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Table 1. Results of European corn borer pheromone blend analyses at
Clemson University and the University of Delaware.

Clemson Delaware

Desu.‘ed % E isomer % E isomer
ratio No. No.

(E:Z) Samples Mean % Range Samples Mean % Range

Lures used until 10 June (Florence, Newberry), 13 June (Clemson)

99:1 5 99.9 NV® 2 99.2 99.1-99.4
97:3 6 98.8 97.7-99.4 2 97.1 97.1-97.2
65:35 6 64.4 63.4-65.7 2 60.3 60.0 - 60.6

3:97 3 1.2 0.6-2.3 3 31 3.0 - 32

Lures used after 10 June (Florence, Newberry), 13 June (Clemson)

99:1 3 99.2 NV® 2 98.7 98.6 - 98.8

97:3 3 97.1 NV 2 96.8 96.7-96.9

65:35 4 67.0 66.2 - 68.5 2 66.3 66.2 - 66.4
3:97 1 3.0 - 2 3.9 Nva

2 NV means no variation among samples.

The absence of the Z phenotype in the gland analysis and the very low
number of males in the 3E:97Z traps indicate that the Z strain is not
maintaining a reproducing population in the Florence area. The presence of
the 6.5% hybrids in the gland analysis and the 4.9% males caught by the
65E:35Z traps suggest that immigration of Z strain adults is occurring
occassionally in this population.

Moth captures at Newberry ranged from 0.3-36.3 males/trap for the
unbaited lure and 3E:97Z, respectively (Table 2). The 3E:97Z blend was
significantly superior to all remaining blends except 99E:1Z, and all blends
significantly increased moth captures compared with the unbaited lure. This
trend was relatively consistent throughout the season except for June, when
the remaining three blends produced the greatest moth captures (Fig 3). The
65E:35Z traps captured 11.2% of the total males collected in baited traps
suggesting that natural crossing of the two strains is occurring.

Moth captures at Clemson ranged from 0.7-84.0 males/trap for the
unbaited lure and 3E:97Z, respectively (Table 2). The 3E:97Z blend was
significantly superior to 65E:35Z which was significantly superior to the
remaining blends. This trend was consistent throughout the season (Fig. 4).
The 12.1% of total males captured in the baited traps for the 65E:35Z blend
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Table 2, European corn borer male moth captures in traps baited with
four blends of (E) - and (Z)-11-tetradecenyl acetate at three
locations in South Carolina during 1 April - 3 September,

1993.
Mean number of males/trap (percentage of total)a.b

Blend

(E:Z) Florence Newberry Clemson
99.1 281.0a (77.0) 21.3 ab (27.4) 23c (2.3)
97:3 62.0b (17.0) 11.3b (14.6) 3.0c (2.9
65:35 17.7¢ (4.9) 8.7b (11.2) 12.3 b (12.1)

3:97 4.0d (1.1) 36.3a (46.8) 84.0 a (82.7)
Unbaited 2.7d 03¢ 0.7d

? Means within a column followed by the same letter do not differ significantly (P < 0.05 by protected
LSD) (MSTAT Development Team 1988). Data were transformed to log (x + 1) for analysis but
original means are presented.

* Unbaited trap catches were excluded from percentage calculations.

appears high considering the relatively low percentage caught in the 99E:1Z
and 97E:3Z traps combined and the 11.1% captured by the 65E:35Z traps at
Newberry where relatively high proportions of both the E and Z strains were
captured. This may be partially due to the response of the males of the E
strain and the hybrids to a range of pheromone blends as discussed by
Glover et al. (1991). Hybrid males tend to respond to intermediate blends
(65, 50, and 35% E) and 3E:97Z, but not to 99E:1Z. The E strain males will
also respond to intermediate blends in addition to the 99E:1Z blend. Perhaps
another factor is that the low proportion of the E strain in the population
may lead to most of its F; progeny being hybrid. Also, there may be
immigration of some E strain and hybrid individuals. Collectively, these
factors might explain the relatively high percentage of males captured in the
65E:35Z traps at Clemson compared with Newberry. Pheromone gland
analysis of females sampled simultaneously from the populations at the
three locations used in this study is needed to provide additional information
on the proportion of pheromone phenotypes and the degree of natural
hybridization in South Carolina.

Comparison of the relative proportions of E and Z strains of the ECB for
1993 versus 1986 is impeded because only two lures, Trece E and Trece Z,
were compared at each location during 1986 whereas in 1993 three E lures
(99E:1Z, 97E:3Z, and Trece) were evaluated at Florence and two E lures
(99E:17Z and 97E:37) were evaluated at Newberry and Clemson. Competition
among these similar blends may have resulted in reduced capture of moths
by each lure compared with the 3E:97Z lure. However, during 1991 and 1992
only Trece E and Trece Z lures were compared at all three locations (J. A. D.,
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Fig. 1. Weekly mean numbers of European corn borer moths captured by traps
baited with four blends of (E)- and (Z)-11-tetradecenyl acetate at
Florence, South Carolina during 1993.

unpublished data). At Florence, the Trece E lure captured 91.8%, 95.9%,
92.9%, and 93.9% of the ECB moths during 1987, 1991, 1992, and 1993,
respectively, indicating that no substantial change has occurred in the
relative proportions of E and Z strains. At Newberry, the Trece E (97E:3Z in
1993) lure captured 10.9%, 22.6%, 23.0%, and 23.7% of the moths during
these four years, indicating that the proportion of the E strain increased
between 1986 and 1991, but since then has remained relatively stable. At
Clemson, the Trece E (97E:3Z in 1993) lure captured 1.1%, 18.7%, 14.0% and
3.4% of the moths during 1987, 1991, 1992, and 1993, respectively,
indicating that the proportion of the E strain increased between 1986 and
1991, followed by a gradual decline during the past two years.

