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AUGMENTATION OF GREEN LACEWING, CHRYSOP ERLA RU FILAB N S, TI]
COTTONINTEXAS.

Allen E. Knutsonr and Louis Tedders2

ABSTRACT

Eggsof Chrysoperlarufilabris Burmeister(Neuroptera:Chrysopidae) were immersed
in a liquid carrier and adhered to cotton foliage with a tractor-mounted applicator. In two
trials, the release of200,000 eggs per acre yielded 4,600 and 5,900 larvae per acre seven and
ninedaysafterapplication,respectively. Thereleaseof400,000eggsperacreyielded8,100
lawae per acre nine days after application. Only the highest release rate of 400,000 eggs per
acre significantly increased the number of lacewing larvae relative to plots not receiving
lacewing eggs. Eclosion of C. rufilabris eggs applied with the mechanical applicator and
collected liom the cotton canopy was 39.5 %, while eclosion of extant eggs w,ls 42.3 %.
Densities ofextant eggs in cotton averaged 2 .7 eggspa 25 leaves but subsequent densities of
lacewing larvae or pupae were 1,400 or less per acre where no lacewing eggs were released.
Densities of cotton aphid, Aphis gossyppi Glover, were not significantly different in cotton
five and eighteen days after the release of I 00,000, 200,000 or 400,000 lacewing eggs per acre.
Results confirm previous studies which suggest that augmentation of lacewing in cotton by
the release of eggs is constrained by high mortality during the immature stages. Newly
eclosed lacewing adults were released in three cotton fields at a rate often per acre on the first
date and 20 per acre on two subseque,nt dates. During the three week study, densities of
lacewing eggs were not sigrrificantly greater in fields in which adults werb released relative
to control fields. These results suggest that high larval mortality, adult dispersal and high cost
are constraints to the use of lacewings for augmentation biological control of insect pests in
conon.

INTRODUCTION

The green lacewings, Chrysoperla rufilabris Burmeister and Chrysoperla carnea
Stephens, are common generalist predators in cotton in the U.S. In central Texas, C. ru/ilabris
is the most abundant Chrysopid species in cotton and is present throughout the growing
season. Chrysoperla carnea is the second most common Chrysopid but densities decline,
relative to C. rufilabris, in late summer in Texas cotton (Burke and Martin 1956, Agnew et
al. l98l). Chrysoperlaspp.preyoneggsandlarvaeoflepidopteranpestsofcottonandthe
cotton aphid, Aphis gossypii Glover @idgeway and Jones 1969). In small field-cage
experiments, larvae ofC. carnea signifrcantly reduced densities ofcotton aphid on cotton in
California (Rosenheim et al. I 993). The cotton aphid ernerged as a major cotton pest in the
early 1990s with widespread outbreaks occurring in California and Texas during 1991-93

tTexas A&M Research and Extension Center, Dallas, Texas. 75252
2USDA-ARS Southeastern Fruit and Nut Tree Research Laboratory, Byron, Georgia
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(Godfrey and Leser 1999). Coincident with these outbreaks was an increased tolerance of
cotton aphid to conventional insecticides. Because ofthe difficulty ofconfrolling aphids with
insecticides, growers and IPM managers sought non-chemical control tactics, including
biological control methods for cotton aphid (Godfrey and Leser 1999). Interest in
augmentative biological confrol focused on green lacewings as they are an effective predator
of cotton aphid (Ridgeway and Jones 1969), readily available from commercial suppliers, and
some commercial insectaries advocate the release of lacewing for control of cotton aphid
(Anonymous, no date).

A constraint to augmentative releases of Cftrysoperlainfteldcrops such as cotton has
been the lack of an efficient and rapid means for field distribution. The USDA Agricultural
Research Service developed a tractor-mounted ground sprayer for applying chrysopid eggs and
other natural enemies suspended in a liquid carrier (Tedders and Blythe 1998). This system
delivers and adheres the natural enemies to the target plant, thus improving natural enemy
viability and discovery of the target pest by the natural enemy (Morrison et al. 1998). This
application system and liquid carriea termed herein as the ARS applicator, were further
developed and are commercially available as the Biosprayer and BioCanier,ru respectively
(Smucker Manufacturing, Inc., Harrisburg, OR 97 446).

While earlier studies (Ridgeway and Jones 1969, Lopez et al. 1976) and most
commercial insectaries recommend releasing Chrysoperla as eggs or pre-fed larvae, some
companies market adult Chrysoperla spp. for augmentative reieases (Anonymous, no date).
The lacewing adults are released by hand while moving through the field, thus eliminating the
need for a specialized delivery system. The objective of this study was to evaluate
augmentation biological control ofcotton aphid using green lacewings eggs applied to cotton
plants with the ARS applicator and hand release of green lacewing adults in cotton.

METHODS AND MATERIALS

Application of green lacewing eggs. Eggs of the green lacewing, Chrysoperla
rufilabris,were obtained from aculturemaintained at the USDA-ARS Southeastern Fruit and
Tree Nut Research Laboratory at Byron, Georgia. Eggs less than24 hrs old were packaged
in styrofoam boxes with acooled gel-pak and shipped viaovemight freight to the Texas A&M
Research and Extension Center at Dallas. Upon receipt, the boxes were refrigerated less than
24 hrs prior to use in the field trials. Egg viability was determined prior to application by
placing two subsamples of 50 eggs each on a strip of masking tape. The tape adhesive
prevented larvae from consuming nearby and uneclosed eggs. Eggs were held in plastic petri
plates on moist filter paper in the laboratory at room temperature. The number of eclosed and
uneclosed eggs were recorded after l0 days.

Lacewing eggs were applied to cotton plants with the ARS applicator mounted on a
tractor. The applicator consisted ofa 3liter stainless steel tank, a gasoline powered blower,
and an electric-powered air compressor mounted on a steel platform. A system of plastic
tubing connected the spray tank to two flexible metal pipes each positioned above a row of
cotton. The spray solution consisted of250 ml ofBioCarrier rM (Smucker Manufacturing Inc.,
Harrisbwg, OR 97446) adhesive mixed in 2,000 ml of distilled water (1:8 ratio as per
manufacturer's directions). The spray solution was mixed for about one minute and allowed
to set for 30 minutes. The solution and lacewing eggs were then added to the 3-liter stainless
steel tank. The air compressor maintained a pressure of 0.8 pounds per square inch inside the
tank. The compressor also bubbled air into the spray tank to maintain a uniform suspension
of lacewing eggs in the liquid carrier solution. The spray solution was metered through a
plastic tube that terminated inside the end of a two inch flexible pipe. Air flow from the
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blower passed down the flexible pipe and carried the spray solution onto the cotton foliage.
The end ofthe flexible pipe was positioned 3 to 4 inches above the canopy and was positioned
at a 45 degree angle above each of two rows of cotton. The applicator was calibrated based
on a tractor speed of 3.4 mph and by adjusting the pump pressure to apply I 00 ml of solution
per 100 row feet of cotton. Air speed exiting from the air tube was 30 to 35 mph which broke
up the stream ofsolution into large drops and deposited them in the upper canopy ofthe row
ofcotton.

Field studies were conducted in 1994 at the Texas A&M Research and Extension
Center at Dallas, Texas, and in two commercial cotton fields in Kaufrnan and Ellis Counties
in North Central Texas. Field plots were each four rows wide by 100 fea long. Cotton was
planted on 40-inch row spacings. Treatrnents were a single application of 100,000, 200,000
and 400,000 lacewing eggs per acre, except in the Ellis County trial when one-half of each of
these rates was applied. The fourth treatment was no application ofeggs. Lacewing eggs were
applied to cotton within one hour ofmixing the eggs with the liquid carrier. Treatments were
arranged in a randomized, complete block desigrr with four replications.

Treafinentswereevaluatedbydeterminingnumbers oflacewing eggs,larvae andpupae
collected from cotton following the application of eggs. Eggs were anticipated to eclose
within l-2 days following application to the field based on the time from collection from the
laboratory colony to the time of application in the field, Sampling dates were selected to
detect the third instar, pre-pupal and pupal stages due to the difficulty of finding small first and

second instar on cotton plants. Mean development time for the larval, prepupal and pupal

stages of C. rufi.labris is7.7,2.7 and 6.5 days, respectively (Burke and Martin 1956).
At the Dallas location, lacewing eggs were applied 18 July at a rate of 100,000,

200,000 and 400,000 per acre. Immediately after application, a sample of 25 leaves with

visible spray residue was collected from each plot. Each leafwas examined with a dissecting
microscope and the number of applied eggs and naturally oviposited eggs were recorded.

Applied eggs were identified by the lack of a complete pedicel, which is broken during the

collection ofeggs from the rearing containers. Also, applied eggs were adhered to the leaf

surface, while naturally oviposited and therefore extant eggs were suspended on a pedicel

above the leaf surface. A small disc of leaf with each egg was cut from the leaf and held in

a plastic petri plate with moist frlter paper in the laboratory. After ten days, each egg was
examined to determine ifit had eclosed, died due to parasitism as evidenced by the presence
ofadultparasites,ordiedfromunknowncauses. Ninedaysaftertheapplicationoftheeggs,
ten plants in each plot were visually examined for lacewing larvae and pupae. The plant
population in the study plot was 45,000 plants per acre.

