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ABSTRACT

This study was conducted to establish the number of instars for
Monochamus alternatus larvae in the fields, by appling the meta analysis for
the head capsule width (HCW) in previous studies and actual empirical
experiments.

The larvae of M. alternatus developed to the 12th instar at 26°C when pine
barks were fed in the laboratory, and they finished their development at the
9th and 10th instar at 18°C and 30T, respectively. The larval development
was retarded after the 3rd instar in the laboratory rearing, while the
development through the 1st to 3rd instar likely showed normal process,
which instars were small and might not be affected largely by food resource.
Thus, the HCW was significantly separated among instars during the 1st to
3rd instars with high Dyar’s ratios. Consequently, our results could represent
actually the HCW for the 1st, 2nd and 3rd instar of M. alternatus larvae,
with that we comprehensively compared with previous reports in HCW.

The newly proposed mean HCW 0.896 mm of the 1st instar in our study
was more reasonable than 0.729 mm in Japan or 1.218 mm in China, which is
presumed to be caused by sampling error in collecting 1st instars or large
individual variation among the 1st instar larvae. The mean HCW of the 2nd
and 3rd instars will be a 1.291 mm and 1.707 mm according to our results,
respectively, considering adjusted the 1st HCW and the Dyar’s ratios.
Integrating the meta-analysis for the frequency distributions of HCW, it is
suggested that there are at lest five instars of M. alternatus larvae in the
fields. Thus, the previous argument of four larval instars should will be
re-examined. The means HCW of 4th and 5th instar are estimated to be in
the range of 2.483-2.632 mm and 3.615-3.753 mm, respectively, by accepting

previous reports.
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A g3t EA 9o (one way ANOVA), 24
(5% frelg)o] AAEE 49 Tukey Studentized Range Test (HSD)E o] &
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ANA AbFEHAOY, AL A ALY FFHF AVI(ES] 18)7F 2% Zolrt
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Fig. 1. Pine tree logs (Left) loaded in emergence chamber (Right), on which

logs the entering holes of M. alternatus larvae were found, and collected in

Jeju.

! =N i \ e -
Fig. 2. Adults of M. alternatus in a rearing cage in the laboratory. The

adults were obtained from pine tree logs loaded in field emergence chambers,

which logs were collected in Jeju area.
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Fig. 3. Oviposition cage for M. alternatus used in the present study. A pair
of adults was introduced into the cage together with the oviposition

substrate of a 20 cm length of pine tree block, and pine shoots for feeding.
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Fig. 4. The oviposition scars of M. alternatus and the eggs inserted in

phellogen tissue under bark.
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Fig. 5. Eggs of M. alternatus placed in petri-dish lined with moistened filter

paper for obtaining the 1st instars of larvae.
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Fig. 6. An acrylic equipment for the development studies of small larvae
(the 1st and 2nd instars) of M. alternatus. A piece of bark was placed
between two acrylic plates and fitted by a clip, where a slit was made for

the inoculation of larvae.
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Fig. 7. Log equipment for the development studies of larvae (3rd instars or more)

of M. alternatus.
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Fig. 8. Comparison between non-diapausing (top) and diapausing
larvae (bottom).

_22_

] ]

E |
09
1

SHl ST AT

=)=

k

) Bz



Fig. 9. Head Capsule Width (HCW) development of 1st-10th Monochamus alternatus larvae (clockwise).
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2. £59354 ¥F FE A7 AHRA: EZHAA 43 7] 59
%%

2-1. Kojima and Katagiri(1964) &7-2] 2} &2
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[}
T
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AFE-5 AT

o] A7E FX 3] AFAE 0.02mmzE = NEREEES sy 1
H EAS 243190t ®=3F Kojima and Katagiri(1964)7F Z}7] tf & w54 9
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Wol7l drbe Ae wasgtd, e FAFTA 12imgel B BT FE

’

N

4
flo

o] 0.87Tmm(n=12)2 #i1, & (S5 A 159mg)e]l 45 Hit 1.0/mm(n=7))=
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2-5. tok= 9] ¥ A&

tjopz o] HA (Dyar's rule)S AAFE F59

4 (geometrical progression)® Al &3t}

-85 H(Dyar, 1890). tlofzeo] HlE= «

G719 FEL -1 WA 979 FEoE
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IV. 23 2 1%

