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SUMMARY

This study was initiated to observe the growth of the lengths of the body,
the antenna, the rostrum, the fore leg, the middle leg, the hind leg and the
width of pronotum in the postembryonic development of Anoplocnemis dallasi.
The specimens measured were fifty in the first instar larva and seventy
for each instar from the second instar larva to adult stage. The authors
applied the growth formula and the relative growth formula to analyse
the changing pattern of the growth of each part. In this paper, having
applied the formulae the y=a-+bt+ct? for the absolute growth and y=bz"
for the relative growth, we obtained the following results:

(D The growth quantity: The rostrum shows the slowest, straight increase,
but the other shows the curving increase. The body, the hind leg, the middle
leg, the fore leg, the antenna, the width of pronotum and the rostrum are
systematically slow. @ The ratio of the growth quantity: The increase rate
of the rostrum shows the straight, while the other shows the curving patterns.
The largest value is the ircrease rate of the width of pronotum (8. 816 times)
and the smallest one is the rostrum (3.054 times). & The growth ratio for
cach instar: The maximal ratio of the growth quantity is in the young instar
larva, but the minimal one is in an advanced instar larva. @ The growth rate:
The antenna shows a decrease pattern, while the other an increase pattern.
® The specific growth rate: The rates of the antenna, the fore leg, "the
rostrum, the hind leg and the middle leg show a decrease pattern. In the
width of pronotum and the body, they increcase in the terms of the young
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instar larva and they increasc later. The antenna shows the most rapid decrease,

and the fore leg, the rostrum, the hind and the middle leg are slow in order.

® The “a” of the width of pronotum shows the strongest positive allometry,

but the rostrum shows the weakest negative allometry to all parts. @ The

cocfficient of the relative growth of cach part shows a parallel fashion in the

relative growth to body length, to width of pronotum. to antenna, to rostrum,

to fore leg, to middle leg and to hind Ieg.

& If the cocfficient of the relative

growth, the growth ratio (@) increase, the initial growth index (b) is disposed

to decrease and vice versa. @&

The growth center is in the terms of the young

instar larva in case of thc negative allometry, but it is in the terms of an

advanced instar larva in case of the positive allometry.
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=3 2 @ WEFH(nitial velocity, IV)=b & REl:(ratio
@ K ERX(growth formula) : y=at+btt+ct2(y : #/3 of growth quantity, QR)=¢i/ql (¢i: % Y GQ,
u O AfEE. % BAEEA e 0, 282 1, SE gl i RS GQUE BV EEEe] WS HibH
L2, 48HE 3, B2 4. RORL 5. abe: WEEA  AHS AHRYY BEED sd.)
b BEEc R BE) @ g EE(growth guantity, (1) B&E : HEFRE v=38,596+829t+574t 0.2
GQ) : y=a+bt+ct* @ EEE(growth rate, GR): A Mo 2 FoRE S L0 RERS 5.20%:9
dy/dt=0b-+2ct @ HRUFEH(specific growth rate, FERERN A 2 REBRSS 5£23 Jebie RAHE
SGR)=100/y-dv/dt & B Fi(growth power, GP): IS 10.27% <4k BEREL S shhe) 3,564
diy/deE=2c ® KE#E(nitial quantity, Q) =a o A KH9 22,091p 0% 6.143f%7 Bin=ldy. %
Table 1. Analysis of growth of length
1 M=+SD GQ QR E ER GR SGR GP
u 7 times o o "7/,; W/rjr/t - 2 o/t
0 3,673+ 256 3,596 1.000 77 2.14 829 23.05
1 4,748+ 197 4,999 1.390 1.390 —251 —5.02 1,977 39.54
2 7,947 754 7,550 2.099 1.5i0% 397 5.25 3,125 41. 39
3 10,837+1,299 11,249 3.128 1,489 —412 —3.66 4,273 37.98 1,148
4 16,4021, 658 16,096 4,475 1.430 306 1.90 5,421 33.67
5 22,018+ 880 22,091 6.145 1.372¢ —73 —-0.33 6, 569 29.73
I,t: Instar (0: Ist instar, 5: adult) ER : Relative error
M : Mean GR : Growth rate
SD: Standard deviation SGR: Specific growth rate
GQ: Growth quantity GP : Growth power
QR: Ratio of GR * : Maximal rate of CQ
E : Error £ : Minimal rate of GQ
"'1 0'00” _ GR g BRI S 528 Hhdiel LSIoGE S =2z, EE
! cQ 5E: el 1372524 A7 AL fiE nelvh iR
4,000 40p 2 2o G $hhel 820u/t ol A e 6,569/t = K
=g ek ek RRRGRES FLE ghore] 238.05%0)
600 36 12l ¥ A Sl sl 41.39%2 HWmsesl 1% pokel
ol 2wl 20.78% 2 viA FhE ek KEHE 1,148
p/ttelel(Table 1, Fig. 1).
32k 13 (2) MBwEiRS D RERE y=870+3830t+
s 206 o2 M#ige =z FTapErsh kil KELZ
¢ SGR | 16,0929 FUERENA A = KBRS 529 vt
oab ol W BEAEEARE 24, 760/5‘;5.‘;}— HERS H14 YR
o] 870u ol M B(HS] 7,670 0% 8.816f%7F Hin=«l
b & EE RENTE B2 Sl LeT4EE A1
24¢ 23 ok Hhde] 1398524 74 A& fHE ugl
é‘ ) o} EIEAEL F18E e 330u/tel A ErRe 2,390