The trials in Kauftnan County and Ellis County were conducted in large commercial

cotton fields. At Ellis County, lacewing eggs were applied 28 June at a rate of 50,000, 100,000

and 200,000 per acre. The plant population was 35,000 per acre. Densities of cotton aphids

and lacewing eggs and larvae were estimated by visually searching ten plants in each plot prior

to application of lacewing eggs. Seven days after application, six cotton plants were visually
examined for lacewing larvae in each plot. At Kauftnan County, lacewing eggs were applied
21 July at arate of 100,000, 200,000 and 400,000 per acre. Immediately after application,
leaves wet with the spray solution were marked with a pen and 25 marked leaves were
collected from each plot. Marked leaves were examined with a microscope as described above
to record the number of applied and extant eggs. The number of cotton aphids per leaf was
counted on the third leaffrom the terminal on five and ten plants in each plot at 5 and 1 8 days
after application, respectively. Also, at I 8 days after application (8 August), ten plants in each
plot were visually examined for lacewing larvae, pupae and other predatory insects.

Release ofgreen lacewing adu#s. The release ofadult green lacewing (C. rufilabris)
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was evaluated in six commercial fields in Hunt Corurty in northeastem Texas. Lacewing
adults werepurchased from a commercial supplier at acost of$125 for 500 adults and shipped
overnight in a styrofoam box. Adults were provided moisture upon receipt and again prior
to release via wet paper toweling placed on the screened end of the container. Lacewing adults
were held in the container in a refrigerator ovemight and released within 24 hr of receipt.
Adults were released while walking across the field during the early moming, prior to 08:30
hours and again in the evening after 19:00 hours, ari per r@ommendations from the supplier.
Adults were released at a rate often per acre on 7 July, and 20 per acre on 14 July and 20 July
1993. These release rates were consistent wiQ recommended release rates, per the supplier,
of l0 adults/acre on cotton plants 12- I 8 inches tall and 20 adults/acre when cotton plants were
24-36 inches tall. The three fields in which lacewing adults were released were20,28 and 52
acres in size. Three cotton fields of 20,25 and 32 acres and located at least one mile from a
release field were selected as control fields and did not receive adult releases. Each field was
divided into four quadrants and 12 cotton plants in each quadrant were visually examined for
lacewing eggs, larvae and pupae and the presence ofcotton aphids on five sample dates from
7-29 July. In addition, the nrunber ofcotton aphids was recorded for each sample plant on
22 Jrtly. The most recent insecticide application made to any of the six study fields was on 20
June, or 17 days prior to the first release and no insecticides were applied to the fields during
the study period. Weather conditions were hot and dry, typical of midsummer conditions for
the area, and the study fields received no rainfall during the study period.

Significant differences between treatrn€nt means were identified using Least
Signifrcant Difference and t - test at a :0.05 following analysis ofvariance. Percentage data
were transformed by arcsin prior to analysis.

RESIJLTS

Application of green lacewing eggs. Eclosion of lacewing eggs collected from
shipments upon receipt on two sample dates averaged 76yo+ 1.4 and 7l o/o + 7.8 when held
in the laboratory. Eclosion of eggs applied with the ARS applicator and collected from cotton
leaves was not significantly different from eclosion of extant (naturally oviposited) eggs
collected from cotton leaves, averaging 39.5 Vo and 423 o/o, respectively (f': 0. 19, d. f" = 1,6,
P = 0.63) (Table 1). Parasitism was an important source of mortality of extant eggs, while
none ofthe applied eggswereparasitized since theywere collected fromthe field immediately
after application. Unexplained mortality of applied eggs was sigrrificantly greater, 60.50lo, than
that for naturally oviposited eggs (29.8%'XF :23, d. f. = 1,6, P : 0.003), suggesting that
application of lacewing eggs through the ARS applicator reduced egg eclosion in this tial.
Morrison et al. (1998) reported immersion of C. rufilabris eggs in the BioCarrier ru for 3 hrs
did not reduce egg viability. Egg mortality could result from physical damage to the eggs
during passage tbrough the application system.

tagl-E t. F"t" "f Apptt"d and

Source n Mean Percentage

Eclosed Parasitized Died

Applied 82 39.5 a

100 42.3 a

0 a  6 0 . 5 a

27.8b 29.8 bField
"lvle'ans foUowed by the same letter are not significantly diffuent, LSD, a = 0.05
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Increasing the application rate oflacewing eggs increased the number ofapplied eggs
recovered from leaves with visible spray immediately after collection in the Dallas trial. Also,
significantly more applied eggs were recovered at the highest release rate than at the two lower
release rates (F: 12.0, d. f.:2,9, P: 0.003) (Table 2). The highest release rate, 400,000
eggs per acre, resulted in an average of6.3 applied eggsl25 sprayed leaves. Densities of
extant lacewing eggsranged from 4.8 to 6.8 eggsper25 leaves, andtreainent differenceswere
notsignificant(F:1.75,d'.f.:2,9,P:023). surprisingly,themeandensityofextanteggs
was similar to that of the highest rate of applied eggs. Nine days after application of egg;i,
densities oflacewing larvae per plant were significantly greater than the check only at lhe
highestreleaserate(F=2.68,d.f.=3,156,p:0.048)(Table2). Densitiesoflarvaeatthis
release rate averaged 8,100 per acre (0, I 8 lawa per plant). No lacewing pupae were presenr
in the samples.

In the Ellis County trial prior to application ofeggs, the density ofnaturally oviposited
lacewingeggswas0.6perplant(21,000/acre)acrossalltreatments. Nolacewinglarvaewere
present in the pre-heatment sample. Cotton aphids were present at the time of application and
densities ranged from 5-30 aphids per terminal. Seven days after application ofeggs, the
density oflacewing larvae was 4,400 per acre (0.13 per plant) at the highest application rate
of 200,000 eggs/acre (Table 2). However, differences in mean density of larvae between
treatnents inthe Ellis County trial were not significant (F:0.60, d.f.,:3, 12, p:0.63) (Table
2). In the Ellis and Dallas county trials, the application of200,000 eggs per acre resulted in
a recovery of 4,40O to 5,900 lacewing lawae per acre 'l to 9 days after application,
respectively.

In the Kauftnan county trial, significantly more applied eggs were recovered from
leaves with spray deposit at the highest release rate than at the two lower release nrtes (F =
12.76, d. f. : 2, 9, P : 0.002) (Table 3). As in the Dallas trial, densities of naturally
oviposited eggs were also high, averaging 2.0 to 3.3 per leaf, but differences between
treahnents were not sigfficantly different (f : 0.36, d,. t.:2,9, P:0.71). Application of
lacewing eggs had no measurable effect on cotton aphid densities as differences among

TABLE 2. Mean Number of Lacewing Eggs on Leaves with spray Deposit and Number of
L** F.tt"*t"g Apptt.

Dallas County Trial"b Ellis Countv Trialu"

Release rate

eggs / acre

Eggs per 25
leaves

Applied Extant

Larvae per

acre

Release rate Mean no.

eggs / acre larvae I acre

0

100,000

200,000

0.0 b

2.3 a 4.8 a 2,300 ab

3.8 a 5.3 a 5,900 ab

0 1,400 a

50,000 1,400 a

100,000 1,400 a

200,000 4,400 a400,000 6.3 b 6.8 a 8.100 a
"Means followed by the same lefter within a column are not sign@
0.05
bNine days after release of eggs
"Seven days after release of eggs
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TABLE 3. Average Numbo of Applied and Extant Lacewing Eggs Recovered per 25 Leaves
*tttt Spr"y O"p"rit. f"tm*,

Release rate, eggs/acre Applied eggs Extant eggs

100,000

200,000

400,000

3.3a

2.Oa

l .0a

l .8a

7.3b 3.3a
"Means followed by the same letter are not significantly different, LSD, a = 0.05

TABLE 4. Mean Number of Cotton Aphids and Adult Coccinellidae 5 and 18 Days After
Application of Lacewing Eggs to Cotton- KauAnan, TX.".

Mean no aphids / leaf Coccinellidae/I0 plants
No. applied eggs/acre

5 days 18 days at 1 8 days

0

100,000

200,000

400,000
-Means followed by the same letter are not significantly different' LSD' a :0.05

treatment means were not significantly different at 5 and 18 days after application of lacewing
eggs (F : 1.52, d. f . : 3, 7 6, P = 0.22 and F : l. I 2, d. f . : 3, 7 6, P = 0'35, respectively) (Table

4). Eigtrteen days after application of eggs, no lacewing laryae were found in any treatment

and only two lacewing pupae were recovered. Densities of Coccinellidae, primarily

Hippodamia convergens Guerin-Meneville, were high in response to the large numbers of

aphids present in the testplotbut differences amongheafinents were not sigrrificantly different
(F = 1.08, d. f. = 3, 8, P : 0.41) (Table 4).

