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ABSTRACT

The response of the German cockroach, Blattella germanica (L.)
to 9 consumer and 15 professional baits, with different active ingredients
(chlorpyrifos, sulfluramid, hydramethylnon, abamectin, boric acid,
propoxur, pyrethrins, and silicon dioxide) and formulations (gel, paste,
loose granule, dust, solid in station) was determined in laboratory
experiments. The bioassay design also considered the effects of alternate
(competitive) food sources on each bait's performance. The role of bait
brand, cockroach stage, and food or feeding bioassay (choice vs. no-
choice) main effects on the mortality of cockroaches was determined.
Comparison of the percentage of total experimental variations for
percentage of mortality at 3, 7, and 14 d revealed that the bait brand
explained more of the total experimental variation (81.2, 84.1, and 81.4%
for consumer baits; and 89.5, 89.0, and 57.8% for professional baits,
respectively) than stage and feeding bioassay main effects. Bait brands
were not equally effective in killing the German cockroach. Differences
between LTs50and LT9s values for bait brands in both feeding bioassays

were significant.  Based on LTs0s for consumer baits, Raid Max
(chlorpyrifos) was the most accepted and the fastest working bait (LT50

= (0.3 d) in both feeding bioassays; the least accepted and the slowest bait
was Concern. The order of toxicity in the choice bioassay was Raid Max
(chlorpyrifos) < Pic boric acid < Raid Max (sulfluramid) < Victor



powder < Raid ant bait plus < Combat < Roach Prufe < Knockdown <
Concern. Most baits caused 100% mortality at the end of the 14-d test
period and were significantly better than Concern in the no-choice
bioassay and better than Combat, Knockdown, and Concern in the choice
bioassay. Based on LT50s for professional baits, Arthitrol formulations

(granule and paste), Drione, and Strikeforce were the most acceptable
and fastest-working baits in both feeding bioassays (LT50 < 1d); the least

accepted and the slowest active baits were the 4 boric acid bait
formulations (Alpha 3, Drax Roach Kill, MRF 2000, and Niban-FG).
Based on LTsps, the order of toxicity in the choice bioassay was

Arthitrol formulations < Drione < Strikeforce = Invader < Avert
formulations < Maxforce formulations = Siege gel < Alpha 3 <Drax
Roach Kill < MRF 2000 < Niban-FG. At the end of the 14-d test period,
most baits caused 100% mortality and were significantly better than Drax
Roach Kill, MRF 2000, and Niban-FG in both bioassays. Palatability
ratios were highly variable. Ratios at LT5( levels for most consumer and

professional baits were significantly greater than 1.0, indicating a
positive feeding deterrence. However, their magnitude is small and the
values may well be explained purely by random feeding.

Key words: Bait, Blattella germanica, Blattellidae, Dictyoptera, oral
toxicity.

INTRODUCTION

German cockroaches, Blattella germanica (L.), are the most
important domiciliary insect pest worldwide, and occurs in homes,
apartments, and in commercial food-preparation and storage areas
(Ebeling, 1978). Control of infestations by this pests relies on the timely
and thorough application of a variety of residual insecticides (Rust,
1986). New technologies in cockroach baits and baiting strategies have
made some baits (gel, paste, granule, dust, or in protective trays)as
effective as residual insecticide formulations in controlling the German
cockroach (Appel 1990, 1992, Kaakeh and Bennett 1996, 1997). The
development of these technologies has been essential to pest control



specialists in their quest to provide essential services in urban and
industrial areas in an environmentally sensitive manner.

Laboratory and field performances of several consumer (over-the-
counter) and professional (commercial) baits and dusts against the
German cockroach have been reported (Milio et al. 1986, Rust 1986,
Silverman and Shapas 1986, Reid et al. 1990, Koehler and Patterson
1991, Koehler et al. 1991, Appel 1990, 1992, Kaakeh et al. 1994a,
1994b, Appel and Benson 1995, Kaakeh and Bennett 1996, Kaakeh et al.
1996, Kaakeh and Bennett 1997, Kaakeh et al. 1997). Improvements in
the toxicant, bait matrix, and application methods have made baits a
reliable control strategy (Rust et al. 1983). Most consumer baits are
contained in special trays or stations that can be applied mainly in the
kitchen and bathroom. Bait stations offer easy application, precise
placement, and relative safety (Appel 1992, Ogg and Gold 1993).
Although bait stations are an effective application strategy, the number of
stations needed to treat large commercial food preparation and storage
facilities and scattered cockroach populations effectively may be
prohibitive.  Therefore, beside bait stations, professional bail baits
consist of insecticidal gel, paste, or granule formulations. These can be
applied into crack and crevice sites where they are protected from
removal and easily inspected (Appel 1990).

The objective of this study was to determine the response of an
insecticide-susceptible strain of the German cockroach to several
commonly available consumer (over-the-counter) and professional
(commercial) baits, in continuous-exposure toxicity tests,. Because bait
formulations must be palatable and toxic in the amounts consumed
(Appel 1992), our bioassay design also considered the effects of alternate
(competitive) food sources on the performance of each bait.

MATERIALS AND METHODS

Test Insects:

Laboratory experiments were conducted at the Center for Urban
and Industrial Pest Management at Purdue University in West Lafayette,
Indiana (USA) in 1996 and 1997. Cultures of test insects were



maintained at 26+2°C, 70+5% RH, and a photoperiod of 12 : 12 (L:D) h,
and provided with an unlimited supply of water and a standard laboratory
diet of Tekland # 8604 rodent blox (Harlan Teklad, Madison, WI). An
insecticide-susceptible (JWax) strain of the German cockroach was used
in this study. This strain was isolated from the field by S. C. Johnson
and Sons, Inc. (Racine, WI), in the late 1930s, before the introduction of
synthetic organic insecticides.

