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ABSTRACT The contact toxicity of four insecticide formulations (deltamethrin, fipronil, fenitro-
thion, and imidacloprid) applied on three different substrates (tile, plywood, and concrete) against
the adult rove beetle, Paederus fuscipes Curtis, was evaluated. The relative order of speed of killing
effects was as follows: deltamethrin > imidacloprid > fipronil > fenitrothion. Although deltamethrin
showed the fastest action against P. fuscipes, the recovery rate of rove beetles at 48 h posttreatment
was moderate (=~ 25%) on the tile surface to high (=80%) on the plywood surface. Thus, it is likely
that the insects did not pick up the lethal dose especially on porous surfaces. In contrast, fipronil
demonstrated delayed toxicity that might promote maximal uptake by the insects. More than 80%
mortality was registered for tile and plywood surfaces up to 4 wk after exposure. High mortality (almost
100%) was recorded for imidacloprid-exposed P. fuscipes at 48 h posttreatment, but only on the tile
surface. Among the four insecticides tested, fenitrothion was the least effective against P. fuscipes

because low percentage to no mortality was recorded in the fenitrothion treatment.
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Rove beetles (Paederus spp.; Coleoptera: Staphylini-
dae) are pests that cause dermatitis linearis in urban
and rural human living spaces (Couppie et al. 1992,
Kim et al. 1995, Croft et al. 1996, Sendur et al. 1999,
Banney et al. 2001, Gnanaraj et al. 2007, Rahmah and
Norjaiza 2008, Davidson et al. 2009, Huang et al. 2009).
Paederus fuscipes Curtis (Fig. 1) resides in moist
areas such as marshes, edges of freshwater lakes, and
rice fields because larvae are highly susceptible to
desiccation (Bong et al. 2013b). From an ecological
perspective, P. fuscipes is a beneficial insect that
suppresses agricultural pest populations in agroeco-
systems (Frank and Kanamitsu 1987). However, be-
cause of anthropogenic and landscape disturbances,
invasion of P. fuscipes into human settings and sub-
sequent serious health impacts are on the rise (Bong
et al. 2012, 2013a).

Spraying of insecticides in the P. fuscipes habitat,
especially rice fields, to reduce the pest population is
not practical. The species is an important biological
control agent of insect pests in rice fields, thus reduc-
ing the population would conflict with agricultural
interests. Thus, chemical treatment in infested human
settings seems to be the best approach to dealing with
rove beetle infestations.

In the 1960s, several trials of now banned pesticides
(e.g., DDT, lindane, chlordane, malathion, diazinon,
and dieldrin) against P. fuscipes were conducted
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(Frank and Kanamitsu 1987). However, information
about the effectiveness of newer insecticides against
rove beetles is lacking. Considering the wide geo-
graphical distribution of this pest and its health threat
posed to the public, information on the management
of P. fuscipes is clearly needed.

In the current study, we exposed P. fuscipes to
four insecticide products (deltamethrin [Crack-
down 10SC; Bayer CropScience, Petaling Jaya,
Selangor, Malaysia], imidacloprid [Premise 200SC;
Bayer CropScience], fipronil [Termidor 25EC;
BASF Agro BV Amhen (NL), Waedenswll, Switzer-
land], and fenitrothion [Sumithion 20MC; Sumi-
tomo Chemical, Tokyo, Japan|) that are commonly
used in professional pest management programs and

=

Fig. 1. Adult P. fuscipes. (Online figure in color.)
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evaluated their contact toxicity. We examined the
toxic effect of these insecticides when applied on
tile, wood, and concrete.

Materials and Methods

Insects. Adults of P. fuscipes were collected from
residential areas at two localities in mainland Penang,
Malaysia: Desa Wawasan (DW; 5° 21'21.38" N, 100°
26'50.82" E, 9 m elevation) and Sri Pinang (SP; 5°
26'52.89" N, 100° 23'52.69" E, 10 m elevation). The two
locations are 11.31 km apart. DW is ~1.89 km away
from Permatang Pauh rice field, and SP is ~0.57 km
away from Sungai Dua rice field. These two strains
were chosen because they exhibited different devel-
opment time in the previous study, and this indicated
the possibility of insecticide tolerance differences be-
tween the two strains (Bong et al. 2012).

The rove beetles were maintained in the insec-
tarium of the Vector Control Research Unit, School of
Biological Sciences, Universiti Sains Malaysia at 28.0 =
0.2°C, 63.5 = 2.0% relative humidity (RH), and a pho-
toperiod of 12:12 (L:D) h. The rearing method was
adopted from Bong et al. (2012). An open-bottom
plastic container (11.0 cm in diameter by 10.0 cm in
height) was filled with gypsum plaster (thickness ~3.0
cm). The rearing container was stacked on a container
(11.0 cm in diameter by 6.0 cm in height) provisioned
with moist cotton to maintain the moisture for the
gypsum plaster. The beetles were provided with
freeze-killed lobster cockroaches (Nauphoeta cinerea
(Olivier)) as food source, and a moist cotton ball was
provided as a water source and a site for oviposition.
New food was provided daily. Immature stages (i.e.,
eggs, larvae, and pupae) were reared using specimen
tubes (15 mm in diameter by 50 mm in height; Samco,
Woking, United Kingdom); the inner part of the tubes
was layered with moist filter papers (3.5 cm in width
by 5.0 cm in length). Eggs laid by the field-collected
adults were kept individually in the rearing tubes.
Once the larvae emerged, the first larval instar was
supplied with ~2.0 mg of freeze-killed adult mosqui-
toes (Aedes aegypti (L.)) and the second larval instar
was given 4.0 mg of adult mosquitoes as a food source.
The rearing tubes were covered with muslin cloth to
prevent the larvae from escaping and to allow air
ventilation. After the adults emerged, males and fe-
males were separated. The first filial generation of
unmated male and female from the two field-collected
populations were then provided with dry dog food
(Purina, Rayong, Thailand) as the food source and a
moist cotton ball as the water source before testing.
For the experiments, 3- to 4-wk-old P. fuscipes were
selected because the survivorship of the population
leveled off at this period (Bong et al. 2012). The test
insects were provided only moist cotton ball 24 h
before testing, and acclimatized for 2 h under labo-
ratory conditions of 26.4 + 0.16°C, 63.2 * 0.63% RH,
and a photoperiod of 12:12 (1:D) h before testing.