Fig. 1. Body length. {Abbreviations are the same as
in Table 1)

p/t 2 Em=E gk 2 ERERS i 9nd
37.93%1 A 28 Yk 52.77% %2 Hms= ek ¥
Aol olzw A 3L.16%E sEgel. mEHNL
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Table 2. Analysis of growth of width of pronoium
1 M+SD GQ QR E ER GR SQR GP
o “ times 4 % ult % p/t?
0 1,010+ 65 870 1. 000 140 16.09 330 37.93
1 1,2844 35 1,406 1.616 1.616 —122 —8.67 742 52.77
2 2,162-+130 2,354 2.705 1.674% —192 —8.15 1,154 49.02 412
3 3,6504-195 3,714 4.268 1.577 — 64 —-1.72 1,566 42.16
4 6,018+423 5,486 6.305 1.477 532 9.69 1,978 36.05
5 7,414+489 7,760 8.816 1.398+4 —256 —3.62 2,390 31.16
(Abbreviations are the same as in Table 1.)
GR  SCR 4124/t o) eH(Table 2, Fig.2).
Hit * (3) |A: WERL v=4,343+2,199t—5710 2
1.90 sol A e s FREeh, Bl KERE 3.57%9 #
1065 EREAAA T KERSS %29 b BAR
r E08-E 5.53% 4k HERRS F1Eh 4hRe 4,3434
300L 751 44} A RS 18,913 0 2 3.203f%7F s gl & #h
9 BRIt E F1E Shio] 1.493(% 2 713 =3 54
ShiRel 1.187f%24 743 A& % wolvh RESRS
55 38 1 Hhle] 2,1994/t 1A KEY 1,629/t 2 #Wo
Haeh  HRER FE 1 Yk 50.63%A K
e 1L70% 2 EAE el REHE —114p/t? o
35r 32t vH(Table 3, Fig. 3).
(4) AW : WEXRL y=1,582+645t+12 024
EHife g FrAvh R REXL 2.77%9 FEmE
15F 261 AAA 2 RERSS 523 Yl GABERS
A 3.88% vt REES Flk SR 1,582u oA Kl

Figz. 2.

the same as in Table 1.)

Width of pronotum.

(Abbreviations are

Table 3. Analysis of

9 4,832 0 2 3.054f57) = glel. & @A KE
v E1Eh dhike] 1.408{52 713 =3 H5H kol
LIs6fEA b4 AL fHE Bl REES B

growth of antenna

I M +SD GQ QR E ER GR SGR GP
P u times P % ult % ]t

0 4,384+118 4,343 1.000 41 0.94 2,199  50.63

1 6,510 144 6,485 1.493 1.493% 25 0.38 2,085  32.15

2 8,393:315 8,513 1.960 1.312  —i20 —1.40 1,971  23.15 = —144

3 10,222+517 10, 427 2.400 1.224  —205 —1.96 1,87  17.80

4 12, 664 +698 12,227 2.815 1.172 437 3.57 1,743 14.25

5 13,695--593 13,913 3.203 1.1374 —218 —1.56 1,629  11.70

(Abbreviations are the same as in Table 1.)
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Fig. 4. Rostrum. (Abbreviations are the same as in
Table 1.)

Table 4. Analysis of growth of rostrum

I M=+SD GQ QR E ER GR SGR GP
u u times 7 2% ult % ult?

0 1,591+ 64 1,582 1. 000 9 0.56 645 40.77

1 2,244+ 47 2,228 1.408 1.408* 16 0.71 647 29.03

2 2,844+ 96 2,876 1.817 1.290 —32 —1.11 649 22.56 2

3 3,487+ 76 3,526 2.228 1.226 —39 —1.10 651 18.46

4 4,294+141 4,178 2.640 1.184 116 2.77 653 15.62

5 4,8064126 4,832 3.054 1.156 % —26 —0.53 655 13.55

(Abbreviations are the same as in Table 1.)

e 645u/tol A el 655/t = HEips gl o
B HREZRLS FU Hhhe] 40.77%1 A R HE
13.55% 2 WUhE ek BETIL  2p/t? o] v}(Table
4, Fig. 4).

(B) Bl BERE y=38,540+1,767t+69¢% &
24 Moz FrErh. ki RERXE 5.64%9
M @ERAAN 2 REESS 5238 Jvepiid &k
MAIRLS 8.76% v HEEES H1A Hhhe) 3,5404
ol A BARS 14,1004 o & 3.983f57F sl el &
W5 REE B Yhibe] L5I18fFR 717 = 5
& shiol 1.203f524 JbF AL {HE madrh. HE

B Flm $HmS) 1,767u/t A4 KA 2,457u/t 2
= ek 2 WREELS HlE PHhg 49.91%
ol A S 17.42% 2 WA= 9vh. BREE 138y/t2
o]t} (Table 5, Fig. 5)

(6) M : RERL y=8,689+1,587t+181+ 2
24 Moz Frdch  BE MERE 4.58%9
BREBEAAA 2 REHASE 5533 Jebile &k
BERL 6.74%9vk. MERL HE Yhel 3,689
o A BH1) 15,899, o = 4.3094% #ins givh. & #
A RERE FlE $hdel 1465652 7} 22 F58
Yol 124852 A sha A2 fE nch RERE
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Table 5. Analysis of growth of fore leg
I M+SD GQ QR E ER GR SGR GP
u “ times Jt 2 il % 7
0 3,662+ 97 3,540 1.000 122 3,44 1,767 49.91
1 5,320+ 109 5,376 1.518 1.518* — 56 —1.04 1,905 35.43
2 7,120+ 281 7,350 2.07¢ 1.367 —-230 —3.12 2,043 27.79 138
3 9,304+ 464 94,62 2.672 1.287 —158 —1.66 2,181 23.05
4 12,373+1, 164 11,712 2.308 1.237 661 5.€E4 2,319 19. 80
5 13,792+ 592 14,100 3.983 1.203 % —308 —2.18 2,457 17.42
wE/\bbrcvia cions are the sams as in Table 1.) o
Table 6. Analysis of growth of middle leg
M=£SD GQ QR E ER GR SGR GP
“ 2 times z % ult % w1t
0 3,764+117 3,689 1.000 75 2 03 1,537 41.66
1 5,394+115 5, 407 1.465 1.465* —13 —0.24 1,899 35.12
2 7,346 +317 7,487 2.029 1.384 —141 —1.88 2,961 30.19 362
5 9,714—-500 9,929 2.621 1.326 —215 —2.16 2,623 26.41
4 13,317 £683 12,733 J3.451 1.282 584 4.58 2,985 23.44
5 15,062 +79%4 15,899 4.309 1.248¢% -—-238 —1.49 3,347 21.05
m(iAbbrav;azjons are the same as in Table 1.)
GR GO
it 1,000,
GR SGR [ i
o % R _ GR
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Fig. 5. Fore leg. (Abbreviations are the same as
in Table 1.)

