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A Trial Setup of the Semi Automatic Scale Reading Recorder

Toshiro KurokI, Ken-ichiro KYUSHIN,
Rihei KawasHiMA and Osamu SATO

Abstract

The work of scale reading has become a routine matter in many fisheries
laboratories, but it is a worrisome work for biologists; especially, the reading of
enormous scales imposes a heavy burden on them. For the purpose of saving
their labors, the authors have attempted to assemble a semi-automatic scale
reading set.

Usually, the sampled scales are made into impressions upon a transparent
plastic card. These impressions are then set on a microprojector. In this
apparatus, the images magnified 50 or 100 times, are read by the photoelectric
system and the information concerning ridge number and scale radius are recorded
by the special pen-recorder (cf. Fig. 1). In reading action, it is difficult mechani-
cally and photoelectrically to set the initial point of focus of a scale (image) and
to select the axis of maximum scale growth automatieally. Therefore, these two
actions, setting the focal point and selecting the axis to read, must be left to
human hands. This is the reason why the scale reading recorder should be made
a ‘““semi” automatic one. '

In the apparatus, a photoelectrical resistor CdS (ef. Figs. 10 and 11) was
used for the pickup (transducer) to find light and dark stripes on a scale image.
The accommdation to the conditions of the system, combined with CdS’ charac-
teristics and photoelectric mechanisms, raised various problems in the processes of
our studies. The answers to them are summarized as follows:

a) Photoaxis: When the axis of the photoreceptor (CdS pickup) deviated from
the photoaxis of the microprojector, the base of electric variations in the
out-put from the pickup deviated from the center level (cf. Fig. 3A). The
base became flat throgh the use of a proper high pass filter against low
frequency variations, and only high frequency electric variations in accordance
with light and dark stipes (ridges) were passed and appeared (cf. Fig. 3 B).
By means of slicing at a certain pre-set level, the electrical variations were
signalyzed and counted as the number of the ridges (cf. Fig. 4). This filter
was effective especially for the ‘‘Secanning method’’ (Scanner system, moving
the pickup on the magnified image of the microprojector, cf. Fig. 5-1).

b) 8lit of the pickup: The slit which was used for the purpose of a sharp
reading of the stripes had to be decided as to proper shape. And we found
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the best position to coincide with the relation between the shapes of a photo-
sensitive portion and circuli stripes and with the distance between the portion
and the stripes (cf. Fig. 13).

¢) Scanning speed and microsliding speed: The time-constant of the photo-
sensitivity of the CdS resistor varied with the strength of light received (cf.
Fig. 12). In the ‘“Scanning method”’, the shifting speed of the scanner on
the enlarged (X 50) of the ridge could not be more than 5mm/sec and the
mechanical relay for counting scarcely could follow this speed. In the
‘“ Microsliding method”’ (of which CdS pickup was fixed at the centre of the
image glass and the plastic card on the stage of the microprojector was
micro-slid with the stage), the sliding speed could be more than 0.34 mm/sec
[(the shifting speed of enlarged (Xx100) image=0.84X100=84 mm/sec] and
the electronical counter could aproximate this speed.

d) Recording system: It was very bothersome and expensive to mechanize the
recording of the length of every space between ridges, but it was very easy
to get the record of the integrated length of spaces. Then, in the records
made by this apparatus, the number of ridges from the focus of the scale
were shown on the abscissa and the integrated lengths of spaces between
ridges (or the distances from the focus of scale) were shown on the ordinate.

After trial uses of the apparatus, the effectiveness of the two methods were
compared with the usual human (visual) reading. Results obtained were as follows:
«) In both methods, the accuracy of lengths measured from the focus of the

scale (image) were very high. These errors were not more than 1%.

B) Concerning the numbering of ridges, there were many misreadings (about
10.5~14.5%) in the ‘‘Scanning method”’. It seemed that the large errors
happened by reason of the imperfection of our studies on the accommodations
of photosystem (receptor’s slit, distance between CdS and imaged stripes, and
so on) and the time delay due to the mechanical relay and electric amplifyer.
In the ‘‘ Microsliding method’’, the errors in numbering were very small (about
0.5~2.2%) and the accommodations of this system seemed satisfactory.

7) The decision on the positions of the annual rings on the scale growth curve
was very accurate in the ‘‘Microsliding method”” but was not accurate in the
“‘ Scanning method ’’.

J) Concerning the time length needed to read a scale (or impression), the time
required in the use of the ‘‘ Scanning method ’’ was a little longer than that of
the human (visual) reading. On the other hand, the time required in the use
of the ‘‘Microsliding method’’ was much shorter (about 3/4) than the visual
reading (cf. Table 6). In consideration of eye fatigue in the visual reading,
the use of the ‘‘ Microsliding method’’ to read the larger number of scales
would be of greater advantage in order to save labor.

Furthermore, the authors tried an experiment to obtain more precise inform-
ation (inter-paths of migration, subcommunity and ete.) about biological resources
through the records made from the use of the apparatus. On the charts recorded
by the apparatus (ordinate, Nos. of ridge; abscissa, distances from the focus of