Insecticides. Four commercial insecticide formula-
tions from different chemical classes were tested: 1)
pyrethroid: deltamethrin 10 g/liter SC (Crackdown 10
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SC); 2) organophosphate: fenitrothion 200 g/liter MC
(Sumithion 20 MC); 3) phenylpyrozole: fipronil 25
g/liter EC (Termidor 25 EC); and 4) neonicotinoid:
imidacloprid 200 g/liter SC (Premise 200 SC). All
insecticides were diluted with distilled water in com-
pliance with the recommended application rates: del-
tamethrin (15 mg a.i. [active ingredient]/m?), feni-
trothion (250 mga.i./m?), imidacloprid (5 mga.i./m?),
and fipronil (10 mg a.i./m?).

Surface Contact Toxicity. Experiments were carried
out in the laboratory under the conditions as men-
tioned in Insects section. The following three surfaces
measuring 20.0 cm in length by 20.0 cm in width were
used for the contact toxicity tests: tile (second-grade
glazed floor tile), plywood (0.1-inch construction-
grade plywood), and concrete (cement: sand ratio =
1:2). Each insecticide dilution was spread on each
surface. For the controls, each surface was treated
with distilled water. The treated surfaces were air-
dried at room temperature for 24 h before testing. A
polyethylene ring (4.5 cm in diameter by 2.5 cm in
height) coated with fluon on the inner wall was placed
on each treated surface and covered to prevent the
test insects from escaping. For each strain, 10 insects
were exposed onto a treated surface (e.g., deltame-
thrin-treated tile). The test was replicated three times
per each sex.

For the fast-acting insecticides, data were observed
every 5 min up to ~1 h for deltamethrin and 2 h for
imidacloprid. All individuals were then transferred
into clean plastic containers (4.5 cm in diameter by 2.5
cmin height) and were provided with food and a moist
cotton ball. For slow-acting insecticides, fipronil and
fenitrothion, data were observed for up to 24 h before
the specimens were transferred into clean containers.
The recovery and mortality of the test insects were
observed at 48 h posttreatment. A test insect was
considered dead if it was unable to right itself to a
normal position when being gently probed.

Residual Toxicity. The same treated materials that
were tested on day 1 were kept at room temperature
and were used for the 7-, 14-, 21-, and 28-d residual
toxicity tests. The method described above was used
for each test using new batches of insects.

Data Analysis. The data obtained were subjected to
probit analysis to determine the time required for 50%
dead (LTs,) and 90% dead (LTys). The overlapping
fiducial limit generated in probit analysis indicated the
insignificant differences of responses to insecticides,
and vice versa. Probit analysis was not performed if the
percentage of dead was <50%. Percentage of mortality
was subjected to arcsine square-root transformation.
For each strain, as no significant differences in 48-h
mortality were shown between adult male and female
in Student’s t-test at « = 0.05 (see Results), mortality
data for male and female were pooled for each insec-
ticide. The toxicity of insecticides on different sur-
faces throughout the 28-d period was examined with
analysis of variance (ANOVA) using the general linear
model (GLM) with factorial design of 5 by 3 by 5. The
independent variables were type of insecticides, with
five levels; type of surfaces, with three levels; and days,
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with five levels. The values were then separated using
Tukey’s honestly significant difference (HSD) test at
a = 0.05. All analyses were performed using SPSS
analysis version 11.0 (SPSS Inc., Chicago, IL).

Results

Insecticidal Activity, Strain, and Gender. Because
significant differences were detected for the different
surfaces tested (see LTy, and LTy5 in Tables 1 and 2),
only data for the insecticides tested on tile (a nonpo-
rous surface) were used for comparisons of insecti-
cidal activity, gender, and strain.

Among the four insecticides tested, deltamethrin
killed insects the fastest (LTs, 0.25-0.46 h for the SP

Table 1.

JourNAL oF EcoNnoMic ENTOMOLOGY

Vol. 106, no. 6

strain and 0.32-0.43 h for the DW strain). For imidaclo-
prid, the LT5, of adults occurred within 0.41-3.98 h for
the SP strain and 0.13-1.73 h for the DW strain. Toxicity
of fipronil was delayed, with significantly higher LT,
(4.92-28.07 h for the SP strain and 5.49-14.19 h for the
DW strain) compared with deltamethrin and imidaclo-
prid. For fenitrothion, it took >14.7 h to kill 50% of the
test insects, and it was effective for no longer than 14 d.

