ﬁ“ Entomologia Experimentalis et Applicat®9: 137-145, 1998. 137
i~ © 1998Kluwer Academic Publishers. Printed in the Netherlands.

Sublethal effects of deltamethrin and propoxur on longevity and
reproduction of German cockroachesBlattella germanica

C.Y. Lee, H.H. Yap & N.L. Chong
School of Biological Sciences, Universiti Sains Malaysia, 11800 Penang, Malaysia

Accepted: August 27, 1998

Key words: Blattella germanicaleltamethrin, propoxur, sublethal effects, longevity, reproduction

Abstract

The effects of sublethal doses of deltamethrin and propoxur, applied topically;at LD3p and LDsg on Ger-

man cockroaches, were studied by reciprocal crossing. Male and female longevities decreased curvilinearly with
increasing sublethal doses of deltamethrin, and decreased linearly with increasing sublethal doses of propoxur.
Fecundity of females treated with deltamethrin and propoxur was reduced with increasing sublethal doses of both
insecticides. Oothecal production, oothecal hatchability and nymphal production also declined with increasing
doses of deltamethrin and propoxur. Preoviposition and incubation periods were not affected by sublethal doses of
deltamethrin and propoxur, although some significant differences were observed at certain oothecal numbers. Two-
way analysis of variance indicated that only treated females showed an effect on oothecal production while oothecal
hatch and nymphal production were governed by both treated females and males. Insecticide susceptibility tests
on the progeny of parents treated with sublethal doses demonstrated that these doses did not increase insecticidal
tolerance in the Fgeneration.

Introduction 1990; Abd-Elghafar et al., 1991). In addition, expo-
sure to sublethal amounts of propoxur also induced
The German cockroaciBlattella germanica(Linn.) significant water loss in adult males at 2- and 24-hour
is the most important indoor urban insect pest in many post-treatment (Kramer et al., 1989).
parts of the world. Current control of this species re-  Other sublethal effects of insecticides relate to
lies heavily on the use of insecticides. The chance longevity and reproduction. In this area, very few
of a cockroach receiving lethal exposure from an studies, except with the IGRs had been done on
insecticide deposit is a result of complicated and dy- the German cockroach. Cochran (1985) reported that
namic interactions between abiotic and biotic factors. avermectin B at doses of> 6.5 ppm was able
Abiotic factors (e.g., substrate surface, temperature, to suppress reproduction of the German cockroach.
volatilization of the insecticide, ambient humidity and Exposure to sublethal doses of chlorpyrifos-methyl
light) and biotic factors (e.g., poor cuticular penetra- at LDio, LD2o and LDso significantly reduced the
tion and behavioural avoidance) may reduce insecti- longevity and fecundity of adult female German cock-
cide performance (Rust, 1995). Often, the result of roaches compared to untreated females (Hamilton &
a cockroach encountering an insecticide deposit is a Schal, 1990). Abd-Elghafar & Appel (1992) have
sublethal exposure, which may induce physiological shown that longevity and fecundity of adult male
and behavioural changes. and female German cockroaches were reduced with
Gravid female German cockroaches subjected to increasing sublethal doses of cyfluthrin and hydram-
sublethal amounts of an insecticide exposure have ethylnon. However, fecundity and longevity of adult
been reported to drop oothecae prematurely (Parkerfemales increased with increasing sublethal doses of
& Campbell, 1940; Harmon & Ross, 1987; 1988; chlorpyrifos.
Zhou & Le Patourel, 1990; Appel & Abd-Elghafar,
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Table 1. Doses of deltamethrin and propoxur applied

An earlier StUdy on fecundlty involved  cross- topically on adult male and female German cockroaches

mating of adult males and females treated with the

same sublethal dose (e.g., tPdx LD3zg, LDsg x LD Dose of insecticide appliegu/ insect§t
LDs5p). Females were then observed for reproduction Deltamethrin Propoxur
and longevity (e.g., Abd-Elghafar & Appel, 1992). Male  Female Male  Female

