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Abstract
This paper focuses on the performance of Chinese yellow swallowtail (Papilio xuthus
xuthus Linnaeus) (Lepidoptera: Papilionidae) reared with five different host plants. Then we
can understand the best host plants to be used for artificial rearing this species. Fresh eggs of

the Chinese yellow swallowtail were placed in a growth chamber under conditions of 25°C,
with 80 * 5% RH, and a photoperiod of 14 h light and 10 h darkness. Hatching larvae were

individually reared with leaves of jinkyool (Citrus sunki), calamondin (C. microcarpa), oval
kumquat (Fortunella margarita), Japanese prickly ash (Zanthoxylum ailanthoides), and
Japanese evodia (Tetradium glabrifolium) for a series of observations and recording their
development data and other biological characteristics till adults. Results indicated five host
plants all could provide Chinese yellow swallowtail completed development from the first
instar larvae to adult emergence. The survival rates from the first instar larvae to adult
emergence were 3.6-52.0%, and the average developmental periods were 34.0-45.5 days. The
increment of the head capsule width of the larva was in accordance with the increase in the
larval instar stage, it maintained a ratio of 1.35-1.51 times. Also, as the larval instar increased,
the body length increased at the same time from 1.53-1.72 times. A linear regression
relationship was existed between the common logarithms of head capsule width of larva and
the larval instar stages. The common logarithms of body length of larvae and the larval instar
stages also had a linear regression relationship. Both fitted with the Dyar’s law. According to
these biological characteristics of Chinese yellow swallowtail, Japanese evodia and jinkyool

are the best host plants to be choose for artificial rearing this butterfly.

Keywords: Chinese yellow swallowtail (Papilio xuthus xuthus Linnaeus), different host plants,
biological characteristics
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fif& R (Papilio xuthus xuthus Linnaeus) /2 2/& 1 ALENH RAEEE - EZAAR
PHEE] 2,500 AR - gie@n A e RS - gt eT LT ESERMEIEEY
B MR E LSRR (% > 2008) » HEF FHEYEIEMHEE (Citrus) ~ &7
/& (Clausena) ~ ¢1%E (Fortunella) - &E%/Z ( Phellodendron) ~ E#fH& (Severinia)
Pt (Tetradium) ~ FREEZIME (Toddalia) ~ TEFFUE (Zanthoxylum) (& ELXSURs =
oH BN ENUE Fagara )22 F R} Rutaceae )B4 & » 1988 ; 7 » 1992 ; Honda and Hayashi,
1995 ; H&E > 1996 ; EFIE - 1996 ; {o] » 1997 ; HAFIE - 1998 ; Z=FIE > 1999 ; EHIEL
2001 ; 5 > 2003 ; 1 > 2013 5 Ak » 2005 ; 7 > 2005 ) °
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HUg ~ ZEONINHE T R 22 EE © RIS ERYE EHEY) - HEMEEaRR =
SFREE A FHE (FESE > 2008 ) o NIHEASE RS EREfE (Citrus sunki) ~ PUZRAE (C.
microcarpa) - &4 (Fortunella margarita) ~ &Z<e5 ( Zanthoxylum ailanthoides ) 1
ftFat (Tetradium glabrifolium) 7 fEE FHEY)SE R 6% - S A [E S EEYH
R R E 2 -
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T - HrPehd ~ Ui S R B i R N R ay &8O MRS - R iR AZ =
SNE RVEFAEAEY)  BtElny RS EAEY) 0 BN =B R IO E AN [ - 5 e nTiE
LI T et Rk 4 &l - FEIR ST R = FHEY) -
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A~ MRERTTA

— ~ BEEaR R K BB A

={Es FOYMTREEUE: (Papilio xuthus xuthus Linnaeus) 3JEELESE (2017) #HE » &
PR B EH IR E R N ~ TR SRS - HEIE] B R RSV A = N EE e - I
FHpEME=ANNZT EEYNCERE SR - B E s N DR R A\ s 2 Rk
I FROREMSM=NRECEDN - SEERESINER 25T - R EEEHE
=ML TEERER IR E BB 2 A - RIEEf TR -

= (S EEY)

RaERpT I R & EEY) R =R - TURE - RESH - a8 iir
R TR - BAE T EONIES: (2017) AHIE - BRI TR R ERCE S VE (N2 B5E 1) 10 I
BaT o (B BBER T EEY &R (B 1) BERIER FIMNREET » FHEKEA
EHARE AR AR o S TE MRS 4y 100-120 cm - B 50-60 5 BERS - BIELM#ETTHHEE

AR

1. fH e BN Y B FHE
V) (A~ BEf& S B~
VUt C~ KE®
FH s D~ &ZE8E S E
JRFRD)

Host plants of
Papilio xuthus
xuthus (A. Citrus
sunki; B. C.
microcarpa; C.
Fortunella
margarita; D.
Zanthoxylum
ailanthoides; E.
Tetradium
glabrifolium).
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=~ ZhaR A EE EEY LY

g RIRE AR 2 4 = N B AR RS e 22 DY - PR H RIS OV R 28 5
= o AEEENEERIRICOREE - LA 257C - 80 £ 5%RH - 14L:10D (5:00 #fE > 19:00 [
&) HIRDRARAERAS - B H4ERFEE A Frie I ONRL - GRONIE(EE - DIBEER S
e A ZEE MRV NLIVER/ NI S (FHEE 9.2 cm ~ KA EKE 8 cm -~ &
5.88 cm~ 755 250 cc ) st A B2f@ - B. IUZRHE - C. RE®M -D. &AEKE
il F A RS AR R e & - MRS DR Hm AR - P A BT A AL i 1AL
RAERETEE - ST EHEYSERHERE 25-55 €45 -