Oral Toxicity:
Plastic boxes (30 by 24 by 10 cm) (Tristate Plastic, Dixon, KY)

occupying 720 cm? of floor area were used as test arenas. Tent
harborage, positioned in the center of the arena, was fashioned from a
piece (14 by 22 cm) of non-corrugated cardboard. Two water vials (25-
ml glass, cotton-stoppered) were placed along the walls of the arena; 2
food dispensers (3.7-cm-diameter plastic weigh boats) were glued to the
floor of the arena, and positioned in opposing corners. Water vials and
dispensers resources were positioned to allow an unobstructed, 1-cm
runway around the perimeter of the arena floor. Arenas were made
escape-proof by use of ventilated, friction-fitted lids, and the application
of an impassable barrier of petrolatum and mineral oil (1:2) to the arena
walls. This barrier was applied to within 1 - 2 em of the arena floor to
prevent test insects from climbing the arena walls, and thereby confining
all exploratory behaviors to the arena floor and the provisions of the
arena.

The effect of alternate food sources on bait performance was also
considered. The following basic pattern for the placement of the bait:
no-choice, where patterns were placed in opposing corners of the arena;
and, choice, where supplemental food sources (2 g each of rodent blox
and grape jelly) were placed in the corners opposite the baits.
Cockroaches in the control treatment were provided with rodent blox and
water. The test population was composed of 30 cockroaches (10 newly
eclosed [<48 h of eclosion] adult males, 10 newly eclosed virgin females,
and 10 newly eclosed 4th instars). Sex was not determined in 4th instars.
Cockroaches were released into the arenas and, after a 24-h acclimation



period, baits were placed in the arenas. Cockroach mortality was
observed at 24-h intervals for 14 d.

The response of the German cockroach to 9 consumer and 15
professional baits and dusts, containing various active ingredients
(chlorpyrifos, sulfluramid, hydramethylnon, abamectin, boric acid,
propoxur, pyrethrins, and silicon dioxide) and formulations (gel, paste,
loose granule. dust, solid in bait station) was determined in this study
(Table 1). Treatments (for each bait type and controls without bait) were
replicated 3 times in a completely randomized design. Percentage of
cockroach mortality was analyzed with analysis of variance (ANOVA)
models to characterize the significance of the differing baiting schemes
(choice versus no-choice). Means were separated by Duncan's multiple
range test (P <0.05; SAS Institute 1990). Daily percentage of cockroach
mortality was corrected for control mortality using Abbott's (1925)
formula.  The lethal time (LT) for each bait and feeding bioassay
treatment was determined by probit analysis of daily, cumulative
mortality (SAS Institute 1990). Using the LTx values from the probit
analyses, palatability ratios were calculated for each bait using the
formula PRx = LTx (choice)/LTx (no choice). The confidence interval
(£ 95% CL) about the palatability ratio was calculated after the method
of Robertson and Preisler (1992). Failure of the 95% CI of LT50s to
overlap was used to indicate significant difference (P < 0.05).

RESULTS AND DISCUSSION

The overall results for 3-factor ANOVA model (Table 2), for the
percentage of mortality, were highly significant (P <0.01) at 3, 7, and 14
d after baiting for both consumer and professional baits. Stage main
effect for consumer baits was significant (P < 0.05) at day 7. Bait brand,
followed by food and stage, was the most significant main effect in the
model. Comparison of the percentage of total experimental variations for
percentage of mortality at 3, 7, and 14 d revealed that bait brand (for both
consumer and professional baits) explained more of the total
experimental variation (81.2, 84.1, and 81.4% for consumer baits; and
89.5, 89.0, and 57.8% for professional baits, respectively) than the other
main effects. Stage and food described less, but significant, experimental



variation (range: 0.2-5.0 during the test period) than did bait brand. In
general, feeding patterns of males and nymphs differ markedly (DeMark
et al. 1993), but the bait active ingredient may affect each stage
differently (Reierson, 1995). This may be related to size differences,
metabolism and physiology. Koehler et al. (1993) and Valles et al.
(1996) also have shown that large B. germanica nymphs are considerably
more tolerant of insecticides than adult males (i.e., stage-dependent
effect). The mechanism responsible for this phenomenon was due to
enhanced detoxification (Valles et al. 1996). These variable results
showed that differences in cockroach mortality by different brands, for

each bait type, had more effect on the experimental variation than did the
other main effects.

Comparing the percentage of the total experimental variations on
selected days after baiting revealed that some interactions explained more
of the total experimental variation than did the stage and food main
effects (e.g., bait brand x stage and bait brand x food for both bait types)
with one exception (bait brand x stage at day 7 for consumer baits).

Bait brands were not equally effective in killing B. germanica.
Differences between LTsp and LTgs values for brands in both feeding

bioassays (choice versus no-choice) were significant (i.e., no overlap in
95% CL values [Table 3]). Comparison of LT50s for consumer baits

indicated that Raid Max (chlorpyrifos) was the most accepted and the
fastest working bait (LTs0 = 0.3 d) in both feeding bioassays; the least

accepted and the slowest bait was Concern (LT50 = 14.8 d in the

nochoice bioassay and 526.6 d in the choice bioassay). Based on LT50s,
the order of toxicity of these bait brands in the no-choice bioassay was
Raid Max (chlorpyrifos) <Raid Max (sulfluramid) < Knockdown < Pic
boric acid < Victor powder < Combat < Raid ant bait plus < Roach Prufe
< Concern. The order of toxicity in the choice bioassay was Raid Max
(chlorpyrifos) < Pic boric acid < Raid Max (sulfluramid) < Victor
powder < Raid ant bait plus < Combat < Roach Prufe < Knockdown <
Concern. At the end of the 14-d test period, all bait brands in the
nochoice bioassay caused 100% mortality and were significantly better
than Concern (40% mortality). In the choice test, all bait brands caused



100% mortality and were significantly better than Combat (93%),
Knockdown (86%), and Concern (2%) in the choice bioassay.