The relatively low proportion of moths captured by the 65E:35Z lures at
Newberry and the apparent relative stability of the ratios of the two
pheromone strains at each location since 1986 indicate that genetic shift of
sex pheromone blends has not occurred to any great extent. Glover et al.
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Fig. 2. Weekly mean numbers of European corn borer moths captured by traps
baited with a known blend of (E)- and (Z)-11-tetradecenyl acetate and a
commercial lure at Florence, South Carolina during 1993.

(1991) reported that Z races of the ECB predominate over most of the ECB
range in Europe and North America, whereas the E race is restricted to
select locations in Switzerland, Italy, and eastern North America. They cited
the unidirectional gene flow from the E populations into the univoltine Z
populations in New York and the resulting apparent genetic isolation of the
E race as a possible reason for the limited geographical range of the E strain.

The E pheromone strain of the ECB was predominant at Florence in
northeastern South Carolina and the Z strain was predominant at Clemson
in the northwestern portion of the state. Results for 1993 were consistent
with earlier results (DuRant and Manley 1987) in that trap captures of the Z
strain at Florence were not significantly greater than captures for the
unbaited traps. Although analysis of pheromone glands of ECB females from
Florence confirmed the presence of the £ strain, but not the Z strain, at this
location, the presence of the Z strain cannot be ruled out. A relatively low
population of Z strain moths could have been missed due to the small
number (46) of females analyzed. Both studies indicate that both strains
occur sympatrically at Newberry, in central South Carolina. Possible hybrids
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Fig. 3. Weekly mean numbers of European corn borer moths captured by traps
baited with four blends of (E)- and (Z)-11-tetradecenyl acetate at
Newberry, South Carolina during 1993.

were detected at all three locations, indicating that both strains may occur at
Florence and Clemson, possibly as a result of occasional immigration. This
study confirmed the superior effectiveness of the 99E:1Z pheromone blend at
Florence compared with the 97E:1Z blend and the Trece E lure. These
results should enhance development of a more effective lure for the E strain
of the ECB in South Carolina and at other locations where this strain occurs.
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Effects of Malathion Bait Sprays on Nontarget Insects
Associated with Corn in Western Kauai, Hawaii!
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ABSTRACT Malathion bait sprays were applied to border rows of sweet
corn (Zea maize L.) planted adjacent to papaya and cucurbit fields in Kauai,
Hawaii. The sprays were used to control the tephritid fruit flies, Bactrocera
dorsalis (Hendel) and B. cucurbitae (Coquillett), that oviposit into papaya
and cucurbits but spend much of their time roosting on adjacent border
vegetation. Sweep-net samples in both treated and untreated corn plantings
showed that significant reductions in overall species richness and species
diversity occurred in malathion-bait treated corn. Numbers of beneficial
insects (predators and parasitoids) were also reduced in treated corn,
although this reduction may have resulted from prey depletion as well as
direct mortality. Endemic insects were not well represented in the samples,
and do not appear to be at risk from corn border spraying in western Kauai.

KEY WORDS Fruit flies, nontarget insects, malathion, bait sprays, corn

Four species of alien tephritid fruit flies are major pests of agriculture in Hawaii.
Of these, the most damaging to vegetable crops is the melon fly, Bactrocera
cucurbitae (Coquillett) (Diptera: Tephritidae). This species is known to spend a large
amount of time on vegetation surrounding crop fields, and minimal time on the crop
itself (Nishida and Bess 1950). Thus, treatment of border vegetation with malathion
baits is a widely used method to control melon fly on many small truck farms in
Hawaii. The effectiveness of this technique has been documented in tomatoes
(Lycopersicon esculentum Mill.), cucumbers (Cucumis sativus L.), and watermelons
(Citrullus lanatus (Thunb.) (Nishida and Bess 1957). It is also sometimes used by
growers of tropical tree fruits to control the Oriental fly, Bactrocera dorsalis (Hendel)
(Diptera: Tephritidae).

A pilot project by the U.S. Department of Agriculture, Agricultural Research
Service (USDA-ARS) in Hawaii was implemented to test the feasibility of creating a
9 km? fruit fly-free zone in the Moloa'a agricultural area on the island of Kauai (see
USDA-ARS 1989 report for complete description of the Moloa’a site and project
goals). One of the protocols of this project involved planting 2 m wide borders of corn,

f Received for publication 29 March 1994, accepted 9 September 1995.
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Zea maize L., as a trap crop around all vegetable and papaya, Carica papaya
L., fields. The trap corn was treated weekly with applications of malathion
bait sprays to control both melon fly and Oriental fruit fly (USDA-ARS
1989). Success with this technique could lead to its incorporation into large-
scale eradication programs throughout Hawaii in the future.