HEZEAEC sk S olbad g aa A REHFR - WRSUERHRTIAE SR 2
AEZFEEVER  ESHAeEE 255 ik 2RI > BHEAE TV R#EE ik
RERENER - 2hiasd B BB IR - e B B TR EE MR LR RIEH
g (ROERL Lem -~ [RETEL 9em ~ 5 8 cm ~ 25784 500 cc) #4EETE - EF 1
e (&%) ShasdE ARTIRRAN - RGN /KRB ERRD MAER S 8G - ZMEI R (B -
At A i I OF A TLle 4h &t o SpFANT fE 60 & A a8 NI ATT R PRI BB F5 4%
M1 > FRAEEIRI b RS N (i A ezl A -

B H DL HGUABIE N EC ik 4 a0 E 8 - R ~ pRERME R R BB F A
P o Wb — e &) 22 B M5 A7 25l 4D s AU RS R IR RS ~ LI E ReVigRe RIS T
JEE ~ WP B RS- A o (o FH B T A B~ KL (ABSOLUTE Digimatic Caliper,
500-196 CD-6"  CS, Mitutoyo Co. Japan ) M - if#s & & I DL+ KF (XS-625M-SCS,

Precisa ) JH|& °

Y~ BRI A
HU & TofE A [F) 37 EAE YIS AR B 25 &3 B H B~ SiRIIZh &R e e - 85
B ifE - I E - I ISR - S sE > B SAS System version 9.1 for windows
arstige (PROC MEANS, SAS Institute 2003 ) ZHESEH5{E ( Mean ) FIAZEX#E 5 72 (Standard
Error) » i DA/ N 7= BLOHNES (Least significant difference test » fiff# LSD test) 4747
(s RT3 1 (PROC REG) JHIB&R & #54) & 087 &S M AG R BRI RAHRATE - LIRTT
(X?) &M HER (Chi-Square Test for Goodness of Fit) 43 ~ BfeitEdEEL o o
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— ER

FHAGEVIELE 25°C » 80 + 5%RH > 14L:10D (5:00 BHfE - 19:00 BEWE ) BRI -
DAFFEA [E 2 FHEYIE S FTSEERE - SaifeaRuR 1 - SHE - RsmimExs
100% - 55 —#e4hERFRIIRREHSN - IR LEIET  AER A 95% ; {HIUZRFAH4)
HR R BB VU BRI 2 36.7% » B ESE AISHFIEE 27.8% ; 55— #r4hsERE
TR&H A et ghas e Bl s 0 B et ghasd & 25 TR ER 97.0%MIFE
K MRESMHHY SRS TR SE U REAN S - FER A 33.3% - L& fiiE s
PR ATBIAERT 94.1% = » BafF4AHAY 60.0%K 2 » TUZEIFAHNT 9.1% 5% (K - WFHHIIEE
R ALY 86.7% S - BZEHNY 59.1% 7 » TUZEIELHY 40.0% (K - HEE—#:4)
s H IR I RIS ER AT G4 50% » BRTITAE R 44.1% > B2
EI4H Ry 25.5% » M TURAYRE BHHAH A 11.9% » R RAHZREAH F 3.6% » HpfihR
e W (E BRI AR & 7 6 100 B —#e4ham AR HIERSY 12 &1 4 IR -
MIREE s o LTI MREEI & AE A2 TEYOEER > HE 2 ERT R
et ~ B - 8288 - RES - 0= -
= 1. DIAfEA[E S EE Y a i B 2 aa F &R

Table 1. The survival rate (%) of various development stage of Papilio xuthus xuthus reared
with five different host plants

Life stage Survival rate (%)(n)Y
A2 B C D E

Istinstar larva  100.0 (25) 100.0 (55) 100.0 (42) 100.0 (51) 100.0 (34)
ond instar larva  96.0 (24)  100.0 (55) 95.2 (40)  96.1 (49) 97.1 (33)
3rd instar larva  100.0 (24)  89.1 (49) 92.5 (37) 91.8 (45) 100.0 (33)
4thinstar larva  91.7(22) 36.7(18) 81.1(30) 73.3(33) 100.0 (33)
5th instar larva 68.2 (15) 27.8 (5) 33.3(10) 66.7 (22) 97.0 (32)

Larva 60.0 (15) 9.1 (5) 23.8(10) 43.1(22) 94.1 (32)

Pupa 86.7(13) 40.0(2) 50.0(55)  59.1(13) 46.9 (15)
Larva to Pupa 52.0 (13) 3.6 (2 11.9 (5) 25.5 (13) 44.1 (15)

1) n in parentheses is the number of observed.
2) A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.
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- HEFH