The LTs50 of Raid Max (chlorpyrifos) in this study (0.3 d in the
choice bioassay) was similar to that reported by Appel (1990). The LTs0

of Combat (6.7 d in the choice bioiassay) was much longer than that
found by Appel (1990) with LT50 =0.9d. Faster mortality would be

expected in the Appel (1990) bioassay for 2 reasons: (1) because only
males were used in the test, and (2) the toxic tablet was removed from
the Combat bait station and placed beside the food ina small testing
arena (l.e., 1 liter glass jar).

Comparison of LTsps for the professional baits indicated that

Arthitrol formulations (granule and paste), Strikeforce, and Drione were
the most acceptable and fastest-working brands in both feeding bioassays
(LTsp < 1d); the least accepted and the slowest brands were the boric

acid baits (Alpha 3, Drax Roach Kill, MRF 2000, and Niban-FG). Based
on LT50s, the order of toxicity of these brands in the no-choice bioassay

was the Arthitrol < Drione < Strikeforce = Invader < Avert Bait < Avert
PT300 = Avert PT310 = Maxforce Gel < Maxforce Bait = Siege Gel <
Alpha 3 = Drax Roach Kill < MRF 2000 <Niban-FG. The order of
toxicity in the choice bioassay was Arthitrol formulations < Drione <
Strikeforce = Invader < Avert formulations < Maxforce formulations =
Siege gel < Alpha 3 < Drax Roach Kill < MRF 2000 < Niban-FG. At the
end of the 14-d test period, most brands caused 100% mortality and were
significantly better than Drax Roach Kill (91%), MRF 2000 (89%) and
Niban-FG (90%) in the nochoice bioassay and better than Drax Roach
Kill (76%), MRF 2000 (76%) and Niban-FG (11%). Control mortality
was 2, 6, and 7% at 3, 7, and 14 d after baiting, respectively.

LTs0s of Avert baits against mixed-stage cockroaches were

similar in both feeding bioassays (Table 3) and were smaller than those
reported by Appel and Benson (1995). Dry formulations had lower
LT50s than water-containing formulations for adult males. The LT5( of

Avert PT310 in the choice bioassay (2.6 d) was similar to that reported



by Appel and Benson (1995) from the glass jar bioassay, but was slightly
less than the LTsqg obtained from the Ebeling choice box bioassay (4.1

d). The LTs0 for Avert PT300 was much less than those reported by

Appel and Benson (1995). This is due to the use of different methods to
evaluate the bait (i.e., the use Ebeling choice box or glass jar bioassays
instead of the sweater box in our study). The LT50 of Maxforce gel in

the choice bioassay in this study (3.1 d) was similar to those reported by
Appel (1990) in the Ebeling choice box (2.4 d) and a continuous
exposure bioassay (jar with harborage; 4.2 d).

Based on the active ingredient, the overall toxicity ranking of the
consumer baits, 3 d after baiting (Table 3), was chlorpyrifos =
sulfluramid > boric acid = hydramethylnon > silicon dioxide. The
overall toxicity ranking of the professional baits was chlorpyrifos = silica
gel > abamectin > hydramethylnon > boric acid.

Analysis of palatability revealed the effect of alternate foods on
lethal time values; if the bait formulation displays any non-palatable
qualities, the lethal time will be slowed in the choice bioassay relative to
the no-choice bioassay. If the resulting 95% CL encompass 1.0, there is
no significant change to the efficacy of the bait and minimal interference
to the bait caused by the presence of an alternative food source. If the
95% CL does not encompass 1.0, there is interference with efficacy of
the bait caused by the presence of alternate food. Palatability ratios were
highly variable in this study (Table 4). At the LT50 levels, the PR5(

values for most consumer and professional baits were significantly
greater than 1.0; this may indicate a positive feeding deterrence.
However, their magnitude is small and the values may well be explained
purely by random feeding. The PR50s for consumer baits ranged from
0.0 to 2.1 (3.1 for Knockdown and 35.8 for Concern) and PR95s ranged
from 0.9 to 4.2 (351.7 for Concern). The PRS50s of the tested baits
ranged from 0.9 to 2.1 d for consumer baits and from 1.1 to 2.0 d for
professional baits (with few exceptions). The PR95s ranged from 0.9 to
4.2 d for consumer baits and from 0.9 to 2.2 d for professional baits (with
few exceptions). If the extreme PR50 and PR95 values for Concern and



Niban-FG result from feeding deterrance, it cannot be established
quantitatively; however, this possibility is strongly indicated.

The palatability of the bait base and the incorporation of an
insecticide with minimal repellency (lacking feeding deterrence) are
needed for an effective bait because the attraction of the food must not
change in the presence of the insecticide. Various parameters have been
shown to influence the palatability of the bait, including bait texture
(Appel and Benson 1995), food quality (Appel 1990), water content
(Appel 1992, Appel and Benson 1995), deposition of repellent compound
(e.g., grease and mold) on the bait, and repellency of bait toxicant
(Reierson and Rust 1984, Appel 1990, 1992, Appel and Benson 1995).
Selection of an appropriate bait formulation (gel, paste, granule, solid in
a bait station) for the conditions of a particular infestation may further
increase bait performance (Appel and Benson 1995).

