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Fig. 1. The apparatus for determining oviposition preference of different types of scils
- by Anomala cupripes.

F1. LBEE - RELHRE
Table 1. Texture of the soils tested.

H b
+ = PREEHES texture ﬁﬁﬁﬁ“iﬁ
. . - Organic materi:
Soil type Locality £k % Sk % kL% content
Clay Silt Sandy
® & BRES 22.87 35.73 41.40 2.15
Loam
b FERWE T IR
13.59 14.61 71.80 1.15
Sandy
B+ Bl 28.59 44.38 27.03 1.01
Clay
Wi KRS ) ) . i

Compost
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B Bl - BE— B - HBE PR RGN - AR 4 k0 LBIREHI R
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* BHEE ¢ PR A ERME ~ KEZ BTG » BEEREF IR (1939) 23R4 » RIKHPTRARS - EHIME - Herone
HEBE TN » iEERRRBRAP R M ~ HE

CAERELFHER :

LIER 16 2% » & 40 ASZHRE » RERBSHEGLE L ; PERmRALIEE  LIE
MRHAZEL - BRENKARS 6 £ — 2K » 51H - AENERRRE LHEIHER -
ARBIEEE 10 Ko

EE=HAE:

1l EFROBLSET b » MHE— = Zag 20 £ FIARSIRKE  DETRERES
# > WEHEE o

2,988 : REEXK 15 A% & 10 A5 ZHHMMtb » K35 5 A52ib+ » SrRSEDR » 3 Lhg
BER SRBIR A - FRIRI—k » HEHETHI » BEEIEE B 0E iaaay 2isns) » R
LI A-EE e BHEI19+1°C» 22+1°Cs 25+1°Cs 28+1°C» 31+1°C» 34+1°C» 37+1C
ZEBRAP  BRBE—K » XEORIBY - §—RERE » £4 50 @I -

3. F—inshal  HEBEZHEIEERE T4 ERE - €120 CRIBIETE 8 /M » SAHHINKTER
HERE » ENEERBHEL K UEERBE - SIWRLE - BRARES 18 REERS
R BLOSAHZERNA » LR EEMRLZE—RSBEAERNS - STHEAHBER 5
BEREMHEERTE - RBREZEE » =M 100 E L LG5S - BRBIZE » YiEHF—wan -

4. BB - EMMRARPZEMPBRER BAEROAS  BTIADZEAER ¥
i1+ LUBGZERFRED AN - SERERE VR 50 ERAIREZHE_iYE - BRBE—
Ko EHREEEBE SRR S o IBHEham o

5. MHER - PERAEE » DREHREMRE : fifArnold (1959) Bl » BAZETH
BEHZEE  (FRETEE ML CHTOHREER » LEFEREGRTERRBEGREEER
BFAMEE » TRETZEF EREETERESHOEE  Mt—EBEASETEARE - 59HE
ARy FAK=(T—a)D; K: AR T : BEHRE; a  THFHEREE; D : PERH -
MEER(T) FIREBZEFH (D) REFERBE ( a) » RALHEAR  IXBLERTHED
B AIBZeELEE -

WP aE

HHEESUING LR AT  ERTOLG - HA0RS » i 45 AFZARH  SELISMELE -
B L K ) B R BE 2 600 » MRS » ZERBRIBT » AN S5 5 % - /5 10
T+ T T R SEIOHAR HiBE B R A ST o ERRST » LB — BB (1B
Bt TR -
(W 8L PHEEHE

SAli—F 30 550 B 15 B% 1 45 REZAR  HRRBERAZRE » E—RREBHNH
o RS AR BBISUT Btz - BARITE R - TR REE A o EAR

Stk 25 A5 » WHAS IS 15 %+ THFN S A5Z+ « REAER HARSL S ; 10
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Site of light trap

B2 ARk ASE
Fig. 2. Map of Sun Kan Gau Farm, Touliu Sugar Mill.

