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Technical improvements of the age character
(earplug) collections in common minke whales

Hikari Maepa! and Hidehiro Kato?

To improve the age readability for common minke whales, Balaenoptera acutorostrata, we tried to minimize damaged
earplugs using newly developed techniques. Because of its soft constitution of the earplug tissue, we examined the fea-
sibility of three different types of treatment to collect the earplugs safely from the external auditory meatus (EAM) as
follows: type A treatment, impregnate EAM with gelatin stuff through needle but without opening its corium of the
dermis (CD) subsequently cooling them with shaved ice to solidify gelatin stuff; type B, impregnate EAM with gelatin
stuff after opening CD then cooling with the ice; type C, impregnate EAM with gelatin stuff after opening CD then
cooling with coolant gas. Through a total of 214 trials on the minke whales at the platform of JARPN II programs
(coastal components) in 2007 to 2009, proportions of embedding earplugs with gelatin were 50%, 71% and 80% in
type A, B and C treatments, respectively. From these experiments, the gelatinized collection is so effective to prevent
the earplugs from getting damaged during sampling process particularity among younger animals. This clearly leads to
increase the resultant age readabilities in common minke whales, and its wider utilities are also expected in the other
rorquals. The present paper also examined growth pattern of the earplug and identified the age readability would re-
main constant at a high level due to lengthener in both the core and the outer-covering among animals over 11 years
old.

Key words: earplug, age determination, common minke whale, rorquals
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afﬁmwmmeE%ﬁGquwﬁék#%Bh
Twa (KB, 1967). &2 THHYFRIE Purves (1955) 12
&0, FERZEL LTHUDTHRE S, bk esr”
VI TIRAMHEMOIRIE & 2 5 BRI A0F5E00 8
AT AT 4o 41 72 (Nishiwaki, 1957; Nishiwaki et al., 1958; Ichi-
hara, 1959; Ohsumi, 1964; Roe, 1967; Lockyer, 1974; Kato,
1983a, 1983b; Gabriele et al., 2010). HAETH Bz EHL
EWMPEE L THYWERTWA
@%%ﬁtLf@ﬁ%@@%ﬁxavﬁﬂknﬁﬁyﬁ
FEEODDOT, NEERICERT S (Fig ). HEOH
WHOBFICMEL, Hadh {EHLEPEhL/hE 2R
BHWTWEY, AEEIEEZE T T ERM L -RFU
BMOLTWwA o, SEEICERL-FRRIE, REF
HaZ gy, HigRa7eEhadoife Ty
F—=hN) T EIRENSNERPORHEINTNS
(Fig.2). a7vEdro—774 v A= s oL
FEAEOSHEEL, ZPAELT 52 LIS DRIRICHE
WICEHENTW L. I 7IRKROERD L ) BT
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Ilustration of the ventral surface of the skull of a
common minke whale, and magnified view (below) of ex-
posed external auditory meatus. The ruler is graduated in
millimeters.

Figure 1.

neonatal line

germinal layer
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Figure 2. Bisected surface of an earplug of a common minke
whale. a: outer covering, b: total length of the earplug, c: ear-
plug core length. Scale bar: Smm.

BENTHEY, LIS A BIXEEI, B L Eh
BIBITERBINIER S NS, ZOHE LB O— 2 kE
g LR (Fig. 2). HHREOMBFENBRO®ELS, IR
heAmEEE o, PHETEREWI EAmEINT
BY (Roe, 1967), Tz, HIFROIFESITOMER,S
H Ty AREERTIEL R L, W TREWEAERT
ZEBWMEEINTVSE (EHIED, 1989). D sr s

U7 FTIMRM R O B (&) &SRR DR
Wy () 2 2Iz—ERcEETs I L0, KRR
IR DL REGETA 7 MRS OnilE 1990),
—DOORERF—Frdob L, FlaT7okmiBicidsk
FRAECER SRS AR (DUFNL) & 2RI
B (LLFGL) LN REICTEEIER ST
5.