B $hme) 1,537u/tel A KBS 3,3474/t 2 Hm
steleh 2 HRRES Fl hRe] 41.66%°04

35

26r

23

Fig. 6. Middle leg. (Abbreviations are the same as

in Talle 1.)

WA 2LWS%E FE ok RIENR 362u/t7 o v

(Table 6, Fiy. 6)
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Table 7. Analysis of growih of hind leg

I M+SD GQ QR E ER GR SGR GP
1 yz times Jz % mnie % 2/t

0 4,455-106 4,386 1. 000 70 1.59 1,022 43.82

1 6,580+ 81 6,567 1.497 1.497% 13 0.19 2,440 37.15

2 9,112=-388 9,266 2,112 1.410 —1Z4 —1.66 2,958 31.92 518

3 12,204 580 12,483 2.846 1.347 —379 —~2.23 3,476 27.54

4 16,887 =745 16,218 3.697 1.299 669 4.12 3,994 24.62

5 20,197 =874 20,471 4.667 1.262 ¢ —274 —1.33 4,312 22.04

(Abbreviations are the same as in Table 1.)

(7) %M : i “C_’. y=4,886+41,922t+259¢ 2. 0. REGE L ANBE
24 Moz Fondeh hid BEAS 4.12%9) JERS ELE RS s ETtd HEsE
BLegEN 4 2 “’Zﬁ‘%‘\’f‘ SE&d Jelde B tEEH P F{absolute growth)el =f 3]-01 Bk & #H45

MAMRL 6,35% Gt XS FE Wl 4,864 o] W=l e EREBAES AR S REHEES
A A Ee) 20,471 02 4.667(57F Wins vl & ey #ﬁ EE X (relative growth formula)$-
Al BRIEE HLdk ghdie] 1497152 717 =5 &5 wmAEG el B RES 2@ HMOomESS 1, vel 3
i gheiel 1.282(%524 b AL {6iE navh. KR W o] 2 4 ﬁ’ﬂzﬂu Atelol = y=bx"(b,a: FHD B
S Flfm Shdie) 1,922u/te A Aol 4,512p/t & @7 ratels Aol o KXo Fiel MEE Hsh
7 Hm=Edek 2Ed HEREEL Bl SRy Ll log}'izlogb+alogx ZA HEFEAEAAE x, v
43.82% 1 A Ey:g:.oq 22.04% = WhE ek BRI b BB BfRe d& o)k

5184/t o] v} (Table 7, Fig. 7) MR A x, vy & A7HDS E#el2z t 24
wpee L dy 0 1, dx o o] i v
GR GQ N ¥ di x at
wit 1,005 _GR sk} WEFEE debi= oW as a:i--‘-’ﬁ[—/
e ol e L I e

SGR s Go o = JrpuA "ok
[ -/// a = HERE G (coefficient of relative growth),
1.600L 431 151 / =E ﬁk%ﬂ:(growth ratio)z} e y & x o #The a>
’ ol 19 =) BECE(positive allometry), =219 = SKE
‘ / (isometry), a<<19 W %K E(negative allometry),
sy a=0% w| FE{E]k(ceasing of growth), «<0%

L £ KB (actual negative growth)o] e}z 3hr}.
/ R (growth gradient)= % fufflel leiAg
sl DS HERES) RS ol 31—,- 4
A B =1,2,3,45 AD) = mAEh olE
25+ 6F yi9 xiof Hfi} potency 9 £019 EEE vreliH
L L . . . SGR EEEE et B S WESL(growth center)
o 1 2 3 4 5 ! o} e}

(1) Bl HEHRRCK HRAAe HERE 94 R
Fig. 7. Hind leg. (Abbreviations are the came as REET ASE v #8E xd BT MEE 28D

in Table 1.) (Table 8, Figs. 8 & 9)
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Table 8. Growth gradient, growth ratio (a) and initial growth index (b) of each part to body length.

I w AT R F M H
1 1. 645% 2.196* 1.768* 2.165% 1. 807* 1.901%
2 1.334 0.813 0.734 0.896 0.888 0. 939
Growth gradient 3 1.184 0. 559 0. 545 0.671 0.729 0.771
4 1.110 0. 468 0.486 0.606 0.695 0.733
5 1.070 0.423 0.463 0.588 0.696 0.731
AD 1.048 0.293 0. 455 0.585 0.708 0.741
a 1.165 0. 604 0.588 0.723 0.776 0.818
b 0. 147 35.099 14.127 10. 657 6.957 5.872
1 : Instar (1: Ist insiar, 5: 5th instar)
B : Body length F : Fore leg
W: Width of pronotum M : Middle leg
AT: Antenna H : Hind leg
R : Rostrum AD : Aduk
a : Coefficient of relative growth *¥ . Growth center
: Initial growth index
y
2.3 137 w
1.9 11
L @=1
I
1.5 a
114 w A
H
M
H
0.7 M 5 F
F
R AT
AT R
0.3F 3k
T2 3 4 5 an!
0 ) R S TN