scale), several points of annual rings would usually be positioned on the line which
passes the origin and the point of the largest annual ring and has a certain incli-
nation. Furthermore, from the relation between the points of annual rings and
line, and the tangential lines drawn to the partial curves from one point of annual
ring to the next point, it is expected that more precise and more original infor-
mation will be obtained after accumulating a number of records from the apparatus
(cf. Fig. 28).
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Fig. 1. Schematic illustration of the apparatus (scanning method)
L, light source; C, condenser lens; P, plastic card impressioned with scales (in the scanning
method, the card is fixed; but in the microsliding method it is slid miecrometrically.); M, re-
flecting mirror; G, opal glass (or transparent glass with opal-film) on which the enlarged
image of scale is projected; S, scanner (photoresistor CdS); B, constant speed motor box
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Fig. 8. Records of light and dark. stripes of ridges
A; record, deviated from the set level by fluetuations of basie light intensity
B; record, paralleled to the level after filtering
Ordinates; light (up) or darkness (down)
Abscissas; moving distance (or time) of scanning ,
N; npumber of ridges [(N in A-sample)=52, (N in B-sample)=44]
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(5-1) (5-2)
Fig. 5. Photographs of the apparatus
(5-1) Recorder, amplifier and counter (on the right-side panel)
and scanner-rule on the glass of a microprojector
(5-2) Operating scene about the microsliding method
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Fig. 7. Ridge space diagrams
(7-1) Space between one ridge and next versus ridge number (by hand tracing method)
"~ X;; series of X, oneself
X,: series of weighted moving sverage Xu-1, Xu, Xa.1 (total, 3)
X.; series of weighted moving average Xn-z, Xn-1, Xu, Xn41, Xps2 (total, 7)
(7-2) Relative intensity of projecting light through a wide slit versus ridge number
(by a photo-electric method, not by this apparatus)
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Fig. 10. Photo-sensitive resistors (CdS) used
HTV P-109, for the scanning method;
JC 605-L, for the microsliding method
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Yy FOEXIT@EINR0.8mm & L) 0.3XT/1.451.6mm iz ¢35 2 A1 ORELHE- T
HBSR L In D, TOEMROKMES Fig. 13 THD, MY D L < THE2 0L L TURLEREE
PIZoEVTHRHITUL, EVR~LORABIVNICEBIVOTHSA, FLEBRIZEA L THREIR
CHBEERA~OATVBERUT e A5 THELET D, 22 THEZLRERD X T }
FiZo XV ERBITREDOFENRLI VALV BCRET 5. ZNIITHE GREBRESOBEY S
ZAECYTTHEATIETERR )V 2 F L VD) OBETICHEFRT S L, REDOSHR - MFRORE
EHNDATRD, MELRLOOEY PEAEIR/ITR VY XEAVBONRROFETH - T,
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Fig. 13. Relation between the shape of the photo-sensitive portion

of CdS and the breadth of stripes
L, B; length and breadth of the sensitive portion (CdS)
I,b : length and breadth of slit (for sharp reading)
P ; lens or pinhole
¢ ; clearance between the slit and the glass of projector
Y,y; distances from the lens to the surface of CdS and to the slit, respectively
W ; leads of CdS electrodes
The breadth of slit must be equal to the minimum breadth of the image stripe
for sharp reading. The breadth of the stripe (enlarged, x100) is about 0.3 mm.
L=Tmm, B=1.4mm in the photo-cell P-109, then the length of slit (1) is decided
from the simple caleulation. 0.3X7/1.4=1.5 or [=1.5mm. The lens (P) must
be designed to content the condition of Y/y=B/b=1.4/0.8=4.7

SRR 5 HECBE oK (P-109 BT 1.4/0.354.7 BHAT 5 & 3, Rl
BHIEVHECIBORBOBRREO AR L EEBRE CIS m—MC#des k5L, +hEh®
2T RIS, IEARBRERON 7 REZ (Fig. 13 TO ¢=0 L LT), k@D k57 0.3mm
X1.5mm OEERY v P EBOCLBEEMICE 5 THRE 1.0mm OERR L ¥ X\ iafabid,
FUHE R F e CREZIE P-109 kBT 0 CAS w2 (XY v }) Eab 23.8mm o 7of
B RETHY, FMBELEIRCIE AREBO) Erb Ly X 4.Tmm B LA LTEIZL
¥ ZHNE CdS HA 23.3mm JECAH CIRERA S 28mm JETT CAS B FRe it
W2 kB, 23 LT, FATARET CIS moke Ly XEAER: O Hehe T, By
hi<marehdrRY v b ~HEFHERIEE > TKRIRTH 5,

IV-3. S (scanning) F3X & M (microsliding) H3t & DMk LB

Bz bz L3I S FRRMAR L VLV BEBR ThHh S, SHR TRFRIObE TR
EEXRBDOTHEH0D, HARERORE (V5 AE) LIZREANM 78, Fof0e e
YEHBECHBICEY, FROFTHEPLBRERLZREIERTEDLILAHES, bty
PIHLCEELTHFL PARCROIENI LIV, EZABMARTR IR F v 7 - 1—Folk-
7-H#&%, microslide S 3 HHN~KMEHTEA—BTEETTEDLLTRY, £05 L THLED
BTy P LTHRENCE VD, D3 Y SHRCHAMARIZD < & b 13878 ARRBIEL
RKRATERENZ O TH AL HRHEAAS R TH TR RO TH %,

L US AR BRI S B, Fig. 1 © G (F 5 XE) LT Scanner (FETF) § 7l
TRErED L, BRITHEIHD LS mRPotEr PR e UTRAENS Mo E Tz e
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KRy, FLRBOFIIZEhE BT ORKF FISMIRTIC R TREER £7.7° OBE
ZvE4EL, Fig.8 D A-A TRT L 57, BB IN—2BEOEE L 25 2 A4 £ ED
BEEFEL -2 e7tb, TOR—IFHEY 7 (A7 —EETHRE LEBIZERIZN: AHEA AR -l
EHEOERICH D, TT.TEEOMOECHH - THEMBETHAINARER Y » b~
DTHINOFLEE L BRI E THREELELRVWTELRDOTH D, KF, SHATHMEE BV
BILIIMEESETHY, THEEREETAANERTHEHPRREDLEARZRODOESTS
B EELBATEA T H o7 LA LETLE (IV-1.) TN & 5 RSB TOREREE
W HoDRRBEEIRIRS VDL Y, ZOBOEREERNIZRL B LD
B3*PDTHBH05, HASEELHTS LFLRO5TEHT EREBORST CHRMBEL MO EL
Vo MR TIERBTLEEBECLODZ &7 {EY 7 XE (Lardhldtlh k) ZEELES
DT, FZOFFEGICAEET - RHMEE Fv iU e T3 L AIEHPBRRHLE RO BIEET
SR & > THEOEH L S HFXARI S THHELHURS L, Lokhif CRMOKIBIRE 2T
RonLERZEL TIERT 22 RERIBRIENHRDZDTH 2,

