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EEBBBEHAIIFAILO 0 TAOKREHBICOWT

X T #HK*

Fitting Equations to the Growth Curve for the First Year of Life
of the Japanese Anchovy, Engraulis japonica,
Caught in the Tsugaru Strait

Tetsuichiro KixosHITA*

Abstract

In each of the samples taken from 1967-1973 and in 1975, specimens were
divided into components of length frequency distribution in terms of the relation
of head length to body length. Then mean body length was estimated in each
component. The mean body lengths were plotted against sampling dates and
were classified into groups to which the names, A,B, etc. through J, were given with
the help of growth curves from 1955-1957. The mean sizes for corresponding
groups were also compiled.

Fitting examination was carried out on seven compiled groups, B,C,D,E,F, G
and H, using the mean values in the samples taken during mid-August to December.
Quadratic, bth power, logistic, Gompertz and von Bertalanffy equations were
considered here. Among these equations, the quadratic, the logistic and the Gom-
pertz equations fit every curve in the seven groups. Within the existing range of
data, there were few differences among curves expressed by these three equations
for each group. However, it is concluded that the Gompertz equation is the
most suitable formula in terms of the following matters: having or not having an
inflection point; body length and date at the inflection point; growth pattern in
the larval stage; ete.

Sizes at the inflection point of the Gompertz curve in the respective groups
are comparable to the mean size, 35 mm, of metamorphosing postlarvae. Judg-
ing from the sizes and the dates at the inflection point, the postlarvae of 20-30
mm in body length in the period from March to May undoubtedly belong to any one
of the groups, B, C and D. Hence it follows that these postlarvae grow up to
9-10 em in body length at the end of a year. This result agrees with those
reported previously by many authors.

By the method of extending the Gompertz curve, the birthday of the fish
and its age in days at the time the larva reaches a body length of 21 mm and 35
mm was estimated for each group. But further investigation is required to reach
a conclusion because no data was available for the larval stage.

It is believed that the following facts support the previous results based on the
number of gill-rakers obtained for the anchovy populations in this striat: com-
ponents under 10 cm among the length frequency distributions in 1971 first occurred
in mid-August; lower limits in the distribution of sizes of the smallest fish

* b AP KEFERE YT RE
(Laboratory of Biology of Fish Population, Faculty of Fisheries, Hokkaido University)
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differed between the samples taken during June to early August and during mid-
August to December.

#®

B R 2 F 49 (Engraulis japonica) DT Tid, F)IVD BEEEHERESHBICLIE
BOREIGHESEY» b, BF  KEZKHIL TZ2OREZHL TUK, 20 2 CTHRENTINTVS,
InbOREDELIE, HA13, Hayashi and Kondo® & W3 AR X - T HE 3R L TR
INTWBY, BFL s —BU TERRIEBLN TV, T2, ThHRELL THRMPEUED
BZHIFATLEDNTREINTL S, LEEERHED & DIt 0TI, D9 b5 HAYEED b DICpRE
o & SR VER DEA % 4, Hayashi and Kondo® MBI DEAR % FEyELLLD KIEFHERED § DIT
EHiiEhid, KT? HEEREES X O KBED b DOV TREDHEERZRA, T - BEY 2
B2 o TRERERRFOERERRD TH A B E T,

KT (3, tAXKEDHZ 2 F 4 72 DNT, BIREVRHBEE L THEL TEREDDH 5L
ERBEL Y, COFTIREERMEL EAWRTEIOESNE I THRIN:, BT 2E
BifER 10cm T CHETH 3L, SEMEROBMIHED b FHERL 10cm 2 TRIEBEHNES
CBBRT & 3, 2NT, BB SO TRINICESERER 10cn BIFTOARRL L THON 3R
BiConT, 2 DEHEEORPMHESCRERRED TIRT L 2RAIE LS, HTFORKD
ZEER BB DTHRET S,