Bl oL 500 W2 BARINES 8 /N5 » L5 BIEEHEAT Lok 5 A% RS LAR: fE AR FHIE BB — P - B
bt -
REF &2 RMZAS:

B 19814 6 BEI 1982 3 A » ELHMBHREARE K - TERE I FEAERRE 20 (i 30 X 30
cm? EREZER Wt 30 A9%  RENREEMPHBZBE - FERYETES 18 Mt
F 12 AHEGKE - AERSBE 25 Voo #REE - RSV ERNE2 -

HRRHR
() A B P S AR

RBELELE TSR » FRER2 - K4 KRABOGERIER S 2 » BABARARYEE
EEnER  ERALEREAAEEER P<0.05 (X3 ) -

& BTN & 1 BT iR FIFIBS 15 5% #i% : (Duncan’s new multiple
range test)LEHFHHEER » FIRFE4 -

ORI KBRS © IRt > W+ >HERE > Bt > Fit o A= ER AR
 (EERE L AEENER ; SRR AR R - A AR EERRS FERAN
L3 - £ THENRLHER - B+ EEERE 5RBAKPEIE MERHLPTE
B9 » TYRRRE T R AR - MR LERE » FREAGHE o ShEFEAS (1979) Fil
iz Anomala rufocuprea, A. cuprea ESHIEEARS B+EmEkanFERS - BREUBE
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%2 FHFHSEESETEPZ EIRK

Table 2. No. of eggs oviposited in different types
of soils by Anomala cupripes

B B E £ (Block)
Treatment 1 2 3 4
#e B2 19 87 111 111
Compost
HE BE o L o 68 5 128 479
Compest + Tozm (001
o+
17 0 0
Loam 39
»t 49 0 111 333
Sandy
B+ 0 0 0 0
lay
£3FWH MK AR g s tez 855 sk
Table 3. The Anova table of oviposition preference of different
types of soils by Anomala cupripes
B R 5 X T A B B % F
Source of Sum of Degree of Mean F value
variance Square freedom square
2 298.18 4 74.54 3.80*
Treatments ’ ) o
B #
Block 166.64 3 55.55 2.83
& = 235.58 12 19.63
Error
& R
Total 19

. 5% B & (Significant at 5% level)
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Table 4. Comparison of mean eggs deposited in different soils
by Duncan’s multiple range test.

e SRR E
. No. of eggs
Soil type .
in average
$eARhnE 1 11.0
Compost+Loam(l D
» +
g;n = 9.3 1.7
b )
Compost 8.8 2.2 0.5
" + . ;
Loam 3.1 7.9 6.2 5.
L 1.0 10.0* 8.3 7.8% 2.0
Clay

*. 5o, B (Significant at 5% level)

3or
%
E
BB
B
b3
R
]
=
o 1o
2
2,
l d % cm
° 2 ‘ ° 8 o 12 Soil depth (cm)
B3 FEEHSHEKSELT PEIIRE
Fig. 3. Distribution of Anomala cupripes eggs in the soil.
OAEEFPELFHERR

REAEHEN  EIOESELGEL AN B8 - XNLHOEELN - BT FET
HRBRER » ARBBEERBHBOWE ML o RILRR - HAER 95 B - MHETFAR
e Labsgilp izl
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ELRDLRER 14 RHLULE » R EBIIPKL ; T4 86. 3 %EI0RERIE4554 ~ 10 A5 o
LR » B LREE— 5 B RBRERE 4~ L0ASKHE - CETREE 2D » £4E
TRLBEATEAER » SULERRERRE— R TOERTE -

Er=af

1. ShBEEZRE
EfRS  RTAESSBY » SE ARSI HELESAEEE . ST ShamEE » —
KR Dyar BIABRK » BT ARG EFGE (AL MAE »1955) o BIINTE Phyllo-
pertha diversa( e ~ ZH » 1976) » Adoretus tenuwimaculatus ( HBHH%-1978) BEEN
LB Anomala Brhz A, cuprea (B5¥-1929; HBE - SEHE-1938) KA. schonfeldti( MW
~KH »1975)  FERIETHEESH R SR SIS B2 AR RIE » KSR mE 4 Big -
AR~ BARRKAE 2. 10 mm » B/VS51. 68 mm » 551, 91 mm o BMEAR 3.47
mm s /2. 73 mm > FHEF 3,15 mm o F=BEAS6. 30 mm » B/NES 5,25 mm » FPHS
5.69 mm (%£5) - KMYBRGHEFREEFES » 2274 Dyar R o b4 EHRZA
% » LSRR 2 IR R PIBIFHR 2 S 1 o
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4 FHESASRYSZHE
Fig. 4. Head width of Anomala cupripes larvae,
#5 FHHEHALEEL - 2~ SMYBZHA
Table 5. Head width of the 1st, 2nd and 3rd instar larvae of
Ariomala cupripes. (mm)
1 B 2 i 3
1st instar 2nd instar 3rd instar
(mm) (mm) (mm)
woOR 1.911 +0.139 3.149 +0.212 5.687 +0.293