FHRAZ VIR BLTas 7 VSETIEEEREHWT
EWREEPTLNTELD, LRPFEDI VI IVT
Balaenoptera acutorostrata O B Ji 2 1 4F in 48 5 28 28K <,
LI LIS B IFRBIE 2 & OISk % %72 LT & 72 (Kato,
1992). EHREERZHLIE LV BEOBVEREHR
BRAZERBERDER OB OLOIIATRTH S
75, HWERZHLESEL01001E, HIRBOERED S EH
HEZIT) T TOEOBBIIEERETORRED D, #
NEEIYLETRELOPEZHLPICL, FHECEOMR
HafTo T LENRH D,

IV VIHFERICBOWTEETE 2 VWEIRleORENR
., RELGUITT2H5. —2EFEHRASOMRICE
230, $HEOLREBPEREIL TRV EE, KE
AL PEBREIN T 2w R EILLLLD, Z1L
TH I —DIEFHREB LR ERERICBIT2HEICL 5
LboThHs (HHKIER). FEERERENRE(R
LI EEL e AEANALN, HFCEESmEL D /AED
AR TIIWEN BB IV EETE LSO KE
BRI IEAE W Z &b o T B (ATHRSER).

ek, Hinteoff i EEsBlsd, HEEZDY
e, WHBoHEEREE by PTHEEDEABTHIET
b TEW, I X277V IOHEFRIDE L, BRI
BEEOHIFIIRE T, ERE T3 ERR 2 2L E
THRET S LIRSS W 22T, KBIETIE, &
LRI BT A BN R B SEREE R L L3
Bl EHME LT, HIRRRETEOUEIT T /FEER
TRAI. T, BERFELYET S L CTHRRBEOMH
EVEETHASZ P LRI BhakomRICH LT
bR T 72,

ME &k

¥

2007 4E2> 52000 4ED 4 A5 5 HIChF THEEh2H
WA PR P RN A (BUT JARPN D) = B i 4
WERNEBIOCHEEOIHPS10 I CERE
JARPN I Il B b SR AR A IS CH IR DRE X 1T o 72
(Bando et al., 2008; Kishiro et al., 2008; Yasunaga et al., 2009,
Yoshida et al., 2009; Kishiro et al., 2010; Yasunaga et al.,
2010). FEBII EERMETHE S N ZFR24EEOI VY
V7 R RICHENE L7z (Table 1).
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Table 1. Number of earplugs examined in the present survey by program in each year.

Year Research program Number of individuals Experiment®
2007 JARPN II Coastal component off Sanriku 36 A
2007 JARPN II Coastal component off Kushiro 42

2008 JARPN II Coastal component off Sanriku 47 B
2008 JARPN II Coastal component off Kushiro 20

2009 JARPN II Coastal component off Sanriku 40 C
2009 JARPN II Coastal component off Kushiro 29

*Type A treatment; impregnate external auditory meatus (EAM) with gelatin stuff through needle but without opening its corium of the
dermis (CD) subsequently cooling them with shaved ice to solidify gelatin stuff, type B; impregnate EAM with gelatin stuff after
opening CD then cooling with the ice, type C; impregnate EAM with gelatin stuff after opening CD the cooling with the coolant gas.

ERRTT &
FETEOBMLEZITH /2012, SMEENICDEZRL
A, HIEtex T 5 ke Huw-Z 0% (A, B,
C) #iFol. EBMIETEIWEILL->TAFK, B
X, CARNEMEE B> TWRLER LA (Table 1). F77,
FERRSTEMA T ERNO BT (BUTEERE), A
WA FENEIRAREIERO FETRE L2 (DT ER
), GHYHEOBRIRIZD) BHiRkoMEZEI 2, 2)
BYico LTSS H 5, 3) RS< ) CIREDT R
Thb, 4) BHTHLREDEEZEBLESF L
72, X5 F v OBRBMBHEEML, »oMEERMILT 572
DI, BEAO%ICTHEL R LA, €95 2id8HL
SFUHAAHBOESF VRREHBH L. ¥5F 01
UV (FEHEREH, SOmL A ML= NF AL T) 2
WHls sEHD), Y rYVERIZEBERY bRy T
(E—z 2B EH, #4 T T No 115, A7 ¥ F— K4
T YN AYF a—TTORWTHEE L.

IR ORET— T, BUAOBEERA Y B S LHEH
HH OB . WEHRETIE, AEEZERSE, A2
LYYty PEHWT, SAAHEEZUIHE, NHOHIE
BEREREL, Erey PEAOTEEEREZ A, 7
O—77 4 A=k HITRET 5.