M FEEES 18 ]
sl 4hiRe 1645014 RSl 10482 #igks]¢lov]
P2 Table 8] *2 Ford wheh 2ol H1M 4

ek

1o

0. 147275 Q) HERERE ZHeeh

L fHEERRERE a=1.16524 »
HIRE RS 8

getel WREET

o] HWEERL Ry 2l thel 116% 24 (ERE

Fig. 9. Relative growth curve
length. (Abbreviations are the

SR

@ WA R REA Hald

R FRAR

of each part to body
same as in Table 8.)
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#19) 2.196o] 4 o] 0.3930.2 WiEsldeod WE
FLe FlE R At T HERREH o=
0.604 =4 y=3835.099x%% ql HMEHERS ZE
AL HIREES BEY 23 L8] 6024 HH
FdE ok

@ O : R Bkl #eld REBEEE #H1E 4
B} 17680 A prEiel 0.4552 @iN=]9lom H R
O HlE gihiZed dgdeh 2 HEHREEAHR o=
0.5882 4] y=14. 1272 ¢ HMERERL Zvrh
aigel WpREE R A el 88%EA HK
£9< 29t

@ BOAT : B R BUEC el REHEEES Fl 4
H19] 2,165 4] o] 0.5852 W= dod WEH
Oe Flgh HhhE] dodvk. o HEKRAE o=
0.7230.24 y=10.6572""% HEHKERS #+E
o RIS HREAS 8B 2H thE 72%24
HERYS B
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® hB: HE KR H3td RREES Bl ¢
9] 1.807¢ 4 EE4fh $he] 0.6962 2 S vhot
2% Ao o)Zw A £} 0.708% @iEsEglo B
Bl Sl HE%d gk o HERERK
a=0.776 2. 24 y=6.95727%q] HEKERS ZE
vh thie] HEREZES BESY oA H&d 77%EA
HEES S xovl
® #HM R KR EEtd REREEE Sl 9
B9 1.901el A oy shlel 0.7312 s ook
5 Ehah Shmel o= A b 0.7412 EilE ¢l o
o REFLES FlE %o ddvt. 2 HEEEN
B a=0.81824 y=5.872z%%%) MEMEXS 7
b EHe HRERLS Ee] A e 81%E
A BREY S Bt
(2) Hpia¥HEe! 18- WHABRGE SR v o §il
Wiro] M x o $E PIE)(Table 9, Figs. 10 & 11)

Table 9. Growth gradient, growth ratio («) and initial growth index (b)
of each part to width of pronotum

I B AT R F M H
1 0. 607 1.334* 1.074* 1.315% 1.098* 1.155%
2 0.749 0.609 0. 550 0.671 0.665 0.703
5
Growth gradient 3 0.844 0.472 0. 460 0. 566 0.615 0.651
4 0.900 0. 422 0. 437 0.546 0.626 0. 660
5 0.933 0.395 0.433 0.549 0.650 0.682
AD 0. 954* 0.375 0.434 0.559 0.675 0.707
a 0.851 0.514 0. 500 0.617 0.661 0. 697
b 10. 582 147.15 56. 815 58. 299 43.211 40. 418

. rzAﬁJreviations are the same as in Table 8.)

I e : FiHERS 18 Rl Hatd REHES
Er1§h ¢hdie] 0.6076] A FHe] 0.9542 Wi ol o
WE.0-e Table 9o ¥z Fisl uhel o] Bl
Qedvh. T HERBHE «=0.85124 »y=10.582
208500 M RS Zerl. MEY JRREL Wik
Wigol el LA b3 85% A KR & mokrh

© WA AR e R Bt REMEE
L 1 $hhie) 1334004 gl 0.3752  #iES o
on WERLS BB HES ddch. 1 HERE
HE a=0.51424 y=147.152%141 HEBERS
etk e KRR §ilwiTie e oA
A 519% 24 HREd-E Bk

Q@ O : FileiFiRe By REd Eitd REEE
= Hl e 1074004 £B58 $hhe 0.4330 %
WS e Kl ol 28 oA 0.4342 HEpnsled o
o ORERLE EIE SR dgdv. 1 HERES
B a=0.5000.24 y=56.8152%50q] FEKEA L
vk Yo HEREAL §iliERY 68y 1Al
E 50% 24 HEKFEY L wokch

D B ATHIIRS 1RS] WMo el REHEE
T HFli ¥hhe 1.315o0 4 4l ghEe] 0.5460 =
W= oF ot el ol2 A vlA] 0,559 WifE 9o
o REROE Bl Hh%d Aot o HERER
B a=0.61724 y=58.299x"%7q HHEERS 7
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y
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1.2+ 13
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1z 3 4 £t ap !

Fig. 10. Growth gradient of each part to width of
pronotum. (Abbreviations are the came as in Table
8.)

oh. MY HAREL il B 23
A 61224 FHEYE 2ok

® whE : RIS Ee R #ttd REBE
= i Shime] 1,098 4 H3ks $hhel 0.6152 &
B vhob 2% goftel ol=w A vhA 0.675%  #iigs
god REFLS FU B Agch 2 MHEK
EGE a=0.66124 y=48.211z"%¢q MHHXEX