This however, may not reflect a completely realistic

L . . 0 0 0 0 0
Zl'tlljatlon. It|I<S asshumed that under”natural flel(;j coln— 10 0007  0.017 0321 0711

|t|on§, cockroaches may very we mate randomly, 30 0009  0.0217 0.555 1162
sometimes even with partners which had survived in- 50 0012 0.0257 0801 1.743

secticide poisoning. In addition, most previous studies

reported were also unable to determine how and to aDose values derived from Lf3s in Lee et al. (1996a).

what extent each sex which had been exposed to sub-

lethal doses of insecticide affect various reproductive

parameters. It is also of interest to determine whether o

sublethal doses of insecticide select for individuals Scribed earlier in Lee et al. (1996a, b). The three

which are more tolerant to insecticide and will then Sublethal doses (L3, LD3o and LDsg) used in this

produce f generations that show greater tolerance. ~ Study (Table 1) were derived from probit analysis re-
This study reports the sublethal effects of sults generated in Lee et al. (1996a). Generally, adult

deltamethrin and propoxur on adult German cock- males and females, immobilised with carbon dioxide

roaches. Both adult males and females which survived (20 kpa) for 20 s, were treated on their first abdomi-

the LD1o, LD30 and LDso, and LDy (as control) were nal sternites with Jul acetone containing a sublethal

subjected to reciprocal crossing and several reproduc-d‘?se of insecticide. Control individuals were treated

tive parameters for each cross were observed. ProgenyVith 1 1l of acetone alone. After treatment, groups of

of males and females dosed differently were reared un- Wenty cockroaches were plaqed in polyet.hylene.con-

til adulthood and were tested to determine whether dif- t@iners (12 cm diamx 6 cm height), each lined with

ferences occurred in their susceptibility to insecticides filter paper (Whatman No. 1, U.K), and provided with

at LDsos determined at the parental generation. food and water. Mortality was assessed at 48 h post
treatment. The survivors were isolated and used for

subsequent study, provided that the observed mortal-
ities for all doses did not deviate from their expected

Materials and methods .
mortalities, based op? test atw = 0.05.

Insects. The VCRU (Vector Control Research Unit)
susceptible strain was used in this study. The history Fecundity and longevity studiesThe survivors from
of this strain had been reported in Lee et al. (1996a). the groups exposed to lgD LD1p, LD3g and LD
Late nymphs were separated from the mass culture andwere subjected to reciprocal crossing with ten repli-
reared in 3-liter glass containers (200 cockroaches percates per cross. Each pair of cockroaches was kept
container) at 26t 2 °C, 65=+ 5% r.h. and 12-h pho-  in a polyethylene cup (Swordman No. 14729 size A-
toperiod. Food and water were providad libitum 1; 5 cm diamx 10 cm height) with food and water
Newly emerged adult cockroaches were segregated byprovidedad libitum A folded filter paper (3x 2 cm)
sex every 12 h from the culture to prevent mating. was provided as harborage. All pairs were observed
Virgin cockroaches (male and female) aged 3-5 days daily for the following parameters (Lee et al., 1996¢):
were used in all studies. preoviposition period (period between hatching of an
ootheca and the formation of the next one), incubation
Insecticides. Two technical grade insecticides, delta- period (period between the formation and hatching of
methrin (provided by AgrEvo Environmental Health, an ootheca), number of oothecae per female per life-
Singapore) and propoxur (provided by Bayer AG, Ger- time, number of oothecae produced that hatched per
many) were used in this study. They were diluted in lifetime, number of offsprings per hatched ootheca,
analytical grade acetone (purity99%,). and longevity of both adult males and females. Total
number of offsprings produced per female was cal-
Method of exposure. Insecticides were applied top- culated from the number of offsprings per hatched
ically on cockroaches according to procedures de- ootheca. Individuals which died during the study were
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removed from the observation cups and were not ware program, StatGraphi€sVer 5.0 (StatGraphics
replaced. Inc, New York, U.S.A).