The potential application of malathion bait sprays throughout large areas
of agricultural production land on Kauai has been controversial. An
environmental assessment prepared for the project (USDA-ARS 1989) stated
that there would be no nontarget impacts as a result of the sprays. Some
entomologists stated that bait sprays would only affect tephritid fruit flies
attracted to, and feeding on, the protein bait. However, a number of studies
in California have documented significant impacts of malathion bait sprays
on non-target species, including both beneficial predators and parasitoids
(e.g., Ehler and Endicott 1984, Daane et al. 1990) and endemic or indigenous
herbivores (e.g., Ehler et al. 1984, Troetschler 1983). Thus, possible effects of
malathion and other fruit fly control measures on the Hawaiian insect fauna
have raised serious concerns (Consortium for International Crop Protection
1985). Therefore, we initiated a study to gather baseline data concerning the
effect of malathion bait sprays on insects associated with corn in western
Kauai. Although border treatments are presently used by farmers
throughout the state, no studies have examined the impact of these bait
sprays on nontarget species associated with corn in Hawaii.

Materials and Methods

Bait spray treatments were replicated at four farm sites in western Kauai in
1991 where rows of corn were planted adjacent to crops supporting fruit fly
populations. We chose actual farm sites rather than using experimental plots to
reflect the more realistic interplanting and cropping practices used in Kauai,
although this resulted in less uniformity and experimental control. Two of the
sites, Moloa’a A and B, were at the Moloa’a agricultural area on the northeast
coast of Kauai. The other two sites, Wailua A and B, were near the Kauai
Agricultural Research Center which is approximately 8 km east of Kapa'a.

The Moloa’a A site consisted of approximately 0.1 ha of Hawaii Super
Sweet #10A corn planted in nine rows 2 m apart adjacent to a 0.4 ha field of
Sunrise papayas. The Moloa'a B site contained 0.4 ha of alternating double
rows of corn and young papaya that were spaced 2 m apart. At both of these
sites, the southern half of every corn-row was sprayed weekly with
malathion-bait while the northern half of each row was left untreated.

The Wailua A site had between three and six rows of Super Sweet #9 corn
completely surrounding a 0.2 ha field of cucumbers. The Wailua B site had
between four and ten rows of corn surrounding a 0.1 ha field of mixed
varieties of bittermelon, Momordica charantia L. An additional six rows of
corn approximately 80 m in length were planted midway between the two
sites. All border rows surrounding both cucurbit fields were treated with
malathion baits. The northern and southern halves of the six-row corn
plantings between the cucurbit fields served as untreated controls for A and
B, respectively. Summer tradewinds on Kauai blow predominantly from the
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B, respectively. Summer tradewinds on Kauai blow predominantly from the
east-northeast, perpendicular to the untreated corn-rows.

Malathion bait treatments were applied beginning when corn seedlings
were approximately 15 em tall. The spray mixture consisted of 0.3 liters of
malathion 5 EC (Drexel Co., Memphis, Tennessee), 1 liter of Nu-lure®
protein bait (Miller Chemical Co., Hanover, Pennsylvania), plus sufficient
water to make 12 liters. The mixture was applied to the point of runoff with
a backpack sprayer fitted with a #6 nozzle tip to create uniform droplet sizes.
Each field was treated weekly (as specified in the USDA pilot project) until
the corn was harvested.

Insects were sampled from both treated and untreated corn plots at all
sites two or three times prior to spraying, and once a week after treatment
until harvest. A total of 100 sweeps with a sweep net (38 cm diameter) were
made vertically (along the stalks) and horizontally (across the tops) of
randomly chosen rows of corn plants in each treatment and control plot 2 d
after each application. All insects collected were transferred to 70% alcohol
in the field and taken to the laboratory for identification and counting. In
addition, two whole corn plants from each treatment and control plot were
covered with plastic bags, pulled out by the roots, and taken to the
laboratory where they were placed in a freezer for 24 hr. These plants were
examined and the adults and nymphs of the most abundant herbivore, the
corn delphacid, Peregrinus maidis (Ashmead) (Homoptera: Delphacidae),
were counted.

A clear vinyl floor runner (15 m long by 68 ¢cm wide by 1 mm thick) was
rolled onto the ground between the rows of corn before treatment. Two hours
after treatment, the corn stalks were shaken vigorously to dislodge any dead
insects onto the runners where they were collected and taken to the
laboratory for identification. In control plots, vinyl runners could not be set
out simultaneously with those on treated plots because of the labor
requirements on any given day. However, a total of 18 samples were taken at
irregular intervals during the season in which the unsprayed corn rows were
shaken over identical vinyl runners.

Voucher specimens of all species collected were deposited in the insect
collection at the University of Hawaii, Kauai Agricultural Research Center.
Spiders were excluded from the study because of their infrequent occurrence
in sweep-net samples and the difficulty of identifying the Hawaiian fauna.

Because the four corn sites were not planted simultaneously, sampling
dates and the number of samples before and after applications differed
slightly among fields. Therefore, data on species richness, species diversity,
and total numbers of insects in particular taxa were not analyzed by Julian
date. Instead, they were pooled into three phenological periods reflecting the
time interval since planting. This grouping was justified because the
weather stayed relatively uniform over the entire experimental period. The
three periods were categorized as an early season, pre-treatment sample; a
mid-season sample taken during the first 3 wk following treatment; and a
late season sample taken during the period later than 3 wk after treatment
until harvest.
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Species diversity for each sample period was calculated using the formula

where H' = index of diversity, P; = proportional abundance of each species,
and s = total number of species in community (Magurran 1988). Species
richness equals the cumulative number of species represented in each
sample. Species diversity, richness, and population density of predators
and parasitoids were determined from sweep-net samples. The density of P.
maidis was determined from frozen whole corn samples. Relationships
between plant phenology and species richness, species diversity, and
predator-parasitoid density were examined using analysis of variance of
untransformed data. Means of treatment versus control plots within each
sample period were compared using Student’s ¢-test.