4 vk Y REEE filetiRe fae A
of thdl 66% 24 FREYE 2Urh

® ®M AR B RE Hatd mERE
= Bl ghmol  1.155e0 A H3M4% shAre] 0.€512 @

WA b 2% pRe] o] 2m A b4 0.7072  #i8s
oow WERLE HIW $HHEFed gk 2 HER
BFE a=0.69724 y=40.418z"%7q MHEMEL
4 Zech SHe HREEREE iR me A
of 6 o&ﬂ ,{g@zﬁo] EX 92N
(3) HEA MHKBGEIE vy BHE 2o #
%+ B (Table 10, Figs. 12 & 13)
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Fig. 11. Relative growth curve of each part to
width of pronotum. (Abbreviations are the same as
in Table 8.)
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Fig. 12. Growth gradient of each part to antenna.
(Abbreviations are the same as in Table 8.)
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Table 10. Growth gradient, growth ratio (a) and initial growth index (b) of each part to antenna
I B w R F M H
1 0. 455 0.749 0. 805 0.985 0.822 0. 865
2 1.229 1.641 0. 602 1.102 1.092 1.155
Growth gradient 3 1.787 2.117 0.974 1.200 1.304 1.378
4 2.133 2.368 1.037 1.294 1.483 1.564
5 2. 362 2.529 1.096 1.389 1.644 1.727
AD 2.541* 2.663 1.158* 1.488* 1.799* 1.883*
a 1.579 1.838 0.963 1.177 1.252 1.322
b 0.018 0. 006 0. 484 0.179 0.104 0.158

(Abbreviations are the same as in Table 8.)
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Fig. 13. Relative growth curve of each part to
antenna. (Abbreviations are the came as in Table
8.)
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EREYE By

® Om: @A RE Hds REEEE FlB B

me) o 0.8C50 A pre] 1.158% @igEgo HWE
v EZE v o HEREFE «=0.963
L2 y=0.48420 HEHRERS Bk, oy
o HEEREE A oA il 96224 SHEY
'é‘ i»\r’}-

@ BB EA R Hild REEEE HlE Y
2] 0.98500 A el 1.488% s gdom pmEd
D KT vk o EHRESE «=1177=2
A y=0.1792779) FEHRERS 2ok i
HKEZEL ] oA kd 117%24 BREIS

okeh

® W A KE ¥l REEES S5 9
B8l 0.82201 4 pRHe] 1.799% = o EEH
D2 WEFe 9t 2 HEHREFRE «=1.252%
A y=0.1042"50) EHRER S BEcl i
SEELE @A oA Hd 125%2A BHEYS
Bgkoh,

© #M: WA R Hild REERE S 9
Y 0.86501 A Ehel 1.8830 % W=l od WE
Pl RS 4o 2 HEREFRE a=1.3222
A y=0.15827%Q HEHEERS 2o #HY K
REFL HA 2Ad e 132%24 HERELS
Rkt

4) HOYy HHKBGESE v 9
3+ BAfR((Table 11, Figs. 14 & 15)

D @R oy R ¥ty EEEE Sl Y
He] 0.56500 4 o] 2.194% #iEslg o WED
{2 Table 11e] *% iRz uleh o] % Q<
o o BEHRERE a=1.6622 4 v=0.616x"%%q]
HERERS et MBS hREEL nwe oA
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Table 11. Growth gradient, growth ratio («) and initial growth index (b) of each part to rostrum

I B W AT F M H
1 0.565 0.930 1.241% 1.224 1.021 1.074
2 1.362 1.817 1.107 1.220 1.209 1.279

o =3
Growth gradient S 1.834 2.172 1.026 1.231 1.338 1.414
4 2.057 2.233 0.964 1.248 1.430 1.508
5 2.155 2. 307* 0.912 1.267 1.500 1.576
AD 2. 194% 2.299 0.863 1. 285* 1.553* 1. 626*

) « 1.652 1924  1.035 1.224 1.304 1.377
o b 0.616 0.00i 2.172 0. 430 0.238 0.165

(Abbreviations are the same as in Table 8.)
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Fig. 14. Growth gradient of each part to rostrum.
(Abbreviations are the same as in Table 8.)
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ok 2% R ol 28 vh4 2.2992  HAs e
REHROE B ghl%d glglel. 2 AURERE
a=1.9242 4 y=0.001z"92¢) HHEKEXS 2t}
RIS 6ol HEEERE nye A 4
192924 BHEY S notel.
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Fig. 15. Relative growth curve of each part to
rostrum. (Abbreviations are the same as in Table 8.)
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HHEES Ny oad ke 122%24 #BREY S
shet,
® i 0y KR HWeld REBET Hlm 9
B9 1.021e1 4 phel 1.5530 2 Wisigend WE
fne KEEdd vk T EEKERE «=1.304
24 y=0.238z% HERERE sl bl
HREES Ny A4 Wi 130%24 BREY S
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X e=M

® %M : Ny KB Hild KEGEE HUN 4
o] 1.07460 4 B RS 162602 WiEEslos RKE
e BEE ddeh. 1 HEREEAR «=1.377
24 y=0.1652"7a MHEKERL Fed. BREY
HEERE nyel 23 el 137% 24 #XEY
4 Rl

Table 12. Growth gradient, growth ratio (a) and initial growth index (b) of each part to fore leg

1 B w AT R M H
1 0,461 0.759 1.014* 0.816 0.834 0.877
2 1.116 1.489 0.907 0.819* 0.991 1.048
A 3 1.489 1.763 0.833 0.811 1. 086 1.148
Growth gradient
4 1.647 1.829* 0.772 0. 800 1.145 1.207
5 1.700 1. 820 0.719 0.788 1.183 1.243
AD 1. 706* 1.788 0.671 0.777 1. 208* 1.2€5*
a4 L3 1.580 0.843 ©0.815 1. 066 1125
b 0. 204 0.050 4.531 2.018 0. 580 0.425
(Abbreviations are the same as in Table 8. )
2.2(
y
457
1.8¢ w
B w
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Fig. 17. Growth gradient of each part to fore leg.
(Abbreviations are the same as in Table 8.)