AFRUE, FVEEZ Y BAST, AAEENS 2R E R
U, Y IR HWwWTHEICESF U REA L. B F
YEIDHELBRSELOIKRE N Y - VRS
HEOLIZBZ 10525 ISHHRERE L. £0%%, A
AE¥rEy b, BEAFIEBCTHEEREZ S5
ML, Fu—7712rh—L B ICHERENEERS
L BHFREHEELZY YR E, NEOHRRORK
BEAMERSE, ¥I9F Vv ERFEAL, ¥IF & L0 HERE
B L0k EVRAY - VLSRN EEO L ICE X
0525 150 BEREL: E5F yPlT-l 8%
WMRLH E5F 20 FEE,rOH»L, Fu—7
T4 A=A ERRTRE LS. CHRIEBS

R EFBICHHEBENCES F V2EAR, BHA S L —
(T4 Ty o HEH, 0—F v FHET AR N100g)
EHOTESF OB XY RELL ¥ F 2
FotZ ERMA LB ¥IF U 2NEEREDSH A
L, 79—774 v H—CLE LRk sHREe L2
WERE, ERFEECHI2DOST, FELL-FRERB X
Yru—774 rH—% 10%HERNV< ) VTR,
B L7z, 72, BRE LSO IR OBHRO A M1
HOFENE ExieR L7z ERETo-FHERICoWT
i, GHPEI) L7200 E) prilEdro b0, €55
CTHEHENTWAREZBIE L. Bkl i
ERFCR DI LK, FWMAELIT) L TEELRNL
DM I TWAD, Hifedtwmeil¥s s+ cilibh
TVWAIREB LY, RETELRVIDR L LERERO%
WY T F yTEHDRTWAIRE MK & L.
— 5T, BIREmBSUNBESTF o THbh TV %
R EL ESF U THEDLNL T ARWRERZ AR08 L
7o BYPRTHTH o BRI o2WTIE, 2OBIKEIIC
DWTIHEALY WHEHRADE S F IEAFERITEAR
WD D Y QAR5 TH-72), GHAR+5 (¥
F A B LT e WAREETERIE L 72 72 0 WIS
TR THo72), FREREN (E9FrB@AnTLEH
T ERERICHEN D D BENA S TH o) O3
N A
EEBICHWIHYEROW, €5 F Ao LB
O &% AMEIERE Lk,
FREEFE
FHEL-HBHEREZRMCAo TARTERLS Ay LB
B RE ASHHBRIC N S FCHUA THME U BEYRRYI A % VR
L 7z. Lockyer (1984) 12ty WEBIZWHHF L IEH 0 —
e l, BREBIZIFRIBEREINS L LTHRERBOR
BAaRAT -7z BERBOFEIT IR E ARBEMEE (Olympus,
SZX10) F T3S, S 315 TITo/2. NL2BHGLET
OFTRCOEEF R CTE-HFEREEECTE - HER
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L7 (Fig.2). BETEGhoHRIZI>WTIE, £
DFEREREBEEAR OEREFERTELRY, 2
EEBIH L PEREN TR W EOHBTHRE
TE Mo 2HYRE), B (R, RERT WA E
RIRHZHR L7270 X ETE - 2FIR), NLRIE
(B3RO ) BNLARBL T OB ETE 2o F
Yike) O3HEIHEHL TRisRL 7.

Kato (1983a) 1, I Y7 27 VD&M THL 7 1 3
> 2 27 ¥ 5 B. bonaerensis DERMBEH R B LT O
BICEROETZZVWERELTWAZ &S, KT
EARDOEIAEDORERIBEIZL BT RVWE LTURD
AT & AT - 72, SRR ESRIIER LT o 7ol 5 bRl
HENTEEEROEIEE Lz, RERLIT ImBATHE
a7z
FHRIEE
Hifkoy 4 X253 57012, BIEethERidd -
THRRERBEMEBI BTV ¥V AT (Nikon, D90)
THEZWY, WEGEHT Y 7 b Image] (National Institute of
Health, USA) AW CHIERE L 2 7 &% mm H46 TEH
L72 (Fig.2). 22T, B¥kEL a7 EOEITENBS
DT F—=ANY yTOESE LT

#® B

DIEHITHZE (Table 2)
FETEEATRPOBHRESIICHEANLRTSICD
A, WO T R AT 50% (18/36) A B 71% (77/109) 80%
(55/69) & BBEI9ICIA E L7z (F test, p<0.05). AFH XTI
NHEHANDEY T F VEADD L WP TEIAR 45T
HLEENRL S Dol AFRICHART, BFRECH
FTUEEA LM AR Lz, B R TIEEAJMA
A USSR AR B L7225, SHIAT SRR E 2 b
AMATFOEEIATREEDL ST, BHROIMEN
OFTREDHVEEGEZRLZ CHRTIE, §TOE
B9 bigdb BRIz L oz HHX 7L -2 b