Results

In the untreated corn, species richness was significantly higher during the
late season than the early- and mid-season samples (F = 3.949, P = 0.0290).
In three of the four untireated sites the number of species more than doubled
from the initial to the final sample, and overall the mean increased from 10.8
to 17.7 species/sample. Species richness in bait-treated plots, however, did
not increase during the study (F = 0.322, P = 0.7267), with only 11.4 species /sample
at the end of the season compared with 9.7 at the beginning. There were no
differences in numbers of species between treated and untreated plots during
early and mid-season samples, but there were significantly fewer species in
treated plots in late-season samples (£ = 5.41, P < 0.001) (Table 1).

Species diversity (H’) in untreated plots increased significantly from
early-season to late-season (F = 3.890, P = 0.0304), but did not increase
correspondingly in treated plots (F = 2.324, P = 0.1137). At the Moloa'a
B site, H’ was significantly lower in the treated than the untreated plot
for all sample dates following the initial insecticide application (Fig. 1). In the
three other field sites, species diversity in treated plots was lower than in
untreated plots only during the last 2-3 wk of the season.

Two-hundred and fourteen dead insects from 65 species were collected
beneath treated corn plants immediately following malathion bait applications,
presumably killed by the spray or consumption of poisoned prey (Table 2). In
contrast, only 23 insects from 11 species were collected beneath untreated corn,
including a single unidentified micro-lepidopteran, a single unidentified
carabid, and two specimens each of Nezara (Heteroptera: Pentatomidae) and
Micromeriella (Hymenoptera: Scoliidae). There was a mean of 7.9
insects/sample in treated plots versus only 1.3 insects/sample for control plots,
where a sample includes all insects collected from a vinyl runner on a given
date. Although a strict statistical comparison cannot be made because control
samples were not taken simultaneously with treated samples, the large
differences in the number of insects per sample and the number of



Table 1. Effects of malathion-bait sprays on nontarget insects in corn.®

No. of Species No. of Herbivores No. of Delphacids No. of Natural Enemies®
Season®
Untreated Treated Untreated Treated Untreated Treated Untreated  Treated
Early 108+24 9.7+28 1T7= 2.0 8.0x26 52+ 36 27=18 44=+18 43+20
Mid 11717 98=+13 259+10.6 17.0+5.2 208+ 7.3 132059 88«24 28+05%
Late 17717 1142119 212+ 26 98227  1211:448 892359 94+14 38=08¢

¢ Data expressed as mean = SE/100 sweeps with sweep net or, for delphacids, mean = SE/whole corn plant.

“ Early season is the sampling period prior to treatment, mid-scason is the sampling period during the first 3 wks following trcatment, and late season is the
sampling period later than 3 wks after treatment.

© Includes all species known to be predaceous or parasitic in at least one life stage.

¢ Treated and untreated in a sampling period were significantly different using a paired t-test (P < 0.05).

W107) Ul SPPFIRIUON U0 JILT] TeE UorIBR]A] (2 10 HNISSHIN

652



260 J. Agric. Entomol. Vol. 12, No. 4 (1995)

s Wailua A Field 3.0 Wailua B Field
>20- =
B 1 -}
: 2
o o
0 0
S 1.0 §
@
7 &
= —o— Treated —o— Treated
T —+— Untreated T —+— Unireated
B'O 1 L T T o‘a T L
3-Jul 17-Jul 3t-dul 14-Aug 28-Aug 12-Jul 26-Jul 9-Aug  23-Aug  6-Sep
-~ Moloa'a A Field Moloa'a B Field
i i i
E3 z
22.04 —
o o
s 2
o a
0 ]
5 1.0 ]
@ @
=9 [N i
0 I q
\‘;’ —o— Treated 1 —o— Treated
T —+— Untreated T —+— Unireated
0.0 T T T T 0.0 T T
&-Jul 20-Jul  3-Aug 17-Aug 31-Aug 3-Aug 17-Aug 31-Aug 14-Sep 28-Sep

Fig. 1. Species diversity (H') in malathion-bait treated and untreated corn
borders in western Kauai, Hawaii, 1991 (arrows indicate first
malathion-bait spray in each field).

differences in the number of insects per sample and the number of
species represented are consistent with an interpretation of malathion-
induced mortality.

Insects from six species of parasitic Hymenoptera and 15 predaceous
or partly predaceous species were among those found beneath sprayed
plants and presumed killed by the application of the insecticide. Two of
these, Orius insidious (Say) (Hemiptera: Anthocoridae) and
Cyrtorhinus lividipennis Reuter (Hemiptera: Miridae), are known to be
important biological control agents of preimaginal Lepidoptera and the
corn delphacid, respectively (Dicke and Jarvis 1962, Liquido and
Nishida 1985, Napompeth 1973). The number of living predators and
parasitoids collected in sweep-net samples increased significantly in
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Table 2. Dead insects collected beneath malathion-bait sprayed corn®

Feeding
Behavior Order Family Genus and/or Species

Parasitoids Hymenoptera Braconidae Chelonus blackburni Cameron
Hymenoptera Chalcididae Antrocephalus sp.
Hymenaoptera lehneumonidae Trathala flavoorbitalis (Cameron)
Hymenoptera Ichneumanidae Xanthopimpila punctata (F.)
Hymenoptera Pteromalidae pteromalid sp. A
Hymenoptera Pteromalideae pteromalid sp. B