BlED & 5 e R RS RNNIEF R OBELIIRD & 512785,

[SHR] FHELZAVRIRSHOTERBIROEE GHAD HELH L 0By, RIE
RO BRLE b i TR LIX Lo 3 DI ARSI < TS,

[MAF=] RiEk2 microsliding DH L AT S €5 DIAME 1 BE) (L THITERSERD o
BERrinXxAich, TRELHLEH-OHUEELEDH D Z &2HRD,

ZOBEDYBLERY Ebb R ToME, BRMIRASEOMELSHS L, SRABOME
iz, ABOEB 2SS TELLORASRNERIIZEOER Y IRVBL00ORLLELD
T, BLZERDLNLVFITH D,

IV-4. HNEEOMM

HERGTHNTR-BEFENL (BERREOBAINIKT ~TICHETHE I TEE, %ThE
BOPPERNE L TOLERIL R T H) FRATiE, BEE L RBEE L THERWIERZG
n¥d, F—7ZHE0R B OFRFTERRNE 60~T0scc BETHD, £ THEHRIEHED
FRERRL LB 1 HroX 2 ET (ROBEICHNIBHAES T T) # 40sec & BB DL UL,
IR OENEZELBLDDLEELTHLIVTHA S,

BOE RUEBLEFLLVEIETORX) OXELH bmm L{KEL, Th{ b0 ZCHALL
250 mm B2 10sec THOEE VY EBEMMZE 5 ThD, T5&, BRERBT L OENBER
Eix 25mm/sec k725, HABTOBEEROR MEIR 0.3mm THEMD, ThEAVy tol
A AT 0.3 mm+25 mm/sec=0.0125ec T T, HEBETIZ HTV P-109 B4z
BB XA 100 V7 X, JC-605L & - TH 100 L7 RBER EEWIBILD, K
DHEABRBEBROEEZTHETS <&V, 0 #BOI D TRHMBELATLTH 20~80 L7 XBET
bb, TOWEBINLHELTFTHE, BT (JC-606L &) DREEITIHE 0.028ec THHMND,
0.3mm OBEPH2EE X TIIRYLEEHT 0.3mm=-0.028ec=15mm/sec, &~ T 250 mm
£EPFHEOIC 1Tsec 2ET2EHEIC D, HEERAATEEAIIF 35sec 2 ETHEETI
EBTHAHI, ZOBEHTIMFRLFALLA2BRLDOCH-T, B L - eEn
b ZORXTECOF RGO TEFERHEERE MG L MEL BTN,

* sl phE, POtEBONETHENMEY AVAHoRARIIE HuRvBE0 # 30%
Th %,

— 95 —



d X Kx 2 %&£ # [XV], 2

SHATRFHBEDOLE LIS XA 6~8 L7 ABEICHELD O THERL P-109 BT 0.06~
0.07 sec, 605-L BIC# 0.03sec L7y, 0.3mm EOFLHEYSDTHEZTCIL 4~5mm/sec
UEOEZZACHALNL, BETHEVEL: 10mm/see $TTHDB, 0% 260mm 2HEF ¢
B0, P-109 BT 2 E 218 50~658ec, 605-L Bl #E T3 2Bbsec 2EL, AETIFET
# 2min 4, BETH lmin 2ET50THS, ZOHBFTIIER) U ~HESEB LR
WTiT A L, TR itﬁ%@“%@f Fxg 8 WZRT & 5 BRI E g A T < BA
Hks,

MART1#HELE 0.5min TIFEE 20, SHATH 1~2min 28T 54, AEEY 1128
BAAT B L 2EZ AR THEEMIZIINELNER R L 3 2Bbhadh &y, Bo5hiREL
B OEYEEERER ORI L ERT 5 0 THEAROES 2 B¢ 2 FUZIZFTh eV,

V. REHTHERE ZEEREBS

ReDBMMIRAE LS HFROEEEREEL Fig. 14-1 ZH T2, TIHIERD Tkg (T8
206 mm) THWLAMETH Y, EEEED Smm/sse BEOCLDThH o7 REOKRETIEED
1.5kg &iny, HELERE 10sec, RV 8sec BE ((TEM 250mm) Zin-7, BBFIHETH
NIeNBRETOREROBBLH T, BRY V"W@%am‘“ﬁ%fﬁ?‘ék.biﬁroflﬁ‘oﬁ.o
WEEEHROIEL Fig. 14-2 TR T, :

M%RA D microslider WEFOBEL Fig. 15‘1 L.?E;(/)‘ » EOSME - BiHRILE Fig. 16-2, 15-3
R,

%ﬁ%m@%kbfzgkﬁﬁ®5% 7U/%@$%ﬁ0kﬁﬁ#&%wE%E@%%2Fm
16-1 iz, BREHNANEMEERSL Fig 16-2 i, ‘Q?fé‘%&@%ﬂﬁé Fig. 16-3 iz =¥ h
BIFTEL .