Table 2. Relative proportion (%) of the case in which gelati-
nized treatments were successfully done,

Treatment
A B C
(n=36) (1=109) (n1=69)
Success 50 71 80
Failure 1 28 3 6
Failure 2 14 13 0
Failure 3 8 13 14

Failure 1: Due to insufficient injecting of the gelatin stuff.
Failure 2: Due to insufficient cooling of the gelatin stuff.
Failure 3: Due to damage at the picking stage.

ML LI V@R HIC L A2EHART 5T 2L %
D, FERICEHATSICELEENR DL L ADN
ERMBEFTEOHE (Fig. 3)
I R R IIEE o 2B A B L O C R LT
RN Y 7 5 A A 4T o 7 E SV E e &
WREZ T AN ERERRZNENOEREEEL L O
KETCELPSHNROEGEZRARIEZA, ERED
EREERIIAREREARERBIIONE ko7 &
72, MERBPEBRTELVWELEHABICER SN T RN
HOREBEEARICEVEETELVEIGE 4mED
BERTRbEZ L, REBMD LS008 & IEmD
TAEEA RSN, EORTIZ BT D @R
&Y bFEBERE L 2E MO FER
7o Tm AR ORI TIE, FRERBIE HICNLRIE
WA UEISNET Ty E B0 E RN L L
R EREORT 2 £ THlIET 2 &, BEREL

[J Readable Unreadable due to fracture on the core

[J Unreadable due to obscene formation B Unreadable due to lacking neonatal line

N=48

100
75
o 74
50 . 62
40
25 - -
15
0
x o % o x o x o
4 5 6 7

Body length class (m)

Figure 3. Comparison between proportions (%) of readable
earplugs by state of preservation. X: without gelatinized
treatment, O : with gelatinized treatment (including types B
and C).

Figure 4. Comparison of age readings of earplugs of a single
animal (a) without gelatinized treatment and (b) with gela-
tinized treatment. Dotted line delimits the gelatinized area.
The ruler at the center is graduated in millimeters. NL: neo-
natal line.
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Figure 5. Changes in proportion of animals whose age readabil-
ity was successfully improved through the gelatinized treat-
ment with age class. The column represents the number of

individuals of which layers were observed in both earplugs
in each age class.

ToAMERRII2BORERIRD bizhs, NL2AS
REMICEHEL27-0RBLTBY, £H7—7%2 452
EWRTERDP o7z (Fig4)., —FK, ¥9FrCEBLLE
WEHIRRIIFERIKBTRETE LD, NL2ASGLET
DFTRTOEERBZHET A ENTELRIENS, 20
HIERIMERH T — s e NEETEE VL 5.

ZOXHIE—EEROENEEH R GEFERE), &
WHEHRE (ZBRRE) LLORERFEOOSRL,
HHERE CIEBBRFICNLARBL T3 70" EE 1T
ZENTEY, EBRELLCHRRETIREMREELITI S
EWTEIL VI LN EEERROMAGDEIE, HIE
Bae¥sF T LI E THEMEEELPWUETELE
Exohiz, £IT, EANVEEEIREOT IR
ERINTwLEkoAZHERL, 20N, EEETfTo
7o OBV LA E AT R 7205, FOERRTIdEE
PTE Lo MEROEEEBHEREERL, EHORE
THGEE LA (Fig. 5).
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LA D MR CIMSERIZ0 & B o 72,
HIERORREENEREYE (Fig 6)
FHEBPESROTEWEREEIL 1-3 %R T6.19mm, 20 5 LA
LTiE24.19mm & FEfF L EDITESLMITHET B8, £
FiBER O 3 7 B 13 B T 3.79mm, 8-11 B R
TIE11.09mm &N ICME L 2%, 1B TIZERT
t) & Tz
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Figure 6. Growth of the earplug in relation to age. a: changes in
gaps of length between the core length and the total length of
earplug and its standard deviation in relation to age classes.
b: changes in length of the earplug and the earplug core in
relation to age classes. Bars represent standard deviation in
each age class.
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