(5) MBI MHBBESE yo THE o ¥
% BH&)(Table 12, Figs. 16 & 17)
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Fig. 17. Relative growth curve of each pari to
fore leg.(Abbreviations are the same as in Table 8.}
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o A} 3] 128%2A BREDS 29

D BAWRS W8 NI RE B9 EREEEc
18 $hRe 0.75900 4 4 Lhme) 1.8292 RS
vhrh 2F Bl 2= vhA 1.7882 #HE L
| EERPLE F4n HEEd ot o HERER
# a=1.5800.24 y=0.0502"%°Q] EHEENL Z
b el Ee HRERFRE B o34
3 158% 24 HEEREFEY-E »rh

@ MA: T KR #Hild RREEREE Sl %
el 1.014e0 A e 0.6712 WiE=E Y ed WEH
L2 FIE $hhEd ddrl. = HEERRFRE o=
0.8430. 24 y=4.581x%%q) HHKEREL FE
e HRREL FiHY A W8l 84%2A K
FdS norvh

@ Oy FT ROl 3l REEEE F1H ¥
o] 0.81600 4 #9285 4hhe) 0.8192 HEim=cls =
F gsel ol2=wA v}A 0.7772 #iEHEdod KE
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0.8152 4 y=2.018y"8"5q) H¥MERSL 2=t b
wel HINEES FiHY 1A s 81%2A FHlE
od-& Bkl

@ i AN RRA #Hed RREEE 18 4
el 0.8840] A HAe 1.208% Wils g ow WEF
D BARZE glgdrt. 7 HERRAH «=1.0662
24 y=0.580x%%6 IEEHBEAL ZFErE
B FIHS ZAC HH 106%2A4 BREYS Y
B9

wB AT KB Hild REEES FlB W
he) 0.87740 4 phe 1.265% @i d e REF
L2 HEZEed gtk o HHEEKREAR o=1.122
A y=0.4252"18 MHRERS Zerh ®KHY
IEREEL §ie 226 s 112% 24 EREL-S
2ok

(6) Bl HEREGTR vy PHE 20 #
3 BAtF)(Table 13, Figs. 18 & 19)

FL2 B2 P ddrvt. 2 HERERE o=
Table 13. Growth gradient, growth ratio (@) and initial growth index (b) of each part to middle leg
I B w AT R F H
1 0.E553 0.910 1.215% 0.978* 1. 198* 1. 051
2 1.125 1.502 0.915 0. 826 1. 008 1.0578*
3 1.370 1.623* 0.766 0.747 0.920 1.0573
Growth gradient
4 1.438* 1. 596 0.673 0.698 0. 872 1.054
5 1. 43 1.537 0.607 0. 666 0.844 1.050
AD 1.412 1.480 0.555 0.643 0. 827 1.047
« 1.273 1.486 0.787  0.762  0.935 L.os5
b 0.107 0. 023 7.212 3.116 1.693 0.755
(Abbreviations are the same as in Table 8.)
U & p BREC #8ld REEEE Bl 4 2 zZheoh FiERY B SRR FEY oA

H19) 0.5530 A H4E 4hhe) 1.4382 @iigs st 2
F me] o] 2wA vhA 1.4128 W= oed WE
sp.0-& Table 13 *= #5mEl wlkel ol H4#h Hhh
o ek I HBRERE a=1.273224 y=
0. 107 217%¢] HEIKEA-S ZEr)l. BEY HRES
2> rpile] 2R el 127% 24 BREY-S Bk

D MEERS 18 PH R #Hid REEEE
il ghdie] 0.91001 A 536 $he) 1.6230.2 i
slebrb % Bl o)== A thA 1.48008  #REE
gleod WEPOL F3M Hhd ddst. o HEEK
Sr a=1.4862 24 y=0.028x" %] AREREX

)’q‘m

of kel 148% =4 EBEEYD-E 2.

@ WA b KR H3d KEEET S Y
9 1.21500 4 prRe) 0.855% Wip= olo=l ES
L Flh HhmFd Qv 2 MEREAE o=
0.787:?_%% ¥y=7.212x"7¢] MHEREREL ZErh
e HRKEARL FHe) A Its 78% =24 £HK
£9-L 2ok

@ Om: hi BREC #Het RKEEES FHIH W
) 0.9780 A HHe 0.6430 2 WiHE g o KE
e 18 Sl ldvth. 2 HERKERE a=
0.76224 y=8. 116z MWEREXL ZEvl
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Fig. 18. Growth gradient of each part to middle
feg. (Abbreviations are the same as in Table 8.)
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Fig. 19. Relative growth curve of each part to
middle leg.(Abbreviations are the same as in Table 8.)
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nme IR EELE hle] 2R bd 76%EA HK
Eg4 nyrh

® BB : R B #3d RRMEEE F1B 5
d19] 1.198<14 KAl 0.827E #im= gleom S
DL Bl Bz dgdrh. 2 HEREEE o=
0.93524 y=1.6982%99 FEKERS Z=x}.
BRI LLRA S rhifle] Ao Jha 93% 24 S
EdL nor}

® %E P R EHild RE HES S8 ¢
Hi2] 1.051e0 A 5524 %heio] 1.05782 @ins]vbrt 2
F el olEZa A vlA 10472 #@iHsE dod RE
HLE FOh GRS dglvl. 2 HHHEFH a=
1.0552.4 »=0.7552"%q HEHRELL 2=
®H HREELE FH 2R e 105%24 &
KEY-E 2okl

(D BHEN HYREGESE v #EE o ¥
% BfR)(Table 14, Figs. 20 & 21)

D MR R KRR $eld REREE 214 W
me] 0.5260] 4 #5545 $hhe) 1.3672 @iEsclst
e ol2HA A 13482 WAEHgod RE
& Table 140l *Z FoRE whel 2ro] H5H: 4k
Zol A4l 2 HHRERE o=1.2060324 3=
0.18127 MERERS ZEoh. BEY HEEE
& HHY oA 3 120%24 BREY-S o).