Offsprings (R) insecticide susceptibility. Offsprings

produced by the treated parents from the first oothe- Results

cae of each cross were reared separately in 3-I glass

containers until reaching adulthood. Upon maturation, Adultlongevity. Mean longevity of combined control
the males were isolated from the rearing container, (&cetone-treated) males was 16¥5.6 days ¢ = 80)
cultured until 1-week of age and topically tested with With @ mean ranging from 98+ 7.8 days to 128 +

a dose of insecticide that equalled thedgDor their 5.9 days (Table 2). However, the means for control in
parents. For each cross, 2-5 replicates of 15-20 malesdeltamethrin and propoxur did not differ significantly
were used. The number of replicates and the number(P > 0.05). Male longevity decreased curvilinearly
of cockroaches tested depended on the availability of With increasing sublethal doses of deltamethsin
adult males in each cross. Mortality of cockroaches (92.9%1.0) —(1.80.1)x +(0.020+0.002x% R? =
was scored at 48 h post treatment and the percent_0.995] and decreased linearly with increasing dose of

age mortality was calculated at each replicate for each Propoxur [y = (1214 + 1.7) — (0.8 + 0.2)x; R? =
Cross. 0.993], wherey = longevity of males (days) and =

level of sublethal dose of insecticide £0x < 50).

. . . Mean longevity of untreated female German cock-
Preliminary study on mating behaviourln order to roaches was 142+ 7.8 days = 80), with a mean
ascertain whether decreases in fecundity might be dueranging from 135 + 9.8 days to 15% + 6.4 days
to changes in mating behaviour, a preliminary study (tapie ) \When treated with deltamethrin, female

was conducted on 5 replicate pairs of cockroaches |, evity decreased curvilinearly with increasing sub-
treated with deltamethrin in the following crosses: lethal dosesy = 1336+2.4)— (2.3+0.3)x+(0.015+
LDo [male] x LDo [female], LDy [male] x LDso 0.005x2%; R? = 0.992], wherey = longevity of fe-
[female], LDso [male] x LDo [fgmale] and LI males (in days) and = level of sublethal doses (8
[male] > LDso [female]. Each pair was observed for -~ _ 50). The longevity of those treated with kp
mating activity every 30 min for 24 h post-pairing. 5,4 b was significantly lower (R 0.05) than that
During scotophase, observation was made under redyg e yntreated females (Table 2). Females treated
light (light intensity and wavelength not determined). with LD5g of deltamethrin had their longevity reduced

by 58% compared to untreated females. Longevity of
Data analyses. All data were analyzed with analysis females decreased linearly with increasing sublethal
of variance (ANOVA) and means were separated using doses of propoxury] = (1534 + 0.5) — (1.0 +
least significant difference (LSD) test, or Scheff§'s  0.1)x; R? = 0.999].
procedure. The relationship for each sex between in-
secticide dose applied and longevity was determined Oothecal production per female.Mean total number
by regression analysis. The effects of males and fe- of oothecae produced per female in the control was
males treated with different lethal doses of insecticide 3.5 + 0.3 oothecaex{ = 20), with a mean rang-
on reproduction parameters (total no. oothecae pro-ing from 32 4+ 0.8 to 37 + 0.8 oothecae. The total
duced per female, total no. oothecae hatched peroothecae produced by those females receivingoLD
female and total no. offsprings per female) were deter- of deltamethrin (crossed with Lto LDsg treated
mined with two-way analysis of variance. By using the males) ranged from only 14% (Ldg[F] x LDs5o[M])
mean value calculated for each cross, the relationshipto 30% (LDsg[F] x LDo[M]) of those produced by
between insecticide dose applied on male and femalethe untreated females (mean 3.7 oothecae) in the
insects, and each reproduction parameter was pre-deltamethrin category (Table 3)
dicted by multiple regression. Predicted relationships ~ When treated with propoxur, only crosses of
were later used to establish response surface plots. Thed.D5g[F] x LD3g[M]and LDsg[F] x LDsg[M] showed
observed mortality of thejFgeneration for each cross significantly lower (P< 0.05) oothecal production
was tested with g? test ato = 0.05 to determine  than the control (Table 3). This indicated that propoxur
whether it deviated from its expected 50% mortality. exhibits a less profound sublethal effect relative to
All analyses were performed with a statistical soft- the doses that cause lethal effects, when compared
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Table 2. Effect of sublethal doses of deltamethrin and propoxur on the longevity of the

adult German cockroach

LD Mean longevity+ S.E.M. (days}
Deltamethrin Propoxur
Male Female Male Female
0 938+ 7.8a 1357+ 9.8a 1229 +5.9a 1537+ 6.4a
10 755+82ab 108 + 10.4ab 1110+ 5.3a 1433+ 6.3a
30 585+ 6.2b 817+ 9.4bc 997 +4.8bc 1252+ 6.9ab
50 534 +4.2b 570+ 7.2c 8Q7 + 7.5¢ 1036+ 117b