MEHD0HE& JC-605L BaF\ 17, .\_m%ﬁ*ﬁo?\jﬂ Y=Y AABETERENE N H
>R DTEZ Zuf;ﬁﬁgﬁz/%ﬂnﬁm L

EEEEE LT, BERESLEBIBHRRPLL Y OEE REBORER ez 2
DTH2hH XY LRBROIOHBETH S, Re: LT 1 BEECESEE (<L 10
) FRHECOT, <RBERLOFI ML HEEE BN ERL-108) 2FHL, &
ATRIARLESZLITHRERL, BRENEHLLMBLT X7 Looiifks 4, BRIFBARK
ROBEBLIRXOVFMLELLEEO V7 AIZEE, 1 RKEET - TRV ABRE~RAZ LI
1 AARAE LIATCE X BORAE S & 5 R rE S e 2R L CHSHHE - HEEE~ 15
BiETRELDEEZ B,
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(14-2)

Fig. 14. Scanner rules

(14-1) Schematice illustration
A, push button for starting of operation
synchronous geared motor box
push button for stopping of emergency
precedable starting point of recorder
regulating slider to decide the initial point of measurement
running and returning mechanism box
wires for scanner pantograph
length scaled rule
scanner piece, contained a photoresistor cell CdS
measuring axis
(14-2) Photograph of scanner rules and the operating box
heavy type: old light type: new
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P
e [ |
L " :

(15-1)

(15-2) (15-3)
Fig. 15. Microsliding apparatus
(15-1) Schematic illustration
B, sliding stage on which a plastic card is set
P, mechanism supporter (constant load supporting)
R, roller covered by nonslip plastics
M, geared micromotor (reversible rotation)
L, micrometric slider
S;, returning back switch
S., safety (stopping) switch

(15-2) Closed up figure of microsliding mechanism
(15-3) Microprojector with the microsliding apparatus
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77 I 2

12AU7 x 3V2
(16-3)
Fig. 16. Circuit diagrams
Bridge circuit unit and preamplifier circuit for the electro-mechanical integrator

and digital counter
Preamplifier circuit for electrical digital-analog converter and integrator

Electrical digital-analog converter and integrator circuits
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Fig. 17. Scale of chum salmon showing the measure-
ment of scale radius (R) and number of ridges (C)

I i i

R O

[XVI, 2

VI. #HARRLHEER

Wk BT S E LBk E LD 1
BILF OIS AE WV & L HEFEA
Bz o BT msh, LabH
BOMEMNERSZ EARE L, &
T3 B T EE R 0K £ & BRETI
(S Hz, MAFR) ofReHIts s
LIX - TxE LTRIERBORL L
eIz oW THE LR 2B~ %,

W L7: bR g, 19604 7 H 13
~21H DRI TEN B LT © v
AEEBEIIES A T v 7T
Wxhiy o FrmnbERsh (R
LR AL, 1960 A 3
WHHDW, 75 A F v 7 B IRRITE

1 1 1 (e

6 10 20 20 30 50 60 70

Fig. 18-1. Scale growth curves drawn
by scanner method
Positions of annual rings are shown by arrows

0 I(IJ 20 30 40 50 60 70

Fig. 18-2. Scale growth curves drawn
by micro-sliding method
Positions of annual rings estimated from scale
radius are shown by arrows and those pointed
out from the growth curves are shown by arrows
of dotted line

—~{1—
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INEBDThHB, = OHBO—HALEEREOE L ODEIBZE D 0, T 7080 HlFih kT
75 RF v ZIRICOVE N D B OBRERROUEINE LV D0 (Fig. 9, 8) (MREHAOHAEIC
BWEPES LELONDDOTRINL, WERDOLBHRAFL1064 (L BHECOSB1IK 34FA1L
Tk, 4 4/ T2 BF, 5 A 18 EH) ¥EH Lz, IREARIARBRACHENI AV TV
Tolng
BONELBREMLETH, B1 B2 -, B n EMSIUBEIETORSETEN Ry
R BIOR 2L, BiEEksy €, C, -+, Co B3IV C & Lz (Fig. 17, HBBHHAD

BEREERCEM N BoREHS (Fig. 18-1,18-2) ALERMBEYHE L, HAMR-BR
CREEBOREY BERFHHHOMKEL KT 52 LIk > TARBOME LY, TOXAKY
FHiT BONEE LD THBH, FHREEBRBROBES FRHNOBE RUTFOETER
5.0 mm/sec) IZ|IBEBOFHLE LEAB CEDIZBORBEMEN S ERNBEOHESRETHD Z
LEVOT (Fig. 18-1), BRHTAERLRES L OBORT L EET 2 BT L ORISR Y
AR oo HESEH R OISO B LR, WHCIBORS I EARIERINZOT, F
BIR % 2 2 OB RSALER Y A SRER I BB L @D L NTE D, TOXI
SHRHADHIZiL 2 LOBBENLETH D, MERHIOHE TRBE O BBH BIEBAE
7= (% 34 mm/sec, SHROH 8.4 BOFEXITD), FHNEIRETEEET 2BOLRHM
EOBRESEALEY HHE L, o TSHRD & 5 AHAFEITHh T BRALRET LTLEDS
Lk S TROBREMBIEEZ T ORKEND B 3 XU C OEEHAR 7 (RO BFHR LD
EREBIC OV TR T 3), BOTAERZEETE L SHAFWTIL 6045, MIRHUOHE
T 10085 TH D, Thb 8 HEC & AROR S DRFRE ABRELERE O R E THE L1,
o35, BHEIRAT 5 ANCH DA LOBOEEE EORIMCEIL O, 8 HEICk siHRE ARt
TS & 5EBH,