Release ofgreen lacewing adults. Cotton aphids were present in all ofthe release and

control fields throughout the study period. On 7 July, prior to release of adults, cotton aphids

were present on2l Yo t 6 and 34 o/o + 25 ofthe cotton plants in the release and check fields,

respectively. Aphid infestations reached a maximum on 16 to 20 July when cotton aphids

were present on 49 Yo + 16 and 68 o/o ! 34 of the plants in the release and confrol fields,

respectively, and infestations then declined. Following the first release of lacewing adults,

densities oflacewing eggs in release and control fields were sipificantlydifferentonly on the

last sample date 29 July when densities of lacewing eggs were significantly greater in the

control treatnent (Table 5). These results suggest that the release of adult lacewings did not

increase densities of lacewing eggs in cotton in the three release fields. The mean density of

cotton aphids on 22 July was 3.1 and 13.3 per plant in the release and control fields,

respectively, and the difference between means was not significantly different (t- test, P :

0.001).

17a

20a

l l a

l l a

69a

52a

49a

47a

3.3a

5.3a

6.0a

7.0a
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TABLE 5. Mean Number of Green Lacewing Eggs in Release and check Fields.

Lacewing eggs / plant: mean + standard error P - value
Sample Date

Release fields Control fields

July 7

July 14

July 20

Ju,ly 22

Iuly 29

0.01 + 0.01

0.04 + 0.01

0.23 + 0.03

0.22+0.03

0.14 + 0.03

0.04 + 0.02

0.06 + 0.03

0.02

0.32

0.21 + 0.03 0.63

0.17 + 0.03

0.39 f 0.04

0.20

0.01
"Lacewitt

control fields are compared with t- test at a = 0.05.

DISCUSSION

Lacewing populations in cotton often consist of large numbers of eggs with much
fewer numbers of larvae, as reported by whitcomb and Bell (1964) in ArkanJas ano wilson
and Gutierrez (1980) in Califomia. Extant eggs were also cornmon in the current study
(Tables 2 and 3) yet lacewing larvae and pupae were rare (Table 3). Earlier efforts to augment
lacewing densities confirmedthat immature stages oflacewing sufferhighmortalityincotton.
Ridgway and Jones (1968) applied 800,000 c. carnea eggs per acre byhand to cotton plants
and recovered 44,700 larvae per acre (5.6 %) ten days after egg eclosion. In this study, cotton
plants hadpreviouslybeen teatedwithmethylparathionto kill otherinsects and infested with
cotton aphids to provide food for eclosing lacewing larvae. In a second study, hand
application of 200,000 c. carnea eggs per acre to cotton yielded 6,210 larvae per acre (3 yo)
nine days after egg eclosion (Ridgway and Jones 1969). The latter results are very similar to
the recovery of5,800 larvae per acre nine days after the application of200,000 eggs per acre
in the Dallas trial (Table 2).

Intraguild predationby zelus renardii Kolenati, NaDr spp. ard Geocons spp. was a
majorsourceofmortalityoflarvalC.carneaincottoninCalifornia(Rosenheimetal. 1993)
Intraguild predation by these generalist predators was demonstrated to release aphid
populations from control by lacewing larvae (Roseheim et al. 1993). Although predator
densities were not measured in the study fields reported herein, Geocoris spp. are present in
north rexas cotton while zelus spp and NaDls spp. are lmcommon (Knutson, unpublished
data). The most abundant generalist predators in cotton in this area are onus spp.,
Misumenops spp. and other spiders, and the red imported fire ant, Solenopsis invictaBuren.
The red imported fire ant preys on lacewing eggs, larvae and pupae in pecans and is
considered a major constraint to the successful augmentation of lacewing in pecans for control
ofpecan aphids (Tedders et al. 1990). In the Kaumfan tial, s. invictawas present on 1g %
+ 5'5 (mean + s. D) of the plants sampled on 8 August. Also, lacewing eggs have been
collected from ̂ S. invictaworkers foraging in cotton (Knutson, unpublished Oata). lredation
ofextant and applied lacewing eggs and larvae by S. invicta in cotton may have contributed
to the low survival of C. carnea reported herein.

Parasitism of lacewing eggs by Hymenoptera is also important, as shown from the
results of collecting extant eggs in the field experiment at Dallas (Table l). Parasitism of
supplemental eggs could be avoided by applying eggsjust before eclosion but subsequent
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parasitism of eggs and lawae could reduce survival of succeeding in-field generations of

lacewing. AlargenumberofparasitespeciesattackChrysopideggsandlarvae(Clancy1946).
ln cotton in Israel, parasitism of lacewing larvae is as high as 50 % and is important in
suppressing population increase of lacewings (Gerling and Bar 1985).

In addition to predation, starvation oflacewing larvae, especially the first-instar larva,
is an important source of mortality, However, Iack of prey is not considered important in the

tests herein. Cotton aphids were present in all of the current studies and densities in the

Kaufrnan trial approached 50 aphids per leafwhich is considered economically threatening
(Moore et al. 2001).

The release of lacewing adults was based upon the assumption that adults would

oviposit in the field in which they were released. The preoviposition period fot C' rufilabris

ranges from 4-14 days with a mean of 8.2 days (Burke and Martin 1956). During this time,

released adults could have dispersed liom the release field. Adult female C. carnea evJtjbit
an obligatory migration flight duringthe first2-3 nights aftereclosion andpriorto oviposition

@uelli 1980) Flight distance of newly eclosed adult females is estimated to be several

kilometers in the absence of wind and up to 40 krn per niglrt depending upon wind velocity.

Dispersal of recently eclosed adult females from the fields in which they were released could

account for the absence of an increase in egg density relative to the check fields (Table 5).
As suggested by Morrison et al. (1998), the results of the current study indicate the

ARS applicator is a significant improvement in technology for applying lacewing eggs to field

crops. The system is tractor mounted and can be modified to rapidly heat multiple rows of

cotton in large commercial fields. The liquid-carrier system adheres the lacewing eggs to the

cotton plant as opposed to other mechanical application systems which result in some eggs

falling to the ground where they are exposed to high soil temperatures and lack ofprey.
However, the very low recovery of lacewing larvae and pupae in this study following
applications of high nwnber of eggs suggest biological factors including predation and
dispersal of adults may be sigrificant constraints to augmentative biological control of

lacewings in cotton. In addition, the expense of lacewing eggs, about $2.10 for 1'000 eggs'

is cost prohibitive for cotton production at the release rates used in this study.

ACKNOWLEDGMENT
Funding for this research was provided in part by the Cooperative State Research,

Education and Extension Service, project 93-EPMO-1-0400. The authors thank Megha
Parajulee for his review of the manuscript and James Swart, Glen Moore and Chris Sansone,
Texas Cooperative Extension, for their assistance.

LITERATURE CITED

Agnew, C. W., W. L. Sterling, and D. A. Dean. 1981. Notes on the Chrysopidae and

Hernerobiidae ofeastem Texas withkeys fortheir identification. Southwest. Entomol.

Supplement a.20pp
Anonymous. No date. Biologically intensified IPM for cotton production. Biological Control

Principles and Applications. Biofac, Inc' Mathis, TX mimeograph.
Burke, H. R., and D. F. Martin. 1956. The biology of three chrysopid predators of the cotton

aphid. J. Econ. Entomol. 49:698-700.
clancy, D. w. 1946. The insect parasites of the chrysopidae (Neuroptera). University of

California Publications in Entomology 7: 403-496'
Duelli, P, 1980. Pre-ovipository migration flights in the green lacewing, Chrysopa c1rnea.

Behav. Ecol. Sociobiol. 7 :239-246.

238



Gerling,D.,andD.Bar. 1985. Parasitizationofchrysopacarnea$leutoptera:chrysopidae)
in cotton fields in Israel. Entomophaga 30l.409-414'

Godfrey,L.D.,andJ.F.Leser. lggg.Cottonaphidmanagement-statusandneeds' pp.3740.

InProc.Beltwide cotton conference l. National cotton council. Memphis, TN.

Lopez, J. D., R. L. Ridgway, and R. E. Pinnell. 1976. Comparative efficacy of four insect
' - 

predators of the bollworm and tobacco budworm. Environ. Entomol. 5:l160-1164.

Moore, G. C., R. D. Parker, D. D. Fromme, and c. B. Hoelscher. 2001. Managing cotton

insects in the southenL eastem and Blackland areas of Texas. E-5A.

htp://insects.tamu.edu/extension/ bulletins/e-sa.hfinl
Morrison, R. K., M. Rose, and S. Penn. 1998. The effect of extended immersion in agitated

liquid carriers on the viability of two entomophagous insects. Southwest. Entomol.

23:13l-135.
Ridgway, R. L., and S. L. Jones. 1968. Field-cage releases of Chrysopa carnea for

- 
suppression ofpopulations ofthe bollworm and tobacco budworm on cotton. J. Econ'

Entomol. 6l:892-898.
RidgWay, R. L., and S. L. Jones. 1969. Inundative releases of Cftrysopa carnea for control of

- 
th" boll*ot- and tobacco budworm on cotton. J. Econ. Entomol. 62t 177'80'

Rosenheim, J. A., L. R. Wilhoit, and C. A. Armer. 1993. Influence of intraguild predation

among generalist insect predators on the suppression of an hertivore population'

Oecologia. 96:439 -449.