The LT, and LT, values (Tables 1 and 2) revealed
strain differences in the response to insecticides, as
shown by the nonoverlapping fiducial limits. In gen-
eral, deltamethrin and fipronil were less toxic against
the DW strain compared with the SP strain, whereas
fenitrothion and imidacloprid were more effective
against the DW strain.

The LT5, and LTy of the SP strain of P. fuscipes exposed to four insecticides on three types of substrate at 1, 7, 14, 21, and 28 d

Insecticide (application

Surface (20 by 20 cm) rate, mg ai./m?) Day Gender LTy, (h; 95% FL) LTy (h; 95% FL) Slope (*+SE) X (df)
Tile Deltamethrin (15) 1 F 0.27 (0.26-0.28) 0.4 (0.40-0.48) 785 (0.77) 370 (12)
M 0.25 (0.24-0.26) 0.37 (0.35-0.41) 9.54 (0.96) 5.45 (9)
7 F 0.27 (0.26-0.28) 0.39 (0.36-0.44) 1071 (L31)  2.88 (7)
M 0.29 (0.28-0.30) 0.41 (0.39-0.44) 1047 (092) 412 (11)
4 F 0.33 (0.30-0.36) 0.52 (0.44-0.72) 835 (0.90)  27.89 (10)
M 6.13 (0.48) 353 (19)
a1 F 0.39 (0.37-0.41) 0.71 (0.66-0.79) 636 (046) 814 (17)
M 0.36 (0.35-0.38) 0.65 (0.60-0.72) 650 (0.46) 6.71 (18)
28 F 0.46 (0.43-0.48) 0.1 (0.74-0. 91) 658 (056) 620 (14)
M 0.41 (0.40-0.42) 1025 (0.80) 356 (15)
Fipronil (10) 1 F 1078 (1018-11.39)  20.36 (18.44-23.30) 5.96 (0.52) 358 (12)
M 832 (7.76-8.87) 1539 (13.73-1818) 616 (0.66)  3.04 (8)
7 F 492 (444-542) 1659 (1385-2L13) 312 (0.26)  4.53 (14)
M 5.11 (4.70-5.55) 3.90 (0.32) 498 (14)
14 F  1012(870-1211) 7171 (47.99-128.75)  1.93(0.19) 619 (15)
M 1157 (10.69-12.54)  30.67 (25.57-40.06)  3.89 (0.40) 1.87 (12)
o1 F 2807 (24.38-3527) 7342 (52.26-138.29)  3.94 (0.63) 1.03 (6)
M 977 (8.76-1097)  37.27 (28.96-32.64) 283 (0.28)  4.83 (12)
28 F 11.27 (9.75-13.23) 80.90 (55.75-138.20) 1.92 (0.186) 2.46 (15)
M 1676 (14.56-19.93)  87.21 (58.10-171.86)  2.30 (0.305)  2.56 (10)
Fenitrothion (250) 1 F  2110(19.70-2324) 4246 (35.00-58.86) 542 (0.732) 327 (10)
M (43.33%)" NA NA NA
7 F (13.33%)“ NA NA NA
M (23.33%)“ NA NA NA
4 F (0%)* NA NA NA
M (0%)“ NA NA NA
21 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Imidacloprid (5) 1 F 1.05 (0.97-1.13) 399 (2.78-4.11) 31 (027) 103 (20)
M 0.41 (0.35-0.46) 2.39 (1.77-3.70) 213 (0.22) 698 (14)
7 F 1.04 (0.80-1.34) 2501 (13.82-59.94) 119 (0.12) 924 (12)
M 084(054-132) 23252 (7518-1361.67) 067 (0.08)  11.399 (12)
4 F 101 (0.62-152) 20475 (77.29-940.42)  0.71 (0.09) 1.86 (12)
M 099 (0.77-1.26)  28.14 (16.66-57.12) 113 (0.09) 342 (16)
21 F 0.89 (0.50-1.61) 115.70 (30.43-1580.21)  0.78 (0.09) 24.77 (13)
M 110 (0.83-1.43)  39.59 (23.89-76.51) 1.06 (0.08)  16.95 (16)
28 F 398 (3.02-5.45) 21111 (95.86-685.14) 095 (0.10)  4.30 (16)
M 103(0.73-155)  77.18 (2891-37445) 088 (011)  6.63 (11)
Plywood Deltamethrin (15) 1 F 0.72 (0.68-0.75) 1.41 (1.28-1.60) 5.60 (0.43) 6.42 (19)
M 0.61 (0.59-0.64) 0.97 (0.90-1.08) 817 (0.69) 7.58 (14)
7 F 0.69 (0.66-0.72) 1.32 (1.19-1.50) 588 (047) 661 (17)
M 0.62 (0.59-0.66) 1.40 (1.25-1.63) 467 (0.35) 428 (19)
4 F 0.77 (0.71-0.82) 2.01 (1.70-2.56) 392 (0.38) 7.07 (15)
M 0.55 (0.52-0.58) 1.10 (0.98-1.27) 551 (047) 271 (14)
o1 F 0.94 (0.88-1.01) 2,95 (1.94-2.77) 434 (041)  13.06 (13)
M 1.15 (1.05-1.31) 5.90 (0.49) 6.33 (15)
28 F 0.82 (0.77-0.87) 1.74 (1.53-2.10) 502 (048) 535 (12)
M 097 (0.87-1.13) 622 (0.67) 1.67 (10)