1 ANASZANA E5detss 4329 283 FZe Wa

1-1. 2= @& g7|d &57)7 v A7

AW 2A(18, 22, 26, 30 £ 05C)olA AAH el A3 59 Tss F
A3 Ay 2 AU 12874 (26T, 30C ZF 1704) =23 tH(Table 1). th
2 252l 18T 22Tl A= 108l A F5=ATE & AdA 28714+ 30T
o] FUZ FHANA AFEEH Y] wiEe] &=o wE W& 7|7ke] ol 3N
vzt 7bseEtt) xd mE BHEr)ke 3 RE THAXE AR Fo5)
A Zol7b Q@B df = 3,59 F = 2003 P < 00001 ; 4% df = 3, 48 F =

16.96 P < 0.0001 ; 5% df = 3, 46 F = 1820 P < 0.0001 ; 6% df = 3, 42 F =
522 P = 0.0037 ; 78 df = 3, 33 F = 760 P = 0.0005) 18CellA ZA eyt o
) 229 30CAAE tha Hastah 218y 88 9% o] &I M= &
Lol 9% Aol st 4 YUAJTH8H df = 3, 27 F = 1.75 P =0.1795 ; 9% df
=2 10 F = 1.36 P =0.2995).

Zh REAbAA G7IE HKT)EE fodk xo]lE HATHI8T df = 6, 59 F
= 333 P = 0.0068 ; 22°C df =5, 73 F = 732 P < 0.0001 ; 26°C df = 6, 56 F
= 559 P < 0.0001 ; 30°C df =7, 81 F = 1722 P < 0.0001). =% 26C$ 30T
& Aefsta 38 H 48] 717k FoletA Abolrt Ao, 26T 30T+ 37
FE 18T 9 22T+ 58 FE 4717 5717k zpo| 7k FEl8kA] &ttt

EFdated 5 9719 T TFAHNA 48 E= 5E R FASL 3
o A AL A= 98 o)A Yl o2 1 a ] lth(Ishikubo, 1967). =
W AT E JIFARE AFste] Ab%e AS 799 FF5S HistAal(E,
2013), FAHo(AUF AA)E A¥F T A= 103704 debd wp oA,

2017). AtAdEok= 2] AEAFeME SR dF_TEE FHFATIA XF

o]% Holt 497k wed, Holel gy
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dol A S vAE= Aoz AYsta Adti(Jobin et al, 1992; Esperk et
al., 2007, Calvo and Molina, 2008).

Fam 53o]Fo] FHoR So7te 5 MAVE A EAEH, 22TolAM = 6
7, 26C 7%, 187 30TColA = 8FFH YERtHTable 5). FHE4 o2 107 o A]

128 25 Fdel go7F fredso] TR

1-2. 2% W& F7|E8 FF vl 23

Edstsd FF9 29 ¥ FEHS F4% AR 477 Skl we F
Zo] AV AXNE AE & F AAHTable 2). BE 2%dA 185 E 487
Ao FEL Fglo] FEJom(Ft val Fx), 4% o] FREE 47|t F
Fo] A7y FElE A REHA &e Aol AU F, 26TeAA 487 55 9
FEE] ol 7 AL, 22~30T A olA 6FFH F AH G FFHE Ao

7} $l= @2del YE

BE 2277 A 52 28714 30T 543 F2x70
Z o] zol7F QAU tHTable 2; 1% df = 3, 64 F = 398 P = 0.0116 ; 2
, 64 F = 261 P =00592). ol He A Al 18 FFHe] Wolo up&
1™, olo wa} 3ol A 5F 7] Apol7h HAEA(3F df = 3, 55 F
301 P = 00380 ; 4% df = 3,55 F = 329 P = 0.0273 ; 5% df = 3
263 P = 0.0609;), 68 EolMe X o3 FE =79 zo]Z ol I 4
Advk6® df = 3, 44 F = 1.77 P = 01665 ; 7% df = 3, 41 F = 0
04306 ; 8% df = 3, 33 F = 087 P = 04652 ; 98 df = 3, 27 F = 0.
0.04549; 108 df = 2, 10 F = 161 P = 0.2469 ;). wetx 2L 83 1
of A7|E AFAZ A 98-S AL Gr]elA 2me] mE FHel zolrt
gl Aoz Jehyt(Table 3; 28/1% df = 3, 64 F = 253 P = 0.0653 ; 33/1
@ df =3, 55 F =099 P = 04065 ; 4%/1% df = 3,55 F = 1.29 P = 0.2870 ;
/1% df = 3, 48 F = 082 P = 04887 ; 6%/1% df = 3, 4 F = 049 P =
0.6936 ; 7%/1% df = 3, 41 F = 061 P = 0.6095 ; 8%/1% df = 3, 33 F = 1.08
P = 03709 ; 108/1% df = 2, 10 F = 3.01 P = 0.0945). z2]aL 9= oA 30T