D BIRHES 88 BH e Yl mRBEHEm:
B8 shiel 0.86500 A 3@ Shhe] 1.535% s
b 2 BeAe] ol=m A Bl 14180 % FRHE 9
o ERERLS H3H ShiSd sl o HERE
R «=1.40724 y=0.0152"47q] HWHEEERL
Zerh BiWEERS 5 HREFES BHYg 234
s 140% = BREYS not

® WE AN KRR Held REEEE S %
He] 115560 A pRmY) 0.5300.2 iR don KE
P B SiESd 9t o HERERE o=
0.7462. 2.4 y=8 8472°75q] HHKELL Z=
B HWEEL BHY 2R ke 74%2 A5R
g ngel

D OM: K RE #eld REEEE S8 9
28] 0.93000 4 BB 0.6142 BRRE Qer RED
DT Fls HdrZe ddet. o HHREFRE o=
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Fig. 20. Growth gradient of each part to hind leg.
(Abbreviations are the same as in Table 8.)

Vol. 14, No. &

25¢

20f

15¢

10r

Fig. 21. Relative growth curve of each fpart to
hind leg.(Abbreviations are the same as in Table 8.)

Table 14. Growth gradient, growth ratio (@) and initial growth index (b) of each part to hind leg

I B W AT R F M

1 0.526 0.865 1. 155 0. 930* 1. 134% 0. 950

2 1. 064 1.420 0. 865 0.781 0.953 0.9453

' 3 1.296 1. 535+ 0.725 0.706 0. 870 0.9458
Growth gradient 1.364 1.514 0.639 0. 663 0.827 0.948
5 1. 367 1. 464 0.578 0. 634 0. 804 0.952

AD 1.348 1.413 0.530 0.614 0.790 0. 955*
« 1.206 1.407 0.746 0.722 0. 886 0.947
b 0.131 0.015 8. 847 3,803 2.168 1.303

(Abbreviations are the same as in Table 8.)
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24 y=1.3082"%¢] HEHKEXS Tt e
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FUE #5509 L & = il =& Fhiw #T %
fte & 2 & o it S5 SETd LBEE
2% vehgrh ol RHRY KeW HHLE MR
o BWEEAY REROR Uil oud KRR
W BGRE Vel #ige] BEMgeH o &
FALT Aol HERe & F g1}

Ze v RS BHITY HEL B S (ha
KESE ch2s R BEA ras] ERe
5 €& A=k

Rl de) KBS W A& A= Rist

B+ dov AL S B e
}% 12 stgeh. Rkel BEES @ o) R
L B (step function)® KHE 2D Aoy
Ao A & EWBEME —F BEY (ENez 349
2 fHA#R(rend line)¢ TRHFEA = el

EEEL  Agsig ez (Anoplocnemis dallasi
Kiritschenko)®l 186 LhEEe] Ko o 25 77
R, WkERS &, %A, 0y, WM, S8, 8
9] Aele) WEE F9 BES d& KA mE
H(Fig. 22)= RiliEHEe] 8o 8.816f%24 7173 a2z
t}go] H4E 6.143f%, %M 4.6674%, B 4,309z,
R 3.983F%, M 3.203f%, KWy 3.054f%9 JERH
2 24l

ez & WY REREFe 23T RO Fo
el 1.510f%7F Zb =3, H3EE shd 1.4896%, &
Al $heb 1.430%%, SF1Eb Shdr 1.390f%, 51585 hd
1,372 HFEMEE 245k FETEHS ElAE &
o245 $hihe) 1.674f57F 1 =z, HUE% Y 1.616
fE, SHSEG ShiR 1.577f%, HE4E% Sl 1.477(%, 5558
dhE 1.3584%9]  MERFEE 24rh. BAdAE Fln
kb 149315, H28G ,uﬁi 1.2121%, =30 4 1.224
&, 4l thil 1017265, S5E SR 10137159 JEiF
BE nadEcl. ool AE S Hhd 1.408%2, &2

BATE
wHE

n!io rm r_‘,"_’,
mlm rfL

#n hon 1.2906%, AOHE shlR 1.226f%, S4db Wik
1.184%, ok il 11569 HFES )i‘ﬁb} T

ol A= 1A Hhd 1.518fF%, H28% %hH 1.367f%, £33
#5 ghee 1.287f%, H4lE Shi 123785, H5EF hm
1.203%9] MERFFfEE 2drh. A= F1E Sk
1.465€%, SH2Bh 4he 1.2844%, B34S 4hH 1.0260%,
4 Shik 1.2826%, S0OHY $hif 1.248f%9) JEFFEE
Xt S-S Sl Shih 149765, 528 ghdi 1.410
&, 38 thiR 1.347f%, 48 %hR 1.2094%, 54
i 1.262f59] EFEE R Eel. B OBiE B BE
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Fig. 22. Ratio of growth quantity of each part.
(Abbreviation are the same as in Table 1)
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Fig. 23. Ratio of growth quantity for each instar.
(Abbreviations are the same ac in Table 1.)
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Fig. 24. Growth rate of each part.(Abbreviations
are the same as in Table 1.)

et el gelA Bt o8 Irmel = MK
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+ Tonapi and Raja Rao(1961, 1966)2} Matsuda
(1963)9] wzlAfo] 3 Bt Yot HEREGE o
MR A HEHRE WRb A B 2 s K
MBI —FEALE old Fbrel B a8 Wiz
# Fhrol W a st @3 HR(G parallel fashion)
& vebdlelis AL Tonapi and Raja Rao(1966) 7}
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Fig. 25. Specific growth rate of each part.
(Abbreviations are the same as in Table 1.)

AT whe)l 2L FHEOH.