Our results indicated that B. germanica showed differential
susceptibility to a variety of formulated baits. However, because bait
performance in the field does not always correlate well with results
obtained in the laboratory (Rust and Reierson 1981, Appel 1990), field
testing of the baits reported in this study will provide information on
other parameters affecting their performance. This may lead to the
improvement in the performance, design, and dispensing of baits for the
control of German cockroaches.

ACKNOWLEDGMENTS

I express appreciation to Dan Suiter and Gary Bennett (Purdue
University) for critical review of the early draft of the manuscript, and for
providing the cockroaches to conduct this study.

REFERENCES

Abbott, W. S. 1925. A method for computing the effectiveness of an
insecticide. J. Econ. Entomol. 18: 265-267.



Appel, A. G. 1990. Laboratory and field performance of consumer bait

baits for German cockroach (Dictyoptera: Blattellidae) control. J.
Econ. Entomol. 83: 153-159.

Appel, A. G. 1992. Performance of gel and paste bait baits for German
cockroach (Dictyoptera: Blattellidae) control: laboratory and field
studies. J. Econ. Entomol. 85: 1176-1183.

Appel, A. G. and E. P. Benson. 1995. Performance of abamectin bait
formulations  against  German cockroaches (Dictyoptera:
Blattellidae). J. Econ. Entomol. 88: 924-931.

DeMark, J.J ., T. Kuczek and G. W. Bennett. 1993, Laboratory analysis
of the foraging efficiency of nymphal German cockroaches
(Dictyoptera:  Blattellidae) between resource sites in an
experimental arena. Ann. Entomol. Soc. Am. 86: 372-378.

Ebeling, W. 1978. Urban entomology. University of California,
Division of Agricultural Sciences, Berkeley.

Kaakeh, W., M. E. Scharf, B. L. Reid and G. W. Bennett, 1994a. Field
trials of cockroach baits, 1992-1993. Arthropod Management
Tests 19: 355.

Kaakeh, W., B. L. Reid and G. W. Bennett. 1994b. Speed of action in
cockroach bait, 1993. Arthropod Management Tests 19: 361-362.

Kaakeh, W. and G. W. Bennett. 1996. Speed of action in Siege and

Maxforce gel baits, 1995. Arthropod Management Tests 21: 391
392,

10



Kaakeh, W. and G. W. Bennett. 1997. Evaluation of trapping and
vacuuming compared with low-impact insecticide tactics for

managing German cockroaches in residences. J. Econ. Entomol.
90: 976-982.

Kaakeh, W., B. L. Reid and G. W. Bennett. 1996. Horizontal
transmission of the entomopathogenic fungus, Metarhizium
anisopliae, (Imperfect Fungi: Hyphomycetes) and hydramethylnon
among German cockroaches (Dictyoptera: Blattellidae). J.
Entomol. Sci. 31: 378-390.

Kaakeh, W., B. L. Reid and G. W. Bennett. 1997. Toxicity of fipronil to

German and American cockroaches. Entomol. Exp. Appl. 84: 229-
237.

Koehler, P. G., and R. S. Patterson. 1991. Toxicity of hydramethylnon to
laboratory and field strains of German cockroach (Orthoptera:
Blattellidae).  Florida Entomol. 74: 345-349.

Koehler, P. G., T. H. Atkinson, and R. S. Patterson, 1991. Toxicity of
abamectin to cockroaches (Dictyoptera: Blattellidae, Blattidae). J.
Econ. Entomol. 84:  1758-1762.

Koehler, P. G. , C. A. Strong, R. S. Patterson and S. M. Valles. 1993.
Differential susceptibility of German cockroach (Dictyoptera:

Blattellidae) sexes and nymphal age classes to insecticides. J.
Econ. Entomol. 86: 785-790.

Milio, J. F., P. G. Koehler and R.S. Patterson. 1986. Laboratory and
field evaluations of hydramethylnon bait formulations for control

11



of American and German cockroaches (Orthoptera: Blattellidae).
J. Econ. Entomol. 79: 1280-1286.

Ogg, C. L. and R. E. Gold. 1993. Inclusion of insecticidal bait stations in
a German cockroach (Orthoptera: Blattellidae) control program. J.
Econ. Entomol. 86: 6165,

Reid, B. L., G. W. Bennett and S. J. Barcay. 1990. Topical and oral
toxicity of sulfluramid, a delayed-action insecticide, against
the German cockroach (Dictyoptera: Blattellidae). J. Econ.
Entomol. 83: 148-152.

Reierson, D. A.and M. K. Rust. 1984, Insecticidal baits and repellency
in relation to control of the German cockroach, Blattella
germanica (L.). Pest Manag. 2: 26-32.

Reireson, D. A, 1995, Baits for German cockroach control, pp. 231-265.
In M. K. Rust, J. M. Owens and D. A. Reierson [eds.],
Understanding and controlling the German cockroach. Oxford
Press, New York.

Robertson, J. L. and H. K. Preisler. 1992. Pesticide bioassay with
arthropods. CRC, Boca Raton, FL.

Rust, M. K. 1986. Managing household pests. In: G. W. Bennett and J.
M. Owens [Eds.], pp. 335-368. ‘Advances in urban pest
management’. Van Nostrand Reinhold, New York,

12



Rust, M. K. and D. A. Reierson. 1981. Attraction and performance of

insecticidal baits for German cockroach control. Int. Pest Control
23: 106-109.

Rust, M. K., D. A. Reierson, and A. M. Van Dyke. 1983. Performance
of insecticides for German cockroach in apartments. Insecticide
and Acaricide Tests 8: 55.