Head width
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2. 904 :
ETRECETZINR6 - AIE19°C~ 31 CHER » BE L ASRERE (BB ERE 34
Chy » I BLERAGERUE - B RB H R KRR E > R 5 -
B ERIRRE 2 BRERSBEAR : Y=—10.06583+0.00485X ; r2=0,96311 o 5
ZBERFRERS 13.5°C ; 220 TOAERMEBSIES 7 » T955 220 HEE -

£6 PEARBETZREHURBEER
Table 6. Egg development of Anomala cupripes at
different temperatures.

B B BHEH(XR) ERERE BEERE /R

Temg. Egg duration SD. Velocity of
(days) development (per day)
19°C 37.67 +2.24 0.0265
22°C 2843 +1.90 0.0352
25°C 15.43 +0.79 0.0648
28°C 14.89 +4.46 0.0672
31°C 10.45 +2.11 0.0957
34°C 10.83 +1.27 0.0923
37°C 12.57 +1.13 0.0796
40 i “ .10

32

Y
2

-0.06583+0.00485X .06
0.96311

16 |-

(sAep) uoneinp |ejuawdolansq ( o ) o
®
i

(Aep Jad) Juswidorerap 40 a1ey ( S~ — ) BB

13.5°C 19°C  22°C 25°C 28°C 31°C 34°Cc 37°C

W5 FHAEHCKNERRRETZGBMREEERZME

Fig. 5. The development of Anomala cupripes eggs at different temperatures.
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#7 FHTHACENEEBHBELEEET 2 H5ER

Table 7. Accumulated temperature for the development of
eggs and st instar larvae-of Anomala cupripes

EE Tomp 19°C 22°C 25°C 28°C 31°C 34°C 37°C
gzg( (E'Df)) 207 242 177 216 183 22 295
—iEshi ( HE)
Ist instar (D.D.) - - 585 768 658 632 -

#2 F-BHBETRRETSRENRBTER

Table 8. Development of the 1st instar larvae of
Anomala cupripes at different temperatures.

B OB BEM(F) BNl BEEE /K
Temp Larval duration of S.D Velocity of
) the Ist instar (days) e development y
25°C 42.40 * 7.60 0.0236
28°C 45.74 +10.06 0.0219
30°C 33.22 + 732 0.0301
34°C 217.73 + 6.93 0.0361
3. F—m il -

£19°C~ 22°C~ 37 CE=REBRAT » F—RYRELETRREK uﬁﬁ&ﬁﬁﬁﬁ_ﬁ%ﬁ &
25 CZERT » B—RBIE 42 X ; 28°CH46K; 31°CH33K; 34°CH28K(%8) - B
R B ERAREGRGAME6 -

BEERRBEAEER FEAS  Y=—0.017014+0.00152X; r2=0.90832 - ¥HF
MARERS11.2°Cr AHRETHB661HE (£7) -

4. B ¢

FBEBITE 25 CZFETE 68 X; 28°CR60K ; 31°CE6IK(EI) » &£ 31 CHER
BAREERZBR -

HEFER TR EHIERBIN » B#A 11 AS MEs FORSaeETas - E 52 BiBEER
AR FifLudwig (1928, 1932)BiigHiAY Japanese beetle ( Popillia japonica )
Boms oRETRELES B (Groups ) EF_M4hE+ » AKEW (Resting stage )

BIHR » MLk B2 b5 B8L o
@ PR
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15
Y = -0.01701+0.001523x

r? = 0.90832 -4 o1

(4]

(sAep) uoneinp |eyuawdolanag ( HH )

Lt | 1 L |
11.2°c 25°C 28°C 31°C 34°C

(Aep Jad) Juawdoarap JO 18y ( P~ ) BHHTIHR '

W6 FHFHSGR - NOBERFRET > R EWHE S SRS WE

Fig. 6. The development of Anomala cupripes 1st instar larvae at different temperatures.