Predators Coleoptera Coccinellidae Coclophora inaequalis (F.)
Coleoptera Staphylinidae Philonthus discoidews (Gravenhorst)
Diptera Dolichopodidae Chrysosoma globiferum Wiedemann
Diptera Syrphidae Allograpta obligua (Say)
Diptera Syrphidae Symosyrphus grandicornis (Macquart)
Heteroplera Anthocoridae Orius insidious (Say)
Heteroptera Miridae Cyrtorhinus lividipennis Reuter
Heteroplera Miridae Tythus mundulus (Breddin)
Heteroptera Reduviidae Zelus renardii Kolenati
Hymenoptera Formicidae Pheidole megacephala (F.)
Hymenoptera Scoliidae Campsomeris marginella Klug
Hymenoptera Sphecidae “Liris sp.
Orthoptera Gryllidae Cyeloptilum bimaculatum (Shiraki)
Orthoptera Gryllidae Gryllus bimaculatus DeGeer
Orthoptera Gryllidae Metioche vittaticolis (Stal)
Orthoptera Tettigoniidae Concocephalus saltator (Saussure)
Orthoptera Tettigoniidae Xiphidiopsis lita Hebard

Herbivores Coleoplera Anthribidae Araecerus fasciculatus (DeGeer)

or Coleoptera Bruchidae Acanthoscelides obtectus (Say)

Scavengers Coleoptera Chrysomellidae Epitrix hirtipennis (Melsheimer)
Coleoptera Elateridae Conoderus exsul (Sharp)
Coleoptera Elateridae Stmodactylus cinnamomeus (Boisduval)
Caleoptera Mycetophagidae Litargus vestitus Sharp
Caleoptera Nitidulidae *Carpophilus dimidiatus (F.)
Coleaptera Nitidulidae Carpophilus hemipterus (L.)
Coleoptera Nitidulidae Urophorus humeralis (F.)
Coleoptera Scarabaeidae *Adoretus sinicus Burmeister
Coleoptera Sylvanidae Cryptamorpha desjardionsi (Guerin-Meneville)
Dictyoptera Blattellidae *Blatella lituricollis (Walker)
Diptera Calliphoridae Chrysomya megacephala (F.)
Diptera Ceratopogonidae Forcipomyia hardyi Wirth & Howarth
Diptera Chloropidae Gaurax bicoloripes (Malloch)
Diptera Chloropidae Monochaetoseinella anonyma (Willistan)
Diptera Drosophilidae Drosophila sp.
Diptera Lauxaniidae Homoneura hawaiiensis (Grimshaw)
Diptera Lauxaniidae Homoneura unguiculata (Kertesz)
Diptera Lonchaeidae Lamprolonchaea metatarsata (Kertesz)
Diptera Milichiidae Desmometopa tarsalis Loew
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Table 2. Continued.
Feeding
Behavior Order Family Genus and/or Species

Herbivores Diptera Milichiidae Milichiella lacteipennis (Loew)

or Diptera Muscidae *Muscid sp. A

Scavengers Diptera Otitidae Acrostica apicalis (Williston)
Diptera Otitidae Euxesta annonae (F.)
Diptera Otitidae Notogramma cimiciforme Loew
Diptera Sarcophagidae Sarcophagid sp. A
Diptera Syrphidae Eumerus aurifrons (Wiedemann)
Diptera Syrphidae Eumerus figurans (Walker)
Diptera Tephritidae Bactrocera cucurbitae (Coguillett)
Diptera Tephritidae Bactrocera dorsalis (Hendel)
Diptera Tephritidae Dioxyna sororcula (Wiedemann)
Heteroptera Cydnidae *Rhytidoporus indentatus Uhler
Heteroptera Lygaeidae Nysius sp. nr. vinitor
Heteroptera Miridae Spanagonicus albofasciatus (Reuter)
Heteroptera Miridae Taylorilygus pallidulus (Blanchard)
Heteroptera Tingidae Leptodictya tabida (Herrich-Schaeffer)
Homoptera Delphacidae *Perigrinus maidis (Ashmead)
Homoptera Delphacidae Sardia rostrata pluto (Kirkaldy)
Homoptera Flatidae Melormenis basalis (Walker)
Homaptera Gryllidae Metioche vittaticollis (Stal)
Hymenoptera Aphidae Apis mellifera L.

* Only those species marked with an asterisk were algo found beneath untreated corn.

control plots from early to late in the season, while in treatment plots their
numbers did not increase. Treated plots had significantly lower populations of
natural enemies than control plots during mid- and late-season samples (Table
1). The number of herbivores in the sweep-net samples was significantly lower
in treated than in control plots during the late-season sample only (Table 1).

Discussion

The application of malathion bait sprays to corn had a demonstrable effect
on insects other than the tephritid fruit flies which were the target pests.
Two indices of community development, species richness and species
diversity, showed significant increases in untreated corn, but no increases in
malathion-bait treated corn during the season. Thus, treated plots had lower
richness and diversity than untreated plots in late-season samples. The
decline of insect species richness and species diversity in pesticide-treated
plots is, perhaps, not surprising. Nevertheless, these data provide the first
documentation that bait sprays do affect nontarget insect populations in
Hawaii. The incorporation of malathion into a proteinaceous bait and the use
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of a large droplet size is meant to make the insecticide application selective,
killing only tephritid flies which consume the bait. However, these data
indicate that additional species are directly or indirectly impacted by this
method of fruit fly control in Hawaii.