VI-1. MEIZOWT

D oE X

S HEXOBRHFOBEEL 206 mm T, ZOEMEPBRHTHET LERDIBOEEK LoV R
Eiz 102.2mm THU, MARXTIZHEA 68.94mm BET SR <V E8EIX 10mm TH3
(i 5 AOBROFE), 1o TR HRATR - LR L BEEORE (mm) KSHAOH
HiTiE 2.01 ¥, ¥MAROHEITIE 3.46 #JTHI LT L - THRERD 50 EREELOXR
REE L, HEFHOMELHBTHI ENTESD, 8 HHEIC L HESBIIDRERS X UBRERED
Fiftir 55 & (Table 1), MBEHRUOMAERERHAL Y ETAEV, SHFRH MO B TR
0.8~2.6%, R: Ti 0.4~0.7%, Rs-B:s Ti2$9 1%, R TiZ 0.3~1.0%, MA5REHID R Tik
0.3~0.9% TREHEHEERHAMEL VEDIZHELTHWAHI LTS, Ll BaOREMENE
DR (FHHEOE) BAERLEEREL LAY, BEFRRHRLSMBHROMRITL —HLITE
Dﬁ%2£¥kLt%AkﬁﬁﬁMOEék&?bﬁ&@ﬁbfﬁﬂK%®k»x;ﬁo

i) RN

3 Uy ORISIEED > b T BRI EMBIEE R L TV 5 3D 0—2TH B A, &Eﬁt
FOBRORME BERCHA LEET 5 L BELER LTI LEA TV 3, ThHOLEERIIRE
B WS N TIEV 54, RAWY TTEMS I -7cY (Fig. 9, b), RAMAT K
Lizh (Fig. 9, ¢), T FAMOBCHREIBFROME tAVR>BE (Fig. 9, ) L EARE
xhb, BEREEOEIZMORL TR HIH ) —BITERBR T, 0P LEIOEHT
PLBOBTIC AR A BIE S 1o THAERERLTVWA L5 Th b, BEROBBROBBRIZDESL
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Table 1. Average of scale radius measured by three methods

[XVI, 2

Sd.le radius _ — . R _
A Method R; Rz Rs Rl R
ge
H 65.73 109.57 122.87
S 66.43 110.18 124.04
H-8 -0.70 -0.61 -1.17
3 <t =1. 365) (t=0 883) (t=1.225>
(N=15) - P>0.20/ | \P>0.40 ﬁ;%?
3.
H-M . —0.34
(t=0.253)
P >0.50
H 61.67 97.59 121.81 132.26
S 62.17 98.31 121.41 132.70
H-8 -0.50 -0.72 -0.10 -0.44
4 (t =1. 832) (e =1.625) (t=0.332) (t=1.189)
(N=72) P>0.05) | \P>0.10) | \P>0.50 P>0.10
M 132 69
H-M -0.43
G I%ﬂ
P>0.20
H 59.81 95.67 171.11 133.64 141.11
- Sas | 9% | %w | Nn BT | Se
5 (t =2. 059) (t 0. 496) (t 0. 516) (t =0. 276) (t==1fe19)
(N=18) P>0.05/ | \P>0.50/ | \P>0.50/ | \P>0.50) | \P>0.20
M ' 142.35
H-M -1.24
(t:l.&ﬁﬁ
\P>0.20

H: tracing method by hand, S : scanner rhethod, M: micro-sliding method

Scale radius: x50 (mm)

SULHARLENES TV, 202 LIXRGHRLBRERBOBILOIY FSX FOREORBIIR
> T %, BBHHOBSTEHIZBEORERE LTELZSNAH0ORXBREREICELALNLEIR
BEROFETHD. ZOBRBERIIBBROER AT T2 LI - THLTHI LI TEDHRES
IZHEETHZ AN LVEBEL DY, M{TALIL-THRD IV F SR FPEFRIZTHZE
bbb, FHEEL0HETT -7 M FRNHEOBE TIRROMIBEM LB 5 - DI EREED
BEASNETH D,

BRI OB EEA DS Y o ¥ OREBL YT 2L, A REEh BTSRRI
DL % (Fig. 9,b) 320w CHRAMAEOEE 217 - - RERIGHREL A5 (ZhiBEEE
BRI LT B), AREBBOHATIAHFN BORRBRE ThoBiEME BEL T
Tz dn b (TR Y EABRERE PRI LITTE), RERERCHET s REROBELR
NEBITIERTEC L 24 L THENREREEHRY Th e L hida by,

BRFERHN L 3 EEE L UERNRSRVERE O OWTBEHANC &L 2BEHRETHiEL Table
2 {TRT . EPOMIMDFLASHE LM (C), BLEWALE 28K (CrC), - Bikkh LBIEL
(C-Cu) ¥ TOHEESABIUIKDASDOTH D, %3 BRFRHENBCHRIIEL: S FRIHEE
NBE, SHAOHRAE L TEBEENEL C T 8.1~3.4 &, CC T 2.0~3.1 &, CC: ©
1.6 K& CCy T 12 XTHY, C Ti28Ea 584k 45473 4% 5£4 9.3 KThH-T,
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Table 2. Average of ridge numbers measured by three methods

Average of ridge No. .
. Method C CCi | GC: | CCs | CCn ¢
ge ;
HED 29.5 21.8 ' 6.4 57.7
H(2) 28.1 21.0 6.2 56.3
S 25.0 18.6 5.9 49.5
3 H(D-8 o, 15.2 14.7 8.8 14.2
(N=15) H(2)-s 7 10.9 11.4 5.4 10.5
\ M 27.8 21.3 6.5 55.6
H€1)—M<7) 5.7 2.5 ~1.0 3.7
H(2)-M'7 1.0 -1.8 —4.8 —0.5
HQ) 26.1 17.7 12.4 5.2 61.4
H(2) 25.0 17.2 11.7 4.9 58.8
S 21.6 15.2 10.1 4.6 " 51.6
4 HEI)—M@,) 17.2 14.3 18.2 11.0 16.1
(N=T2 H({2)-M 7 18.5 11.6 13.4 6.2 12.8
( )
M 25.6 17.6 12.1 4.9 60.1
H(D-M g,y 2.0 1.2 2.8 5.1 2.2
H(2)-M'7 —2.8 —2.0 —3.0 0 —2.2
H(D) 24.4 18.2 11.2 8.7 3.9 66.3
H(2) 23.4 17.7 10.8 8.1 3.8 63.9
s 20.3 14.7 9.2 6.9 8.4 54.6
5 H(D-8 oy 16.6 19.3 17.4 20.5 11.4 17.7
(N=18) H(2)-S\7° 13.0 17.2 14.9 14.5 10.1 14.5
M 24.5 17.8 10.9 8.2 3.7 65.1
Hgl)-M(7) —0.2 1.8 2.5 6.4 4.8 1.9
H(2)-M\7? —4.5 —0.6 —0.5 —0.7 2.9 ~1.8