Zol FAAOE FolstA AUATH9P/1%8 df = 3, 27 F = 294 P = 0.0512).
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Table 1. The development time (days, Mean + SE) of each instar of M.

alternatus at constant temperature in the

laboratory
Temperature (TC)

Instar " 0 S .

n 18T n 22T n 26T n 30T
Ist* 63 578 + 0.114
2nd 68 10.19 £ 0.211
3rd 13 31.85 + 2.369 a B! 19 2558 + 1.766 a B 13 1692 + 2695 a A 18 1239 + 1.045 a A
4th 11 5273 + 5784 b C 15 40.27 £ 2,785 b BC 11 29.82 £ 2449 ab AB 15 20.73 + 2.006 ab A
5th 10 4250 + 2423 ab B 15 3920 + 3372 b B 10 2580 + 1.867 ab A 15 2040 + 1.327 ab A
6th 10 39.10 + 2.854 ab B 14 39.00 + 3.440 b B 10 32,60 = 2.045 b AB 12 2567 + 2.230 bc A
7th 10 50.60 + 4.719 ab C 47.00 = 3508 b BC 3 34.00 + 5043 b AB 10 2840 + 1.863 bc A
8th 45.75 + 3478 ab A 46.29 + 2834 b A 7 39.14 + 7446 b A 9 34.78 + 2.608 cd A
9th 37.33 + 4667 ab A 50.00 = 10.000 4 44.00 + 5354 b A 6 3450 + 3.304 cd A
10th -3 - 2 3550 + 7.500 4 46.50 + 9.971 d
11th - - 1 36.00 1 50.00

' Means with same lower case letters in a column

different by Tukey’s test at P = 0.05.

and means with same upper

case letters in a row are not significantly

2 All larvae of 1st and 2nd instars were reared at 30°C, and thereafter reared at each corresponding temperature.

3

‘=’ data not available.
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Table 2. The changes of head capsule width (mm, Mean + SE) of M. alternatus instars at constant temperature in the

laboratory
Instar 0 0 Temperature (C) o 0
n 18T n 22T n 26T n 30T

1st? 15 0.85 + 0.027 a Al 21 086 + 0.021 a A 14 090 = 0.006 a AB 18 093 + 0.009 a B
2nd 15 122 £ 0.044 b A 21 1.29 + 0.034 b AB 14 1.31 = 0.020 b AB 18 1.34 + 0.012 b B
3rd 14 161 £ 0.059 ¢ A 17 1.72 £ 0.039 ¢ AB 12 1.70 £ 0.031 ¢ AB 16 1.78 + 0.026 ¢ B
4th 12 207 £ 0083 d A 16 230 = 0.061 d AB 13 234 + 0094 d AB 18 235+ 0044 d B
5th 11 243 = 0.072 e A 15 263 = 0073 e AB 11 264 = 0.111 de AB 15 273 = 0047 e B
6th 10 276 £ 0072 e A 15 291 £ 0.080 f A 10 3.01 £ 0.120 ef A 13 299 £ 0046 f A
7th 10 312 £005f A 13 312 £ 0.088 fg A 10 330 £ 0.115 fg A 12 322 £ 0058 g A
8th 10 352 £ 0120 g A 9 332 £ 0097 g A 8 346 £ 0.131 g A 10 352 £ 0.055 h A
9th 8 390 £ 0.134 h A 7 3.70 £ 0.108 h A 7 3.69 £ 0.139 g A 9 3.70 £ 0.057 hi A
10th 3 4.06 £ 0.102 h A 2 3.90 + 0.057 4 3.74 £ 0169 g A 6 391 £ 0.066 ij A
11th =3 - 2 3.76 £ 0.121 4 4.16 + 0.039 ]
12th - - 1 4.25 -

' Means with same lower case letters in a column or means with same upper case letters in a row are not significantly
different by Tukey's test at £ = 0.05.
2 All larvae of 1st and 2nd instars were reared at 30°C, and thereafter reared at each corresponding temperature.