= HhREe BOoRel ol 2o A R, MY
e 08, A, ny, i, SE, BH 7Ee &
#oll #3F MK FE(Table 15)% st o #iER H
HEEAA fileisiRe 8ol HEREFH a=1.165
2A BREY 2 4E 25 SREL S % 0.818
o] Mgy =3, B 0.776, R 0.723, #EFA 0.604,
AWye] 0.5889] MEolglvl. = HAThEHY 18 A%
KEAAA S 5 FHECID L BEY HEREGRECT

Table 5. Allometry

of © B W AT R F M H
B - + + -+ + +
W -+ + -+ + -+ -+
AT - - -+ - - -
R — —_ —_— — — —
F -~ - -+ + - -
M - - -+ + + -
H - - -+ + -+ +
+ ! Positive allometry, —: Negative allometry.

(Abbreviations are the same as in Table 8.)
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a=0.85124 73 =3, %H 0.697, = 0.661,
R 0.617, #f 0.514, 13mm 0.5009] Igelolwh. ¥
i FEREAN s nwe] HEHRERECT «=0.963
02 HHEoldE 1 e BT BRELEA
#i9 8] 1.838¢] 717 =z whgol #8R 1.579, 1%
B 1,322, BB 1,252, RO 11779 NEel <=k %
W HEREN AL 25 BR Rl Y FlEHRe 18
o HHRERECL «=1.9243 714 232, BE 1.652,
B 1.377, B 1,304, FIE 1.224, 4% 1.0359
Mol giek, BT MEREZAA iRy @ HEH
WEFRC a=1.580224 714 =+ §88 1.353, #
W 1,125, BB 1.0669] RS E HERECID =, WA
mnge]l HFERFELR HEXREHET £% «=0.843%
a=0.8150] e}, bl HEHREAAN S FileTrR
fEe] HEREREI o=1.486202 1A 23 R
1.273, #%4 1.0557F @R el gla, WM 0.935, B
0.787, ol 0.762% L Eolddvh.  HHRM HERK
BdAE iR Ee MEERERECT a=1.407
24 b 2z #Ee 1.206°] EREoILZ, M
0.947, #i¥H 0.886, #BfE 0.746, riWyo] 0.7222 4 4
el 4ot

= EERE MBS e HME AEREAdA B4
¢ 35.0997} b =3, weg, B, R, HeE, R
BisiRel 189 IR 2 Aelpch HEThRIERS E
HEREAAN B 1471571 713 2=, ¥, amw
b, %M, BEY JIHez FHodvh HEMA HH
REAA nme) 0.4845F 714 =, R, %M, &
B, BEE, FiMEIRS Y MEez Hozch HAw
HEREAA @i 2.17271 s 2=, #BE -
PR, BB, FiBeiFE e IEeE Aeixzich #®
BIH MBI R A #BAe] 4.531lc] % 2z Oy,
i, B, BaE, RBITRY e JHeE Helzlw.
Hh AEEREAN A BEe 7.2127F b 23 on
i, WM, %W, R, RiiriRke 1B HeE A4
ot SEH AEHKENd A S #HAY 8.8470 I =
oAy, Wi, o, B, fiRiERe Ee MHom
Aol el

2 & Eh AR el & R HI &
Wared HEESY R REMEE(Table 16)5 #ET
3ol nvl HWHE REBEEAANE 25 REPO] 8
L@ ShmZol lglel. HAThiriRe 18 RREEN A=
KERL) BES mHZEd Y9, 1 4 27 5
1 ghinZel lgivh. BEAE REFEEAdAE 257t
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EEZEel HESLl Agrh HOyp REMEAANE
FikelriRel i@ Hoh HhmBe, Ml Fln Mk
Ho EERL] AWz, T AT BT KEF 24

Table 16. Growth center

to 83 W AT R F M H

of
B + + -+ -+ ¥ A
w - +  ++ * ¥ ¥
AT - - - - -
R - - - = - -
F - - + + - -
M — - + -+ + +
H - - -+ + + =
— : 1st instar, = : 2nd instar
4 : 3rd instar, * : 4th instar
-+ : 5th instar, -+ ¢ Adult

(Abbreviations are the same as in Table 8.)

b B REEEANA S KERO] BE, .,
HEE BUREA Slddx, AR fHel 4k Sl
o) gled, Ruel F2m HhhIZel, BAL FlE
Pl gt HPH REEEA A= REHL
RS B HRFA o=, RIS tEel #3
B shiFel slled, KMol H2f JhEd A4
s, i, Ry, FiEel Fl Sl slddvh B
B REEEAAN = RESL] Pl KEE, BRS
ol YimE, AR Rel F3W SHRE, @A,
By, B Sl SRFe ok

¥4 =

43 8 2l A (Anoplocnemis dallasi Kiritsche-
nko)e] EE1EE HAR(SOMEE)YE RE7A (% TOMEEE
Aol A & BAES ER1L3td E 2 BERE
& P BET AR U T HaRE dyth

@ RER: ayl ZH3 BET EH BhE 2
oMb BF OREE WeER EmnE: vebied fE,
%®H, S, "W, BH, §EERe B, oy IR’
22 §fRe] b ZWEA #mIAct. @ mEH:0
ol A 3.054f57 b Ao EHER HinE
el oAb BT WMAEIR g BelH RileE
el 1Eel |ingR 8.816f57 A =k @ & EEL
RER : 717 € RERE B8 $m%d o 713
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A& RELT El S el @ REE: BH
9 Ao WAsded 2 4s 2T st B
WECRA : o] Jbt &3t Wd 9o B, A
vy, U, Sl ez g gk 5
RS LRAMT BhAdeh @ HEREAR@E
S1e BE Aol BelA Al He] iR 2l 3
A Jbd R &l nind s Y HRE
olvh. @ # &, HEIMISES fE, HEM, Hn
¥, HETH, ¥, HEH EREEAA & H59
HERERE (o -8 HKN0EF)E Jepd
® HHERERY a1 E\instd HERE WE b
RAste @RS veble 2 s wErdeh @ H
B 58w REPO B g EREY 58
sl

BE R
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