£9 _BYBETRABE T REINRBETER
Table 9. Development of the 2nd instar larvae of Anomala
“upripes at different temperatures,

B B BREH (X ) e 2 BEER /K
Temp. Larval fluration of SD. Velocity of
the 2nd instar (days) developmen
25°C 67.6 942 0.0148
28°C 60.0 +6.75 0.0167
31°C 69.4 + 8.08 0.0144

FRRENERERIHGBBERIESTE - BEUNS 10 X—% ; &8 T HERR Ly (
10 X ) REM » BRSARAHBGAN - IHARSENRE— = SWHBLTN ZREE7

e 6 ARRBE » AF—BYBREET B LANE; SRYBET ATH  S=RYRE
8 Ay o LIR ARIAZ HEMEE AR - SIS s B B —i 5h 8 B0 BN » Bl 6 A
PHBRSHAEZN KNS 2 4 $—BYaS24; SByays2q; ¥E8 ATHE#
ASB=M01 » MRMERRZINIE 4 AR, - 7 RHISFE Z VR E058 » HLE=1ama
° 6 ATHR T AhAmRANES P XBEHTVE 6 AthaEER - AT 7 B THBREAEN» X
HWHBIIERT] 4 5) - 8 AhABRARN » RE—BYBITFEERGEY - $RLE=BHS
£ 11 AHHEHRMRL » A5 —LESRRR TP » LT R » Z8H41 A0
BERES MY - TE A 21 ARFHRSBEN  XE—BYaNSE4 B2 A £0F 11 Ak
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sooeee [ Egg
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7 FESRCEEAAENZRE MY
Fig. 7. The life cycle model of Anomala cupripes.

RSREEFIE_E  T—EERESRUZERE 41 A » TRLSSEBHEHE - T 10 ALEK

FAZRBEN » WERRE » KSBES—BPRIDEALE R 10 A 21 B RAZRBHNRT - &

—ES-RYBLERTERES A BEASTERHEN  RKREE 10 ~ 20KAFE - RA 7 APHES

A R sm SRS R R BRBRRGRLS  ERBEAOENT 4 SR TE T AP EHG

' 7 8 ~ 9 ARICERESHHBTIREL » & 8 AARTESNH » ALGES _RE=MHZHBBL ; T

9 AT AFEGE . LS Rhasg R A TAHLKETEZI » RN TTHEPERIE -
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FRUFRSE  PBZRE

HEEED (1982) &R « Anomala rufocuprea T B AR ELE = - BSR4 »
MEBEZ RERFEBEIPNG LS - EIVEE » BE=MYA8L ; EIME » LB HHasL - m
L= A » FESI Ble RIS ; DBy a4 %  HRahimem - AHTHES
SR EELBGHY - HRSBEBIRE s R4 B8 11 B; RE6 AL I A4 E—HEORET LR
o RILMEHEH » 5 ~ 6 AMHIBIMERE » Joth REIRTE Z IPE & LUF = B4 % « RHLUIS=
Bh5h BB K » B AT SERR ; MLl a3 » LR H BIA T e o

BEBFEEGEES  PHE6 ~ 8 ARIS 20 - EERWHR T » FYHREBOGHE » FIRES
(1979)AERE BIITZ 2 AESH R » BREX10 -

#10 FREHERSE EEF SR RERRT EZ IV — 582 A BB

Table 10. Accumulated temperature for the development of eggs and
the 1st instar larvae of Anomala cupripesunder field condition.

EJRE

Date of June June July July Aug.

e o 14 30 14 28 19
oviposition } .

R 298 311 310 336 373

Egg (D.D.)

—ikhE (RE) 5, 368 377 384 493

1st instar (D.D.)