@ Mean values followed by the same letters within the same column are not significantly

different (P> 0.05; Scheffe’sSprocedure).

with deltamethrin. At these crosses, the treated fe-

males produced only 50% (Ldg[F] x LD3o[M]) and
47% (LDsg[F] x LDso[M]) of the mean total oothecae
produced by the control (3.2 oothecae).

The predicted relationships between the total no.

pared with that of deltamethrin, the effect of propoxur
is seen to be less adverse.

For both deltamethrin and propoxur, the number
of hatched oothecae decreased with increasing levels
of sublethal doses applied on both female and male

oothecae per female, and insecticide dose on malescockroaches. Predicted relationships between total no.

and females were as follows: (1) deltamethrin=
(3.510 + 0.215 — (0.024 £+ 0.016x — (0.085 +
0.016)y — (0.0004+ 0.003)x2 4 (0.0012+ 0.003)y?,
wherez = total no. oothecae produced per female
(z = 0), x = deltamethrin dose level applied on
females (0< x < 50) andy = deltamethrin dose
level applied on males (& y < 50), R? = 0.8854;
(2) propoxurz = (3.215+0.218 —(0.039+0.017)x —
(0.0012+ 0.0003x2, wherez = total no. oothecae
produced per female (= 0), x = propoxur dose level
applied on females (& x < 50) andy = propoxur
dose applied on males (@ y < 50), R? = 0.7660.

Oothecal viability and hatchability per femaleNot

hatched oothecae per female, insecticide dose level on
females and males were as follows: (1) deltamethrin:
7z = (2.4664+ 0.163) — (0.077+ 0.012)x — (0.047+
0.012y + (0.0008+ 0.0002x? , wherez = to-

tal no. hatched oothecae per femaie £ 0),x =
deltamethrin dose level applied on females €@

x < 50) andy = deltamethrin dose level applied on
males (0< y < 50), RZ2 = 0.9069; (2) propoxur:

7z = (2.7294+ 0.184) — (0.028+ 0.014x — (0.018+
0.014)y — (0.0007=+ 0.0003x2, wherez = total no.
hatched oothecae per female £ 0), x = propoxur
dose level applied on females @ x < 50) andy =
propoxur dose level applied on males{0y < 50),

R? = 0.8232.

all oothecae that were produced were viable. Some
of them were non-viable and were aborted. From Total nymphal production per femaleMean total
this study, two distinct periods were observed dur- number of offsprings produced per female in the con-
ing which non-viable oothecae were dropped. The trol was 1053 £+ 7.7 (n = 20), with mean no.
first period ranged from day 1 to 7, while the sec- offsprings ranging from 9% + 20.8 (deltamethrin) to
ond one ranged from day 20 to 50. The percentage of 1119+ 152 (propoxur). Treatment with deltamethrin
non-viable oothecae was highest at the first oothecal caused nymphal production to be reduced significantly
production in most crosses. (P < 0.05), compared to the control (Table 3). When
Increasing sublethal doses of deltamethrin and one of the parents received a dose ofsg@r above,
propoxur caused a decline in oothecal viability the number of offsprings produced per female was
(Table 3). The mean hatched oothecae producedreduced significantly. The nymphal production of fe-
by females treated with Lg§) and LDsp doses of male cockroaches upon treatment withdg@r LDsg
deltamethrin were only 0 to 30% of the total hatched was reduced at least 73%, irrespective of whatever
oothecae produced by the untreated pairs (Table 3).dose their partner received.
When treated with propoxur, significant reduction in In the propoxur category, a significant decline (P
total no. hatched oothecae was only observed in the < 0.05) in nymphal production, compared to the con-
LDso[F] x LDso[M] cross (Table 3). Only 27% of the  trol, was observed in crosses of k§F] x LD3o[M]
oothecae produced by this group hatched. When com-and LD5g[F] x LDsg[M] when compared to that of
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of offsprings produced per female