DAL 6] 25 LAV e E i g U & 85 13 B H B0 2 - DI - U - &
"M - BRI EHE R s RS s H B 2.88 £ 0.16 - 351 +
0.09-3.02 £ 0.11-3.22 + 0.17 }, 3.82 + 0.18 H » 5§ _#4h&53 A5 3.00 £ 0.13~3.25
+ 0.10-4.15 + 0.17 ~3.43 + 0.17 % 421 + 0.26 H » S =457k 3.00 £ 0.23 -
467 + 0.18-5.30 * 0.19-3.84 + 0.21 } 4.33 + 0.11 H > FEIUHE4h 47 A1 4.00 + 0.16 -
850 + 1.11-6.80 + 0.25-5.09 * 0.19 % 5.09 * 0.16 H > 55 F s 4h&aHI £ 9.33 + 0.61 -
13.80 + 1.98 - 10.90 + 1.60 - 8.82 + 0.23 }% 9.84 + 0.39 H - B{E4hsa A2 & H K
FEks 22.27 + 1.02 ~ 31.40 + 1.60 - 28.60 + 1.67 ~ 22.45 + 0.44 }; 27.31 * 0.62 H > [\
EEtdAli VIR > MEHZELN 9 0 EUE/NEEZENE: (LSD test) 43
4R - SR B s 4 s B H B - BB HAM =4 e = R (p
<0.05) - FFIE (1998) ~ FMI5% (1988) HEATEL a4 21 H » AR 1L
a2 EAEYAAR - ENFAIE (1995) AlfsHELERR 24 H - ARSI
HFIEZEEAER - AlERARERIIIUEREA - RESHAARM B -

SFEHARY S 5 H BUkA a2 Y o3 f 11.31 £ 0.13 - 12,50 + 0.50 ~ 12.00 +
0.00~11.77 £ 0.17 k¢ 11.80 + 0.20 H - {iLARefE4H R » TURREHER R > IEHZEL 1
H R/ NEE RN TSR - BUREE AR AR R (p<
0.05) » {HEAH At & 4H IfREEE 75 (p=0.05) « Z5f156 (1988) M+ HifEEEIIIE
HACIEI R 15 H o A Bndi R & - B4 5 2N P AR 5
H#% k5 34.00 + 1.25-45.50 + 1.50~41.80 + 0.97 - 36.00 + 0.65 J 40.53 + 0.98 H >
HEHBHEERZ &M Kr AR - B258 - I RESHUZSEE - &M
IR REAH A BG4 22 EEE0T 12 H B/ NEE 2= RO ITER  BErle
fRsHEBIU=RIE - RE M - M EAREEREE RS (p<0.05) o AR - A EER
BREIEREAFRINEE BB - EXEBIFEIRE SN #5HMERE K
i o

GO BRI IHGER - BURDIBERE fy i i i BURAY R (R 27 LAY - BER
EE E IR E HEDL B2 ER  (HFEE2(E 25.5% » MBI 98 5iHea
KB 45 H o HAFERAE 44.1% - JL > BESG TS BB 66 a4
EF EAEY) -
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% 2. DIT A FAEY) e E A Ry & a2 5 H
Table 2. The developmental periods of various development stage of Papilio xuthus xuthus
reared with five different host plants

Developmental period (Mean + SE, days)! (n)?

Life stage
A3 B C D E
Istinstar 2.88+0.16c 3.51+0.09ab 3.02+0.11bc 3.22+0.17bc 3.82+0.18a
larva (25) (55) (42) (51) (34)
2nd instar 3.00+0.13b 3.25+0.10b 4.15+0.17a 3.43+£0.12b 4.21+0.26a
larva (24) (55) (40) (49) (33)
3rd instar 3.00+0.23d 4.67+£0.18ab 5.30+0.19a 3.84+0.21c 4.33+0.11bc
larva (24) (49) (37) (45) (33)
4thinstar 4.00+0.16c 850+1.11a 6.80x0.25b 5.09+0.19c 5.09+0.16c
larva (22) (18) (30) (33) (33)
S5thinstar 9.33+0.61b 13.80+1.98a 10.90+ 1.60ab 8.82+0.23b  9.84 + 0.39b
larva (15) %) (20) (22) (32)
Larva 22.27+1.02b 31.40+1.60a 28.60+ 1.67a 22.45+0.44b 27.31+0.62a
(15) ®) (10) (22) (32)
Pupa 11.31 £ 0.13b 12,50 + 0.50a 12.00 + 0.00ab 11.77 +0.17ab 11.80 + 0.20ab
(13) (2) ©) (13) (15)
Larvato  34.00 +1.25c 45.50+ 1.50a 41.80 +0.97ab 36.00 £ 0.65bc 40.53 + 0.98ab
Pupa (13) (2) (5) (13) (15)

1) Means within a row followed by the same letter are not significantly different at 5%
confidence level according to LSD.

2) n in parentheses is the number of observed.

3) A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.