Continued on following page
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Table 1. Continued
Surface (20 by 20 cm)  "eicie (PPNGAION by Gender LTy (b 95% FL) LTy (b 95% FL)  Slope (<SE) ¢ (dD)
Fipronil (10) 1 F 10.84 (10.18-11.43)  22.75 (20.20-26.70) 5.1 (0.430)  6.03 (13)
M 1092 (1032-11.50) 1920 (17.33-2231) 671 (0.72)  9.70 (9)
7 F 9.42 (8.32-10.69)  41.40 (31.77-60.33) 2536 (0.25)  8.02 (12)
M 563 (516-6.16) 1324 (11.16-17.03) 443 (0.47) 416 (8)
14 F 449 (410-492)  12.40 (10.40-15.83)  3.73 (0.34) 7.75 (11)
M 517 (471-5.65)  13.69 (11.59-17.33)  3.89 (0.38) 461 (10)
a1 F 410 (3.69-4.48) 1048 (8.89-13.38) 403 (0.45) 333 (9)
M 854 (7.91-924) 1858 (15.93-23.35)  4.88 (0.53) 1.55 (8)
28 F 8.85(8.07-9.72) 2390 (19.56-32.38) 381 (0.43)  3.68 (9)
M 822 (7.67-8.77) 1689 (15.16-19.49) 526 (043)  5.89 (12)
Fenitrothion (250) 1 F (0%)* NA NA NA
M (13.33%)“ NA NA NA
7 F (0%)* NA NA NA
M (0%)“ NA NA
14 F NA NA NA NA
M NA NA NA NA
21 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Imidacloprid (5) 1 F (0%)* NA NA NA
M (0%)“ NA NA NA
7 F NA NA NA NA
M NA NA NA
14 F NA NA NA NA
M NA NA NA NA
2l F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Concrete Deltamethrin (15) 1 F 0.29 (0.28-0.31) 0.49 (0.45-0.55) 750 (0.70)  3.09 (11)
M 0.20 (0.19-0.21) 0.32 (0.29-0.35) 814 (0.76) 404 (10)
7 F 0.43 (0.41-0.45) 0.74 (0.67-0.86) 695 (0.56) 2375 (16)
M 0.29 (0.28-0.30) 0.47 (0.44-0.52) 776 (0.71) 857 (11)
14 F 0.81 (0.77-0.85) 1.70 (1.53-1.96) 511 (0.39) 468 (20)
M 0.51 (0.49-0.53) 0.90 (0.83-1.02) 658 (0.59) 314 (15)
2l F 0.84 (0.80-0.89) 1.69 (1.52-1.94) 545 (0.46)  2.04 (15)
M 0.77 (0.72-0.82) 1.77 (1.56-2.10) 456 (0.37) 448 (16)
28 F 1.58 (1.45-1.72) 5.06 (4.56-6.96) 325(0.32) 2381 (16)
M 370 (3.12-4.70) 381 (0.35) 324 (14)
Fipronil (10) 1 F 2346 (21.95-27.05) 4312 (33.86-83.09)  6.22 (1.48)  0.49 (7)
M 27.80 (25.60-33.13) 45.13 (36.49-73.86)  7.82 (1.61) 113 (7)
7 F (10.00%)* NA NA NA
M (3.33%) NA NA NA
14 F (0%)* NA NA NA
M (0%)“ NA NA NA
a1 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Fenitrothion (250) 1 F 1498 (12.85-1824)  53.71 (36.38-115.67)  2.97 (052) 286 (7)
M 1399 (13.00-1516) 36.83 (30.31-49.48) 391 (0.43) 226 (13)
7 F (13.33%)“ NA NA NA
M 2461 (2011-35.03) 228 (0.39) 0.89 (10)
14 F (0%)* NA NA NA
M (23.33%)° NA NA NA
21 F (0%)* NA NA NA
M (0%)“ NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Imidacloprid (5) 1 F (0%)“ NA NA NA
M (0%)“ NA NA NA
7 F NA NA NA NA
M NA NA NA
14 F NA NA NA NA
M NA NA NA NA
a1 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA

“Not available; percentage of dead after 24 h (in brackets).
NA, not applicable; FL, fiducial limits.
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Table 2. The LT5, and LTy of the DW strain of P. fuscipes exposed to four insecticides on three types of substrate at 1, 7, 14, 21, and 28 d