141

Cross

LD (female) x LD (male)

Mean total no. oothecae/female

+SEZ2

Mean total no. hatched oothecae/
female+S.E.2

Mean total no. offspring

produced/female: S.E2

Deltamethrin  Propoxur Deltamethrin - Propoxur Deltamethrin Propoxur
0 0 37+08a 32+04ab 24+ 06a 27+06ab 976 +208a 1119+ 152a
10 25+07abc 35+03a 17+06abc 25+0.6 ab 613+ 233a-d 955 +228ab
30 22+04a-d 30+03ab 14+03a-d 23+04ab 524+ 132b-e 871+164ab
50 22+04a-d 26+0.5a-d 13+ 04b-e 23+05ab 473+161b-f 806+181ab
10 0 34+07a 32+05ab 20+ 0.7ab 33+05a 682+233ab 1119+185a
10 24+ 06abc 30+0.5ab 17+ 05abc 25+ 05ab 640+ 193 abc 921+ 168 ab
30 15+ 04b-e 34+05a 10+ 03b-f 25+0.6ab 369+ 126b—g 836+t2l1ab
50 22+05a-d 29+ 0.4 abc 03+0.2ef 19+04ab 102+ 7.4fg 636+ 14.3 abc
30 0 27+06ab 33+04ab 07+04cf 29+04ab 264+139c—g 1060+ 163a
10 14+ 05b-e 35+05a 05+ 0.3def 24+0.7ab 184+ 124 efg 874+242ab
30 14+ 03b-e 25+05a-d 0 f 20+05ab 0 g 690 + 16.7 ab
50 17+11b-e 32+05ab 01+01f 21+0.7ab 36+ 3609 710+ 232 ab
50 0 11+05cde 22+0.6a-d 07+04cf 22+06ab 233+131d-g 796+219ab
10 08+0.3de 20+0.4bcd 01+01f 20+04ab 25+ 25¢ 634+ 13.0 abc
30 08+03de 16+0.7cd 02+02f 16+0.7bc 70+ 709 487+ 208 bc
50 05+02e 15+06d 01+01f 04+03c 29+ 29¢g 132+ 102c

2 Mean values followed by the same letters within the same column are not significantly differer@t.(B; LSD test).

the control (Table 3). Females, when treated with applied on female (& x +50) andy = propoxur dose
LDsgp and crossed with males which received the same level applied on male (& y < 50), R? = 0.9033.
propoxur dose, produced only 12% of the mean total
number of nymphs produced by the untreated pairs. Maternal and paternal effects on reproductive para-
Overall, the effect of propoxur on nymphal production meters. When both parents were treated with in-
was less marked than that of deltamethrin. secticides, only the females showed an effect on
The relationship between total number of offspring oothecal production, based on two-way analysis of
produced per female and insecticide dose on femalesvariance (Table 4). However, oothecal hatchability and
and males was determined with regression analysis. It nymphal production were governed by both maternal
showed that nymphal production decreased with in- and paternal factors. Interaction between both sexes
creasing sublethal doses of deltamethrin and propoxur did not demonstrate an effect on any of the parameters

on both male and female cockroaches. The predicted measured.

relationships were as follows: (1) deltamethrin=
(93445 + 6.094) — (2.980+ 0.464x — (1.790 +
0.464)y + (0.030+ 0.009x? + (0.0154+ 0.009)y?,
wherez = total no. offsprings produced per female
(z = 0), x = deltamethrin dose level applied on fe-
male (0 > x > 50) andy = deltamethrin dose
level applied on male (& y < 50), R> = 0.9105;
(2) propoxur:z = (107.353+ 5.361) + (0.509+
0.408x — (1.045+ 0.408)y — (0.0214+ 0.007)x2 +
(0.009+0.007)y2, wherez = total no. offsprings pro-
duced per femalez(> 0), x = propoxur dose level

Preoviposition period. The mean first preoviposition
period (period between mating and the emergence of
the first ootheca) for the three controls combinee{

19) was 83 £ 0.3 days (ranging from & 4+ 0.3 to

9.3 + 0.4 days). Subsequent preoviposition periods
were slightly longer than the first one (meanS.E.