SAS Institute. 1990. SAS user's guide: statistics version 6. SAS
Institute, Gary, NC.

Silverman, J. and T. J. Shapas. 1986. Cumulative toxicity and delayed
temperature effects of hydramethylnon on German cockroaches
(Orthoptera: Blattellidae). J. Econ. Entomol. 79: 1 613-1616.

Valles, S. M., S. J. Yu and & P. G. Koehler, 1996. Biochemical
mechanisms responsible for stage-dependent propoxur tolerance in
the German cockroach. Pest. Biochem. Physiol. 54: 172-180.

13



k00 spunodwos pale}ay
(OW 'sino7] "1g) "qee] "S53y UMM, FGT-GOY Ppmod 00 unaswRgy D1E Led WY
(vD "uojuesea| ) xo10|D) 1-8¥TH9 uonelg T uoujAyawespA] HEE] F20IXRIY
(rN “aukepy) prueuedl ueauawy EIE-1¥T 12%) 4 uouAyiawespdy| Ay
(vD "uojueseal ) xo10]) ¢-8FTHY N3] 4 woufAyowepi]| [20 B30y xEW
(LD “Cnguaiep) Lngamiey,  prPG-F9-S60E uoneg §0 sojuidionyD 320IYIS
(MO ‘es|n L) [oanay T-65169 ST <0 soyuidioly d [oanyuy
(MO "esin L) joanay LI=6p911  Jenuea) €0 sojuidiojyD 0 [0y uY |EUOISSA|01,|
01 SIPIXO [CIUIW]I 31D
(WA "2p1seD man) soiuediQ AussaoaN  ZE60S-1-01668 1s0(] £8 apixol(] uodl|Ig pUIAIU0Y
000 SUOWOIIY] I
(W 201]) weanspoo T-6TULY uonelg Ly PIY auog UMOPI0UY
(VD ‘miequeg] ciues) sug] saddo) T-2096 Japmog] 66 p1ay 2u0%] ajns,] Yyacoy
(N *#8ueiQ) uonimodio] oy 10T0Z-S60¢ I 66 P13y auog P2y JL0g] 21y
(Vd 2r7) weanspoop,  6T9Lr-1-11€18 12pA 001 play auogl Uiy Yavoy JOdIA
(VD "uojueses| ) X010 FOrCh9 uonels 1 uoujAipaweapApl  Suijpiy Yyoroy wequio)
(1A "sutaey) vog 3 uosuor DS 1 1p-TT8P uolEls  8TS°0 sojuldsolyd  ueg yomoy xepw piey
(1M "suiaey) uog 3 wosulor IS 9SE-TIBY uonesg €0 plueInyng sn|g SIE WY prey
1A\ "Puioey) UOg P wOSUOr DS TTBH-GTE-TIBI uonerg I pluingng XeW prey Jawnsuoe)
(ssauppy) Joamppmgnuely  CON T3y VI vonejnuuo.| IV % SIUDIpTU] JANDY puesg] neg HEf]

i

UIOINI0D ULIIDL) U] JO [OIJU0D ] 1Q] paEN Sleq ﬂn:ﬂ_mmu_._n__._.._ U JOLINSU0D U] YT

14



'SISNP 9J8 SUOLIQ PUE WIDUOY ,,

(LD “Gngaem) Angiaem prr6-$Z-S60€

(N “sjeauoly) oAy VVESE-918F

(ML "paojry0y) vonesodio]) snsiy T-SOFF9
(NI “Sungsauoop) puowei(] anjg] T-TShES

(LD “Anguacyy) AngEaiep PrEG-R9-S60S

(O ‘SINOT "15) "qur] "SOY MUY 1-00LsY
(A “uap1]) [Eanuand OOV LIV-6oY
(OW ‘SInG] “1S) "qE] "$23] LNy POT-66F

uonmS

1sng
Jejnucg)

J5E]

#D

alse,]
uonels
neg] "S54,

01
or

£'LE

£EE
£LtE
00
100

anxodos ]

sunaky

Ofld [eauya ],

[2D waipig snoydsowy
pioy auog]

POV dt10g]

POV Juog]
PV 2u0g]
UINUEGY
unINuLYY

15

JapeAu]

FAUoLI(]
Dd-UeqIN

000C "4 U

113 yoeoy xeig
geydly

Heg] MaAy

00€ Ld HaAy



‘an1 X (21enbs jo wins [apowaienbs Jo WNs 221N0s) = UOHELEA gjuawzadxs (€101 jo d8eiusdiad ‘ALY
001 X .ﬂm..,__uu%u._ﬁ nm_u_“_..uu_ % | ,_WEW ¢ a1 18 uuw_._mu:_nmmm ﬁ_.__ﬂ 90UEI1JIUTIS-UOU JBIIPUL 44 mc_wm,wmm m