=~ AhERTHR S

PARAEAEE EAE Y E R BT » &2 ea 0y P BRR R a0k 3 - DABEA -
VUi~ R E S B S et e & 0y — o4l s kP /% 0.76 £ 0.01-1.06
+ 0.01-0.91 £ 0.02-0.85 + 0.04 }; 0.81 + 0.02 mm ; 25 —#s4h&45r Rk 1.23 + 0.02 -
1.33 £ 0.01-1.28 + 0.01-1.26 + 0.01 % 1.26 * 0.01 mm ; E=E4hEE R 1.84 +
0.03-1.98 £ 0.02-1.84 + 0.02-1.87 £ 0.02 & 1.85 + 0.02 mm ; FIUESLhER ks
2.64 + 0.03+2.72 £ 0.07~255 + 0.03-271 + 0.03 f 257 £ 0.04 mm ; FH L5
5yRiEy 3.96 £ 0.09 ~ 359 + 0.39~3.73 + 0.13 - 4.00 £ 0.04 & 4.11 £ 0.05 mm > E[JEY
B AAEE FAEYIA AR SR RS B BRI IS & 55— 2 58 Ut 4h &Y 5
B LIURG A E - A5 Ry — WIS e 4hah 2 Beidiae - 55 = le4hah Rkl
A RE S - BB shER R E SN » T8 ey e DA el a & - DU

SHE%E
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R R N 2 SR TS B S — B SR TEA B0 » DUFE PSRRI /N
RIS (p<0.05) - 5 MANSITERTE Y » LITEDIRAING
R B M2 B (p<0.05) » [ I MIAH LAt = R 25 E R A T R e
(p=0.05) - B =M LNEBIITERLY » PUERRAARISNUREZ Y e M
5 (p<0.05)  [HPI4H2 EHEMARTR IR M B (p=0.05) - STUHELSAATERL
B DU B S AR RS AR (p<0.05) » MVUFAGAIRI /N = FE2
FHEER > DB SR S S YR RS MR R (p=0.05) - 4
TR R - (I A R DU R IE B M2 B (p<0.05) » IS4 -
DAPUZE AR 5t T S DS L SR TR AR PR B > A E S
TR B RE s (DR PRI B -

i 3 T BT RER 5125 A M) A R 5 — 80 A s B IR 0.76
mm TR R LN - A T SIS LS TR A4 BRI 1.23 + 1.84 Al
2.55 mm > A HEIREE B o S TIEA LS TR ] 3.59 mm LA BE (L -
LI TR R TS S T A kBB i — SRR - 774 Morita il Tojo (1985)
S H RHRCAE (Spodoptera litura) 1A 5] A e 4 S G LI Y 208 > (L
FLOEALI R 1.65 mm FI(ERS » 7T I ER B A TSR E T 48
SRR > LR AL B HEARR (2017) RIRSE (2018) HWEATEL)
SRTEAYEIRE & 0B 4.11 % 3.83 mm AR {E BT T A (LIRS ERISIE - (HeSsiHT -

R L 5 1 LA BT 20— B BT — 0 0 A0 P A P 45 L (L 40
%4 PRSI B 1,62+ 150« 143~ 150 » 45 151 + 0.04 ; PUZHAEST IS
1.25~1.47~1.37~1.32> 5k 1.35 + 0.04: EE SR 1.41-1.44~1.39+1.46 »
gk 142 £ 0.02 ; B%E8Ea40 R A 1.48 ~ 1.48 ~ 1.45 ~ 1.48 » 35 5 1.47 £ 0.01 5 [
[FA4E4 Ry 156 ~ 147 - 1.39 ~ 160 » 9% 1.50 £ 0.05 ; (K42 LAEMAAIELE 1
B 1.25-1.60 [ » BT AR 12 0 » AR A ST B 1 D)
1.35-1.51 {5 2EELHINN > Ho b BRI BB - FBH B IIRARAL -

Dyar (1890) ¥ Mlskarr 2 Ml H 4045 - 1ER (B » AN Sus e i 2
B LR » th S IR > REAAIEE] (Dyar's law or Dyar s rule)
B ) 5 0 R &5 B B P AT S B B A » Foms &5 e T 28— .
s (B> 1987) - AHEL)BIERET LN, 1.25-1.6 f5hE - 749 1.35-151 % > B
T T DA S BRI B DA T4 1.35-151 5 SELIE » T AREIAN -
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Table 3. The head capsule width of each instar larva of Papilio xuthus xuthus reared with five
different host plants

Larval Head capsule width (Mean + SE, mm)% (n)?
stage A3 B C D E
Istinstar 0.76 £0.01c 1.06+£0.0l1a 0.91+0.02b 0.85%0.04bc 0.81 +£0.02c
larva (26) (55) (42) (51) (34)
2ndinstar 1.23+0.02b 1.33+0.0la 1.28+0.0lab 1.26+0.0lab 1.26 +0.03ab
larva (25) (55) (39) (49) (33)
3rdinstar 1.84+0.03b 198+0.02a 1.84+0.02b 1.87+0.02b 1.85+0.02b
larva (24) (55) (36) (46) (33)
4thinstar 2.64+0.03ab 2.72+0.07a 255+0.03b 2.71+0.03ab 2.57 +0.04ab
larva (24) (49) (29) (33) (33)
S5thinstar 3.96 £0.09ab 3.59+0.39b 3.73+0.13ab 4.00+0.04ab 4.11 + 0.05a
larva (22) (18) 9) (18) (22)

1) Means within a row followed by the same letter are not significantly different at 5%
confidence level according to LSD.