i

WHEEEUHZE
BT ST BN 2 2 F AT DRI 6 Arb 12 T TOMT r ATd 5o A 1967 &~
1973 3 XX 1975 £ 0 S E@IKD 2 5 T, WEEHO LHRTHIDOEBBIREY 5 & 512, 1967
£E~1973 £ DEAITBHISRRIT DT 5 T 508, 1976412126 B~ 8 ADTEERITE o TS,
s DERTOVTOREED S b, FE BE THEFR:HEHAL I, ERRIY» L BHO
PUEEREMS S T% mm BT, BER F4 S AX—2 BTy S @ESHMITE 0. lmm B
ATRIEL 12, BHEEIRHERER2ED THEL I

Table 1. Number of samples and total number of components which
were separated from the length frequency distributions in the
respective samples excluding large sized fish.

Number of components

Year Number of samples

(a)* {b)*
1967 26 12 43
1968 20 10 54
1969 17 7 49
1970 22 15 45
1971 18 0 52
1972 16 7 51
1973 11 2 24
1975 10 - 23
Total 140 53 341

* (a): From June to early August
(b): From mid-August to December
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HEEVEES L °F ORI EBOLTI Y 5 R PR LR,

EEMAEYTREY S R,

B3, W DRREL TOWAOIGEE SV, CORERIIINSDY 5 RIELEDEL -1,
THORBE CHREIN 2 F 470k, F—HEO 1 EOREY DI EBROKEREVREL,

FN0 OFEEHEIIMOMCERT 5 L¥EV. Lrl, ER—EFBRAREANELLREST,

ZFhFhOBERCET @2 2T 2 CBRRTDH 3,

LOFHEI L T, FEAFRCFINT

Table 2. Number of individuals divided into size-classes for the respective samples
taken in the 1971 early fishing season.

T Date| June July

B.L.(mm) —| 30 8

July
17

July
27

27 5

July Aug.

Aug.
18

~ B0
51~ 60
61~ 70
71~ 80
81~ 90
91~100
101~ 1

HOOQCOOO
[— =N — I — I~

13

o2

85&9000

_OoOOOO

17
109

NN WO

15

360
261
4
10
1

2
95

Total 11 ] 133 1

127

127

4 328

VWA GREEROBL, FRIEUTRT 5 EE
20 BELED § DIZDWT, EREHEOTR
£ CLTRPEHELET) 2RO THREORE
EE U, GEHOL SEREHEL, Tk
B 5cm BT 2cm, EHEAER 10em T
3em BET » 2W, BT 3ME{E 10~202
Th-T b, EEGEEGMCEL THSHE

OHENTRESBECIEERH LU TH- 12

S EREDORAERN X 10E, SHIL
SEHEHER 10cm LT OKER 13394 Th 5
(F#1)o ULHLIHE, HRIBWBEDY 2
F AU, 8 Bm~12 Bic BT 2 &8
L EnPEicE b 3 AF L TR ERIEEY B
b, WIERAEESD, HEEEARELLH
DOFERINIAMTHIEALNEM0, &
5 ¢, 10cm LAFD/NEL - FRIAIIKER DS
8 ALl B I N B, FHT 1971 i,
8ALAE CO6EAFITIE 10cm ELTD
AR AYALNT, RERE L
THBTADIZ8HISHOEEYH L Tdh 3
(%2, M1, CDC ki, 8 AFRLAESEZ
NI E TRARBRIZ S ED—D D IRE
LhEAONE, ChEDTEDDH, REH
MO BUIATHAAHT » 5 8 BHRLE
D 341 hERE (K1) 2HCTITZ 70

Head length‘ in mm

N
o
T

o
]

100}
>,8°'
2
0)60'
&
840'
w 20}

N=705

40 50 €0
Body length
Fig. 1. Relationship between head length

and body length
adaptation of the theoretical normal
curve to length frequency distribu-
tion (below).
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HREER