07 % CT L'l s+ FT 1 su Tl 87  poog x98e1s X ad
1’0 su  §I SO0 Su 60 1o su 91 z poo,] X 33ulg
LT %% . 0L P'L %% 26 L1 % 2C il poo,] X g4
0S % 0181 'l &% PEb 9l % ¥3€ I poo.J
' +% CT L'S +&« FS L'E ++2 ©CE€ 8T 39e1g X g4
z0 « L€ I'l +« STT Gl +2 E£€C z s5e1S
LS % CFTL 068 #x  PLST G683 ++ PESL W1 (gel) puelg] Meg  [BUOISSIJOI]
§C  «x P8I €1 su L0 't su Q1 9]  poog x95e1g X gd
80 % GTI 100 su 00 €00 su €0 Z pooy X a3elg
6F  «x 8TE 6T 2+ P06 Il «+« T6I1 g poo,] X g¢
(| % 0°8L el ww o LE EE < oF | poo.
¢C ax S8 L0 Su 0 T sk TT 91 a3e1g X g4
60 #+ THC 0l + 9% 80 s« 8 z agelg
P18 wx  S9SP  I'P8 #x  G'IG TI18 s+ Ulbl 8 (g1g1) pueig yeg lawnsuon
AdL% o I A% d  gAIL% od d WP 201N0S jeg

sjeuoissajosd pue sIawnsuod Aq pasn siieq £q pasned Ajjeiiow napuas "¢l jo adeiusdiad
oy 10 (s199))2 utew ay1 su [pody] Aessvorq Suipas) pue ‘oTws qonpoid YuM) YAONY [RPPOW-[INd T 29l

16



100> 10°0> 100> d

9'90¢ b 06 g

Pz 2z 20 (000S1<~$'S18) O'ETOEl (DOO1<-1'68) 9928 SOFTI 9t 0921 1snp W2IU0])

398 P Lk ag {osz=9°L1) $°0L (g'L-g9) €L EOFLE  +961 09T uoncls uAMOpIoUY

0ot P Ee ag (zo6L=301) L LI (9TI-rg I'L Ol FTE  LTGE9 09T1 sapaeod ajnag yaeoy

T 001 qLL 211 (86-58)1'6 (I's=L'vior FOFLY £s 066 uonms HEg] Wy prey

B 001 B G PLL (1o1-£9) 9L (GE-3TVEE GOFIFP  «L9E 000G sapmod JONNA,

q£5 2ES ok (L1e=ven el (1L-ro) L9 TOF9E 9Tl 09Tl uoEIS weqwo)

00l e 001 q18 (£6-1"E) 6'E (1re-L'1)¢2 CTFIE «TBL 05k Japmod PIay 20¢] 2

B 001 €00l €00l (1z=1'n el (90-00) €0 60F9T ra | 0LT vonmis  (sojuddiogya) prey

T001  TO0I 2Lk (L'9-rs)6s (GT-sDLT g0y  ¥3 09 vonmis  (plwemyns) piey 2047
10°0= 10°0> 100> d

€Ll £'5L 8Fs o

q0F Pe 20 (£'05-F0E) FLE (FoI-9'C1) 8'FI FOFIF 6el 091 l=np wRuog)

® 001 e 001 q 65 (OEE-FEl 6y (se=£' e TIFES  FLT 05k uoIEys waopiouy

e 001 305 Il (69E-FTI) L] ($'L-6'F) 19 SOFYE  WOIL 066 spmed 3pn yoeoy

E001 qi8 r gl 1-0L) s (s'r-ee6€ FOF0S +O°LE 006 uolels e Wy Mey

2001 9 g P IE (EZ1-L9) €8 (£r-0'2)9¢C LOF9F #£6E 013 sapmod J013IA

EQ01 9T i6 2T (T6=39L'L (=) 8t COFTE +361 006 UOITELS Equio)

=00l LY ]| q£9 (Ts=rOCy (TE-97)67 TIFE6 +5% ors s2paod piay sueg] oy

T 001 £ 001 €56 (=g Ll (S 0-00)ED 90%TT 0T 09€ voners  (sepuidiopga) prey

=001 T 001 T 00l -1¢z =) 'l ¥F9S  WFE 0LT uones (prwmmnns) prey INMI-ON  IBUNSLOD

bl L £ SUID%se) SO SC10%use 0T usFaols X U vonewing pueiq 1eg poog neg

mes s am e[
.q.___,_na (AT ELTTE R

‘(2201300 pue 3010a) Aesseotg Suipaa) yaea W SHTg [Tueissagond pue JFWNSUOD Jo) AN[EL0W YITosy202 uTiuan jo advimasad pue (5617 pue 05 177) s oy g gel,

17



2001 e 001 B 06 -l Ev -)Fo SOFLT  $TL  O5F p suou(]
E001 w001 0ol ' o” " se= DO aysed o [omiy
=001 T 001 €001 . . . se- 06 sapnuesd ) [y Uy ==11i 1y
100> o= 100> o
'y Les Fos o
q 06 PLl J1 Wwo-00 9L (0°0=0'0) ¥'O1L TLF9F  +£0T9L 09T1 snuesd O-ueqiN
968 209 Ll (€T~ L) Fal (F'9-LS) 19 TOFTE Gt 05T a1sed 000T 49N
q16 q€L P¥E (9 ET-0's11 T8I 0s-6E) ¥F TOFLT WLFT 09T 123 1T yowoy e
001 q08 PFE (6" 11-0°01) 8701 (T'rLE)6E TOFLE 05l 09T1 s1sed £ sydiy
00! ®00I P23F (Ls-gedis (1'e-80)0°¢ SOF69  §9  OFS 123 23ag
T 001 001 agl (CPI=LE (Tr-Fo s OFFYEL  OTF  OFS uoIEs neq] JuoINE
Q01  T001 49¢€8 (sr=L'E) O (re-gnot vOFES €L 0E9 128 120 320 NEW
E 001 e 001 219 ($°L-5F) 578 (Fz-cnie FOFGE oI 0E9 spamod DIE Ld uaay
e 00l T 001 q 6L 0s-0F Er (TT-6'1007C COFEF 98  0£9 eq ssaud 00E Ld LAY
LY L q8L (FL-18) 09 F1=-0 T TOFFL g oL uonEls UEE LAY
T 001 E001 49T LE (Te-LE)6r (5°0~-1"0) ¥'O LCoFsl L 0 uoiITEs apeA]
2001 E 001 E 86 (oT-TL1 (so-0ad 20 90F%1 g1 09% uotels 22s0jLNg
T 0ol e 00l 200l (-)g0 =}1o CIF1T ¥o 0L ynp uol]
e 001 T 00l T 001 .- - = s 06 apsmd d [oAiyuy
T 001 B 001 e 001 .- .- - e 06 sanuesd 0 [enyuy INOYI-Op  [BUOISEOL]
bl L £ K12 %56) S6.L LI0%E 0517 asFadus X pU uonEmnuugg pueiq g poo. Heg|
Sre Y

