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Abstract

During surveys made in August 1989 in eight villages, both Aedes aegypti (L.) and Aedes albopictus (Skuse) were found to be
present in high numbers with density figures above 6, and the former species was predominant. It was considered that Ae. aegypti
were probably brought in by fish boats from the Philippines. Ae. aegypti and Ae. albopictus breed mainly in earthenware jars, metal
drums, cement tanks and plastic buckets, which make up 70% of all the breeding sites. Of both species, mixed breeding was found
in 18.9% of water containers surveyed and occurred mainly in outdoor containers of large size. Culex quinquefasciatus (Say) was
found to breed together with Ae. albopictus in 5% of water containers, mostly outdoors. No mixed breeding of C. quin-
quefasciatus and Ae. aegypti was discovered. More artificial water containers and more breeding of Aedes were found outdoors,
and more Ae. aegypti than Ae. albopicturs was observed to breed indoors and outdoors.
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The Significance of Copulation Ages of Male and Female
Tetranychus urticae (Acarina: Tetranychidae) on the Maternal
Fecundity and Longevity, and Progeny Sex Ratio an
Hatching Rate

Chain-lng T. Shih and Kuei-Fang Pal  Depariment of Entomelogy, National Chung-Hsing University Taichung, Taiwan 40227, ROLC

ABSTRACT

The male-ages at mating (1, 4, 7 or 10 days old) and the sequence (the 1st
or 2nd mating) of copulation of female of two-spotted spider mite, Tetranychus
urticae, did not significantly affect the oviposition period, longevity, and the
reproductive rate of female and egg-hatching rate. Although daily and total
reproduction of mated females were significantly higher than that of virgin
females, the differences in copulation chances and sequences of female mating
with aged males did not influence the reproductivity. Upon insemination, sperms
and male-accessory—gland material transferred were assumed to enhance the
egg maturity and egg deposition.

One-day-old virgin female mated with either 1, 4, 7 or 10-day virgin male
achieved 13.0, 9.7, 8.5, and 4.6 “effective mating”, respectively. The proportion of
female progeny or the sex ratio produced in the life span of mated female
decreased with the increasing age of her mating pair. The maximum daily sex
ratio of progeny occurred on the socond or third day after female copulation,
but the accident of frequent occurrence of the high daily sex ratio was
irrelevant to the mating age of male or female.

Daily reproductive rate decreased with the increase in virgin female age at
mating or insemination, but again increased after mating. However the progeny
sex ratio of egg after coppulation was not influenced by the mating age of virgin
females. The proportional reduction of egg fertility of in mated and aged female
may be due to (1) the activative function of secretory products for the
spermatozoa was reduced in the female receptacie epithelium or hoemolymph,
{2) gamy affinity between spermatozoa and eggs might be subsided and lessened.
All of these activative, subsidided, or lessened functions arc assumed to be the
hereditary character of species. Consequently, the sperm was activated by the
secretion of receptacle epithelium and took 2-4 days or shorter to flertilize the
eges in the ovarioles from the receptacle.

Key words: Copulation, age, sex—ratio, fecundity, longevity, hatching-rate.

292 R AFTIEH =R



W ®

HEtE B FEWR ( Tetranychus urticae
Koch) HREEMNERSZEE (copula-
tion) » ¥ (insemination) X £ 4 (repro-
duction) EEH » EMi#E & H - UHEERRS
il (L TR f kL) KRB SIS (He-
lle, 1967, Krainacker and Carey,
1989) - Boudreaux (1963), Overmeer
(1972), Potter (1978), Shih (1979), We-
rmelinger and Delucchi (1990), Wermeli-
nger et al. (1991) X Wrensch and Young
(1983) B H L B R W LV B K+ E &
Foo XRRH . RERE . BHEAGRFEE
MYEHFEE - Mathys et al. (1968) K
Feldmann (1981) Fll38 B/ 28 SR T Sk AR
FHEYHTFERBEWMAIM L - BE
EWENE . EOH . SHABCESZHR
FRIGEEE . BE. Xt Mg BAK
BHEE . FEEUNEEIMCRERI
F(Carey and Bradley, 1982; Huffaker et
al., 1969; van de Vrie ef al., 1972)