Several field studies documenting direct mortality of nontarget
arthropeds by malathion bait treatments corroborate our results and
illustrate that a large number and wide variety of species can be affected.
For example, Troetschler (1983) listed isopods, earwigs, tree crickets, and
carabids as being directly killed by bait sprays. He also documented massive
mortality in a population of the California oakworm, Phryganidia californica
Packard (Lepidoptera: Dioptidae). Ichinohe et al. (1977) also listed 99 species
of insects and 17 species of spiders killed by malathion bait sprays.

Many dead predators and parasitoids as well as herbivores were collected
from beneath treated corn plants 2 h following bait applications (Table 2).
However, firm conclusions regarding any individual species cannot be drawn
because only low numbers of individuals of most species were collected. The
fact that numerous predators and parasitoids were represented in the vinyl
runner samples is consistent with the reductions in predator-parasitoid
density documented in the sweep-net samples (Table 1).

While it appeared likely that predators and parasitoids were killed
directly by the treatments, starvation or emigration due to prey depletion
may have also contributed to differences in natural enemy abundance
between treated and untreated plots. The most abundant prey species at all
sites was the delphacid, which increased 24 fold (from a mean of 5.2 -
121.1/plant) during the season in untreated plots, but only 3 fold (from a
mean of 2.7 - 8.9/plant) in treated plots (Table 1). This reduction in
delphacid population growth in treated plots (and noticeable concomitant
reduction in honeydew on the corn plants) was a possible factor leading to
the observed reductions of predators and parasitoids. However, overall
reductions in delphacid abundance also suggest a possible secondary benefit
of malathion bait applications applied for fruit fly control in corn. These
treatments may reduce population growth of planthoppers (by direct
contact toxicity) sufficiently to improve crop yield (although no yield data
were taken in the present experiment).

In Hawaii, endemic arthropods receive critical attention in all
evaluations of potential environmental impact because of the unique and
fragile nature of the native fauna. However, lowland agricultural areas on
Kauai are highly disturbed and inhabited overwhelmingly by exotic species
(Asquith and Messing 1992). The only endemic Hawaiian insect which we
found in any of the corn samples was Forcipomyia hardyi Wirth and
Howarth (Diptera: Ceratopogonidae). It is common on all the Hawaiian
islands at elevations up to 1200 m (Wirth and Howarth 1982) and breeds in
a variety of aquatic habitats, including the base of cabbage plants and wet
leaves and trash on the forest floor (Williams 1944, Hardy 1960). In a
survey of the lowland arthropod fauna on Kauai, Asquith and Messing
(1992) found F. hardyi to be the most common endemic species recovered. It
was abundant even in samples from crop fields. Since this species can
utilize intensively managed areas which have sustained large scale
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monocultures and heavy pesticide use in the past, it is not likely to be
adversely effected by corn border treatments.

Applying malathion bait sprays to border rows of sweet corn in lowland
agricultural areas of western Kauai appears to be an innocuous fruit fly
control method in terms of impacts on endemic Hawaiian arthropods. The
practice may also contribute incidentally to the control of phytophagous
pests such as the corn delphacid. Clearly, malathion bait sprays affect other
insect populations besides the target fruit flies even though the toxicant is
mixed with a proteinaceous bait and applied in large droplets. Treatments
have either direct or indirect impacts on populations of some insect
predators and parasitoids, but a reduction in biological control in corn or
surrounding crops has not be demonstrated. Other workers have
documented the susceptibility of natural enemies to malathion baits. They
have pointed out that resultant predator and parasitoid mortality may lead
to disruption of biological control (Daane et al. 1990, Cohen et al. 1988,
Ehler and Endicott 1984, Ehler et al. 1984),

More than 40 ha of papaya are dispersed among 250 ha of agricultural
production land at the Moloa’a area on Kauai. The original USDA-ARS
protocol for establishment of a fruit fly free zone called for 2 m wide corn
borders around all papaya fields to be treated with malathion baits (USDA-
ARS 1989). The possibility of even more extensive malathion-bait
applications in the future (e.g., in the 2,000 ha of coffee infested with
Mediterranean fruit fly, Ceratitus capitaia (Wiedemann) (Diptera:
Tephritidae), in southern Kauai) has also been raised. The effect of such
area-wide bait sprays on all nontarget species cannot be predicted, but the
data presented here show that populations of insects other than tephritid
fruit flies may be affected. More detailed studies under Hawaiian conditions
are needed to assess potential side effects of widespread malathion-bait
spray programs before appropriate cost-benefit analyses can be conducted.
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ABSTRACT Susceptibility to the CryIA(b) protein from Bacillus
thuringiensis (Berliner) was determined for five field-collected populations
and one laboratory colony of the European corn borer, Ostrinia nubilalis
(Hiibner). Field-collected larvae were reared for two generations in the
laboratory, and susceptibility of neonate larvae was determined with feeding
bioassays where increasing concentrations of the CryIA(b) toxin were applied
to the surface of artificial diet. In general, the response to B. thuringiensis
among the populations was similar based on the slopes of the dose mortality
curves. However, significant differences in susceptibility (greater than 5 fold)
based on LC5 values were observed. Repeated and prolonged exposure {0 B.
thuringiensis is not known to have occurred in the populations tested
indicating that the observed tolerance was due simply to natural variability
among geographically distinct populations and unrelated to selective
pressures associated with insecticide exposure.