phep Anmuow 95

18



"JUOP 2 SICWIIED [ 1] ou

‘(1 Aep 1 AnEuow 25001 “21) an[EA 2sucdsas 2ws v sEm 209y oyl SEpU , 2y, TeRsaip ApueayuSis wou ue ) %456 Juiddepaao yim 5617 20 05111 sy pawpnopea 3q €1 [RAsW
SJUDPLJUOD JNTI[EII-L0U € PISAED IN[TA 7 2TIE] B Jo 250 3 ‘SAouTISUl 2W0S U “Rieq Mxol o) aunsedxs Suwo)o) uonended 1531 31 JO %4546 0 05 JO Ymap 200j3q siep Jo asquunp,

*$1S3] 11]-JO-SSIUPOOD) M) J0) WOPIAL] JO 3Top 05IZ SATIPUL , HL "SI 23udpyued Sunnduwod Ul Pasn SEM [ |7 JO IN[EA T B [2pow 2y woyy amucdap

anews1sks Aq pasne you 51 (suaise ue g paieaipu) asenbs-yo 23w sy 9671 Jomjea 5t Jwsn paeno(Ed s NIWN| DUSPYUOD (]'0cd) lITws St asenbs-yr g1 asueasg] q
‘paimpmages agaw 20,71 pue 0% 17 yarym woyy siskfeus vorssasda sy ul papniaut (S1235U1 JO S3UINU X STEAIIIUT W) SUOIBAIISYD O J3qUnp,
(0661 MANNISU] SYS 1500 > J 2150 (577) 1eazagpip Ajiuesyiudis 10U e S22 2wes 2 Aq pamo]|0) ULLN|oD JWUTS Y1 Ul SUTpy

100>
Fosi
rn
30L
Q9L
T 90
200l
=001
B 001
=001
e 001
001
® 001
E001

1070
£°16
2z

L3
P oL
28
e 001
E 001
938
B 66
E 00l
B 6b
EDOI
B 000

10°0=
L8S
J1
IR
Jap rl
PET
28¢C
L
26k
969
28r
q9L
qsL
L6

(0001< - $'ELF) 1495
(TrL - PET C8T
(TEr- 80 1'FE
(sLi-eT)ow

(Fo1-19) 18
e-LFIGF
(ror-18o06
09-6F) k'S
0'8-6F6'S
(Fg-1¢l9%¢
(g'1£-3¢€)Z9
GZ-Lnie

(0ol< = L°L9) L'LGT
0o -68) K6
(SE=-FLI6L
(Er-60Cr
(sr-6TLE
LE-¢E)9E
(ee-80 1
@Z-£VFT
g-T2)9T
€z-61)1'z
(Fi=-1020
(go-100¢C0

EOFL
ZOFPE
CoF9T
LoF1t
GOFEF
VI=LT
TOFSE
EOF8F
SOFLP
TOF8E
So0FI
FOFI'T

3L

0%

26
+L'B1

LA

'l
FL
£r
oL'El
1'g
«L'61
£l

09zl
09Tl
09zl
09zl
(]3]
oFs

0ZL
H3
o1z
09
05k

d

K|
Dd-URqIN
000 4" d'W
1V yoeoy xes]
£ eydyy
sdng
neg gy
(23 220)xey
00 Ld uaay
01 Ld B2ay
HEg] LAy
Iapeau]
22s0J24INS

19



.ﬁﬁ.._EE:EE.EE:HE&uéhﬂ_ﬁum:muEEuE.E hunu_.mu Euu:Eu.tEE
JIIPUL ., YU Y SARSSEZOIG FUIPaR) UI0Q Ul UOP 10U JJaM SIJEWINSI ] PUR anjea asuodsal 2|Iuis B sem I3
2SNEIaq PAIRNI[ED 10U DIAM =, AQ PRIBIIPUL Y “(Spododyay yim sAesseolg] IpIaNsad “TEGT JRIsiald 79 U0IsIqoy 995)
s31RNSa S6.1 aU pue 0S 1 -] 18 (Stun] 22U3pLJU0d 9%CE) sones Aljiquigied Y1 aie $6yd Pue 0gyd 'Avsseolq adtoyd-ou
U1 SN&IaA RSSO 221012 ) Ul 114 JO pads 2] ..__n____"u__._ Sl poO] MeLale 12a)2 Al 53qLIdsa e Aujqeie]e

sonel Lipquie|ed

«(0001<-L"1) 8851 «(97191-1'T) 61 ‘ueqiN
«(81-T1) €SI S{L1-F1) 9] JUW
TT-€1) L] (3 1-C1) 91 111 Yooy Xed
{9 1-T1) ¥l TI-60) 11 ¢ eydiy
T1-870)60 {1T-F1) L1 Neg UIAY
,..Tﬁ_w [] f{S1-11) €1 01€ Ld MaAy
(1= T {E1-1'1) T 00E Lo HaAy
T.m-ﬁw Tl $'$—80) 0°C 1apeAu]
L1ZI-1a s 62 0)0°E auon(
Mm.Tm._“. Tl 6'9-F0) 91 30J0JayHIg
(TT-TD 91 (1= T 9921
.Mm,m-g-ﬁ g (L1019l [93 2210)XBIA]
€1-670) I'1 T1-6'0) 1'1 UOIIEIS 30I0JXEA]
- - aised joanyuy