3¢~ 1 data not available.
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Table 3. The standardized head capsule width (mm, Mean + SE) of M. alternatus instars at constant temperature in the

laboratory: all data were scaled by corresponding head capsule width of the 1st instar

Temperature (C)

Instar - . o -

n 18T n 22°C n 26C n 30C
Ist/1st? 15 1.00 + 0.000 a A' 21 1.00 £ 0.000 a A 14 1.00 £ 0.000 a A 18 1.00 £ 0.000 a A
2nd/1st 15 143 + 0.016 b A 21 149 + 0.017 b A 14 145 £ 0.022 b A 18 144 £ 0012 b A
3rd/1st 14 1.85 + 0.024 ¢ A 17 193 + 0.044 ¢ A 12 1.88 £ 0.037 ¢ A 16 191 £ 0031 c A
4th/1st 12 2.38 £ 0.058 d A 16 259 £ 0095 d A 13 258 £ 0104 d A 18 252 £ 0054 d A
5th/1st 11 27716 £ 0074 e A 15 298 + 0.117 de A 11 291 + 0.123 de A 15 293 £ 0065 e A
6th/1st 10 316 £ 0104 e A 15 329 + 0128 ef A 10 3.32 £ 0134 ef A 13 318 + 0.062 f A
7th/1st 10 357 £ 0114 f A 13 351 £ 0143 f A 10 364 £ 0129 fg A 12 342 £ 0072 f A
8th/1st 10 403 £ 0142 g A 9 373 £ 0178 fg A 8 384 + 0151 g A 10 373 + 0072 g A
9th/1st 3 452 + 0.150 h B 7 413 £ 0221 g AB 7 412 + 0.174 g AB 9 391 + 0.067 gh A
10th/1st 3 484 + 0450 h A 2 4.21 £ 0.050 4 415 + 0229 g A 6 4.09 + 0.073 hi A
11th/1st -3 - 2 412 £ 0.112 4 440 £ 0076 1 A
12th/1st - - 1 4.68 -

' Means with same lower case letters in a column or means with same upper case letters in a row are not significantly
different by Tukey's test at £ = 0.05.
2 All larvae of 1st and 2nd instars were reared at 30°C, and thereafter reared at each corresponding temperature.

3¢~ 1 data not available.
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Table 4. Comparison among the Dyar’s ratio of M. alternatus larvae at constant temperature in the laboratory: Dyar’s

ratio was calculated by dividing mean head capsule width of 7th instar by the mean head capsule width of /~7th instar.

Temperature (C)

Instar

n 18T n 22C n 26C n 30T

2nd/1st* 15 1.43 + 0.016 ¢ Al 21 149 + 0017 c A 14 145 + 0.022 c A 18 144 + 0012 d A
3rd/2nd 14 1.29 £ 0.017 b A 17 131 £ 0.025 b A 12 131 £ 0019 b A 16 1.32 + 0.017 c A
4th/3rd 12 127 + 0.024 b A 13 1.30 £ 0.021 b A 12 135 £ 0.037 b A 16 1.31 + 0.021 c A
5th/4th 11 1.15 £ 0.011 a A 15 115 £ 0015 a A 11 1.16 £ 0014 a A 15 118 £ 0014 b A
6th/5th 10 1.13 £ 0014 a A 15 111 £ 0013 a A 10 112 £ 0012 a A 13 1.11 £ 0.010 a A
7th/6th 10 1.13 + 0.010 a B 13 1.07 £ 0009 a A 10 1.10 £ 0.010 a AB 12 1.08 £ 0.009 a A
8th/7th 10 1.13 + 0.015 a A 9 1.10 £ 0014 a A 3 1.07 £ 0018 a A 10 1.08 £ 0.008 a A
9th/8th 8 1.14 £ 0016 a B 7 113 £ 0031 a B 7 1.09 £ 0.014 a AB 9 1.06 £ 0.007 a A
10th/9th 3 1.08 £ 0.035 a A 2 1.10 £ 0.042 4 1.09 £ 0019 a A 6 1.04 £ 0009 a A
11th/10th =3 - 2 1.07 £ 0.024 4 1.09 £ 0.011 ab A
12th/11th - - 1 1.17 -