= 10.0 &+ 0.5 days in the controls). Generally, there
was no significant difference in preoviposition period
between different crosses involving deltamethrin when
compared with that of the control.



142

Table 4. Main effect and interaction of ANOVA values (F value, degree of
freedom [df], probability [P]) for total oothecal production, total oothecal
hatchability and total nymphal production per female

Parameter Dependent varigbl@ value, df, P)
Independent variable
deltamethrin propoxur
Oothecal production
Female 8.76, 3<0.0001*  7.23, 3, 0.0001
Male 2.62,3, 0.0529 0.95, 3,0.4168
Femalex male 0.83,3, 0.5874 0.40, 3,0.9344
Oothecal hatchability
Female 12.82, 3:0.000F¥  3.00, 3, 0.0326
Male 3.07,3, 0.0297 3.04, 3,0.0309
Femalex male 1.17,3, 0.3197 0.40, 3, 0.9351
Nymphal production
Female 14.87, 3+:0.000F¥  4.19, 3,0.0071
Male 3.57,3, 0.0158 4.19, 3,0.0071
Femalex male 1.38,3, 0.2007 0.20, 3,0.9934

aAn independent variable with drhas a significant effect on the parameter
studied.

Incubation period. Mean incubation period for the  Discussion
two controls combined was 2B+ 1.3 days, with a

mean ranging from 26+ 0.3 10 293+ 0.3. INMOSt  paqyction in adult longevity of the German cockroach
crosses, the incubation period increased with oothe- o, treatment with sublethal doses of deltamethrin
cal number and did not differ significantly £®.05) 414 propoxur was observed in this study. Earlier, Abd-
between different crosses. Elghafar & Appel (1992) reported similar findings

with cyfluthrin; they suggested that increased respi-
ration due to sustained muscle contraction and the

Susceptibility of the F generation to insecticide. Nt .
release of a paralysis inducing stress factor were the

The F. progenies of all crosses for both deltamethrin | )
and propoxur were shown to have a susceptibility '€asons for the decrease in longevity.
comparable to their parents as their mortalities values 1 ne fecundity of female cockroaches in this study
did not deviate from the expected 50% (P 0.05) also declined upon exposure to sublethal doses of
when treated with LBy generated from the parental deltamethrin and propoxur. This could be due to the

generation (Table 5). However, for deltamethrin, the following possibilities: A direct toxic effect of the
progenies from five crosses (BBIF] x LD3050[M] insecticide which had been left unmetabolized in the

and LDs[F] x LD1o__so[M] were not tested due to body of the parents may be transmitted into the eggs

insufficient number of cockroaches produced. (Abd-Elghafar et al., 1991). This will decrease the
oothecal viability. In this study, non-viable oothecae

were dropped at 2 different periods. Those dropped
Preliminary study on mating behaviourlt was found between day 1-7 may be infertile oothecae (Hamil-
that all replicate pairs of cockroaches in the control ton & Schal, 1990), while those aborted after 20 days
mated during 24 h post-pairing. No incidence of mat- might be due to reduction in number of viable embryos
ing was observed for deltamethrin crosses o4B] caused by insecticidal toxic effects transmitted from
x LDg[M] and LDsg[F] x LDsg[M]; only 3 repli- the parent (Keil & Ross, 1977; Hamilton & Schal,
cate pairs mated in L§)F] x LDsg[M] during the 1990).
observation period. Many times, the untreated male  On the other hand, parental reproductive physi-
was observed to court the treated female through an-ology may be disrupted due to disturbances of the
tenna sparring and wing-raising, but the female was neurosecretory system. Insect neurosecretory neurons
unreceptive. are sensitive to low concentrations of pyrethroids
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Table 5. Percentage mortality of{Fadult males when treated with I5g of deltamethrin and propoxur