M BB E EMRATAR » DR
HERHREZEEF THEM R, EARL
¥l (Teleiochrysalis) » MifEH M E B RRE]
4§ (Cone et al, 1971a, b; Lehr and
Smith, 1957; Regev and Cone, 1976) ; ##
WET, AR ER R BRI &
B Bt B R AT EFE (L B (Penman  and
Cone, 1972; 1974) - HEZHEWE X E
SR AR BRI
WEHTRBARE R H R w2 e
AIFE B 8 2 Y8 INTTRE K (Helle, 1967; Helle

and Overmeer,1973; Krainacker and Car-

y, 1989)  Helle (1976), Overmeer (1972) °

Potter and Wrensch (1978) 305 HE — 25
WELE - RZBRE®R, ERE—RZRE

MR EcRFE, B RUBZEE T
HEMBRAIEENET  BEERKE
AMOBEREE TR 2B, KeblBHEwme
B—RXEMEZRTHEERXEER » B
EHEBERHATERAENESERETZ
A « Wrensch and Young (1975)%5 H78 42
BRHEmEEEIGRE; AEREZEER
REEHBEGYGEEEFRAMEE, 25
R -

Overmeer and Harrison (1969) 385 &
FIE W T A AR R e Hr U
HHEERRCENFTFEIENSETA
#= £ (Boudreaux, 1963; Overmeer and Ha-
rrison, 1969; Young et al., 1986) - Over-
meer (1972)3FE M ERBETEREAER
(10.8 sec ~ 3 min) » FARMMELFIAREZ
B ° Moraes and McMurtry (1987), Hami-
lton et al. (1986), Krainacker and Carey
(1988), Potter (1978) > Shih (1979),
Wrensch (1979) E#x HIERMEZE H i 8
Ao BT AEEAEZRBE - & EmMK
mEEER FRELAFTREE (Attiah
and Boudreaux, 1964, Wrensch and
Young, 1983) -

NEENEWEENERECHEWRS
& ARl EN S (E 4.4 HIBER
B EN S (E 5.7 By RE— KL
W {Wrensch and Young, 1975; Wheatley
and Boethel, 1987); van de Vrie et al.
(1972) AR R B HE W H) I 5 & & T £
RELE - Shih et al. (1976)FEHI T Bi 3w
FIPETN ReES 510 HEG 5 T/ R (1979)
MR TER REISE o4 Bl - KL, B\
EINREHERPRTRERCRERE , EFE
# « Attiah and Boudreaux (1964), Her-
bert (1981), Wheatley and Boethel (1987),
Wrensch and Young (19755 H SR #b 38

TR ) L & FUERARMEE 203




£ 88 % —08 9% Al » H TS HRBE W 8 R i
HRENHE -

JHE B — B SR AT R R 2 1R R R K
RREEBHHEMZZHE . ENR . 8GR T
LT ZER BEARZEY - ARE
B, ERrEE TRERERZ
BTEREFLECHER, 2REHEEHE
RERITZ B T BT HEAN o« JEEREK
ZREINEE R EM (haploid male) » ZFEN
BE M (diploid female) s AR ZIE
HEEE, RSB RELGRELESR
W ZHINE , EMERIERLELTE
MRS T BN A o

JE_EER - - RERREZTE
BEEMEERRHLABEEHRZE— £
B -BURBRCERBERDPTER, B
BT LUGE A 88 (A BIER] BRI S » 3%
TRHMEHERTREEEEE - K2, ff
W AR ETREREELEE TN, HE
LEFmARCEMRREHFRBELE
EREEATE - g IERTEAE
HEERESAIBMFAEL REWRS
HB8W3ZE" N FHIRMRMMEE » HHE
— SRS R TEH R ENCE
R -

MRIERR &

— BEMNREEEREETSATE
715 cm ERNERBEELT (Phaseo-
lus vulgeris) B L, 85 "B, #E
Boest2C, HEHRE 75 £5%RH, K
13L : 11D EEHZ AT AFE_F2E
WEHESARMFE M (LUTBE RBIK
By mEAREENERIAFTR
28+1°C » HEHEE 75£5%RH » K 13L: 11
DHEWERER - Ef9em ZEBFE R

294 R SR =

NE—EEE 7 cm - B 1.5¢ m ZEAEEE
HIBEER 7em SHEA—FK, IMETRKE
FRRE& - #FBEEC T BELRPR
% BUERAITEE 2.26 em® (1.5 em X 1.5 cm)
ZHEAE, REFZHRADTED B EMR
oy REBEBUTERBCNGE, BEELR
BEEFERES 25 cmXx2.5 cm > BERF
B, TTE s em X5 om - MECRKEE .
BRI R o B i b BE 2 38 ZUFS R