2) n in parentheses is the number of observed.

3) A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.

x4 MEEREECE T A [F 2 EAE YR Y & 4 a2 —He R R RT — M P S BER
JELE
Table 4. The average ratio of head capsule width of the subsequent divided by this instar larva
of Papilio xuthus xuthus reared with five different host plants

Average ratio of head capsule width of next and current
Larval stage

instar
A B C D E
2nd / 1st instar 1.62 1.25 1.41 1.48 1.56
3rd / 2nd instar 1.50 1.47 1.44 1.48 1.47
4th / 3rd instar 1.43 1.37 1.39 1.45 1.39
5th / 4th instar 1.50 1.32 1.46 1.48 1.60

Average (Mean+SE)  1.51+0.04 1.35+0.04 1.42+0.02 1.47+0.01 1.50+0.05

1)A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.

RFAH A LR 2y s DR S PR FH BT (Y ) BRERSEH (X)) AR ( DA EL SR AR S AT 2R A
2 AIHAERERE ~ TUFRAE ~ RESM - GZRIONB TR B i 22 UR P
Y=-0.2787+0.1765X * Y=-0.1240+0.1370X - Y=-0.1955+0.1525X - Y=-0.2360+0.1678X -
Y=-0.2561+0.1720X - #HEF (% R? 53 H B 0.9974 ~ 0.9943 ~ 0.9996 - 0.9999 ~ 0.9972 » 4¥
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BT > BAEBEETEER (p<0.01) HEIEMERERG - ForE I REEREREF
£ > BIASTEAE A 6 TR [F)ar LBV B 4 & U i F ST S B el g hnim 2 5
SRBARIE R > ST S RGEAR] -

070 ' _a—A, Y=-0.2787 + 0.1765 X
(R?=0.9974**)
0.60  —e—B, Y=-0.1240 +0.1370 X A
(R? = 0.9943*) /

£ 050 } —A—C,Y=-0.1955+0.1525 X :
L~ (R? = 0.9996**)
2 —u—D, Y=-0.2360 + 0.1678 X
g 040 | (R? = 0.9999**)
8 --A--E, Y=-0.2561 + 0.1720 X
B 030 (R? = 0.9972*) /
2
©
® 020
£
=
S 010
°
| ==
o
£ 0.00
£
(@]
[&]
@
|'E -0.10 =

020

0 1 ) 3 4 5

Larval instar

(&2, DAAAEAE S A e A R Ay 25 e HH 2 s B S o RS (Y ) BEEE A (X))
ZRAR (A BEfd - B. VUZRME 5 C. RESAM © D. &40 B BiF)) -

Fig 2. The relationship between the common logarithms of head capsule width of each instar
larva of Papilio xuthus xuthus reared with five different host plants (A. Citrus sunki; B.
C. microcarpa; C. Fortunella margarita; D. Zanthoxylum ailanthoides; E. Tetradium
glabrifolium).

MY~ 4fEaEs R

B R T YRR T U LA S i gh sk it B2 S8 et Frii ™ AYSERY - (HAS & AIE I S 1]
A LRI K7 1y 25 i <l e > R I L R B HA 0 40 6 S 5 By BT 20 0 P T A A SR [ s
5577 0

72 5 Ry DA ATE AR [H 27 LAY B A RSN - JeHishsn s o BEVaRag - 1Y
T~ RESM - ads MBI E— 4 asis KAy & 3.04 £ 0.03-3.91 £ 0.03 -
3.06 + 0.01 - 3.00 £ 0.03 K 3.97 + 0.03 mm ; 5 _#B4ha Rk 5.78 £ 0.12 - 6.26 +
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0.05 -~ 5.08 + 0.07 ~ 4.43 + 0.08 } 6.35 * 0.09 mm ; 5 =@s41&E 5 R 9.16 + 0.22
842 + 0.10-9.02 + 0.10 ~ 8.89 + 0.16 % 8.81 + 0.17 mm ; FEVUEL L4 R B 15.83 +
0.35-13.76 + 0.18~13.78 + 0.24 -~ 14.86 + 0.20 } 15.38 + 0.23 mm ; &5 e 4hEHI B
24.07 + 051 +~21.07 + 0.62 2176 + 0.61 ~ 25.41 + 0.34 & 2457 + 0.34 mm -

7% 5. DIAFEAR[ES EAEY I E Mg B S e B4 25 =

Table 5. The body length of each instar larva of Papilio xuthus xuthus reared with five
different host plants

Larval Body length (Mean + SE, mm)Y (n)?
stage Ad) B C D E
Istinstar 3.04+0.03b 391+0.03a 3.06+0.0lb 3.00£0.03b 3.97 £ 0.03a
larva (26) (55) (48) (51) (36)
2ndinstar 5.78+0.12b 6.26+0.05a 5.08+0.07c 4.43+0.08d 6.35 = 0.09a
larva (25) (55) (42) (51) (34)
3rdinstar 9.16 £0.22a 8.42+0.10b 9.02+0.10a 8.89+0.16ab 8.81+0.17ab
larva (24) (55) (40) (49) (33)
4th instar 15.83£0.35a 13.76 £0.18c 13.78 £0.24bc 14.86 £0.20b  15.38 + 0.23ab
larva (24) (49) (37) (45) (33)
5thinstar 24.07 £0.51a 21.07+£0.62b 21.76 +0.61b 25.41 +0.34a 24.57 £ 0.34a
larva (22) (18) (30) (33) (33)

1) Means within a row followed by the same letter are not significantly different at 5%
confidence level according to LSD.