FiSER OB

FREHOELEEL?RENC L ICERT 5 &, 19684 L 1969 EDPITA 6N S & 5iC, B0
B > T HFEVHBRIIERT 5 0L ObD v —FRBFIZCENTES (F2), Zhb®
BEOKIXVEBBIEKR, FN—F A FV—FB, -+, FN—F T LT3, LHEDFNV~FD
IR, 1955 4£~1957 FEDBADERIMRD £ — F OREHIRHESH» 5 #HEL IZRRHERA (B.
Bs, Ci, Co, Co)? EBIFWITTH 3, 35T, 19684, 1969 EDWHEL 4, YV—F AL Bid B,
& Bs DRElicdH by, Fv—~F CitBs & CDfic, #v—FDEEiXC & CoDfflic, -7
F, G, HidC & COic, N —FT1& JiIXCs DTRABET 5, 127U, Zv—F J it 1969 &
IRHBL Ty, 17, COMEDRRGT 57 v — Sl HREBEHOTh L EED L/ OER
BALNBL, SBMICIIEEEEORNEBOEMEI T3 s HiFah 3,

1955 E~1957 EDREBEEmRZHEEE U T, COFEL FHRICL THEDT NV~ PRI BT 5 L,
FAELUISEL PIIIFAL L IRHET A7V —FDHIBT S (F3), 196THEDF V~F E BTN
—7F&, UATIER, FIZ3Git, GIZHIK, HRIRHESETHIAV—~FThihbanisol, %
12, 193D ZNV—FERIV—FDit, FREKR, FIIFRBTRETHEIhbEANIZ, L
BL, COBETIRZDL 5 ZHFBITZIZTH 5720

SEMDER 2L ARL TH L, 7V~ FOEROEKEIICE 2 FHEDES I 6 i, H

100

£
E
£ 50
L
e
o
c
2100
>
©
o
(1]

50

July  Aug. Sept. Oct. Nov. Dec.

Fig. 2. Distribution of mean body lengths separated from length frequency distribution
and classifications of these values into groups. Names are common to respective
groups for different years. B,, B, etc. through Cj,, shown by solid lines, represent
the seasonal modal changes of length frequency distributions for 1955-1957.
Broken and solid lines were drawn freehand. .
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Table 3. Occurrence of groups in the respective years.

Year Groups occurred

1967
1968
1969
1970
1971
1972
1973
1976

E, E

| | =] B
ELELEEEL
[eloloiviolololo]
CRRCISISISICES
| HEEEEE
| =1

I
I
I
I
I
I

o g
[oXokoXoRoXoKoXo]
jarfanfanfusla-Yarfashue
(R

100

E
c 8o
i =
-~
(=]
c
3
g oo
Q
|

1 1 Jd

July Aug. Sept. Oct. Nov. Dec.

Fig. 3. Distribution of mean lengths compiled for the corresponding groups. The
Gompertz curve is fitted to these values. The original names, A,B, etc. through
J, were given to the respective compiled groups. In each Gompertz curve, the
solid portion represents the range of the data used for the estimation of the equation
and the broken portion shows the extension of the curve.

A ohDERERL E, 8 lem BMRTH - T (H3), ZRBRIZESIED TR,

RO HTEH

20T, COSERCARLIIEBRCONT, EHEREORNHEERE 125 F 4 7L OFRERR
FTEDEARL, FA-FPCLEEBEHTRD I EERA, 127U, HEEINIERBEOED
£, HEHEOBEVWB~HOD7T S V—FR2fRELTIL, #£22F 47 ORERICET 24 ORE
D55, REMRABTINT VS LD, 1) #H - G, E0® X5 b REE, 2) #H -
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# R, Hayashi and Kondo® # X % von Bertalanffy 3%, 3) #8)I[" T & % logistic b3 & %, Hil
JIPS) (3 AR I ) AR R 2SI AL T b KEEENE logistic ROFH 270 T %, LbHD
ED0HEHBRDIINIR, 252 KEER CATiR 2 KRBR L 79) & Gompertz R MA T, D
D2 R 12,