Tedders, w. L- and J. L. Blythe. 1998. Beneficial insect egg spraying device. Patent No.

5,718,377. U. S. Patent Oflice.
Tedders,W'L.,C.c.Reil ly,B'W.Wood,R.K.Morrison,andC.S.Lofgren.1990.Behavior

of solenopsis invicta (Hymenoptera: Formicidae) in pecan orchards. Environ.

Entomol.44-53.
whitcomb, w. H., and K. Bell. 1964. Predaceous insects, spiders, and mites of Arkansas

cotton fields. Ark. Agr. Exp. Stn. Bull. 690.
Wilson, L. T., and A. p. Gutierrez. 1980. With-in plant distribution of predators on cotton:

comments on sampling and predator efficiencies' Hilgardia 48: 3-11'

239



voL.27 NO.3/4 SOUTHWESTERNENTOMOLOGIST SEPT/DEC2OO2

FoRAGINGBEHAVIOR'HoSTSTAGESELECTIoNAhIDGUTCoNTENT
A}IALYSIS OF FIELD COLLECTED DRI4PEZS NR . DIVERGENS : A PREDATORY

FLY OF BE]4ISIA ARGENTIFOLIP

James R. Hagler
USDA, ARS, PWA Western Cotton Research Laboratory

4135 E. BroadwaY Road
Phoenix, Arizon4 85b40-88033

ABSTRACT

A laboratory investigation of the foraging behavior and host stage selection of

field collected Draptis w.-divergens presented with a surfeit of silverleaf whitefly,

Bemisia argentifoliiBellows and Fening, eggs, nymphs and adults. was undertaken. The

foraging tlnavior of D. nr. divergens resembled_that of an ambush attack strategist,

freqieritty exhibiting motionless behavior and feeding exclusively on_mobile adults. A

g.rt'"ont"nt evatuat]on of D. nr. divergens using a whitefly-sp-ecific enzyme-linked

i-rnurrororbent assay @LISA) was conducted on field collected flies. The analysis

revealed that llo/oofihe individuats collected contained whitefly remains in their guts.

INTRODUCTION

The silverleaf whitefly, Bemisia argentifolii Bellows and Perring l= B. tabaci

(Gennadius), strain Bl (Homoptera: Aleyrodidae) and other whitefly species are pests of

.ony ".op, und ornamentals throughout the world (Mound and Halsey.1978, Bellows et

61. t-ee+;.- An enormous research effort has been made toward identifying the whitefly's

predaceous natural enemies. The most common whitefly predators identified thus far are

iarious species of beetles, true bugs, lacewings and mites (e.g', Meyerdirk and Coudriet

t985; Gerling 1986, 1990, 1992; Butler cnd Henneberry 1988; Kapadia,and Puri 1991;

Breene etal.lgg2,1994;Hoetmeretal. 1993;Legaspi *a\.1994;HaglerandNaranjo
19944b;Heinz et al,|994;Nordlund and Legaspi 1995). Several recent surveys ofthe

predatoi complex in whitefly infested Arizgla.cotton revealed that a predatory fly,

Drapetis nr. dirrrgr^ Loew @iptera: Empididae) is the most abundant predator species
puiler and HennJberry 1993: JRH, unpublished data). A thorough search for literature

in Drapetis rpp. r"ueil"d that very little is known about their feeding behavior, diet

breadttr, or lifi history. For example, the habitat of the egg, larval,. and pupal stages are

unknowrl its diet lr-eaa*r is unknown, and a complete taxonomic description of the

Drqetis species found in Arizona does not exist.' 
This study was initiated to evaluate the behavior and host stage selection offield

' Diptera: Ernpididae.
2 Homoptera: Aleyrodidae.
, this articte reports tlrc results of research only. Mention of a proprieory product does not constitrte an

endorsement or a recommendation for its use by the USDA.
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collected adult D. ttr. divergens. My primary objectives were to: (l) determine if adult
flies preferentially feed on whitefly eggs, nymphs, or adults;'@; determine prey
consumption rate; and (3) observe fundamental foraging behavior. To accomplish tiresl
objectives, I directly observed 22 individuals, for one hour each, in a feeding.arena
containing a surplus of whitefly eggs, nymphs, and adults. The host stage selection and
the amount of time that each individual predator spent feeding on its preliwere recorded.
Additionally, an analysis ofthe predator foraging sequence behavior was conducted to
identify and quanti$ general foraging patte.nJexhibitio uy a. ttr. divergens. Following
the laboratory experiment, I analyzd the gut contents of field cotlectei individuals foi
whitefly remains using a whitefly-specific enzyme-linked immunosorbent assay (ELISA)
(Hagler et al. 1993) to determine the proportion of D. nr. divergens preying on whiteflies
in a cotton field.

MATERIALS AND METHODS

Inboratory Evaluation of Feeding Belwvior. Adurt D. w. divergens w'-
coll€cted with a 36.0-cm diameter sweepnet throughout the summer of 1997 from cotton
fields at the University of fuizona's Maricopa Agricultural Research Station (Maricopa,
Arizona). The entire contents ofthe sweepnet samples were returned to the laboratory
and placed in a 60-cm tall by 30-cm diameter communal rearing container containing a
single, =55-66tall, potted cotton plant (cv'Deltapine 5415') and held at2Tc. ihe
flies were allowed to feed ad libitum on any available prey coflected in the sweepnets.
The day before the feeding observations, individuals were randomly removed from the
communal rearing container, placed individually into a clean petri dish (9.0-cm diameter)
and provided with water only.

cotton plants were grown in 15.2-cm diameter pots in a greenhouse. Four- to
five-week old cotton plants were infested with adult whiteflies on a weekly basis. when
the plants were approximately 8 to 9 weeks old, a single cotton leaf was rimoved from a
plant and cut to fit exactly into the bottom ofa 3.5-cm plastic petri dish (the feeding
arena). The numbers ofwhitefly eggs and nymphs were counted on each leafdis( aftei
which each disk was placed abaxial side up into the bottom ofthe feeding arena. Adult
whiteflies were introduced into the arena and the petri dish lid was placed over the top of
the arena. A typical feeding arena contained a 3.5-cm diameter cotton leafdisk infeited
with an average of 982.0 + 181.5 eggs,634.4 t 117.2 nymphs, and42.6 + 2.7 adults
(males and females at a l: I sex ratio). A single fly that was held overnight without food
was placed into the feeding arena and continuously monitored for I h under a dissecting
microscope as described below. The observations were made between 0800 and 1200 [
at27oc and2Q%o RH. Subsequently, a behavioral transition matrix (Lehner 199g, Isaacs
et al. 1999) was developed and its components were programmed into The observer@, a
software program designed specifically for animal behavior research (Noldus Information
Systems, ver. 3.0, 1996). Descriptions of the behaviors exhibited byD. nr. divergens are
given in Table l. After each I h observation (r22 observations), the first preditory fly
was removed from the arena and replaced with a second fly. No more than two flies were
observed consecutively in the same arena. The feeding arenas were replaced daily with
fresh plant and prey material,

Behavior transition matrices for D. nr. divergens were determined by transfering
the observational data obtained from The observer@ from columns of sequences into
matrices ofpreceding and succeeding behavioral elements as described by Lehner (1998)
and Isaacs et al. (1999). Thereafter, each first-order transition (Slater 1973) from one
behavior to another was analyzed by a 12test to identify those transitional behaviors that
were significantly greater than expected by chance. This was done only for those
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TABLE L Description of the Behavioral Events Observed for 22 Individual Drapetis w.
divergens Observed for One Hour Each in a Feeding Arena Containing a Cotton Leaf
Disk and Nl Lifestages of Bemisia argenti.folii.

Observation Prey Description of predator behavior

Walking
Resting
Grooming

Orienting

Probing

Feeding

Egg
Nymph
Adult
Ege
Nymph
Adult

Moving in a straight line across the leaf surface
Standing motionless
Rapid movements with its fore and hind legs

across its body surface and antennae
Pivoting on the leaf without moving in any
particular direction

Probing an egg, but doesn't insert its mouthparts
Probing a nymph, but doesn't insert its mouthparts
Probing an adult, but doesn't insert its mouthparts
Consuming an egg by inserting its mouthparts
Consuming a nymph by inserting its mouthparts
Consuming an adult by inserting its mouthparts

transitions with a frequency greater than 1.0% of the total number of transitions in order
to reduce the likelihood of making a type II statistical error (Isaacs et al. 1999). The
critical P-value assigned to the 12 test was 0.001. The prey choice and mean t SE
amount of time that D. nr. divergens spent handling its prey was determined.

Gut Content Evaluation of Field Collected Drapetis nr. divergens. Adult D. nr.
divergens were collected in a 36.0-cm diameter sweepnet on 15 August 2001 from a
whitefly-infested cotton field located at the University of Arizona's Maricopa
Agricultural Research Station. The entire contents of the sweepnet sample were put into
a 3.8Jiter waterproof plastic container and immediately placed on ice. Upon return to the
laboratory, predators were removed and stored at -70'C. The flies were then assayed for
the presence of whitefly remains in their gut using the whitefly-specific ELISA described
below. Voucher specimens of D. nr. divergens used in this study were deposited at the
United States National Collection, Systematic Entomology Laboratory, Beltsville, MD.