2) n in parentheses is the number of observed.

3) A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.

Dl N 72 BMER AT EE R > Bk sh s i R AU iR > B
BB ~ Befd ~ RESMHHFEEREEER (p<0.05) - 5 k4 EAVEG R DAVUFAE
iR > HEL AP AR R =R (p<0.05) - 55 =iik4haAvis R
Bt IS & - HEUS AR ENER (p<0.05) - FHiUikshzaaie R
IR el e - HBEA = AP B MR (p<0.05) - SFIikahaady
Ao LB AR S MIBR A A s i > HLBLHM —2HR A R MR (p<0.05) - H
BEfEAT > BIE & AR LAY 4hEe & B SR nmg & - HhERaREES
— WIS gt BT - BRI SE U4 E S B - BTSRRI RR
eBagH -

PRAHELAN E2 BRR R EAH R DT 20 - ipAHAR IRk 25 0 4 = L A e S 2R — i B B T —
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HAHVHS RAEPRPTISLLE A2 6 » R Eei@&4H 7751 F 1.90 ~ 1.58 ~ 1.73 ~ 1.52 » S{245 1% 1.68
+ 0.08 ; TUZEAEHAHST A B 1.60 ~ 1.35 ~ 1.63 ~ 1.53 » S5/ 1.53 + 0.06 ; EEHILHH
F51.66~1.78~1.53~ 1.58 > V4555 1.64 * 0.05; EZEEI4H45T Rk 1.48 - 2.01~ 1.67 ~ 1.71 >
Tk 172 + 011 5 BRFREAH5 R 1.60 ~ 1.39 ~ 1.75 ~ 1.60 » F#9 5 1.58 + 0.07 5 A
ST TAEYAHRIELE Y 1.35-2.01 [ » mIRIACHEREE & 7R [E 2 TR - HEgR
PEECHILAEES 1.35-2.01 5 2F g R - HfE RERVE BRI - &E0Y R
H -

< 6. DATREA [F] 37 FAE ) aa B A B &0 B 4h ek — S HH AT A — B - PSR LR
Table 6. The average ratio of body length of the subsequent divided by this instar larva of
Papilio xuthus xuthus reared with five different host plants

Larval stage Average ratio of body length of next and current instar
A B C D E
2nd / 1st instar 1.90 1.60 1.66 1.48 1.60
3rd / 2nd instar 1.58 1.35 1.78 2.01 1.39
4th / 3rd instar 1.73 1.63 1.53 1.67 1.75
5th / 4th instar 1.52 1.53 1.58 1.71 1.60
Average

(Mean + SE) 168+0.08 153+0.06 1.64+0.05 172+0.11 1.58+0.07

1)A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.

AR R 40 ad e T i B (Y ) BRI (X)) BURR (R DA BRI R o i e SR AT 3 -
ARG ~ U - RE M - GRS B 0B B 4 8 R 5 12 2R P B
Y=0.2871+0.2235X - Y=0.4138+0.1805X -~ Y=0.2836+0.2137X -~ Y=0.2155+0.2381X -
Y=0.3946+0.1987X - EF{%E R? 43 HIlE 0.9952 ~ 0.9956 ~ 0.9972 ~ 0.9948 ~ 0.9948 » 4%AH
BAME AT SEMBE VAR (p<0.01) H 2 IEAHBHR (% - ForiE 1L RE R B4R A1 -
RIATEAE B & T [F)ar LA Y0 B 4h 228G 1= 5 P S 50 o W i ST 288 i 2 EL 4 Bl 1
WK BT EREER] -

TRIGACHRTE 25 Tl 4D s VB R FE NG RITT = > DA ~ B2Res B —TEiia )
WU G P AL ER Y 2 £ A -
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L3 A, Y=0.2871+0.2235 X

(R% = 0.9952**)
—e—B, Y=0.4138 + 0.1805 X

(R? = 0.9956**) =
125 } —A—C,Y=0.2836+0.2137 X
(R? = 0.9972*)

—u—D, Y=0.2155+0.2381 X
(R? = 0.9948*")

--A--E, Y=0.3946 + 0.1987 X f_—'
(R? = 0.9948")
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Fig 3. The relationship between the common logarithms of body length of each instar larva of
Papilio xuthus xuthus reared with five different host plants (A. Citrus sunki; B. C.
microcarpa; C. Fortunella margarita; D. Zanthoxylum ailanthoides; E. Tetradium
glabrifolium).