bRERE, Li=at®, BHEERIL L - T, 2%, Li=atbr—ct?, REBATREL & -
T, von Bertalanfly 3%, I; =Ilu[1—e#¥-%)] 13 Allen DFES® T L T, logistic F i =lao/[1+
eF 107, 35 100 Gompertz Ry [y =lae-eF¥'0), 12 Ricklefs DFE T & - TRHIL 120 B
t, WIZBERHEMU 12, Ricklefs OF % AV 3P CIHBREE, lo OEZED 5 LVEER
HIEE /55, Hamai'® 8 A (Cyprinus carpio) DRERL2VTHEL T 5 L ST, — iR
BREEEEDOHAT 2B L BT 588 - T, 1ERMTIRREEL 2085 REBER
PERL T, HEIFA7VBRODOVTRFN TR ZL, F~ 2+ 597 E (Engraulis
australis)'®, <0V —PE (E, ringens)®® X PBYE (E. encrasicolus)®® D7 v F a3 ¥~ DT
RABIKEEEEOEE T 2REMBRMVRAINTNE, BEREDH 42 F 47 RDNTSH, I,
FH 52 Tk 5 TAHOEBEHEDERMBEHIN TV 3, L TREBAERBOLHCE 1FBD
WREELHEL, BASREBCY > TR 2 KEBOLHDOEEL2BEILL 22, KROEHE
& BEE OBMRYE L ERG & 22 BRERPHRITHEBRLZEEL TR, BRERE LI

HBRD CIIDORIMERPEAICFET, B~.HD TV — P T NTR D TiZE 5003, logistic,
Gompertz B X 2 RD=DDHBTH 3, 12121, 2KMHROFES, G HD 2w ~FXBNT2
WIES, o BEBTIEZV, TR H OFREEL, von Bertalanfly fi# % 4 > TiID B L DTE S
FV—=7 ERDOWTHRLIZ L S, BEOBENICKSHN TR, BhSRE2HV 2 kil & 3
DB EDOIIEE ACERIIALNT (H4), 5T, FHBODTEATHIRRBIFTD 3 &AM
3h3, _

bRERIT YOSV —~F L HTIZE S0, von Bertalanffy gD d» Tid g 50125 v — 7 E,
FO=o1 3 Th DT, ThdD o0l OB 5BA3 3,

logistic gh#3, Gompertz fiRd LU 2 REIROILEE

1. FHRICHTIHE

BEOBENTIRIZEAYERDS L Nh 5Tt LEDO=Z20 M, BB TRZAFIADOR
Bend. BWEHI12 A2 Th Y, ChPBOREHESHY 2HETORER, F2EEOERELT
BONERXBDTHBDT, TTTREEICL BV, FEO/NIVHICHBRZIET 5 &, logistic

Table 4. Suitability of the five different types of growth curves to the mean body
lengths in the respective groups.

Fitness of curves expressed by:
Group Power | Von Bertalanffy | Logistic Gompertz | Quadratic
equation equation equation equation equation
B unfit unfit fit fit fit
C unfit unfit fit fit fit
D unfit unfit fit fit fit
E unfit fit fit fit fit
F unfit fit fit fit fit
G unfit unfit fit fit fit*
H unfit unfit fit fit fit*

* Coefficient of the second order term is not significant statistically (P>0.05).
— 154 —



KT : »27F47000FROKEME

-
80}
i Group E
£
Eeol
£
£ B
(>
c
k)
>0
©
=
o |
Gompertz curve
20t - ——— Logistic curve
----- Parabola
— ~-—— Von Bertalanffy curve
1 1 1 ) | 1 i 1

1
Apr.  May June July Aug. Sept. Oct. Nov. Dec.

Fig. 4. Four types of growth curves fitted to the distribution of mean sizes in group E as
an example. Solid cricles represent the values used for estimation of the equations.
The values shown by open circles were not included in the calculations because
they were obtained from fish which belonged to another population related to the
number of gill-rakers.

Table 5. Body lengths and dates at the respective inflection points of
logistic and Gompertz curves in each group.