LD (F) x LD (M) Deltamethrin Propoxur
n  No.repl. % mortality+ S.E.M. x2 P n  No.repl. % mortality+ S.E.M. x2 P
0 0 100 5 54 34 1.9 0.7541 100 5 5% 3.7 2.1 0.7174
10 100 5 5+ 54 3.3 0.5089 100 5 6119 2.7 0.6092
30 100 5 5% 7.0 5.5 0.2397 100 5 5% 4.6 1.9 0.7541
50 100 5 54 43 1.8 0.7725 100 5 5% 5.2 3.1 0.5412
10 0 100 5 52t 4.6 1.8 0.7725 100 5 58 6.1 3.0 0.5578
10 100 5 60+ 5.2 4.2 0.3796 100 5 4559 3.3 0.5089
30 60 3 48+ 6.0 0.9 0.6376 100 5 5& 3.7 1.8 0.7725
50 30 & 57+ 34 0.5 0.4795 100 5 5278 5.0 0.2873
30 0 60 3 52+ 1.7 0.1 0.9512 100 5 5% 2.0 0.5 0.9735
10 40 2 55+ 10.0 1.0 0.3173 100 5 56 2.9 1.4 0.8442
30 - b - - - 100 5 49+ 6.2 3.1 0.5412
50 - b - - - 100 5 45+ 5.0 2.5 0.6446
50 0 40 2 55+ 5.0 0.4 05271 100 5 52 6.6 3.6 0.4628
10 - b - - - 100 5 544+ 3.7 1.4 0.8442
30 - b — - - 100 5 39 4.0 3.0 0.5578
50 - b - - - 60 3 40+ 3.9 1.8 0.4066

a0nly 15 adult males were tested in each replicate.
PNot tested due to insufficient adult males.

and the neuroendocrine function can be disrupted cides has been documented in many insects. Floyd &
(Soderlund & Bloomquist, 1989). As reproduction Crowder (1981) reported that permethrin-treated male
is neurohormone-regulated, neurohormone inbalancespink bollworm moth Pectinophora gossypiel)dailed
upon insecticide poisoning may affect the normal to respond by wing-fanning at low concentrations of
function (Maddrell & Reynolds, 1972). pheromone. The male flight and courtship frequen-
Also, disruption of mating behaviour is likely to  cies of the cabbage looper moffrichoplusia n) also
have an effect on the fecundity of the treated in- decreased upon contacting sublethal doses of cyper-
sects. In this study, mating activity was not recorded methrin and chlordimeform (Clark & Haynes, 1992a,
in LDs5o[F] x LDg[M] and LDso[F] x LDso[M] b). The effect of sublethal doses of insecticides on
deltamethrin-treated crosses within 24 hours post- mating behaviour of the German cockroach has never
pairing in the preliminary study; however, in the been fullydocumented and should be studied in future.
LDo[F] x LDso[M] combination, this activity was Doses of insecticides applied on adult females
present. Treated females were observed to be unrecepshowed effects on oothecal production while this para-
tive to male courtship. This suggests that the mating meter was not dependent on the doses of insecticides
behaviour of female cockroaches treated withsbD  applied on the adult males. This finding supported
might have been affected. earlier reports that virgin female German cockroaches
Mating behaviour in insects consists of a complex were capable of producing oothecae, although the
series of behavioural events which are coordinated oothecae will not hatch (Roth & Stay, 1962; Adiyodi
by the nervous and hormonal systems in a very pre- & Adiyodi, 1974). For the hatching of oothecae and
cise manner. Each behavioural event may be affectedproduction of offsprings, the eggs must be fertilized
by sublethal doses of insecticides, leading to repro- and this is where paternal contribution will come in.
ductive failure. Effects on mate-locating, courtship This explains why insecticides applied on adult males
and copulation time may also result in a decrease have an effect on these two parameters. No interac-
in offspring production (Haynes, 1988). Disruption tion between insecticide dose levels applied on males
of mating behaviour by sublethal doses of insecti- and females were seen; this suggested that the effect
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