T~ HE -~ IR IR e

PR T A [ 35 EAEEE R MRVIRR ~ SRS AR AR 7 - Ha2Reasiny
THEE 0.76 + 0.03 g ~ #f{ 27.19 + 0.36 mm ~ #HH 9.19 * 0.09 mm &gk » WUZRELENY
UfEE 044 £ 0.03 g FIHHE 8.41 £ 0.24 mm HECHIEZE » REATERE SHAHAY
23.26 £ 1.05mm -

Dl N 7= BRI EE R - SE D BRI R E SR E - HLE A -
EEfE RIS iF A EEE =R (p<0.05) - R U EFEM R LT
SR EREE TR (p<0.05) - fHEE R R AHE R H B R E MM TR
EERE (p<0.05) » NIELHELHT S - BRI Ry & i B Ay ar TAEY) - HR
el - BRORBLNE -
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A BUGEAE T A [F] 27 EHE Y BT SRR O S Rkt - ORI - HhaiR
Bl (2017) FratAHE - (HANEAZAIGR (1988) ~ £ (2002) ~ 2RIt (2005) #HEA
WERE IR O A SO AR R - JREREE (2018) fER[EDRSEE TEALE ~ 150
FOALAR =S (Y SBR[ - BEIRST 2535 o £ R BUGAE B 285 B oy [ i SR
@ I Rk Bit@ o - Al Ae PR R > 152 FFRIRIN T IR IfAG AT 2L (Hazel, 1977
Hazel and West, 1982 ; Sims and Shapiro, 1983 ; West and Hazel, 1985) - H =% (1959)
S AR A ] B & o Kk eitg e (Bt ) WA St et

(dichroism) 1£ B 25 EHIAA B E A IREIF ] > 2 M I AR SE R A ey T 1
Boa S REEI SIS (H& > 1959 ; Hazel, 1977) » (HAGERERIERRE T
R PR 2 FEA [E) oy EAEYIE & > 1S 2IRVIR EAH(E > th8E Honda (1979) il R Rl

( Papilio protenor demetrius ) 4#& S 25°C » 60 £ 5%RH > 16L:8D f1fi%& » {LIf&%
FEaBRE - B EHEYRSRA G B8R B L 2 EFAER -

= 7. DIAfEA [ EHE Y E R IHE iR R
Table 7. The pupal weight, length, and width of Papilio xuthus xuthus reared with five
different host plants

Measurement data (Mean + SE)? (n)®

Host plant?

Pupal weight (g) Pupal length (mm) Pupal width (mm)
A 0.56 + 0.03bc (13) 25.50 £ 0.57ab (13) 8.57 + 0.14ab (13)
B 0.44 + 0.03c (4) 24.84 + 1.61ab (4) 8.41 + 0.24b (4)
C 0.65 + 0.05ab (7) 23.26 + 1.05b (7) 8.44 +0.18b (7)
D 0.76 + 0.03a (18) 27.19 + 0.36a (18) 9.19 + 0.09a (18)
E 0.57 £ 0.02bc (23) 26.31 +0.33a (23) 9.04 + 0.12ab (23)

1) A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.

2) Means within a column followed by the same letter are not significantly different at 5%
confidence level according to LSD.

3) n in parentheses is the number of observed.

N~ PSR~ T MEREREORI R

DLFAEA [F] 25 EAE Y EaE A RR 2 il ~ Wl - e tbank 8 -
FEZRIAHAYIR 41.73 £ 0.68 mm ff - HIURMFREHAY 40.92 + 0.73 mm | #ll%
AR REAHAY 28.00 £ 0.77 mm > HAR A& A45a4HAY 24.82 £ 0.70 mm > {ff VU =1
SHAVEH R 31.92 £ 4.27 mm A5 16.60 + 7.53 mm & Ry 73y EAEYIH T 2 SR A
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B -

Dl N 7= BRI ATAE SR - R DIRIREE ~ ! ~ Bl e RE SRR E
B AH AR E MR (p<0.05) - ST DI - B2R5adH - RE MM
BefSaH M S AR E MR (p<0.05) » (NIE&R & RURHY RN AR &S - IR ARy
ERET RZR BRI IITE R & - B NERIUREER & -

% 8. LI EA [F) 37 LY G E A RERHI sl ~ Wl ~ e e b

Table 8. The wing length, wing width, number of male and female, and sex ratio of Papilio
xuthus xuthus reared with five different host plants

Adult wings (Mean + SE,mm2 () No of No.of  Sex

Host plant?

Length Width male female ratio?
A 36.68 (i:'Lg).QZab 23.1%11:'3;).7161 9 4 11
B 31.92(;)4.27b 16.60(;)7.53b 5 0 11
C 37.38(;)1.11& 23.10(;)0.88& 4 1 11
D 41.732111;).6861 24.82(1"_;-;).7061 12 1 )
E 40.92(14_2_))0.73a 28.0(214_2_))0.77a 1 4 11

1) A: Citrus sunki; B: C. microcarpa; C: Fortunella margarita; D: Zanthoxylum ailanthoides;
E: Tetradium glabrifolium.

2) Means within a column followed by the same letter are not significantly different at 5%
confidence level according to LSD.

3) n in parentheses is the number of observed.

4) The sex ratio was calculated by Chi-Square Test for Goodness of Fit.