Logistic cruve Gompertz curve
Group
B.L. (mm) Date B.L. (mm) Date
B 52.5 May 10 38.6 Apr. 29
C 51.5 June 18 37.9 May 26
D 48.0 July 4 36.1 June 11
E 47.0 July 26 34.6 July 3
F 44.0 Aug. 9 33.1 July 14
G 43.0 Aug. 30 31.6 July 30
H 40.5 Sept. 20 29.8 Aug. 29

%3 & Gompertz HI#D =R BFHA % b 0. THARRBY 3 B iX 2 h F 1 40,5~52, 5 mm,
29.8~38,6mm Td5 (F5), WA 2 5 2 L HARNICTE I KIIRELET 37~40mm
BULTHBEL, MEE - ARH2Y i L OGRS EHIFAE (25 %) LHAH (v Y) 24E3S5
em CREI-> T %, C DEIE Gompertz HISEDE R S IC I} 2 & &IEEIL T 3,

VWi, 1967 b 5 1973 £ I TOERILDONT, FERCBT 5H/NMEIED I LER6ecm ATD b
OORERXHREBCLCFT S (M5), B/MIEOBEETRIE, 7ATA~8 ALATIE B~
27mm, 8 BHALAETIE 31~36mm Tdh » T, 8 AHAAEOKNERBARDEETRIZZhHEL
HoOBFEHMAROL DL ) b RAVEHAR2FT,. CORFHEUAHOEETR 31~36 mm i,
LRBIBUIEELDRL i = YRBIhRE-ET I L5, BREHRCK 5 XREERAH
DUSAPo I VECBIEREABZLLEN T R L I 5T 5L, Gompertiz BHROEH ALY
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E60-. ]
50} - ) ’ fda ST
£ . St e
o a0l S e et . L
§40 '. .; .:s! .t e,
230 ..'..:"'
8 .
20 L 1 1 ! t 4

July Aug. Sept. Oct. Nov. Dec.

Fig. 5. Distribution of the sizes of the smallest fish for the respective samples taken during
1967-1973. Values over 6 cm were eliminated.

BB S A O AT VICERBRTAROKRIIERL TNEL LY, APPHCERSE DL
Lz d, LD 5 I KERE = v (Clupea harengus) TH 5 1L 5, Blaxter®® (D 1964 4 D
HFEBERE TR, BHFA (v 5 %) b LHARERT I TH 2 BLE BECEHADALNS
REBERBRINTN 5,

12170, Gompertz SO EHADAFHL, B~G D6 /v —~F X BV TIR4B~THATHS (3
5), HEERMEELIC BT 3 RERRIARED, CORMIt T 8 APALIKEL FROFR TREZRY
PESHIRREATH 2, ULbLEHE, Hayashi?? HPRLIZE 5 ZEMIERKIIOLOREKRL &,
L5 ORI & A X OBRESTHEE 35mm UTTHY, AROELELDOH Y & 2 3HERK
DNTDRRHEDDRTEALS L, 8 AUt Th, KEFHARO Y L 25ER% 35 mm
B HEL TRASBRHIBIVTHS I,

2. BEBRIUVLITABMORROERE

W EsF 47 DFROBILBFEOKR X IAWMEZ T L - TR A SN B2, chid, EfE,
FRADRE, &3 BAOBEY Lsbh3 L5 RIEORENERCIsbDLBELOND, I
SR D T, [FADLERN 3.6 mm, Ly 5 OEiE B FIKIE 18°~20°C THIHATH
2232980 ¢ L TC—FL T3, & T ZABIDORREITD WV TR, FHild2 24E 20~40mm OHE TR
30 AT 4.5~6.5mm DORELEERFEDE L 128, 20%, BE - &) BEFEE 3. 6cm ATOY 5
RidFAEE Ty ARRBL IO LREL, BEKRE FHEHEREOBERL L4 sF 47D
BRERPRD TUE, —I3C 3em BIOL 5 23BLE 1 7 BREBLIZE DL 3N T 53193838
ect. r N ERITHE DI, TE - TE® O1~25 BT AKEE Hayashi?? itk 3, FHEEECY
i BEAKOTHEE BER LR ZD 4 BEIE TOKE - #HE5 L OEcEWTD, &Kk 25
~40mm D+ TR 1~27 BREBLT L DETAEEND L, 35T, RE O, BHFRAIRK
P 41 BCLE 10mm, 68 AT 20mm, 25mm &X3iIZ 76 B2ET2EVIHEN D 5,
FE2 1 C OREOMR BB T B & & 41T, BYTFAYOLES 4~35mm » 543 40mm, Zh
BOKIICEITOFRBAKR 1~35ALL T3,