Negative control D. nr. divergew were collected from the field and provided with
only water ad libitum for 72h. This allowed the insects to digest any egg antigen in their
guts at the time of their collection (Hagler and Naranjo 1997). Individuals were
thoroughly ground in 250-pl tris buffered saline (TBS) and stored at -70oC until assay.
Negative control D. nr. diverge,?s were assayed forthe presence of whitefly remains in
their guts using the ELISA described below. Mean t SD ELISA optical density values
were calculated for the negative control predators.

The whitefly-specific ELISA described by Hagler et al. (1993) was used to
determine the proportion of field collected D. nr. divergens containing whitefly remains
in their guts. A field collected fly was scored positive for whitefly egg antigen if its
ELISA optical density value exceeded the mean negative predator control reading by
three standard deviations (Schoof et al. 1986, Sutula et al. 1986). The percentage of
individuals (qualitative outcome) scoring positive for whitefly remains was tallied.

RESTILTS AND DISCUSSION

Laboratory Etaluatlon of Feeding Behavior. Drapetis nr. divergens spent 75% of
its time resting and grooming. Observation revealed that the percentage of time spent in



each behavioral event was grooming (38%) " resting (37%) > feeding (12%) . walking
(ll%) > orienting (l%) = probing (lYo). Drapetis nr. divergens walking behavior was
rapid and almost always in a direct line, as orienting in different directions was rarely
observed. The analysis oftransitional behavioral events showed thatD. nr. diverginshid
a total of 584 behavioral transitions recorded duing22 h of observation (26.5 per hour)
(Table 2) The only significant behavioral sequences were: (l) grooming tb resting
2l.9Yo of the time, (2) resting to grooming 17 .8%o of the time, and (3) adult probing to
adult feeding 8.7% of the time.

Drapetis w. divergens ignored whitefly eggs and nymphs and fed solely on adult
whiteflies. This concurs with anecdotal observations reported by other researchers. For
example, Sussmann (1988) noted D. nrbaenescezs collin preying on adult B. tabaci
Gennadius in Israel and Butler and Henneberry (1993) observed that male Drapetis sp.
frequently had whiteflies impaled on their mouthparts. They hypothesized that malis
presented their potential mates with a whitefly meal just prior to mating. It is generally
accepted that most whitefly predators feed on every lifestage, but the immobile egg and
nymphal lifestages are the most wlnerable to attack @reene et al. 1994, Nordlund and
Legaspi 1995). This is the frrst report ofa whitefly predator preying exclusively on the
adult lifestage. This finding is useful for refining the interpretations of D. w. divergens
gut content examinations using an established whitefly egg-specific ELISA. For
example, a limitation of the whitefly-specific ELISA is that the MAb used can't
differentiate between an egg and an egg-carrying (i.e., gravid) female meal (tragler et al.
1993). Since most whitefly predators readily prey on both eggs and adults, I can't be
certain whether a positive ELISA reaction is due to predation on whitefly eggs, adult
females, or both lifestages (Hagler and Naranjo l994a,b). However, since this study
shows that D. nr. divergens feed exclusively on adult whiteflies, when all whitefly
lifestages are available, a positive egg-specific ELISA reaction yielded by a field
collected fly can be attributed to consuming an adult female.

Drqetis nr. divergens consumed an average of 1.9 r 0.22 adult whiteflies per
hour. This predation rate is less than that I have observed in identical feeding arenas for
adult Hippodania corwergens Gudrin-Mdneville and Collops vittatus (Say) that
consumed = l0 adults per hour, Geocoris punctlpes (Say) and Lygus hesperzs Knight that
consumed = 6 adults per hour, and about the same as that observed for Orius tristicolor
(Say) (unpublished data). The average prey handling time for D. nr. divergens on adult
whiteflies was 246.8 + 28.5 sec. This handling time is much longer than that of o 15 sec
observed for H. convergens and C. vittatus (unpublished data) and ' I l0 sec observed for
G. punctipes, but shorter than o 455 sec observed for O. tristicolor (unpublished data).

The overall results from this laboratory study provide some insight into the
huntingstrategyusedbyD. nr.divergens. Insectpredatorsareusuallyclassifiedaseither
stalking or ambush predators (O'Brien et al. 1989, Sabelis 1992,Hagler 1999). Stalking
predators walk in a stop-and-go manner constantly scanning their habitat for prey. When
prey is detected, the predator rapidly consumes it and moves on toward the next meal.
This hunting strategy is generally used by predators that feed on immobile prey such as
insect eggs @reene et al. 1994). Ambush predators place themselves in a strategic
location and wait until prey wanders into their field of attack. Then, once a prey item is
in range, they pounce and feed on it for an extended period oftime. Generally, mobile
insects are more susceptible to ambush predators (Cohen et al. 1995). The high
frequency ofresting and grooming, the mobile lifestage prey choice, and the relatively
long prey handling time exhibited by D. nr. divergens indicate that it is an ambush
predator. Although D. nr. divergens is the first predator described that feeds exclusively
on adult whiteflies, it is likely that other ambush predators, such as Zelus renardii
Kolenati, also prey exclusively on adult whiteflies (personal observation). However, Z.



q, '-
A de '
t r o

H t
o U )
9 p
8 a

J 0 )

6 H
R ( )

s t
F o 9
b r
G I !s t r

. . ( l

. € F
P E
i+, =
A E
= q )

5 E
o : \
q - -

E . cq ) 9
> r E

E t r
E . g o
6 u t' 5 9
G C )

6 '
o 6
! E

> o
b F
E E
Q 2^ =
E 'q)
9 u t
3 : i
l n  t ^
d : F
- =  - v

9 F V
E  p \
+ a T
g t r *
E  > \ : i
q z ' € �

.9  " t<

F t r H
F F A

. E ?
c.t .ts .=

s 5 g
3 5 €
F  ' c q

O O ' . i O $ n - \ t - N
S  \ O - @ O \ H

o o \ , . ) o o o e { c . t c . t o

O O c ' r O O h O \ ! O \ o
6 l  r r o-

O O F O O N \ O O 6 -
o a l

F

o o N o r + m o e . t h $
crr s

O O O O O O n h S H

o o o o o o s o o o

o o o o o o o o o o

O O O O Q i n - F c ,
in

lt)

F

o
()
c

q)

o

0,

x.
.C>
==
!

. P *  . 3 o *
HE f; B"E.E bO
EEgEt5csF€
,$E€,$5€FgE8

b o F
c l x

x >
o :
9 t

245



relwdii is also known to affack a wide variety of mobile stages of other insect species
(Lingren et al. 1968, Ables 1978, Cohen 1993). Whether D. w. divergens attacks other
insect species is not known and requires further investigation.

Gut Content Evaluation of Field Collected Drapetis rr. divergens. None of the
seven negative control D. nr. divergens yielded a positive response for the presence of
whitefly remains in their guts. The critical threshold value (mean r 3 SD) for a positive
response was 0.15 (Fig. l). These data indicate that starved flies do not contain any
inherent antigens that cross react with the whitefly-specific ELISA. These results are
similar to previous studies where this whitefly-specific ELISA was tested for cross
reactivity against other predator species (Hagler et al. 1993, Hagler and Naranjo
leeaab).
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FIG. l. The ELISA reaction yielded by individual field collected Drapetis rr. divergens
examined for Bemisia argentifolii prey remains. The bold horizontal line parallel to the
x-axis is the critical threshold value for a positive ELISA response. Individuals yielding
an ELISA optical density value above the line scored positive for the presence of B.
argentifolii remains in its gut.

The quantitative ELISA response yielded by 80 field collected flies examined in
this study is given in Fig. l. The ELISA optical density values yielded by those
individuals scoring positive for whitefly remains ranged from just above the positive
ELISA threshold value of 0.15 to as high as 1.34. Whitefly remains were detected in 12
of the 80 individuals examined (Fig. l). The frequency of positive responses forD. nr.
divergens is similar to the 14.3% nd l2.2Yo yielded by the ambush predators, ̂tize4



confusa Caudell and Z. renardii (Hagler and Naranjo 1994a), but less than the 2O to 58To
frequency ofpositive responses for the stalking predators, C. vittatus, H. convergens, G.
purrctipes, G. pallens StaJ, O. tristicolor, nd L. hesperus (Hagler and Naranjo l99aa,b).
However, as mentioned above, the proportion of positive ELISA reactions for the
stalking predators is likely due to these predators feeding on whitefly eggs as well as
adult females.