(€% 8 A1 > AT [F137 EAEY 6 B 4 22 kA MERECRBOR LD - MEPR S AH 6
BATSAI R BT DURE S - B 2 UG 2 SRS - 288RT7 (XP)
BEETENERIATGER - B T BRI R L1 4h  HeredE UfRE FAEYHRY
MEEEERE L1 -

FH R AT B R B Be M Beas (oligophagous ) AT Aol 4 75 £5 25 FAH Y Pk e
sl o N TE BN E R DEGER REFRITIL AL 2 e SRR AtE - siisS e
RIZFIEE R Wt © A EABRPT RV IS EAEY BN - IR R E S =R AT
AEHHVER MRS > DU BRI i R FAME RS Y SR EME R EA
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ZyHUSH I -

AT AR A RS BRI S HAEYIRIERDT - Bl ISy LAY vl et
R — e ahaad R H 20 - (BRI E I E S UM ER
SR aHE R AR R TAEY) Rollehd > HRMFRS - AR RZR Ay E IHEA - HIA
FERKEAFINSE = - ENRESHNUREHE N EEERE EEY - 1
Zhaafe TR R IR R Al - AR ~ BeReE - Rl —EY) &l G e E AR
fEyar LAY - TEIH 2 & - RAEENHE > REGEE AR EEY RS B
R P MRS > FIORING - (ERslR - RRMEEERTY > S G A A2 EAHY)
R BRSNS > AR RBEAIRE S - BEr 20U - b el X fE e L
fEP > DN TG et A Rty M (B S B P A AR A e EAEA) -

B~ 5w

ftd R e 2B R F RAVBER . — (BT AR E AR R D A R
(£ > 2013) - AuiefdE4hzaryar THEY EE BB RHEY) - MEDAARE SN HETF 2 YE
&N TAAE R R SR (E (E SR s E R B AL - NS A SR > 35 1
Y RE R EEZRS > ARGV IR E R — ANFEREES s E2e TR
JEEHEE H AN - TR R S 32 R ARTHTED B HIRIE Z — - (NEERASE A\ e BIai
il > DAYE IR Bl pl o B B B H A

AERLAREE ~ VUM ~ RE A » B MW IR A [Far TAEYIE S
Bk (RBERFEEHSBIEEE - #50 - PadREE - Bk - HE - Hk -
BT ~ plERidR ~ WRFEEYIRE > Kl E Y N L E B 27 LAY R R i
& ERERRE  BEAEERRESMHNER - B2 DA TSRS AR = F1E
P> bR TR RSN B A SRR AR 5 ar DIEYIBE oAl & 4 & & B AGHE S
THEYFER A HESE - WRECATFRRIRIEE - MEMESSIARC RN HI ~ 2N SRS
Al A R B LR A Rk A R A 28 i R TR e % -

SER

H &8l ~ RNE - NEFREE T © 1959 < 77/ F 37 (Papilio xuthus L. ) Dt
PReE YRS - B Mt » 68:6-10 -
HTL4E ~ T30 - 1998 - EEHY Rl B o BR EFARYSRAL - pp. 159-164 R AR AL -
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=ik - 28 -
L4 ~ R0 ~ B8N - 1996 - Hh[ERS 7 B B e ( 1 )¢ USSR - 450568 - pp. 115-117 -

AU L - 2= b - 20 -
PHRIE ~ FRUE - 1995 - ZEMIRER (=) @ SPTEEBR ISRk 4o -

p. 342 - EEA YR - 2L - 28 -
FFRIE ~ FRE - 1999 - WHTEIEE - pp. 43-46 - HERAE AL SR - HM - 27 -
FRIE ~ 5REE - 1988 - EVBERHERR - p. 142 - ZER MY - 210 28 -
ZEREUK ~ Bt - 2005 - BA RGBS R R — SRE M — - pp. 46-48 - 1T

BEZEGHBR - 210 28 -
(A fss - 1997 - S ATHIEBERER - p. 43 - EERFAEVFIRE L - Hik - 2
V5 © 2005 © FEEAIEEY) - HACRE T > 51: 17-24
MG - 2005 o FUEARES SR o pp. 184-203 o &Rt FHARTE - EIH - 208 -
TRAK - 2003 - EMEYEEREDAR GE L - pp. 311-312  fIEESEH R - J05 -

e -

IR - 2002 o ZEEIEESES — % - pp. 82-85 « H T EERERE o B o =i o
PR - 2013 - EEMARKIEE (L) FRER - RUEE - K0 o pp. 248-250 - REHAAIRA

Hf o B 2 -
BREAEH - 1988 - fHYICREE - pp. 379-380 « FLMMHIAR (L - 2L - 220 -
PSR ~ SRoKEH - SAFLAH - 2008 o fH B FLER YA B AT R AT R S SRR - ZRRRER

4 » 28: 5113-5122 -
PRZE - R BB - 2018 < RSN RUR A REFIIE - B S

B2 > 71(3): 1-18 -
W BRI ~ B 2238 - 2017 MR BURAY 4= & 5 - E R ER A )& IR 22 » 13: 80-98 -
BT] ~ TR - 1996 - R E 1 ¢ V01458 - pp. 52-53 « ZLEH A o 2L -
FEMIZE © 1992 o tPEAARAREE SR  pp. 1139-1140 - dHEAASEH AR L » dbaT - 1R -
BIEE - BEf (E47) - 2001 - riaktia e s K JPE © hEIMCER IR L - dEaT

iy - 55 172-173 H -
A5 - 1987 - ELER/EFRER o p. 692 o FHIL4RFAE L4 o P IR L3817 « 2dE - -
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