R 2 fyrh o IR AR RIAE 326 A » FREB T2 212 AEHM - MIENFEEGEDR
BARERTE o WTHERAR FAGEES 10 Xy #T—k » TOFRMAR 10 KBz - F—ib%h
RETEZEE £6 ~ 8 Al THH 395 0E ; HEB T 2EDEE 661 AENLE » TOEEHEAR
BURESHRAT » B— shB T EREHEE TR - RS LA BRLAIRENS— R B s
Bl BEERAEAABRTOHRERY » AR & T b » LSRR (S EE » rakk
W - BB » Ali Niazee (1976)Z53FARI Rhagoletis indifferens BERNEEZ]» LI+ BAT
BZAYRRRRE KGR - (BN +BAKERS » £ 1% » RitEckenrode and Chapman
(1972) - Pfadt (1978) REEAELEMBRARRER - A0 LUEBK (EFARIM EEE o ARBFES
ARHFE  FRAILRBIEEREETS  REEEERZIERE AL T RRRR-BOE

@8y & AL P8 E 5

ST HBEL S » KBEHZBML > (FREKZES (BE > 199 ; Granovsky »1956 ; Shorey
and Gyrisco: 1960) o fiin Anomala rufocuprea -+ hiE 2 B + Ty 8 HEE S B{Liii »
B Rt a st T ey » &0F LABR (%H%, 1956 ) o

RTHABHBELTHZBE  EOGREEHBEE > RNt ARR  SRUB 8FFR

ERFEARRKET » Si34#87% 80. 3 %7 20 ~ 30 A5 BB E) - EINEES » i TFEINE
ZF 10 25U EZ LG BRBRESS > MAESSSARELE 15 25U TZ+HE - ET w0
i > 76 30 A OEEMLE ) KRS T 25 ASENEEVE GBS ; Tk SHEEhE
$oFA 20 AN PR o MERARRREV EIELS SO FREE » OOHE L FIHETE &
BREEGYE - Bl - BREHRYHE o ERREERELT B REHBLTFE -
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460
S0
%
- 40 Feeres.,
% ........"."‘0....“. D‘t"' -‘:
a .O:.:"":' :m
* o
9 30 “.w»u "
$ .-""' *. z ﬁ
ettt - 3
[ ose*? o
< -
ot ~
& 20F 5 3
3 S
a o
2 £
e 10} o
5 3
3 )
P 22
@
5 10 15 20 25 30
I, +& (cm)
E ® " Heated from the surface esooee i o s (b il Inclination of temperature
L fogﬂ% Natural condition — A E LR Inclination of temperature
BEYB X T [ % Heated from the buttom whakak g EE MR (b oh 88 Inclination of temperature
8 BEIERSGHAELTDEESHZME
Fig. 8. The vertical distrubution of Anomala cupripes larvae in the soil by the effect of temperature.
VE M &E A E

HARE RS FERNTASHORENRE » YARTETE » AARZHBAFTHEE Ano -
mala expansa Z$hERL » HEET » FIUKRIIB_ELM THR » BAESTIKE—E » K
11 «

#11 EAGEBHBEAZAZRBN
Table 11. Monthly occurrence of Anomala cupripes
larvae in sugarcane field.

A

Month June July Aug. Sept.  Oct. Nov. Dec. Jan. Feb. Mar.

— W 32 35 84 29 22 12 1 0 0 0
1st instar

= 25 46 33 30 35 7 4 29 6 0
2nd instar

=8

. 28 12 15 64 45 14 2 19 20 3

3rd instar
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W EHLEH - HBZRE

(001LX) Pa199|i00 31333 30 “ON ( Jhm| ) RS

Apr. May June  July Aug. Sept.

B9 EAFEEAME KA FHBE (FHXE : REEERRS)

Fig. 9. Seasonal occurrence of Anomala expansa adults (Data from Hu Wei Sugar Experi-
ment Station)

HFASREZRDTABBLZFZONR  BREEFRBBOAZ - wEH 9 - dtAm - 5o
ﬁ?E5~GB¢ﬁ~%ﬁ%ﬁiﬁﬁjm&ﬁZ%%&Eﬁ%Wﬁﬁ&ﬁﬁzﬁvm%ﬂﬁﬁﬁwo

B3R 11 741 F—ibshiiE 6 ARTCRIE 8 AR - MEEY » T1 ASRRES—
$hih o PEHLARH » LUS—b o) BB LT SRRV « LSRR/ AEORE SR - SRE—RY
B B6 AT 10 AR SREEEEGEE - HhRFRSENS—SE 12 A7 of Ra
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THE ECOLOGICAL STUDIES OF ANOMALA CUPRIPES HOPE.