From these studies, D. nr. divergerr is an ambush-type predator that feeds
speoifically on adult whiteflies. Based on its relatively low prey consumption rate and
long prey handling time, it is not an ideal single candidate for whitefly control. However,
its abundance in Arizona cotton fields makes it a possible contributor to an overall
program targeted for whitefly control.
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ABSTRACT

Citrus pulp baits containing fipronil or sulfhramid were evaluated for their
attractiveness to tle Texas leafcutting ant and effectiveness in halting ant activity. Texas
leafcutting ants rvere more than twice as likely to retrieve the fipronil bah compared to the
sulfluramid bait. Both citrus pulp baits were highly effective in halting ant activity within 8
weeks following treatment. However, the fipronil bait reduced ant activity at a faster rate.

REST]MEN

Cebos de pulpa de arboles citricos que contenian fipronil o sulfluramid se usaron para
waluar la atracci6n de la hormiga cortadora de hojas de Texas y para ver la eficiencia en
detener la actividad de esta hormiga. En comparaci6n, las hormigas cortadoras de hojas de
Texas sacaron el cebo de fipronil casi en doble proporci6n al cebo de sulfluramid. Ambos
cebos de pulpa de rirboles citricos fueron extremadamente eficientes en detener la actividad de
la hormiga en las ocho setnanas despues del tratamiento. Sin embargo, el cebo de fipronil
redujo la actividad de la hormiga con m6s rapidez.

INTRODUCTION

Leaf-cutting ants in the ganvs Aua(Hymenoptera: Formicidae) are among the most
destructive insects in the tropical and subtropical Americas. Crops particularly susceptible to
defoliation include citrus, coco4 coffee, maize, cottoq eucallptus, and pines (Chenett 1986).
The Texas leafcutting afi" Atta texnu @ucKey), is the most northern representative of this
gerus and is a serious pest in first- and segond-year plantations of loblolly pine, Pinus taeda
L., in eastern Ts<as and west-central Louisiana (Moser 1984 Cameron and Riggs 1985). It
also attacks citrus groves in southern Texas (V. French, Texas A&M Citrus Board, personal
communication). This insect was rated third in relative pest importance (behind the southern
pine beetlg Den&octonusfronalis Zimmermanq and fusiform rust, Cronwtium qumanum f.
sp. fusiforme) in a l98l survey of major forest industries of eastern Texas (Texas Forest
Senice 1982). Pine seedling mortality due to the Texas leafcutting ant occurs on nearly 4,900
ha per year with control and seedlitrg replacement costs averaging $2.3 million per year
(Cameron and Riggs 1985). This insect also is a considerable pest to homeowners within its
range. A recent survey of Texas Cooperative Extension county agents in 70 counties
indicated that, on averagg nearly 30 calls are received per county per year primarily from

1 Alta texana @tckley) (Hymenqtera; Frmicidae)

25r



homeowners with complaints about ants foraging on shrubs, rose bushes, and fruit trees or in
vegetable gardens (B.M. Drees, Texas cooperative Er<tensiorq personal communication).

Fumigation with methyl bromide @rom-o-gas@) has been widely used during winter
months for nearly 50 years to effectively control the Texas leafcutting ant. Howbver, the
potential contribution of methyl bromide to ozone depletion has led to the scheduled removal
of its Environmental Protection Agency @PA) registration by the year 2005. Due to the
imminent methyl bromide registration witlrdrawal and the chemical's high toxicity to man, a
citrus pulp bait containing sulfluramid (Volcano@ leafcutter ant bait, GrifFrn L.L.C., Mexico,
0.5% ar) was registered in Texas and Inuisiana in 1999 and 2000, respectively. The
registered application rates are 4.o glm2 for winter treatments and 10.0 g/nf for sunmer
treatments. This sulfluramid bait is nearly 100% effective in halting ant activity year around
with a single application @. M. Grosman, unpublished data; Darwin Foster, Ternple-Inland
Forest Products, and Ken Addy, Louisiana Pacific, personal communications). However, due
to EPA concenn about the potentid health and ecological effects of perfluorooctyl sulfrnate
chernicals (inctuding sulfluramid), products containing sulfluramid are scheduled to be phased
out by 201 l.

Fipronil, a phenyl pyrazole insecticide, is registered in the United States for several
uses including turf pests, fleas, ticks, roaches, termites and ants. Another citrus pulp bait,
containing fipronil (Blitz@, Bayer CropScience, Brazil 0.03% ai), is registered in Brazil,
Cohmbi4 Bolivia and Paraguay for control of several leaf-cutting ant species mcfudng Am
sexdens L., Atta laevigata (Smith) md Acromyrmex stbterraneus subterranezs Forel (K.
Holmes, Aventis, personal communication). This frrmulation uses an orange peel-based
matrix. The recommended application rate is 10.0 g/m2 of central nest area. This formulation
is not yet registered in the United States.

Field trials were oonducted during the winter 2OOO|2OOI and summer 20Ol to waluate
the attractiveness ofthe fipronil bail to the Texas leafcutting ant and its effectiveness in halting
ant actMty in comparison to the sulfluramid bait (Volcano@).

MATERIALS ANDMETHODS

Preference and efficacy trials were conducted in Angelina, Cherokee, Iasper, Newton,
Nacogdoches, Ruslq and Shehy counties in eastern Toras on land owned and/or managed by
Temple Inland, Louisiana Pacific, International Paper, and the USDA Forest Service.
Colonies larger than 30 m by 30 rr, smaller than 3 m by 3 nU those adjacent to each other
(within 100 m), or tlpse lacking a distinct central nest a.rea were excluded. The central nest
area was defined as the above-ground portion of the nest, charac/'eirzed by a concentration of
entrance,/exit holes (generally > 5 holeVm2), surrounded by mounds of loose soil excavated by
the ants (Cameron 1989). Scaftered, peripheral entrance/exit and foraging holee (mounds)
were not included in the central nest area.

Bait Preference. The trials were performed by placing 5.0 g portions of different
formulations of citrus pulp baits (sutrluramid fipronit and blank citrus pulp) in plastic petri
dishes (Cameron 1990, Della Lucia * al. 1992). Both the fipronil formulation and blank were
comprised of an orange peel matri4 whereas, the suffluramid formulation is reported be made
of a mixture of citrus pulp types, i.e., orange, lemon, lime, and/or grapefruit (J. Whatley,
Crrifti L.L.C., personal communication). Five replicates, containing one dish for each
treatment, were evaluated on one colony on September 23,2@l and fwe more replicates
were evaluated on a second colony on October 2,2001. The replicates were distributed at
random at about 10:00 hours CST within the central nest area or along active foraging trails
of the two colonies. All dishes within each replicate were retrieved when the most attractive
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bait was nearly gone or at tlre end of the test period (a houn). The bait not removed by ants
from each petri dish was weighed and mean weight of bait removed was computed.

Bait Eficacy. All trials were conducted using procedures developed by Cameron
(1989). The suffluramid bait was applied to the central nest area at 4 grrf in winter and l0
gl^' ^ surnmer; whereas, the fipronil bait was applied at lO glm2 for both seasons.
Application rates were based on the area (ength X width) of the cerrtral nest. Treatments
were randomly assigned to the selected ant nests with l0 - 12 replicates per treatment per
season. The baits were applied to central nests only. In all trials, applications were timed to
avoid wet soil conditions and rain within 24 hr following application of baits.

For all efficacy trials, treatment effectiveness was evaluated by counting the number of
active entrance/exit holes prior to treatment and at 2,8, and 16 weeks following treatment.
Ten untreated colonies were included each season in the efficacy trials as checks and
monitored to account for possible seasonal changes in ant activity. In addition, observations
were made on sweral colonies just after treatment with fipronil or sulfhramid baits to
determine the length of time necessary for the ants to retrieve all of the applied bait. For each
colcny, the p€rcentage of initial activity was calculated as the current rnrmber of active holes
divided by the initial number of active holes at each post-treatment time period. Also, the
percefitage of colonies deemed to be totalty inactive was calculated for each treatment at each
post-treatment evaluation. Data were transformed using the arcsin f% transformation and
arl.al.yzed by the GLM prccedure. Fisher's Protected LSD test was used to detect sigrificant
differences among treatments at the c : 0.05 probability lwel (StatView 1999).

RESULTS

Bait Prefererce. In preference trials (10 replicates) conducted in late September and early
October 2001, the Texas leafcutting ant retriwed an average of 79/o of the available fipronil
bait compared to only 35% of the sulfluramid bait (Table l). The ants retrieved 64Yo of a
blank citrus pulp bait (no active ingr€dient), known to be composed of orange citrus pulp.
Although the true citrus pulp composition of the sulfluramid bait is not known to the authors,
communications with Criffin L.L.C. and the above resrlts suggest that the Texas leafcutting
ant prefers baits composed primarily of orange citrus pulp and are less attracted to baits
composed of other types of citrus pulp (e.g., lemoq lime, grapefruit).

TABLE l. Attractiveness of Fipronil and Sulfluramid Baits to the Texas Leafcutting Ant
(Atta texana) - September and October 2001.

Mean Percent Citrus Pulp Bait

Treatment N Removed from dishes + SE "

Fipronil

Sulfluramid

Blank citrus pulp

l0

l0

l0

79 .1+  7 .8b

35.0 + 5.3 a

63.5 + 10.4b

a Means followed by tlre same letter are not significantly differeot (Fisheds Protected I^SD, P > 0.05).