H: tracing method by hand, (1): ajusted ridge number, (2): actual ridge number,
S : scanner method, M: micro-sliding method

ThEEETRT L C 10.9~18.5%, C:-C1 11.4~17.2%, CsC: 18.4 31 1% 14.9%, Ci=Cs
14.5%, C 3 %41 10.5%, [ 4 £/ 12.3%, | 5 F£4& 14.5% L7t0, &BEH-ATHAELE
X 12.6% rit5h, EAOEROENSFIL Table 8 IZRTEY T, BESKI—HK LA DDE
#ix Gy, CrCy, Co-Ce 35V Ci-Cs T 11.4%, 16.2%, 26.7%, 27.8%, %1 C Tik 8 & 4
b FERN6.T% IV 0% Thd, TOHOKREEDLDIE C Tl 1~9 &, C-C, Tit 1
~8 &, Co-C: Tit 1~5 &, CCs Tlt 1~3 &, C Tiz 8 Ef 1~12 &, 4 4 1~16 &, 5
ER 3~1T ROBWHEN CHAEL T3, CoCi, Cs-C: BL C-Cp, TRETEHERODDIES
ZEEIL TV 328, ZOBRESBEIIEVE: 1~2 £ThHE0D, THETEHEOHEEOHZEhD
ThIZEBRELATEINTHS 5, BLOHABEOEDPEEIL C-Cn ® 3EATIIAERIED
LREVA,  FOMIIWTRIEETHS, BOBREHENOBRESRRLE LML IsETsL
(Fig. 18-1, D, E) H.LEAID L EWMIAHE {, FORERLE LRIIH 20% & 2% ThHY, &
BT 2% OBREYRT, ThTI7RF v 7R EOHTHRESDOUEEN 5 TH T2 (Fig. 9, ¢)
RREMITRERI R L TOBHY TRAZT RS DRAZ LN, KFEEE TZERTFHC L
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Table 3. Frgduency distribution of the differences () in ridge numbers. between the tracing method
’ by hand and the S-method

Ridg'e] ’ Ci C:-Cy CsC: Ci—Cs C-Cn Cc
ARG 3 4 5 s | 5| s 3 5 3 5
-2 | ' 1
-1 1 1 1 1

0o | 4 6 2 3 12 2 20 4 5 12 53 13 1
+1 2 12 1 2 22 2 7 5 7 1 8 3 1 1
+2 2 9 5 3 16 2 16 3 4 2 1 2 1 7
+3 11 5 4 8 6 11 2 2 3 2 2 1
+ 4 3 12 1] 1 6 1 4 2 1 2 5 -
+ 5 2 10 1 3 3 3 1 1 9 1
+6 5 2 2 2 2 1 8 2
+ 7 5 1 2 7 1
+ 8 1 1 2 9 2
+9 2 2 5 4
+10 1 6 2
+11 3 2
+12 2 6
+13 2 1
+14 1
+15
+16 1 1
+17 1
N 15 72 18 15 72 18 72 18 18 15 72 18 15 72 18
z 8.067 | 3.389 | 3.056 | 2.400 | 1.986 | 3.056 | 1.556 | 1.611 | 1.167 | 0.333 | 0.306 | 0.389 | 5.800 | 7.236 | 9.278
8.912 | 12.935 | 6.174 | 4.839| 9.324 | 6.961 | 9.207 | 4.141| 5.030 | 1.781 | 2.420 | 2.358 | 5.937 | 18.181 | 11.098
t  |((P<_|(P< |(P< [(P< K(P< l(P< lP< |P< < P> lP< [P< |P< |P< l(P<
: 0.005)| 0.001) 0.001)| 0.001)| 0.001)| 0.001)[ 0.001)| 0.001)| 0.001)| 0.05)|  0.05)|" 0.05) 0.001) 0.001) 0.001)
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DEEREHREL SHAOKRE BT 5 L BRI LA THREOHH 16.1% P LIl

FIZERFEHUEMFRHHOBRY AN L5, FIRLA L 3CMARDOBEITIRE C O
BN BEHENSBEHIZRARS 2 LETETD R R 3550 Crr - Cn R—FHBROSED
IRIBA DERAE & HE LR TR ERARY 270\ HEE EoERUEIBESHREROR
EIADBBIEWEIANDEBR THAME, REHEKO LTIE EICMOMERND EIZM O iR~ D
VWHDAEME Lo THRbNS, L LEAEEH LICEREROTERILL ZAMH o700, FRTIX
et 1~2 AOBREEIEICERXN TV 38045 5 & Th b 085 TILERLE & Fk7cthR
NEMNDZTHAHO L, BEERRTS L5 IIEEMENDHE LES L EBOESL REVESR
HLETHAOT, ZZTCREBRFEHAUC LS B R OELZBIZERBOBEE (RED 1S
LEATAHZELIZE 5T Cy, CCi- - BoOBEREEHARY (Fig. 18-2), BERFBOMRLKL
BLiz, RXCETAMFROEEIES TRFTHHDOT, Z0L 5 BELRADOEENDERY
ERGERUBZREHR LB RLDOEE L HND, MEOBEIL Table 2 (ZRT:EY THR
FREABEHTEEE MAFRARESHEE 02z C 2 —1.1~0.8 &, C:-C: # —0.4~—0.1
&, CoC: 43 —0.4 3LV —0.1 4, CiCs 5 —0.1 XTHY, C MNIEHTIE —0.83 & 44