PRI OFADEE 3.6 mm ZH OF%ME - T HRICHETSE 3.4mm L7253 (PL
16, Fig. 7, £5 3.6 mm 2R), 272, 2F 5 mm ORHFAREER 21mm LHEEINRS (PL
17, Fig. 15, £& 27mm %{#f), logistic Hi#k, Gompertz HifR+ L IF 2 kERicoWT, Thb
PHETACERRY D, BB FITEE 2lmm REETHCET S BERPHEL TAHIZ (F£6).
FHLE 2, #E 3. 4mm RHEELL CIEHRREEO B REHEL, 203 BAMEL TRDI,

HEFULE DT H B &, logistic BIRDEBAITIZ )V~ FBRONWTORED 9 B 2T A 55
N—FHD3BI17THST28iIE20Y, Gompertz fi#ROE A i1 31 A» 56 A7HITIE
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Table 6. Birthday of the fish and age in day when larva body length has reached 21 mm.

Birthday estimated by: Age in day estimated by:
Group Logistic | Gompertz | Quadratic | Logistic | Gompertz | Quadratic
equation | equation | equation | equation | equation | equation
B Sept. 27*| Jan. 31 | Mar. 4 155 55 29
C Nov. 17*| Feb. 25| Mar. 20 128 57 32
D Dec. 4*| Mar. 5 | May 9 132 64 27
E Dec. 18*| Apr. 1} Apr. 20 138 63 38
F Jan. 4 |Apr. 2| May 14 140 11 37
G Jan. 14 | Apr. 16 Apr. 30 148 (6] 52
H Mar. 17 |June 7 |June 8 125 62 46
Mean 138 64 37

* Date in the preceding year

I, 2REROESICII3 A4, 5 6 A8 HITORMICH 3MFEFREANT N3, v&7F
47 o OEEEHERI KRS BifELd b, IHINERTHIIEBEREL, BEROBET
B2 & I—RRICED BN T 3, B~1 D7V — FRDOWTRL IR EHEER (M6) LHER
[LH BB TA B e, KEOERHIME Y, 2724 &) logistic BIBRIC X 2HEERHL H ORLFI & F
HEREEOBER & 3 —FL 80,
HE 2l mm CRET 3 2 TRETAHBIR D2V T A 5&, logistic BIMOBEICIIK 4 7 A,

Gompertz HIROBECIIH 27 B, 2REROPEITIAIL 7 A L35, logistic HiFRD 4 7r A4
BIRU A OB ELEL CLERY 5 &%

Z5N5, 753, Gompertz BI#RE 2 Yihip -

D= DEDNT R 3B mm CERET 5 ICE e ° o

TLESRIET 5 &, MHERTE%H, §45.4o -, 8 : °

BHEIITHIE8 B &2 B, ] e e, .
ceeossagoksamotE, © B T e TG e C

5 @& 2 nEORESHA-omRA TR £ e S8

baIns Vo EHECZE, Ly, v5 R :4520_ * 1967 . 1971 I o

BIORE 2 VD WAEEE U T ORET 3 °© 1968  ° 1972 : .

bab b, FRCIERIES. UL, = P ilees ciem o

Gompertz Bh#IZ X 2HEEIZARESY, g2 + Gn;ond mean

DIMRITERL, 2 KEROBHEITIIHE - B D E F 6 H |

F14:39, Hayashi?? OHEFICPIT L 5 K TR Group

WERA S, 35, ERED/ -V -7 Fig. 6. Mean number of vertebral counts

Y F o ¥ — (Eagraulis mordaz) DFRD in the respective groups. Mean
values for groups containing less

BRSO Ko TAaBL, £ELTX than 50 specimens for each year are
K770 b EBELTEAIRLRED not shown in this figure.