Bait Eflicacy. In tlte wirter 2OOO/2001 trial, both fipronil and sulfluramid baits were
100% effective in completely halting ant activity within 8 weeks post-treatment (Table 2).
Howwer, a comparbon of the proportion of colonies inactive and the lwel of remaining ant
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activity at 2 weeks post-treatment for fipronil and sulfluramid bait treatments indicated that
the fipronil bait was significantly faster in reducing ant activity.

The summer 2001 trial similarly indicated that the fipronil bait was highly effective
during the summer morths and can completety hah ant activity of most colonies rilithin 2
weeks post-treatment (Table 2). Again, the fipronil bait significantly reduced ant activity
faster than did the sulfluramid bait. Howwer, there was no diference in efrcacy between
treatments after 8 weeks post treatment.

Field observations indicated that once ants become active (about 10:00 AM CST in
the winter and 9:00 PM CST in the summer), worker ants readily found and retrieved both
fipronil and sulfluramid baits. In August 2000, hourly observations made after the central nest
areas of six colonies were treated with sulfluramid bait (lO gim) revealed that the ants
consistently retrieved all bait particles within 5 to 6 hours. In October 2001, observations
made after the central nest af,eas of two colonies were treated with fipronil bait (10 g/m)
found that the ants retrieved all bait particles in half the time (2.5 to 3 houn), compared to
sulfluramid bait.

DTSCUSSION

Overalt both the fipronil and sulfluramid baits were highly attractive to the Texas
leafcutting ant and were highly effective in hahing ant activity in both the winter and surrmer
seasons. Howwer, in side by side comparisons, the fipronil bait was noticeably more
attractive to the ants and reduced ant actMty at a more rapid rate than did the sulfluramid
bait. Given the pending phase-out of both methyl bromide and Volcano@, a critical need for
an effective alternative to control the Texas leafcutting ant exists, not only in pine plantations,
but also in areas surrounding citrtrs groves and homes. The fipronil bait was a highly
attractive and effective alternative for this purpose. As of August 2002, Bayer CropScience
was pursuing EPA registration of this same fipronil bait formulation in the United States under
the trade name BES 100.
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NEW ECTOPARASITE RECORDS FOR THE ROCK SQUIRREL, SPERMOPHILUS
VARIEGATUS GMMMURUS,IN SOCORRO COUNTY, NEW MEXICO.

Christopher M. Ritzi and Dale W. Sparks

Department of Life Sciences, Department of Life Sciences, Indiana State University, Terre
Haute, IN 47809

ABSTRACT

A small sample of rock squinels, Spermophilus varigatus grammurus (Say), was
examined in order to document their ectoparasitic fauna. The rock squinels yielded three
species of fleas fAopsylla montanus (Bake$ Echidnophaga gallinacea Westwoo4 and
Hoplopsyllus anomalus Bakerl, two species of sucking lice lLinognathoides laeviusculus
(Grube) and Enderleinellus suturalis Osbom], and one mite lAndrolaelaps fahrenholzi
(Ewing)]. All of these, except for the lice, zue new county locality records for this host.
Linognathoides laeviusculus represents a new state locality record and Enderleinellus
suturalis represents a new host record for Spermophilus varigatus gramrnurus.

NTRODUCTION

The ectoparasites of ground squinels have received limited attention in the southwestern
United States (Whitaker and Wilson 1974), with the greatest emphasis placed in Utah
(Allred and Beck 1966, Juelson 1970). Due to the geographic distribution of the eight
known subspecies of Spermophilus varigatus (Exleben), the majority of work for this
species has focused on.S. v. utah (Meniarrr) (Stark 1958, Allred and Beck 1966, Juelson
1970, Jenkins and Grundmann 1973). This has resulted in an underrepresentation ofthe
ectoparasites from the other subspecies of S. varigatus throughout its range. Only four
works, one from New Mexico (Holdenried and Morlan 1955) and three from Texas (Eads
and Hightower 1950, Layton 1973, Richerson et al.1992), have reported the ectoparasites
of S. v. gramtnurus. This is surprising in that S. v, grammurus possesses the broadest
distribution of all eight subspecies (Oaks et al. 1987). On this basis, an investigation into
the ectoparasites associated with S. v. grammurus was conducted in the middle of its known
range, southwestem New Mexico.

METHODS AND MATERIALS

Eight S. v. grammuruswere collected by W. M. Shriner in Water Canyon, located in the
Magdalena Mountains, 30 km W Soccorro, Socorro Co., New Mexico, during August 1986
as part of a study of spatial relationships and dispenal pattems (Shiner and Stacey l99l).
These hosts were maintained at the Indiana State University Vertebrate Collection (SUVC)
as frozen skins in individual plastic bags until examined for ectoparasites.

Ectoparasites were recovered by first thawing the skins and processing them individually
using the washing technique outlined by Whitaker et d. (1993). Filters were observed for
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the presence of ectoparasites, which were removed using fine forceps and directly slide
mounted in PVA medium (Bioquip Products, Gardena, cA). Hosts were then examined
under magnification using an olympus SZH zoom dissection scope while parting the fur
with probes (whitaker et al. 1993). This second technique was applied in an attempt to
recover parasites clinging to the fur or embedded in the flesh, which would be missed by
the washing technique alone. Specimens recovered from examining the fur with a
dissection scope were also slide mounted in PVA medium for later identification.
Specimens were identified using Kim et al. (1986) for the lice; Lewis et al (1938) and Pratt
(1956) for fleas; and Allred and Beck (1966) for mites. Prevalence and mean intensity are
reported for each parasite following Margolis et al. (1982), including whether the parasite
represents a new host locality record, new host state locality record, or a new host county
locality record. Voucher specimens of ectoparasites were deposited into the Indiana State
University Vertebrate Collection Ectoparasite Depository GSUVCED), and seven of the
hosts were prepared as museum study skins and deposited into the ISUVC (ISUVC 6854-
6860).

RESULTS AND DISCUSSION

We examined eight S. v. grammusus for ectoparasites, recovering three species of flea,
two of lice, and one mite (Table l). The prevalence and mean intensity of each parasite is
reported, and new records are indicated.

TABLE LL Ectoparasites of Spermophilus variegatus grammurus from Soccorro Co., New
tvtexico

Siphonaptera
Echidnophaga gallinacea Westwood'
Hoplopsyllus anomalus Baker'
Oropsylla montanus (Baker)'

Anoplura
Linognathoide s laeviusculus (Grube) d

Enderleinellus suturalis Osborn'
Acarina

Androlaelaps.fahrenholzi (Ewing\" 4 25.0 2.0
t Prevalence reported as a percentage
o Mean Intensity as average number of parasites per infected host
" New County Host Locality Record
o New State Host Locality Record
'New Host Record

Anoplura: Haematopinidae: Linognathoides laeviuscalas (Grube). This species of louse
is found from across Eurasia, Canada, and south through the westem United States and
Mexico. It has been collected primarily from ground squinels, including the following
species in North America: Spermophilus armatus Kennicott, S. beecheyi (Richardson), S.
beldingi Merriam, S. brunneus (Howell), S. columbianus (Ord), S. dauricus Brandt, S.
elegans Kennicott, S. franklinii (Sabine), S. lateralis (Say), S. parryii (Richardson), S
pygmaeus (Pallas), S. richardsonii (Sabine), S. townsendii Bachman, S. tridecemlineatus
(Mitchill), S. undulatus (Pallas), .S. variegatus, S. washingtoni (Howell),
Ammospermophilus leucurus (Meniam), Marmota flaviventris (Audubon and Bachman),
Tamias minimus Bachman, Perognathus parvus (Peale), and Peromyscus maniculatus
(Wagner) (Eads and Hightower 1950, Juelson 1970, Jenkins and Grundmann 1973, Kim

13 37 .5  3 .7
I I 25.0 6.5
2 25.0 1.0

2t 50.0 5.25
5 12.5 5.0
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and Adler 1982, Kim et al. 1986, Yenson et al. 1996). These lice were commonly found
throughout the body fur on the dorsal and lateral sides, while nits were concentrated about
thejunction ofthe torso and neck on the lateral surfaces. Although this louse is the most
common species recovered from gound squinels, previous records from the state report
Neohaematopinus citellinus Fenis, making S. v. grammurrs a new state host locality record.

Anoplura: Hoplopleuridae: Enderleinellus suturalis (Osborn). This louse is commonly
found throughout the westem United States and Canada. It has been found on numerous
rodents, including the following species: Spermophilus beldingi, S. franklini, S. lateralis, S.
medrensis (Merriam), S. mexicanus (Erxleben), S. richardsonii, S. spilosoma (Bennefi), S.
tereticaudus Baird, S. townsendii, S. tridecemlineatus, Cynomys gunnisoni (Baird), C
leucurus Merriam, Ammospermophilus harrisii (Audubon and Bachman), and A. nelsoni
(Meniam) (Jenkins and Grundmann 1973, Kim 1966, Kim et al. 1986). This louse was
found tlroughout the body fur on the dorsal and lateral surfaces. Due to the presence ofZ.
laeviusculus on the same host on which n suturalis was rccorded, and the age and
condition of the specimens, nits were unable to be differentiated between lice. All nits
observed were located at the junction of the torso and neck on the lateral surfaces.
Although it has been reported previously in the state (Kim et al. 1986), this is the first
record from S. v. grammurzs, making it a new host record.