BT —1.3 K, 5 EATIE —1.2 £ThoT3EAD C AT THLMFROFHNETS

ELTB, ZhEYHETRTE C 2t —4.5~1.0%, CoCi 4t —2.0~—0.6%, Cs—C: 1 —8.0
KLU ~0.5%, C—Cs 11 —0.7%, C Tk BFEMi —0.5%, 4 £ —2.2%, 5 FHA —1.8%
iy, £EHIAT —1.9% Thbb M FROFN 1.9% ${HRAR -/ Z &iThb, BLD
HHROEDSTHEAD L (Table 4), FHOERNOIZHDBEHNE L, BEOBEHREN—HEHLLD
DDEIGIE C 4 87.1%, Co-Cy 7% 43.8%, CsC: 7% 45.6%, CiCs 7% 27.8%, C Tid 8 Efah
26.7%, 4 FEH&H 18.1%, 5 FRH 21.8% Thb, HLOHAEDOEOFIGMIT 4 EHOLENH
(EL C-Cn <) E5EAD C DBETIEETHY, LOMOBHTIFTEEABOONR
v, BOREES (Fig. 18-2) 2 OREBPRLTE L TV 2B E <HAR- T 382 A
BRI T A2 ik, 2o M FRFHROBEITIIHRBEREIEL, HBEEENTRY Flkih
TUBLOCRETH D, REERTEC L 2BERCREE KRNI EEHZATMEROK
2.8% T LiZinB,

HEOREZERTEII L 2R LBOBBEE, SHRE Lo MERFEAIC L 2RERK L ERERH
B P B LD D ThHH, KIZEEC A% 0REEND O FRERE: REHBE
HOHRERE L EDBE—BT A0S 2L ThHD, METHIRHTFIRERLEALE
F 5 L RAEHRUSAOBRERAERS 5 L TN LA BRI TFAERMNE E TICB L RERE
& REES U X W B ERRIVIE & TICE R Lo GHTIEEM OB, Fig. 18-2) & # i+ 3
Z R L o THRESEN S OERNBHEOBELELMITIZ L THD, BRFEROERKE
BEEN HHE L ERKENRECES DO ERT 2HEE (RRERMALDO HFEH K 3,
Fig. 18-2, D), 4 ERTTHEE UEERK20L 0 2HE, 4 DI04EE, HETHELD DO 1MHE
t%, Fig. 18-2, E, F, G), 5 44T 3 E#E (UwEwlk 3, Fig. 182, H) &bh, 08T +H
FROESBHOBBOK 18%, 10% LU 1T% Zhicb, “hbEERMLBRALTLEE 2 Fi
ZL% Ci-Cn OELAHDE (Table 5), Wb EOEEIHOERILO0IZH > THRERKD—K
LTWBEEOEEIE C1 2% 61%, C: 2% 51%, Cs 4% 66%, Ci 2% 67% ThY, +1 EOHER
Hi rhZroficthth 9%, 87%, 91% LTt 8% AUt 5, Table 5 OHUZIIFRUOEER
EERTLONRBETALND Y, EOFHEE C 21 —0.18~0.23, C. 7% —0.60~—0.14, C;
25 —0.13, C¢ 73 —0.33 T, 8 £A®D C1 SO TIIREHREY D HMETHERE L - BEHEN0F
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Table 4. Frequency distribution of the differences («) in ridge numbers between the tracing method
by hand and the M-method

C C:-Cy Cs-C, CiCs CCn Cc
3 | 4 5 3 4 5 4 5 5 3 ‘ 4 ‘ 5 3 s | 5
1
2 1
1 3
3 2 1 5
1 1 1 1 1 12 2
10 2 2 7 2 9 1 3 1 1 12 2
5 20 6 3 20 4 19 4 1 7 2 6 10 3
6 28 5 6 33 7 30 11 5 13 54 12 4 13 5
1 8 2 1 8 4 1 2 4 6 4 8 3
2 1 3 1 1 1 1 3 2 4 1
1 1 1 1 3
1 1
15 72 18 15 72 18 72 18 18 15 72 18 15 72 18
0.267 |—0.588 —1.056 |[—0.267 —0.347 |—0.111 |—0.347 |—0.056 |—0.056 |—0.267 0 | 0.111 |~0.267 |—1.278 |—1.167
0.728 | 3.913 | 3.043 | 0.728 | 2.690 | 0.437 | 2.669 | 0.273 | 0.171 | 1.342 0.810 | 0.654 | 5.061 | 2.080
(P> [(P< {(P< (P> [(P< (P> (P< (P> (P> P> P> (P> WP< KP>
0.40)| 0.00D|  0.0D| 0.40) 0.0D] 0.50) 0.0 0.08) 0.05)| 0,20) 0.40)|  0.50) 0.001)| 0.05)

W ¥ F ¥ X U
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Table 5. Frequency distribution of the differences (x) between ridge numbers
estimated by putting the actual scale radius into scale growth curve and
that counted by the position of annual rings on scale growth curve

N a Ca G c.
L, A 3 4 5 3 4 5 4 5 5
-5 ' ) 1
—4 1 ‘
-3 1 1 1
-2 3 2 1 2 2
-1 1 10 6 4 15 5 8 3 3
0 8 43 6 6 36 6 46 7 10
+1 4 5 2 2 5 2 8 1 1
+2 2 1 5 1 -2
+3 1 1
+4 1
N 13 65 15 13 65 15 65 15 15
F 0.281 |—0.108 |—0.133 |—0.154 |—0.139 [—0.600 |~0.133 |—0.133 |—0.333
1.392] 0.885 | 0.564 | 0.413 | 0.979 | 1.869 | 1.622 | 0.433 | 1.435
t (P> [(P> (P> [(P> [(P> (P> |(P> (P> [(P>
0.10)[ 0.20)| 0.50)| 0.50)| 0.20)| 0.05)! 0.10)| 0.50)| 0.10)