Insecticide

Surface (20 by 20 (application Day  Gender LTy, (h; 95% FL) LTes (h; 95% FL) Slope & (df)
cm) rate, mg a.i./m”) (+SE)
Tile Deltamethrin (15) 1 F 0.37 (0.35-0.39) 0.58 (0.53-0.68) 8.48 (1.06) 8.77 (7)
M 0.36 (0.34-0.37) 0.56 (0.51-0.64) 858 (1.01) 5.18 (10)
7 F 0.33 (0.31-0.35) 0 59 (0.53-0.68) 659 (0.65) 328 (11)
M 0.35 (0.33-0.36) 60 (0.54-0.69) 6.90 (0.70) 2,51 (10)
14 F 0.41 (0.39-0.43) 0 64 (0.58-0.75) 8.34 (0.96) 1098 (9)
M 6.74 (0.69) 3.22 (9)
21 F 0.43 (0.41-0.46) 0.80 (0.71-0.95) 6.16 (0.68) 3.00 (10)
M 0.37 (0.35-0.38) 0.57 (0.53-0.63) 859 (0.92) 397 (10)
28 F 0.42 (0.40-0.44) 0.76 (0.70-0.85) 6.46 (0.56) 323 (14)
M 0.36 (0.35-0.38) 5.44 (0.46) 411 (16)
Fipronil (10) 1 F 11.15 (10.49-11.80) 21.05 (19.13-23.92) 5.96 (0.51) 333 (13)
M 8.56 (8.07-9.03) 14.59 (13.35-16.50) 7.09 (0.67) 2.31 (9)
7 F 11.68 (10.26-13.34) 49.54 (36.13-82.67) 2.62 (0.34) 5.74 (10)
M 549 (4.85-621) 279 (0.25) 216 (12)
14 F (34.48%)“ NA NA NA
M 1318 (10.66-17.13) 132.46 (73.91-353.23) 1.64 (0.22) 2.02 (10)
21 F (34.48%)“ NA NA NA
M 14.19 (12.54-16.38) 61.66 (44.71-100.91) 2.58 (0.29) 2.20 (13)
28 F (40.74%)“ NA NA NA
M 7.60 (6.33-8.89) 35.11 (25.64-58.08) 2.48 (0.32) 273 (8)
Fenitrothion (250) 1 F (46.67%)" NA NA NA
M (36.67%)" NA NA NA
7 F 21.25 (17.48-30.65) 126.98 (66.50-532.37) 212 (0.41) 145 (9)
M 14.70 (12.42-20.08) 68.91 (38.77-285.29) 2.45 (0.54) 1.0 (10)
14 F 16.42 (13.25-23.27) 155.49 (73.52-804.86) 1.69 (0.33) 159 (8)
M (38.46%)° NA NA NA
21 F (30.00%)“ NA NA NA
M (44.44%)" NA NA NA
28 F (0%)® NA NA NA
M (0%)® NA NA NA
Imidacloprid (5) 1 F 1.33 (1.18-1.50) 5.65 (4.44-7.89) 2.61 (0.24) 5.22 (14)
M 0.55 (0.48-0.62) 2.30 (1.82-3.15) 2,64 (0.23) 6.34 (14)
7 F 1.64 (1.25-2.30) 43.93 (21.21-131.74) 115 (0.13) 444 (13)
M 0.16 (0.13-0.19) 0.91 (0.65-1.54) 2.16 (0.25) 7.53 (10)
14 F 0.96 (0.80-1.16) 16.15 (9.93-32.34) 1.34 (0.13) 2.65 (21)
M 0.13 (0.11-0.14) 0.45 (0.36-0.63) 3.02 (0.36) 6.58 (11)
21 F 0.99 (0.64-1.63) 272.69 (84.54-1600.80) 0.67 (0.07) 9.45 (14)
M 0.20 (0.16-0.25) 1.79 (1.17-3.53) 1.75 (0.22) 5.78 (10)
28 F 1.73 (1.18-2.73) 2 60 (1.78-4.40) 0.84 (0.09) 2.26 (13)
M 026 (0.22-0.32) 60 (1.77-4.40) 1.66 (0.15) 5.41 (13)
Plywood Deltamethrin (15) 1 F 0.37 (0.35-0.39) 0 71 (0.63-0.84) 5.75 (0.55) 3.48 (11)
M 0.40 (0.39-0.42) 0.62 (0.57-0.70) 8.60 (0.87) 6.54 (11)
7 F 0.38 (0.36-0.40) 0.58 (0.54-0.66) 8.80 (0.86) 298 (9)
M 0.31 (0.20-0.32) 0.49 (0.45-0.56) 8.18 (0.88) 483 (9)
14 F 0.33 (0.31-0.35) 0.58 (0.52-0.67) 6.78 (0.75) 523 (10)
M 0.39 (0.38-0.40) 0.50 (0.48-0.53) 1550 (1.52) 1.21 (10)
21 F 0.39 (0.36-0.42) 0.82 (0.72-1.00) 5.10 (0.54) 322 (11)
M 0.57 (0.53-0.62) 11.01 (1.13) 2.66 (8)
28 F 0.38 (0.36-0.39) 0.56 (0.53-0.62) 9.45 (0.89) 384 (11)
M 0.55 (0.51-0.60) 1024 (1.08) 2.06 (8)
Fipronil (10) 1 F 19.01 (17.77-21.08) 34.90 (28.75-50.73) 6.24 (1.04) 6.06 (7)
M 18.52 (17.67-20.45) 35.67 (29.91-48.64) 5.92 (0.87) 1182 (8)
7 F 6.96 (6.23-7.71) 24.08 (20.12-30.61) 3.05 (0.26) 5.65 (13)
M 10.29 (8.56-12.30) 40.99 (28.94-76.10) 2.74 (0.30) 19.88 (12)
14 F 8.36 (7.55-9.18) 24.13 (20.60-29.80) 3.57 (0.30) 9.30 (12)
M 8.22 (6.55-10.23) 26.69 (18.70-54.18) 3.22 (0.31) 36.96 (12)
21 F 11.79 (9.80-14.16) 33.04 (23.84-67.59) 3.68 (0.38) 37.49 (12)
M 12,61 (11.35-14.05) 52.48 (40.08-78.59) 2.66 (0.28) 12.98 (16)
28 F 11.70 (10.71-12.67) 27.38 (23.57-34.07) 4.46 (0.48) 2.40 (10)
M 7.54 (6.59-8.58) 30.82 (23.82-44.88) 2.69 (0.28) 5.51 (11)
Fenitrothion (250) 1 F (46.67%)“ NA NA NA
M (48.15%)¢ NA NA NA
7 F (30.00%)“ NA NA NA
M (14.81%)" NA NA
14 F (0%)® NA NA NA
M (0%)® NA NA NA
21 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Imidacloprid (5) 1 F (0%)* NA NA NA
M (0%)® NA NA NA
7 F NA NA NA NA
M NA NA NA
14 F NA NA NA NA
M NA NA NA NA
21 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA

Continued on following page
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Table 2. Continued
Surface (20 by 20 Insecticide Slope 2
em) (apphcapon» Day Gender LTs (h; 95% FL) LTgs (h; 95% FL) (=SE) X (df)
rate, mg a.i./m”)
Concrete Deltamethrin (15) 1 F 0.25 (0.24-0.26) 0.39 (0.37-0.44) 8.40 (0.92) 10.13 (8)
M 021 (0.20-023) 0.36 (0.32-0.43) 7.22 (0.68) 15.43 (10)
7 F 0.38 (0.36-0.40) 0.81 (0.72-0.96) 492 (0.41) 2.47 (16)
M 0.36 (0.34-0.37) 0.63 (0.57-0.72) 6.62 (0.58) 127 (14)
14 F 0.59 (0.57-0.61) 097 (0.89-1.09) 7.61 (0.70) 6.23 (13)
M 0.46 (0.43-0.48) 0.85 (0.76-1.02) 6.06 (0.65) 9.73 (12)
21 F 0.67 (0.64-0.71) 1.24 (1.12-1.43) 6.13 (0.52) 5.69 (12)
M 0.72 (0.67-0.78) 1.73 (1.46-2.22) 431 (0.43) 325 (13)
28 F 1.33 (1.24-1.42) 350 (2.99-4.32) 390 (0.32) 1.74 (19)
M 212 (1.80-2.68) 442 (0.43) 324 (12)
Fipronil (10) 1 F (0%)* NA NA NA
M (0%)® NA NA NA
7 F NA NA NA NA
M NA NA NA NA
14 F NA NA NA NA
M NA NA NA NA
21 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Fenitrothion (250) 1 F (48.15%)" NA NA NA
M 1032 (9.27-11.42) 35.17 (28.25-48.63) 3.09 (0.33) 6.03 (13)
7 F (37.04%)° NA NA NA
M 16.40 (12.93-23.89) 1.92 (0.33) 3.21(7)
14 F (14.81%)“ NA NA NA
M (18.52%)" NA NA NA
21 F (0%)“ NA NA NA
M (0%)° NA NA NA
28 F NA NA NA NA
M NA NA NA NA
Imidacloprid (5) 1 F (0%)“ NA NA NA
M (7.41%)“ NA NA NA
7 F (0%)“ NA NA NA
M (0%)° NA NA
14 F NA NA NA NA
M NA NA NA NA
21 F NA NA NA NA
M NA NA NA NA
28 F NA NA NA NA
M NA NA NA NA

“Not available; percentage of dead after 24 h (in brackets).
NA, not applicable; FL, fiducial limits.

The lethal times for adult males and females ex-
posed to deltamethrin did not differ significantly. In
contrast, adult males were more susceptible to fipronil
and imidacloprid than adult females in both strains.

Residual Efficacy. No significant differences in the
48-h mortality were found between males and females
(SP strain: deltamethrin [P = 0.228], fipronil [P =
0.282], fenitrothion [P = 0.862], and imidacloprid
[P = 0.107]; DW strain: deltamethrin [P = 0.861],
fenitrothion [P = 0.875], and imidacloprid [P =
0.185]). Thus, mortality data for male and female spec-
imens were pooled for each strain. Overall, the inter-
actions between surfaces, insecticides, and residual
efficacy for both the SP strain (F = 5.552; df = 22.6,
158.3; P < 0.001) and the DW strain (F = 5.122; df =
19.9, 149.2; P < 0.001) were significantly different.

Fipronil and imidacloprid were persistent on tile;
>90% mortality of test insects of the SP strain was
recorded for up to 1 mo posttreatment. The mortality
of P. fuscipes exposed to tile treated with deltamethrin
reached 90% at days 1 and 7 posttreatment. However,
the residual effect of deltamethrin was significantly
declined (F = 7.993; df = 4, 25; P < 0.001) at 14 d
posttreatment and onwards, with mortality <80%.
Fenitrothion caused ~70% mortality at day 1, but

mortality was significantly lower compared with val-
ues for the fipronil, imidacloprid, and deltamethrin
treatments (F = 56.624; df = 4, 25; P < 0.001). On the
7-d-old treated surface, mortality in the fenitrothion
treatment dropped to 20% and was statistically similar
to that of the control treatment. Unlike the other
insecticides tested, fenitrothion-treated tile lost its ef-
ficacy at day 14 posttreatment (Fig. 2).

For the DW strain (Fig. 3), fipronil and imidaclo-
prid were persistent on tile throughout the 4-wk pe-
riod, with mortality ranging from 80 to 100%. Although
the residual effectiveness of imidacloprid significantly
declined over time (F = 5.037; df = 4, 25; P = 0.004),
mortality remained high after 28 d. The residual effect
of deltamethrin was slightly lower compared with that
of fipronil and imidacloprid, but it was persistent, with
70-92% mortality throughout the experiment. Feni-
trothion achieved ~48-65% mortality when adults
were exposed to tiles for up to 21 d.