BOREE, RHRBRENE . MHHTE

EHRENINSESE _HWmiF LR, &

M- EORESEE_ERERER KRG

B [ BHGBEE R QA RESES

o A o M T A 5 AT P T B M 5 B

BB BEERRE IR E, A ERE

FRRATUEE T REEME  MER R A - B

FES R RN R, B 24 /)

o, 40X HHEMSE THRETHREEN

g, BEHEKINBR RS

FHAMBEAATCR L EF OB

BHECNEE" B, BRI RR AR EL

HIE  BEFRATPHT -

T FBROEE) BB RANEHE
EHNE - FTRBUERMILZRE
SO 24 £ 1 EBREXBIRE 247

B, SHREERERSY  HRTXE

B o BRTEE ., FREA12-16E 1 [T

FREHME—E 1 DB RELI R - PR

HBETREZEFRIUT - HRETREE ,

MR R HENER , B RE -8 1 88

REHEwmI  ERERES R NEEE

ETGRAEINREE . PP E ERHE

AEZHWERPIERE %, WERKE

TRE IR RBHERH hER", &

B TE—R M S8R UKE—RZ

HeimiH B2/ NRARBE DRTEREN

& 12-16 % 1 HERBBERE “HEFE", &



FEXR, TREHEIRS A NG
¥, BREOEEMAN o NIFERET
BEENERTRIEEESE -
=R AEHEREANE
B1 4> TR10ABEEEHES 40
EERER, AE-PERES-E
e, TR A 20 % 1 HEHR R
W oo 24 /N . HTEERERI R E ONMFE”
EHEM=ZREBIEFRER - BETHET
BEERERZER TERMEW, RT¥
HAESEREFTER “ERRE NERR
75 ETHRHREHES » AFRTH MR
BRTERYHERTR” MRS A HE
ZER, PIERMTE 24 IR Z “HRRR”
R -
N AEXEERZEHEREEEGT
i FRBUERMEL ZHE
BiHBRELER 14 7810 HER

M B A—-E RN, §ARBGSE
30 #H > 24 /NRETR IS 6 HEIRTBRR ¢ PSR
B RPEYERENEECHENE &
MEMEE o« & EARREZME . HERHE L
o, HIRBHHS 1 HiE , LW IEI8
1~4-7-10 HE , METRAKREcBEEA
£ 304 -

5 R BRI

— FRUETHECRABEEESGN

B TRECERMLZHE

L EHETHENE, SwkTRUF
tFRZERTEE > BEXREIBBTIHE
ENMERSNEREEFENHEIRPAKE
ZHER(E— 2 B) o BUHE--4 R
FEREERTE -2 pREAMLTHRE—
I TR AR Rk, BHMBEZH

R -HBRRNRCHM - RERCCERTHAENRES VA

Table 1. Influences of copulation of 1-day-old virgin female, Tetranychus urticae, on their fecundity, oviposition
period and longevity
Copulation Oviposition” Longevity” Fecundity”
of female periad (days) (days) Eggs / female Eggs / female / day
N Mean (S.D.) Mean (8.1.) Mean (S.D.) Mean (8.D.)
Nonmating 11 8.55 (1.30) a 10.82 {2.00) a 58.08 (21.65) a 7.38 (0.74) a
Mating once 12 9.17 (1.77) a 11.25 (1.74) a 94.00 {23.56} b 10.02 (1.15) b
Mating twice 10 9.30 {3.32) a 11.50 (3.14) a 87.90 {27.73) b 9.57 (1.03) b

1) Means followed by the different letters within the same column are significantly different at 5% level by

Duncan's new multiple range test.

R —EBRTRZEE NN TRBENAFAZB BRI R

Table 2. Influences of copulation of 1-day-old virgin female, Tetranychus urticae, on
hatching rate of eggs and sex ratio of offspring
Copulation Hatching rate Sex ratio [ F/ (F+M) ]
of female Range Mean (8.D.)Y Range Mean (3.D.)
N (%) (%)

Nonmating 11 69—-100 a5 (9} 0 1]
Mating once 12 80—100 95 {6) 0.63—0.87 0.77 (0.07}
Mating twice 10 82—99 93 {5) 0.53—0.87 0.77 (0.107

1) Means within the same column are not significantly different at 5% level by F-test in

ANOVA.
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Fig. 1. Effect of copulation on the daily reproductive
rate of female, Tetranychus urticae.
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Table 3. Fecundity, oviposition period, longevity and inseminated rate of, Tetranychus urticae, of 1-day-old virgin
female copulating with different ages of vigin males

Virgin-male-age Oviposition” Longevitv" Fecundity” Effective copulation( %)*
at copulation period{days) (days) Fggs/ female Eggs/ female / day
{days) N Mean (8.1} Mean(8.D.) Mean(5.D.) Mean{8.1.} N 5
1 8 $.50¢1.50) 11.63(1.21} 94.76(20.11) 9.64(0.92) 24 G1.67
4 8 9.00(2.35} 11.25(2.08) #8.63(17.99) 10.03(1.267 24 87.50
7 g 9.38(3.31) 12.31(3.89) 87.75(27.32) 9.63(0.93) 30 90,00
10 8 9.50(2.29) 12.00({2.06) 93.75(23.68) 9,77(0.81) 30 86.67