BEOFRETREVN, TOZRVThIEE TR, TOZLRIEFECIZERMNEE TOR
ERFLRV BN FEELERT L —HFLTWAI LR RLTEY, Ex0BNO—HOFEALE
RO X 3IZAHRY BN DO TH 57,

VI-2. RE#EIZDOWNT

BOUEFEREZHANZZLICL - THEFS, SHABICMFRHNORRLRE T L
2T %, 10 OB EMMICRIEL, MIZ b 20 KARMEEWC, Zhy b EERELBRY
Table 6 IZRT, ZhbH D 8 FEZ L 2BAEA—BMEUENRR BT LD THB, =D
B S HRH B CRAABIFICHIE L TR L OERNBORAI Y 13778 Teiny, SR
PeD XA FIIRDBEY THh B,

Table 6. The time required for scale reading by three methods

_ . Record of time

Exp. . Individual number o S W
min.-seec. min.-sec. min.-sec.
1 10 (4-year: 6, 5-year: 4) 17—24 19—15 1183
2 10 (4-year: 9, 5-year: 1) 16—11 17—31 10— 0
3 10 (8-year: 5, 4-year: 4, B-year: 1) 13—59 17—56 9—42
4 © 10 (8-year: 2, 4-year: 6, 5-year: 2) 13—55 17—40 9—16
5 10 (8-year: 2, 4-year: 8) 14—30 17— 3 9—22
Total 50 (8-year: 9, 4-year: 33, 5-year: 8) ’75—59 89—25 49—53

H: tracing method by hand, S : scanner method, M: micro-sliding method
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BRZEDVBROBRECL > TIERENDTHA 5, FRREASHAS LOMERHH L b iTinzd
BIBEOBHRBO L & CIibh TBLARLDTHS 1D, BAECHMRAENELEILIRE
ARThH o7k AR L 2 BEOBNITBLYMEE ZTIVThHS 54, BETER
LRBHNOREDOZIENF T & » TETEE Ld il b s b i, RRIEEC L 5
BREOEY OEEIRCSEROBE LET ARSI RO EREET 5D LEL HADD
TEERMETHEH, ARBTIZSHAUFEZ I 2BEHOBREIIIEL Ty, Lis LEsses
T ERFERH RN TER L ROBERIV R KE, BAEBEOS T & p MR s
RN TE TS Th B,

P EOHMERDOREN D, FRELHUBECEBRERT NE L ZAPSRREENL & REED
DI E HICRBT N EFR LRI T 2,

AHBEORS @R THTIMEISHR  MERKL QCED TRIFTH B4, WINVERL
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BV AE— 7 —OERIL OV nY 5, OMARDBETEYEEI AT — K8y « v F
&, TRV AT~ —EBES Y AR LABOHEE~ 5 —ORBIL £BOEE, O
BOHERICET B MAZEOEANSBESORARE E ML 2 LE) D 5. BANLHEEDOR
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DTERNMETH 2 LA, BRPIC 11% TIEORRE 23S 2 EES R PRI O Bk
T HERIENFIERE B L RELLIADTHA S, TRFEREIT—BL T THERKE
B HIEE L ERALE L B2 L B0 KR TR > B IR LABE I DT A TS 22145
i o THAEFRBHBIZILIZAZIRREB LOEBRO L ZATHRERTE S L 5 1 %E
EHINT 2 ENEE L\,

BRHAOBEL X LIIEH 2 OTRIMAROBE TIIBONER & F.LY ThENBYABE
Hikh e FEREFICEHhE 2 EL AT A2, SHATRHRHFORBROETEE L=
L, REEAWDRBRAOBRETOLEY LREATRIZE, F0TFROFR TR v F ¥ 7
RS Y O—FETERR V2D E LEBRORDEBY HRICEDOEDIZLIVETH B, X4
vFEIOE 7 Y HLAEBORELEVC—REICEANSET S QBRI LEY 2R L
THEPR LXEZ—FETH D,

AEERIED BRIAGRD & 5 CRBRTEL BBLT 5 Z LI X AFBIEROBRRLIZH B2, £
FBEOBE/LHEIBOBREERT oh bAErEl (REROER KT8 MUDIRES
HrED L ZALh D, EROBHEBTOME CHEINRETLRFEROMEENAEL TS
BAAOHESMEE, F2ZIE1IRE COROEIR IVEBERE, Boh.onbeifnoBkicss i
BER T2 A TCOBORIEY ZOBREBNOLEFHIRAL 2 LNTEL L, BORE
BB Y RADOEEREHBRO B Z 288, LW O>h0FHAEEEYEmREvE823 2 &
BTCEDTHDH, THIZBEL TRRETEFORR LB TR,

VII. 3k~ O #F

AR T, RIFEROE)HE 2 TRECEEREEL & 57 TORER (P boER 2
EABITHE LTI E S, BEICEERESE & VR EOMEL & - THA LA EE (Fig. 7
1, T-2) BEERD LiZ LIEMEHC k> TRARH Sh TR L, EEF (RF - IB) ERF
BT O TR IEH L CREBHBIOH L\ Tk Y B L 2B ENIC O B8 Y Th Do L LIk
Wi L 5 HREBTRAS TSRO & 5 Aol L S50 BB TR LR & O 2184 8K
BE#HBCOLTORRERCEAY REX ¢TI S0,

AL LT7 5250 Skeena HTELNI-Y 0¥y b RO I EREREMBICE - TLb, +
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