' Means with same lower case letters in a column or means with same upper case letters in a row are not significantly
different by Tukey's test at £ = 0.05.
2 All larvae of 1st and 2nd instars were reared at 30°C, and thereafter reared at each corresponding temperature.

3 ¢~ 1 data not available.
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Table 5. Proportion of larvae entering diapause at each instar

Temperature(C) Variable Sth 6th 7th 8th 9th 10th 11th 12th
18 No. larvae tested 12 10 10 10 8 3 - -
Entering diapause - - - 2 5 3 - -
Proportion(%) - - - 20 62.5 100.0 - -
99 No. larvae tested 15 15 14 3 6 2 - -
Entering diapause - 1 4 2 5 2 - -
Proportion(%6) - 6.7 28.6 25 83.3 100 - -
% No. larvae tested 11 10 10 3 7 4 2 1
Entering diapause - - 1 1 2 2 1 1
Proportion(%) - - 10 125 28.6 50 50 100
30 No. larvae tested 15 12 10 10 9 6 4 1
Entering diapause - - - 1 2 2 3 -
Proportion(%) - - - 10 22.2 33.3 75 -

1“1 data not available.
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10. Variation of Dyar’s ratio in M. alternatus larvae compared

with previous head capsule width (HCW, 7-/th instar). Each Dyar’s

ratio was calculated by dividing the head capsule width of 7th instar
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Table 6. Comparison of head capsule width (HCW in mm) and Dyar’s

ratio (DR) for M. alternatus larvae among previous reports

Kojima and Katagiri (1964) Ochi (1975) Liu et al. (2008) Present study

Instar
HCW DR’ DR HCW DR HCW DR
1 0.729 1.218 0.896
2 1.021 1.40 1.635% 1.729 1.42 1291 144
3 1.602 1.57 2.483 1.44 1707 1.32
4 2.632 1.64 3.171 1.28 2276 133
5 3.615 1.37 3.753 1.18 2620 115

!'Dyar’s ratio was calculated by dividing mean head capsule width of 7th
instar by the mean head capsule width of 7/-7/th instar.

2The Dyar’s ratio was based on the head capsule width of 1st instar, 0.98
mm, which was obtained by averaging all data across small eggs and large
eggs (1.602/0.98). And Ochi(1975) combined 1st and 2nd instars of Kojima
and Katagiri(1964) as 1st instar, thus the 1.602 mm (originally 3rd) was

regarded as the head capsule width of 2nd instar.
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Fig. 11. Frequency distribution of head capsule width of M. alternatus larvae

reported in present studies.
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Fig. 12. Frequency distribution of head capsule width of M. alternatus larvae
reported in previous studies. (A) The data sets were obtained by digitalizing
the original graph of Fig. 1-1 in Kojima and Katagiri (1964). The solid lines
were generated by the Normal distribution equation with the means and
standard deviations: 0.73 + 0.062 for 1st, 1.01 £ 0.085 for 2nd, 1.60 + 0.133 for
3rd, 2.64 £ 0.266 for 4th and 3.63 + 0.253 for 5th instar. (B) The solid lines
were generated by the Normal distribution equation with the means and
standard deviations reported by Liu et al. (2008).
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Fig. 13. Frequency distribution of head capsule width of M. alternatus 1st
instar larvae observed in Jeju, Korea (n = 145). For the purpose of

comparison, head capsule width of the 1st or 2nd instar in previous reports

was presented on the figure.
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Fig. 14. Frequency distribution of head capsule width of M. alternatus in
diapause (n = 129 with mean 3.5969 mm). The larvae were collected from
dead pine trees in Jeju, 2016, and diapausing larvae were determined by the
body in yellowish white, whitish yellow or yellow color and no food in the

guts as recommended by Togashi (1991).
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