sci. Rep. Whales Res. Inst.,
No. 39, 1988



EPIPHYSEAL FUSION IN MINKE WHALES 19
REFERENCES

BrINKMANN, A., 1948. Studies on female fin and blue whale. Huvalradets Skrifter, 31: 1-38.

BesT, P.B., 1982. Seasonal abundance, feeding, reproduction, age and growth in minke whale off Durban
(with incidental observations from the Antarctic). Rep. int. Whal. Commn, 32: 759~786.

FLower, W.H., 1864. Notes on the skeletons of whales in the principal museums of Holland and Belgium,
with descriptions of two species apparently new to science. Proc. Zool. Soc. Lond., 1864: 384—-420.

GamBELL, R., 1973. Some effects of exploitation on reproduction in whales. J. Repord. Fert., Suppl., 19:
533-553.

Karo, H., 1983. Some consideration on the decline in age at sexual maturity of the Antarctic minke whale.
Rep. int. Whal. Commn, 33: 393-399.

Kato, H., 1987. Density dependent changes in growth parameters of the southern minke whale. Sci. Rep.
Whal. Res. Inst., 38: 47—73.

Laws, R.M.,, 1961. Reproduction, growth and age of southern hemisphere fin whales. Discovery Rep., 31:
327-486.

LockyEr, C., 1972, The age at sexual maturity of the southern fin whale (Balaenoptera physalus) using
annual layer counts in the ear plug. J. Cons. int. Explor. mer, 34(2): 276-294.

MACKINTOSH, N.A., 1942. The southern stocks of whalebone whales. Discovery Rep., 22: 197-300.

MackinNTosH, N. A. and J.F.G. Wheeler, 1929. Southern blue and fin whales. Discovery Rep., 1: 257—-540.

Masaxt, Y., 1979. Yearly change of the biological parameters for the Antarctic minke whale. Rep. int. Whal.
Commn, 29: 375-396.

NisHiwakl, M. and T. OvE, 1951. Biological investigation on blue whales and fin whales caught by Japanese
Antarctic Whaling fleets. Sci. Rep. Whales Res. Inst., 5: 91-167.

Onsumr, 8., 1979, Interspecies relationships among some biological parameters in cetaceans and estimation
of the natural mortality coefficient of the southern hemisphere minke whale. Rep. int. Whal. Commn,,
29: 397-406.

Omnsumi, S., 1986. Yearly changes in age and body length at sexual maturity of a fin whale stock in the
eastern North Pacific. Sci. Rep. Whales Res. Inst., 37: 1-16.

Onsumy, S., M. Nisaiwaki and T. Hisiva 1958. Growth of fin whale in the North Pacific. Sci. Rep. Whales
Res. Inst., 13: 97-133.

OMURA, H. and T. Kasuva, 1976. Additional information on skeleton of the minke whale from the Antarc-
tic Sci. Rep. Whales Res. Inst., 28: 57—68.

PeTERS, N., 1939. Uber Grosse, Wachstum and alter des Blauwales und Finwales. Zoologicher Anzeiger, Vol.
127.

WHEELER, J.F.G., 1930. The age of fin whales at physical maturity. Discovery Rep., 2: 403—-434.

Sci. Rep. Whales Res. Inst.,
No. 39, 1988