Generally, the activities of the insecticides tested
on plywood were poor. The exception was fipronil,
which caused 100% mortality for both strains
throughout the experimental period. The residual
effect of deltamethrin on treated plywood was in-
consistent for the SP strain. The mortality recorded
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Fig.2. Percentage mortality of P. fuscipes (SP strain) at 48 h posttreatment with deltamethrin, fipronil, fenitrothion,
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between time periods for a given insecticide. Scale bars labeled with same letters are not significantly different (Tukey’s

HSD; P > 0.05; n = 6).

for the 1-d-old surface was low (20% mortality), but
it increased up to 80% for the 21-d-old surface. In
contrast, 46-53% mortality was recorded for the
DW strain throughout the experiment. Mortality
values for the DW strain for the 1- and 7-d-old
fenitrothion-treated plywood were ~60 and 50%,
respectively, but the treated plywood had no effect
at 14 d for either strain. No mortality was observed
for the imidacloprid-treated plywood throughout
the experiment (Figs. 2 and 3).

High mortality of the SP strain was observed at day
1 for the deltamethrin- (=~100%), fipronil- (=~ 80%),
and fenitrothion- (=~ 90%) treated concretes, but mor-
tality declined significantly at day 7 posttreatment

(deltamethrin [F = 10.006; df = 4, 25; P < 0.001];
fipronil [F = 20.113; df = 4, 25; P < 0.001]; and
fenitrothion [F = 48.365; df = 4, 23; P < 0.001]). The
mortality of test insects exposed to 7-d-old fipronil-
treated concrete was <20%, which was statistically
similar to that of the control. Approximately 60% of
tested insects were killed when exposed to 7-d-old
deltamethrin- and fenitrothion-treated concrete.
However, fenitrothion-treated concrete lost its effec-
tiveness after 21 d. In contrast, the residual effect of
deltamethrin persisted for 4 wk, with an average of
60% mortality of the test insects. No mortality oc-
curred for the imidacloprid-treated concrete at this
time point (Fig. 2).
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For the DW strain (Fig. 3), the effect of deltame-
thrin-treated concrete significantly declined over
time (F = 6.129; df = 4, 25; P = 0.001). High mortality
(=90%) was recorded at days 1 and 7 after insecticide
exposure, but it decreased significantly to 70% for the
14-d-old surface and persisted for the following 2 wk.
Approximately 70% mortality was observed for the
1- and 7-d-old fenitrothion-treated concrete, but it
lost its residual effect at 14 d (=~ 30% mortality)
posttreatment and onwards. Both fipronil- and imi-
dacloprid-treated concrete was ineffective against
the test insects regardless of the age of the treated
surfaces.

Discussion

The LT5, and LT,y values (Tables 1 and 2) revealed
distinct differences between the DW and SP strains in
response to the insecticides tested. These differences
likely indicate that the two strains have different tol-
erances to the insecticides. The DW strain was pre-
viously exposed to pyrethroids such as Pesguard FG
161 (d-tetramethrin 4.4% wt:wt and cyphenothrin
13.2% w/s), which was frequently applied during a
management program in that particular residential
area (information provided by Seberang Perai Munic-
ipal Council, Penang, Malaysia). In contrast, the SP
strain was regularly exposed to organophosphates
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(chlorpyrifos and phenthoate), carbamates (e.g., iso-
procarb, fenobucarb, and propoxur), and neonicoti-
noids (imidacloprid and thiamethoxam), which were
used to manage agricultural pests of the paddy field at
the study site (information provided by Plant Protec-
tion and Plant Quarantine Unit of Penang). Thus, it is
possible that insecticide resistance in these strains
could explain the observed discrepancy between the
DW and SP strains in response to deltamethrin, feni-
trothion, and imidacloprid. This phenomenon is wide-
spread among Coleoptera. For example, the Colorado
potato beetle is resistant to imidacloprid (Grafius and
Bishop 1996, Olson et al. 2000, Zhao et al. 2000), py-
rethroids, and organophosphates (Jiang et al. 2010);
Tribolium castaneum (Herbst) (Collins 1990), Lis-
tronotus maculicollis Kirby (Ramoutar et al. 2009), and
Sitophilus zeamais Motschulsky (Ribeiro et al. 2003)
are resistant to pyrethroids; and Rhyzopertha dominica
(F.) is resistant to organophosphates (Guedes et al.
1997). All of these insects had been highly exposed to
insecticides, and their mean generation times are rel-
atively short, as is also true for P. fuscipes (Bong et al.
2012). Nevertheless, this occurrence of resistance in P.
Juscipes will require further investigation.