1) Means with in the same column are net significantly different at 5% level by F-test in ANOVA.
9) Effective copulation calculated from the proportion of females producing the female offspring in the total
tested females,

=M —ARRTRI NS MEREARE QR R W RE T TR b3 R L
Table 4. Hatching rate and sex raito of, Tetranychus urticae, of 1-day-old virgin female
copuiating with different ages of virgin males
Virgin-male-age Hatching rate of eggs

Sex ratio [ F/ (F+M)]

at copulation Range Mean(8.D.)" Range Mean{8.D.)V
(days) N (%) (%)
1 8 90— 100 95(4)a 0.73—0.85 0.79(0.04)a
4 8 85—100 95(5)a 0.66—0.81 0.73(0.07)ab
7 8 95— 100 97(1}a 0.06—0.71 0.63(0.05)be
10 8 86— 100 96{4)a 0.05—0.67 0.44(0.19)d

1) Means followed by the different letters within the same column are significantly
different at 5% level by Duncan’s new multiple range test.
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Fig. 3. Sex ratio of offspring of 1-day-old virgin female, Tetranychus urticae, copulating with different ages of
virgin males.
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Fig 4. Daily reproductive rates of 1-day—old viigin female, Tetranychus urticae, copulating with different ages of
virgin males.
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Table 5. OQviposition period, longevity of Tetranychus urticae of different age of virgin
females copulating with 1-day-old virgin male

Female ages Oviposition” Longevity" Post--copulative*”
at copulation period (days} {days) oviposition period (days)
(days) N  Mean {(8.D.) Mean (8.D.) Mean (8.D.)
1 10 8.40(2.01) a 10.40 (1,50) a 840 (2.01) a
4 12 917(2.19) a 10.92 (2.33) a 6.58 (2.25) a
7 10 10.90 (3.33) a 12.80 (3.06) a 5.60 (3.04) a
10 10 1550 (348) b 17.30 (3.87) b 7.30 (3.87} a

1} Means followed by the different letters within the same column are significantly
different at 5% level by Duncan’s new multiple range test.
2) Oviposition period were calculated from females after copulation.

FN THEEBRTEE-EE—BRRT TR R IR

Table 6. Fecundity of Tetranychus urticae of different age of virgin females copulating with 1-day-old virgin male

Female ages Fecundity” Post-copulative fecundity®
at copulation Eggs / female Eggs / female / day Eggs / female Eggs / female / day
(days) N Mean {S.D.) Mean (8.D.} Mean (8.B.) Mean (S.D.)
1 10 89.40 (20.66) a 10.67 (0.69) a 89.40 (20.66) a 10.67 (0.69) a
4 12 87.08 (23.33) a 947 (1.20) b 69.67 (26.43) ab 10.52 (1.68) a
7 10 98.10 {(36.87) a 8.91(144) b 53.70 (49.36) b 9.62 (1.96) a
10 10 130.00 {21.35) b 8.36 (1.32) b 51.40 (24.82) b 7.35 {1.36) b

1) Means followed by the different letters within the same column are significantly different at 5% level by
Duncan’s new multiple range test.

2) Fecundity were calculated from those females after copulation.

7t BRTREM_BEWGRERZBREESE AL FECER
Table 7. The influences of virgin female age at copulation of Teiranychus urticae with 1-day-old virgin male on
offspring sex ratio

Female ages Sex ratio [ F/(F+M) ] Total female'” Post-copulative sex ratio | F/(F
at copulation offspring / femalc +M) ]
(days) N Range Mean (8.D.)" Mean (8.1.) Range Mean (8.D.)**
1 10 0.72-0.86 0.77 (0.05) a 57,00 (14.00) a 0.72—0.86 0.77 (0.05) a
4 12 048014 0.83 (0.08) b 46.83 (17.61) ab 0.68—0.83 0.77 (0.04) a
7 10 0.30—0.65 0.48 (0.09) ¢ 34.30 (14.83) b 0.67—0.80 0.75 {0.04) a
10 10 0.21—-0.46 0.33 (0.10; d 34.20 (14.50) b 0.64—10.82 0.73 (0.06) a

1) Means followed by the different letters within the same column are significantly different at 5% level hy
Duncan’s new multiple range test,

2) Female offspring and sex ratio were calculated from those offspring reproduced by maternal femaies after
copulation.
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