(II) DEVELOPMENT OF THE EGG AND LARVAL STAGES

Yau-I Chu, Cheng-Jen Shih and Chung-Ying Lu!

To continue the previous paper, the ecological studies of red-legged cupreous chafer (4nomala
cupripes) was conducted. The present work was concentrated on the egg and younger larval stages,
then the following results were obtained.

The ovipositional preference of various types of soils by thée females was in the order of Com-
post+tLoam (1:1) > Sand > Compost > Loam > Clay. The ovipositional site in unplowed ground was
also investigated. About 84% of the eggs were depositéd at the depth of 4-10 cm in the soil. No egg
was observed on the soil surface or at the depth more than 14 cm.

The larval stage consisted of 3 instar stages, and the widths of larval crania measured were 1.911+
0.139, 3.149+0.212 and. 5.687+0.293 mm for the 1st, 2nd and 3rd instar larvae respectively. It was
apparently fitted to the Dyar’s law, and the measurement of larval crania was quite reliable for de-
termining the instar stage of the larvae.

Vertical movement of the larvae in the soil was estimated at natural temperature condition.
About 80% of the 2nd instar larvae were found in the zone of 20-30 cm depth. No larva existed in
the top 10 cm zone. The result of the heating test on the soil indicated an evident response of the
larvae to the heat.

The durations of eggs, the st instar and the 2nd instar larval stages were estimated at 19+1,
22+], 2541, 28+1, 311, 341 and 37+1°C. The regression curves between the growth velocity and
temperature obtained for the egg and the 1st instar larval stages were:

Y =-0.06583+0.00485X; r? =0.96311, and
Y =-0.01701+0.00152X; r? = 0.90832.

The physiological zero points for eggs, the st instar and the 2nd instar larvae were also estimated to
be 13.5, 11.2 and 1.3°C respectively. The accumulative temperatures for the growth of eggs, the
1st and the 2nd instar larvae were 220, 661 and 1602 D.D., respectively.

The life cycle of A. cupripes was investigated in outdoor condition. The eggs which deposited
during mid June to mid July developed to the 3rd instar larvae within 60 days, and overwintered
with this stage. They pupated in the next spring via prepupal stage. The adults appearing in May to
July of the next year were presumably derived from those individuals.

However, the larvae dei/elobed from the eggs deposited in August of the previous year over-
wintered at the 2nd or the 3rd instar stage. The proportions of the overwintering individuals in the

1. Division of Entomology, Department of Plant Pathology and Entomology, Nationdl Taiwan Univer-
sity, Taipei, Tauwan 107, R.0.C.
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2nd and the 3rd instar stages were about 1:1. The ratio of overwintering larvae at the 2nd instar stage
increased in the autumn. The 1st instar larvae from the eggs deposited later than October encountered
with the winter season, and few of them survived to the next spring. ‘

The results of field surveys revealed the dominance of the 1st instar larvae in June to August.
The prevalence of the 2nd instar larvae was observed in June to the next February. The 3rd instar
larvae were observed more uniformly around the year.

Based on the present data, 1 year life span of A. cupripes was illustrated. However, it seemed
to be consisted of two span groups. One group originated from the adults emerged in spring and
early summer. After the oviposition and hatching, the 1st and 2nd instar larvae appeared in July to
late summer. They developed to the 3rd instar larvae. The adults emerged on the next May and June.
The other one came from the adults emerged in late summer or autumn, and the over-wintering
population of the next generation was composed of the 1st and 2nd instar larvae. But it was assumed
to be suffered from the high mortality during the winter season. Therefore, the main target for con-
trol of A. cupripes should be the 1st group. The 1Ist and 2nd instar larvae are more susceptible to
the insecticides than the 3rd instar larvae. So the control operation should be carried out in the

occurring season, namely July to September.
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