KEY WORDS Ostrinia nubilalis, Lepidoptera, Pyralidae, Bacillus
thuringiensis, bioassays

Microbial insecticides based on the bacterium, Bacillus thuringiensis (Berliner),
are currently used for control of the European corn borer (ECB) Ostrinia nubilalis
(Hiibner) (Lepidoptera: Pyralidae), in cultivated corn. In addition, corn plants which
have been genetically altered to express the delta-endotoxin gene from B.
thuringiensis are being developed, field tested, and may soon be marketed for use
throughout the corn belt (Koziel et al. 1993). The advantages of genetically
engineered plants include more efficient delivery of active ingredient to the target
pest, less input in terms of the costs of pesticide application, and reduced
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environmental impact from pesticide use. Although genetically altered
plants producing their own protective insecticides provide an exciting new
approach to insect control, a large scale introduction of these crops could
rapidly lead to the development of resistance to B. thuringiensis within pest
populations (Tabashnik 1993). The combined impact of transgenic corn and
increased use of formulated B. thuringiensis for ECB management increases
the likelihood of resistance development which would negate the economic
and environmental benefits of this important management option.

Bacillus thuringiensis resistance has been documented in the laboratory
for several pest insects exposed to high doses of the toxin (reviewed by
Tabashnik 1993) and in field populations of the diamondback moth, Plutella
xylostella (L.) (Lepidoptera: Plutellidae) (Tabashnik et al. 1990), where
formulated B. thuringiensis was used repeatedly. Resistance to formulated
B. thuringiensis in ECB has not been observed despite almost 20 years of
field applications. However, current use of B. thuringiensis formulations is
generally limited and occurs in conjunction with other control strategies such
that reduced selection pressures may prevent resistance development. With
genetically altered plants, however, every ECB larva that feeds on corn
would be exposed to the toxin, and, therefore, the selection pressures may be
greatly magnified.

One of the most important research needs currently in B. thuringiensis
resistance management programs is the development of baseline
susceptibility studies of key insect pests in all ecosystems where B.
thuringiensis will be used (Whalon 1992). This study reports results from
experiments designed to establish bioassay procedures and to determine if
differences exist in susceptibility to CrylA (b) toxin among ECB field
populations collected from Nebraska.

Materials and Methods

Insects. Late-instar ECB larvae were collected from five locations within
Nebraska (Fig. 1) during June 1993. Each site was separated from the others
by at least 100 km. Larvae were excised from infested corn stalks and
immediately placed on ECB diet (Lewis and Lynch 1969) in individual
containers to minimize disease transmission. Approximately 150 larvae were
collected from each of the five sites and reared to the adult stage at 27°C in
24 h light and 80% relative humidity (Guthrie et al. 1965). Survival to the
adult stage from the five collection sites averaged 20% so that colonies were
initiated from approximately 30 individuals. Mortality was similar across
collection sites. In addition to the five field collections, a lab culture was
obtained from French Ag Research (Lamberton, Minnesota). This culture
was originally field collected but had been maintained in culture for
approximately 15 generations. Adults obtained from the field-collected larvae
were allowed to mate, and eggs collected from the adults were used to
establish a second generation. At least 200 adults were obtained from the
first generation which were then mated to produce offspring for bioassays.

Bioassay. Feeding bicassays were performed to determine ECB
susceptibility to B. thuringiensis. Snap-cap petri dishes (50 by 9 mm,
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Fig. 1. European corn borer collection sites in Nebraska.

Gelman Sciences, Inc., Ann Arbor, Michigan) were used for holding diet and
larvae. Molten ECB diet was poured into the dishes and allowed to solidify.
Dilutions of B. thuringiensis toxin (200 nl) were applied to the diet surface in
distilled water containing 0.1% Triton X-100 to aid in spreading. The B.
thuringiensis CryIA(b) toxin used for bioassays was obtained from a
fermentation run of B. thuringiensis subsp. kurstaki (HD1-9 strain) that
produces only CrylA(b) protein (Carolton and Gonzales 1985). The
concentration of protein toxin in the fermentation product was calculated to
be 3% by weight based on enzyme-linked immunosorbant assays (Clark et al.
1986). Control treatments received 200 pl of a 0.1% Triton-X 100 solution.
After allowing the treated diet to air dry for at least 2 h, 10 neonate larvae
less than 48 h after hatching were transferred to bioassay containers with a
camel hair brush. The dishes were sealed, and survival was determined 1, 2,
3, and 4 days after placing larvae on the diet. Because dead larvae were
often consumed by other larvae in the dish, only living larvae were counted.
Larvae were considered to be alive if they responded to prodding with a
dissecting pin.

Analysis. The entire bioassay was repeated for each population at least
three times, and each dose was replicated two or three times for each
bioassay. Bioassays consisted of at least four concentrations of B.
thuringiensis that produced mortality of > 0% but < 100%. Data were
analyzed by probit analysis (Finney 1971) as adapted for PC use (POLO,
Berkeley, California). The significance of differences among slopes for the
five populations was determined by the likelihood ratio test for parallelism,
and significance of differences among LCs, values was determined by the
likelihood ratio test for equality with pairwise comparisons determined by
non-overlapping confidence intervals (Savin et al. 1977).