~ - Jeqnuesd joniyuy |BUOLSS2J01]
+(0001<- ._wh._.m +(001<-¢£'1) 8°¢€ WU
=) 60 =Tl N Yooy
(T'1-L670) I'1 =) €1 sn| 1eg WY piey
TI=L0)6'0 1"1-8°0) 60 13pMOg Sul|[Iy Yyaeoy 0101
E9-8T) TP H6E-FT) 1L 3UOWIOIAL ] UMOPXIOUY
(0E-1') €T 0z-9'1)8°1 wiRIsAg Sulfjiy Yooy 1equiod
TI=-L'0)6°0 86°0-L0) 60 hu.___N.H YOBOM PV SLIO] 21
m._nm.cw 60 Mm.Tm,aW 11 s0J1K u_,_uw Xe piey

(1'€-2'1) £C CT-3D1'E (plwenpjns) XeA prey] JUmsuoy

¢("10%$6)50d ¢(10%56) 054d ppueIg ey neg

$BILOIYIOD UBILAN) JO wens ajqndassns © Jo sdnos§ aTe-paxiw ul sieq [euoissajoud pue rawnsuod jo Aljiqeieie] “p 2qEL

20



YY-=Yy : 4 ["I".“."i") el j il agladl i Hlayl Ao

dalud) pgadal) ) paniia (o il Aglaly) sual pall Aol
4828 2yl

sasiiall Ay pall L) dnalas = Dyt ) 0 gladl S = Sl LY o
Basdall Ay el i L) = cpdiiVo00 1 o ya

ipadle

Aghuall I8 (a p3355 o gade Anad () Al jpesl juall Alpind 233 5
3 gpall Cya o lgiang O pgnall 038 LSy 0 Sgall A8 e padTd aada VO
= OfSgal) — Oyl a — el slighs — (gl il ) 51S) Lo 4y giaall Alladl
(gah) padall pianinen e ghy (S 003 O3Sy = s sag = ud Wy g
BY: EL NP PRI PYWEE B DIEPRI PRY (TS JUPTEp R Pre
sy (o B Jigal Jab gad 03n5 5 3y 2 pada S o s A i o130
) LasYl dge 95— 5kl gk — aadall g g3 1 oh ol gall oy HEa] il
DLialy casdy oy ol gl ol e130 5 padal o plall caall Cya (g L08) LEs))
+ (Jaid paall 8 pall Caadl Sy (5 ia)

g ARV e piiad g% (b i) 3 ) palall g g5 of gtk el
NSy +pyadall apiii Aoy Gapsy VE 5 V¥ ey i phall iy Jana Ly Ailasial
S Sy AT Y1 5550 sk )90 e Ayaal S L palad g 5 50
CADERYY el Cun sy prall i plad S B A gladia gt Al pgalall dllai
= LT95, LT50) i j—fall da_ai 50 %0 5 %0« Jubl o DU gl o (o
el (g LAY (a S (gl pandal gl gl S (050

J— 9o Alastivadd pgadall g1 58¥ (LT50) AN (il 850 o (Y 1ok
8 (e D p gnall &l 1S Raid Max (Chlorpyriphos) ¢f (s i dllgiue
Ly o od3al (5 L8130 JS (B (ps2 0.3 = LT50) el (A pyaall g pud y i yad
=3 Ay o pgll A Lgilad y i sl O ¢ya D pgadad S Concern padaldl e

21



G 3y ¢ gAY o130 ) gl JiF o Uaxiusal pgaall dpans 6 i
O—a uadl @1 y50) ol Algd e <8l S A %) ¢+ Adbid) pgadad e
Concern, Knockolown, p gadall (ya Juaidl o) elaal jlas) 3 Concern padal
v Y elaall sl o4 Combat

i el Ji (g Ao saall o gnlall g1 Y LT50s () Jakiiud
¢35 Bad 8 e N o gedall Jundl 0 Strikeforce, Drione, Arthitrol €4 yuasiuaal
pa—akall il g+ (a9 O Ji =LT50) ehdid (g \ia) cya JS A pelid lge s 4
uy—n—hl‘d—ﬁu—nfﬂlban MRF , Drax, Alpha3) and ¢l ye Je 4 giaal
Cs YN eh3RD (5 R) 3 p gl Dgane (a5 5 Ay ¢ peliE B gilad gyl
o) il 555 Al die < el O Aad %) + v pgadall ilef
vol3i (5 )LE3) e JS 4 Niban , MRF, Drax pyalall (e Jual

8Ly <58 (Palatability Ratios) asakall 2aludid cand of ilal e yedal o
il J iailasole 2y g 35 Aagill 03A 5 25 it Sy sl J e ) e
g 3 B A3 ail Cy e dy ¢ praa D Giladl 1aa paa Ol @ sy A0
v plall 03g) A0 glall 40530 (N

Dictyoptera, Blattellidae, Blattella germanica «plsa prla sdgalida cilals

22



	1997_0001
	1997_0002
	1997_0003
	1997_0004
	1997_0005
	1997_0006
	1997_0007
	1997_0008
	1997_0009
	1997_0010
	1997_0011
	1997_0012
	1997_0013
	1997_0014
	1997_0015
	1997_0016
	1997_0017
	1997_0018
	1997_0019
	1997_0020
	1997_0021
	1997_0022