The LTy, values for the tile surface experiment
(Tables 1 and 2) show the order of the speed of kill to
be as follows: deltamethrin > imidacloprid > fipro-
nil > fenitrothion. Among the insecticides tested,
deltamethrin had the fastest action against adult P.
fuscipes. Nevertheless, the recovery rate at 48 h post-
treatment was moderate (~25%) on the tile surface
and high on the plywood surface (~80%). Arthur
(1997) reported a similar observation for the confused
flour beetle Tribolium confusum J. duVal. They ob-
served arecovery rate >70% after the test insects were
exposed to 0.05% deltamethrin dust-treated plywood,
concrete, and tile. Furthermore, the toxic effects of
deltamethrin on plywood and concrete were incon-
sistent, and mortality at 48 h posttreatment was usually
lower than that on the treated tiles. One possible
explanation that may account for this issue is that
porous surfaces, particularly plywood and concrete,
may to certain degree, reduce the uptake of the in-
secticide by the insects (Chadwick 1985). The reduc-
tion in insecticide toxicity on porous surfaces might be
because of rapid absorption of insecticide into the
porous substrate. In addition, the alkaline nature of
concrete likely slows down the effect of an insecticide
(White 1982, 1988; Laskowski 2002; De Arias et al.
2003). Both Collins et al. (2000) and Nayak et al.
(2002), who studied the liposcelid psocid, reported
that pyrethroids had much higher long-term toxicity
effects (up to 38 wk) when applied to galvanized steel
(a nonporous surface) compared with concrete (a
porous surface).

Although lower mortality was found in the delta-
methrin-treated porous substrates compared with tile,
deltamethrin was still effective against P. fuscipes on all
substrates tested. This has also been shown for many
other pyrethroids tested on other insects (Williams et
al. 1983, Jain and Yadav 1989, Nayak et al. 2002, Cam-
pos and Phillips 2010) . For example, cypermethrin and

JourNAL oF EcoNnoMic ENTOMOLOGY

Vol. 106, no. 6

permethrin were found to have long-term toxic effects
for up to 33 wk against T. castaneum on plywood
(Watters et al. 1983). De Arias et al. (2003) showed
that deltamethrin applied to wood blocks to kill Tri-
atoma infestans (Klug) had toxic effects for up to 3 mo.
However, P. fuscipes may avoid insecticide-treated
surfaces or may not be confined and continuously
exposed to the treated surfaces (Zettler and Arthur
2000). In such cases, the exposure time of rove beetles
to deltamethrin would be short. The repellent nature
of deltamethrin to P. fuscipes was not tested in this
experiment but should be evaluated in future studies.
High mortality (almost 100%) was recorded for imi-
dacloprid-exposed P. fuscipes at 48 h posttreatment on
the tile surface. This indicates that this insecticide was
highly toxic to the insects. Similarly, in Atheta coriaria
(Kraatz) (Coleoptera: Staphylinidae), high mortality
was observed in all stages when specimens were ex-
posed to 0.01 and 0.1% imidacloprid applied using the
Potter spray tower method (Jandricic et al. 2006). De
Graaf et al. (2003) demonstrated that imidacloprid
effectively reduced the population of the rove beetle
Neosorius brevipennis Fagel on turfgrass. However, no
toxic effects were seen for imidacloprid-treated ply-
wood and imidacloprid-treated concrete (i.e., the
more porous substrates) in the current study.
Fipronil had a delayed toxic response against P.
fuscipes, as it took at least 4 h of exposure before 50%
of test insects were killed but registered high mortality
at 48 h posttreatment on tile and plywood surfaces
only. The ineffectiveness of fipronil against P. fuscipes
on concrete might be because of the insecticide for-
mulation (emulsifiable concentrates) used in this
study. Unlike deltamethrin, rove beetles may not be
able to detect the presence of fipronil on treated
surfaces. In the current study, fipronil was diluted to
rate of 0.02%. Although no study of fipronil repellent
effect on rove beetles was ever carried out, previous
study on Coptotermes formosanus Shiraki indicated
that fipronil at rates of 0.01 to 0.06% showed no re-
pellent effect on the termites (Ibrahim et al. 2003).
Another study on Ixodes ricinus L. indicated that fipro-
nil at rate of 9.7% showed less repellent effect when
compared with permethrin (Endris et al. 2000). To-
gether with its slow-acting effects, rove beetles may
therefore continuously pick up the lethal dose before
they die (Barson 1991). This premise was further sup-
ported by the high mortality recorded at 48 h post-
treatment. Intoxicated P. fuscipes always undergo mus-
cle contraction, which leads to defecation and
vomiting before death. It is also noteworthy that P.
Juscipes is cannibalistic and necrophagous. Thus, it is
likely that the toxicant is transferred via ingesting the
intoxicated carcasses and by contact with excretions
containing secondary fipronil metabolites (phenyl py-
rozoles) that are highly toxic to the test insects (Buc-
zkowski and Schal 2001). It was particularly true when
the LT, of adult P. fuscipes on day 7 and onwards was
shorter compared with the first day of insecticide
exposure (Tables 1 and 2). The possibility of this
secondary horizontal transmission deserves further
investigation. However, the results contrasted with
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those of a field study conducted by De Graaf et al.
(2003). They found that fipronil treatment did not
successfully reduce the abundance of staphylinids or
damage caused by them on turfgrass. Among the four
insecticides tested, the slow action and no to low
mortality in the fenitrothion treatments indicated that
this pesticide was the least effective at killing P. fus-
cipes.

In conclusion, deltamethrin and fipronil at the rec-
ommended application rates were effective against
adult P. fuscipes on all the three surfaces. Although
deltamethrin might repel the insects, its fast-acting
and residual effects on both porous and nonporous
surfaces showed that deltamethrin might serve as a
preventive measure in insect infestation control pro-
gram in residential areas. Alternatively, fipronil might
be of good candidate, as its nonrepellent effect against
the insects and slow-acting effect allow the insects to
have sufficient time to pick up the lethal dose before
they die. Although no toxic effect was seen for fipro-
nil-treated concrete, this can be improved with sus-
pended concentrate formulation.
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