270 J. Agric. Entomol. Vol. 12, No. 4 (1995)
Results and Discussion

The results of bioassays with the CryIA(b) B. thuringiensis protein
against neonate ECB at 2, 3, and 4 d after initial exposure are presented in
Table 1. These results demonstrate the suitability of the bioassay techniques
and the variability in B. thuringiensis susceptibility among geographically
distinct populations. In general, the 4 d readings provided the most
consistent data because survival ranged from 0 - 100% for the concentrations
tested. Therefore, both LCg, and LCgy, values could be calculated. Significant
regressions also were calculated for both 2 and 3 d readings, but not for 1 d
readings because mortality did not differ from control at any of the
concentrations tested. Control mortality was less than 20% for all bioassays.

In general, the 4 d susceptibility of ECB indicated that most populations
were similar in their response to the B. thuringiensis toxin. However, the
Mead population (LCsy = 4.2 ng/cm?2) exhibited significantly higher tolerance
than three of the five other populations. The difference in susceptibility
between the Mead population and the most susceptible population was
almost 6 fold at the LCs; and greater than 9 fold for the LCgy. This Mead
population was collected from an area not known to have received prior
exposure to B. thuringiensis, and probably does not represent a resistant
population. Surveys of susceptibility to B. thuringiensis in other pest species
have shown that considerable interpopulation variation exists (reviewed by
Tabashnik 1993). Although there has not been an extensive sampling of
target pests, variation has been reported in other Lepidoptera including the
diamondback moth (Tabashnik et al. 1990), Indianmeal moth, Plodia
interpunctella (Hiibner) (Pyralidae) (Kingsinger and McGaughey 1979), cotton
bollworm, Heliothis virescens (F.) (Noctuidae), corn earworm, Helicoverpa zea
(Boddie) (Noctuidae) (Stone and Sims 1993), and gypsy moth, Lymantria
dispar L. (Lymantriidae) (Rossiter et al. 1990). Such differences are probably
the result of natural variation among the populations (Robertson et al. 1995)
and unrelated to prior exposure to the insecticide.

Our results indicate that similar natural variability exists among ECB
populations, and may be responsible for small differences in susceptibility
unrelated to prior exposure to B. thuringiensis toxin. It must be noted that
the populations used in this study represent a relatively small sample, both
in terms of the number of insects used to establish the populations and in
the number of populations sampled. However, all the populations exhibited
similar slopes for the dose versus mortality curves indicating that
heterogeneity of B. thuringiensis susceptibility was not biased by the small
sample size. The shallow slopes displayed by all of the populations tested
reflect the genetic heterogeneity of the populations and are typical of the
response of most insects to microbial insecticides (Stone and Sims 1993,
Burges 1971). Steeper slopes and differences in slope among the populations
would have been expected if the response had been biased because of a small
sample size.

The results obtained from a limited number of ECB populations sampled
suggest that variability in tolerance to B. thuringiensis may exist among
geographically distinct populations. However, large unexplained variations



Table 1. Susceptibility of European corn borer to B. thuringiensis after 2, 3, and 4 d of exposure.

Location Time (d) N Slope = SEab LC5q (95%F.L.)acd LCgq (95%F.L.)jacd
Concord 2 1660 0.84 =0.07 ¢ 5.76 (2.97-9.58) a > 100

Mead 2 818 0.60 = 0.09 b 228 (1.22-75.3)ab > 100

Alma 2 1600 0.60 = 0.07 b 23.2 (8.85-68.2)ab > 100

North Platte 2 1330 0.54 = 0.06 ab 33.7 (19.4-63.4)b > 100

Clay Center 2 900 0.83 +0.11 be 39.0 (13.8-136)b > 100
Laboratory 2 1020 0.42+0.07a > 100 > 100
Concord 3 1660 0.78 = 0.06 a 0.87(0.47-1.43)a 37.9(23.1-718)a
Mead 3 818 0.64 = 0.08 a 470(195-9.16)b > 100

Alma 3 1600 0.80 = 0.06 a 2.74(1.53-4.39)b > 100

North Platte 3 1330 0.69+0.05a 2.20 (0.71 - 5.08) ab > 100

Clay Center 3 900 0.94 = 0.09 a 2.99 (0.12 - 9.50) ab 68.3(11.4-122)a
Laboratory 3 1020 0.76 = 0.08 a 3.10(1.33-5.73) a > 100
Concord 4 1660 0.98=0.08a 0.73 (0.45-1.08) a 148(105 - 22.3)a
Mead 4 818 0.88+0.07a 4.22(1.38-9.40) b 121 (438 -957 )b
Alma 4 1600 0.83+0.06 a 0.79 (0.23 - 1.73) ab 22.7(11.7 -109 )ab
North Platte 4 1300 0.96 +0.07 a 0.75(0.42-1.20) a 16.1(10.0 - 29.2)a
Clay Center 4 900 1.08+0.10 2 1.10 (0.54 - 1.82) ab 17.1(10.7 - 29.2)a
Laboratory 4 1020 1.05=0.09 a 0.80(0.50 - 1.16) a 13.3( 9.41- 20.3)a

“ Values followed by the same letter within a column for a single sampling time are not significantly different (P > 0.050).

Significance of differences determined by likelihood ratio test for parallelism (Savin et al. 1977).

¢ Significance of differences determined by likelihood ratio test for equality followed by pairwise comparisons using nonoverlapping fiducial limits (Savin et al. 1977).
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