IVEBR TR, Kl 17°C T, #u#k 28 B

CEBEE*15.3mm, 34 BT 17.4mm &25TW 5%, COEBRERE2Z2DIIBFHTACLIRT
ARV, HEIFATVDY T ZHOREHEE 1y AL T 30REPBY 5D TRINS 5b

* EFROPHOKRE S, Lasker et al.® ofRIC X HIMLHOEREROFHORRMEL v b
b In Enb, FROMEMETHS &AM .
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3. FRIHOREMER

—#ic, FAMOREHEARTROBOMBRTRING, #27F 472 20T OREBOT ~
ZW )P T F L~ DETEEE® DL D ZERERL T B

Gompertz fi#iX STHMBMO—2TH 5 » 56, LOMBROLHAL D bAIOFARICHAY T 235
RTROTH B, ChZHLT, 2REBROESIZFARICHEY 3 28It 0T  LROET
»-T, FRAOREMERMOEF LS (K4),

R, #2207 49 DENDOREZIULED & BHEL Ii—FDOMBRTIRZ 5 £ T5&, Gompertz
BB ES B L ikis 3,

Gompertz ghigDH TIL&H

B~H O V=7 24 TRDI Gompertz 303, HEEE (1) 2 mm, T (2) 2EETHR
T,

FV—7+B : lt—IOSe —0,01459 (1 +104,13) . 7"f_b, 8)5] 11H% t=0 tb'ca)%o

FN—FC: [;=103¢-e° 01397 (2476,17) . ; mE
Yv—FD: I =08g—e~0.01275 (£4+60.71) , FE
Fi—FE : lt =94e_e-o,01327(t+38,84) ; [ﬁ]_h
Fv—FF: I =Q(Qg—e-0-01194(#+28.13) - FE
FNV—FG: [;=86e-e 01153 (£+12.27) , Rk

FN—FH : [j=8lg-et0mtinzan . yope, H H30H% =0 ELTd B,

Th3, Chs DRTREINSdMIL, 8 Hqﬂﬁ%%ﬁtﬁ@ﬁﬂ%iﬁbnZ»icqiﬁéﬂmmﬁtﬁﬁﬁ
RIS HTIES (H3 E. B, C, D, E, F, G, HDOES V—F7OERDERR, Z2hEh,
102, 98, 91, 86, 79, 73, 68mm rEHEIND, FRICR~T: L 5 i€, Gompertz HIFROEHRITK
UofRIZL I 20571 ) TBAROER ST T 505, ChREHADBMS (&5) 22
UMATEZSE, 3H~5HIERE 20~30mm CHREINSY 5 XIS V—F B, C, DDVIh
PIBTEERASH T, ERICIIEE 9~10cm CRET S L5, L T, 6 BOv
21k 8~9em &, 7TADY I 23 Tem CRET I LV IERENELNS, 3A~5 AOHW
3EMFDY 5 X DERDFERE L IEROPICHEE L IaET 5 L, itk 2ESEEDHEREYY & —HT
3L, BOOHEEZRNIERETLEDY 7 2 DERDEES 9~10ecm &7 3 § DI3H V2012
84)etc,

6 ADRHIMD» S 8 A LA TORMpESIN 5 AR O AR D EHE T 5 L O
MODTIZE 0L, BHTL 6 BIFEIIVAZ (K3, B . < ORREICKY 2008, 12EAY
#E 10cm S EOKBRIFEIFATED 5 TT, 10em FOARBIC SO TIRERBZL LWL, HER
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