Siphonaptera: Ceratophyllidae: Oropsylla montana (Baker). This flea, formerly
included in the genus Diamanus, has been found from a variety of hosts across the
southwest and Pacific Coast of the United States as far east as Montana. Common rodent
hosts with which it is known to associate include Peromyscus maniculatus, P. truei
(Shufeldt), Neotoma cinereq (Ord), N. fuscipes Baird, Aplodontia ra/a (Rafinesque),
Thomomys bottae (Eydoux and Gervais), T. monticola Allen, Tamiasciurus douglasi
(Bachman), Reithrodontomys megalotis (Baird), Spermophilus armotus, S. beecheyi, S.
beldingi, S. columbianus, S. lateralis, S. townsendii, S. variegatus utah, S. v. gfamrnurus,
Ammospermophilus leucurus (Eads and Hightower 1950, Holdenried and Morlan 1955,
Stark 1958, Hubbard 1968, Jenkins and Grundmann 1973, Richerson et al. 1992). The
collection ofthis flea from Soccorro County represents a new county host locality record on
S. v, grammurus.

Siphonaptera: Pulicidae: Echidnophaga gallinacea Westwood. This flea, also known as
the stick-tight flea, is known from Eurasia and across the breath of North America, ranging
from New York to Oregon and southward into warmer regions. A common flea on
domestic fowl. it now infests both domestic and wild mammals of North America. It has
been recovered from over seventy species of birds and mammals (Costa Lima and
Hathaway 1946), including the following rodents: Chaetodipus hispidus Baird, Dipodomys
merriami Mearns, Rattus norvegiczs (Erxleben), R. rattus (L.), Peromyscus maniculatus, P.
boylii (Burd), Neotoma albigula Hartley, N. lepida Thomas, N. micropus Baird, Microtus
californicus (Peale), Mus musculus L., Sigmodon hispidus Say and Ord, Spermophilus
beecheyi, S. spilosoma Bennett, S. tereticaudus Baird, Spermophilus varigatus grammurus,
S. v. utah, and Ammospermophilus leucurus (Eads and Hightower 1950, Pratt and Good
1954, Holdenried and Morlan 1955, Stark 1958, Hubbard 1968, Jenkins and Grundmann
1973, Richerson et al. 1992). This fleas were found anchored to the face around the mouth
and extending downward toward the neck. Although this flea has been recovered from
Santa Fe (Holdenreid and Morlan 1955) and Grant Counties (Hubbard 1968), New Mexico;
it represents a new county host locality record on S. v. grammurus in Soccorro County.

Siphonaptera: Pulicidae: Hoplopsylla anomalus Baker. This species is known to occur
from Utah and Colorado, west to the Pacific coast, and south into northem Mexico. It is
primarily found on S. beecheyi, and, S. varigahrs, but has also been found on Rattus
nomegicus, Sylvilagus auduboni (Baird), Spermophilus armatus, S. lateralis, S. townsendii,
Ammospermophilus leucurus, Cytomys gunnisoni, and Neotoma albigula (Holdenried and
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Morlan 1955,-stark 1958, Hubbard 1968, Jenkins and Grundmann 1973, Richerson er al.
1992). Hoplopsylla anomalus has been recovered previously from s. v. gratnmurus in New
Mexico in santa Fe county (Holdenreid and Morlan 1955) and Grant county (Hubbard
1 968), making this collection a new county host locality record for Soccorro County..

Acarina: Laelapidae: Androlaelaps fahrenholzi (Berlese). This mite possesses a nearly
cosmQpolitm distribution, being found in Eurasia, North America (Whitaker and Wilson
1974), Central America (Strandtmann 1949), and South America (Furman 1972). Whitaker
and Wilson (1974) reported 118 mammalian hosts for A. fahrenholzi in North America
north of Mexico, including rodents, insectivores, marsupials, bats, lagomorphs, and
carnivores. Since that time, Whitaker (pers. comm.) has compiled 42 additional species that
have been found to harbor this generalist mite. Members of the genus Spermophilus that
have hosted A. fahrenholzi are the following: Spermophilus armatug S. beecheyi, S.
beldingi, S, brunneus, S. columbianus, S. franklinii, S. lateralis, S. mexicanus, S. mollis
Kennicott S. parryii, S. richardsonii, S. spilosoma, S. tereticaudus, S. townsendii, S.
tridecemlineatus, and S. washir?gtolri (Strandtmam 1949, Eads and Hightower 1950,
Holdenried and Morlan 1955, Jenkins and Grundmann 1973, Whitaker and Wilson 1974,
Yensen et al. 1996). This mite was recovered from throughout the body fur, as well a single
specimen found on the hindfoot of a host. The records presented here represent new county
host locality records for A. fahrenholzi on S. v. grammurus in Soccorro County, as it has
been collected only in Santa Fe County to this point (Holdenreid and Morlan 1955).

GENERAL DISCUSSION

Previous studies ofectoparasites ofground squirrels have used either visual examination
of the host (Yensen et al. 1996), or the washing technique (Jenkins and Grundmann 1973)
to recover parasites. Individually, these techniques make accurate representation of
abundance and species diversity difficult to determine. By combining the washing and
dissection microscope techniques, we are confident that all parasites were observed and
counted. The washing technique provided a count ofthe number ofindividuals present for
species that could be easily removed from the host with disturbance. The microscope
technique, however, was useful for recovering arthropods that were anchored to the host,
such as E. gallinacea , and also in provided information about site preference for
ectoparasites on the host. The dissection microscope technique is labor intensive, making a
combination of both techniques valuable in ensuring that all ectoparasites are effrciently
sampled. Although ticks and chiggers were recovered in other studies (Juelson 1970,
Keirans and Clifford 1974), we failed to detect them in our study. Our techniques have
proven successful at recovering both mites on the fur (such as Glycephagidae,
Listophoridae, and Trombiculidae) and lxodes ticks (Whitaker et al. 1993), suggesting that
these parasites were not present on the animals that we sampled.
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ABSTRACT

The preferenc e of Bemisia argentifulii Bellows & Pening crawlers for the adaxial or

abaxial leaf swface was investigatedin the laboratory using cheeseweed, Malva parviJlora

L., leaves as the substrate, In free choice experiments, crawlers exhibited a negative

phototactic response, selecting the leaf swface opposite from the incoming light direction

on which to settle. When crawlers were transferred directly to either the adaxial or abaxial

surface, they remained and settled on the surface on which they were initially placed,

regardless oi leaf orientation or direction of incoming illumination. Crawlers maintained in

total darkness failed to move from the location of their original placement.

INTRODUCTION

Silverleaf whitefly, Bemisia argentifolii Bellows & Perring, crawlers are capable of

moving several centimeters along a plant stem or between plants in search ofan acceptable

leaf on which to settle and complete their development (Summers et al. 1996). Movement is

upward on the plant with crawlers displaying a positive phototaxis rather than a negative

geota:<is (Summers 1997). The only other mobile whitefly stage is the adult. Adttlt Bemisia

labaci (Gernadius) are positively phototactic during flight (van Lenteren and Noldus 1990'

Blackmer and Blnne t-lX, nyne and Blackmer 1996) and adults of B. argentifulii are

attracted to light under both field and laboratory conditions (Chu et al. 1995). Upon

landing, however, adults of both species immediately move to the underside of the leaf to

feed aid oviposit (Chu et al. 1995). Chu et al. (1995) suggested this behavior was a positive

geotactic response while van L,enteren and Noldus (1990) considered such movement a

i"rporrr" to s-hade rather than positive geotd(is or negative phototaxis' The adults ofboth

species, however, also oviposit on the upper leaf surface and immature feeding and

d^evelopment on the adaxiai surface has been reported by Lynch and Simmons (1993),

Simmons (lgg4, lggg) and Chu et al. (1995). Van Lenteren and Noldus (1990) summarized

the suggesiions of various authors regarding the preference of B. tabaci for leaf surface, but

notediiat insufficient experimental data were available at that time to determine the factors

leading to selection of the abaxial surface by the adults as the preferred feeding and

oviposition site.



This paper reports the results of studies conducted to determine the selection of leaf
surface by the crawler stage. Laboratory studies were conducted to determine if B.
argentifolii crawlers preferred to settle on the adaxial or abaxial leaf surface and if that
selection was a phototactic response.

MATERTALS ANDMETHODS

Free Choice Experiments. Cheeseweed, Malva pamiflora L., leaves were used in all'
experiments. Leaves were cut from plants in the field, returned to the laboratory, and
examined microscopically to be sure they were free of whitefly eggs and immatures. A
2.5cm foam rubber strip was wrapped around the petiole,60cm below the leaf blade, and
the petiole was then inserted into a vial of water. The foam rubber strip formed a tight seal
with the neck of the vial, preventing water from leaking out. Ten newly emerged 8.
argentifolii crawlers, reared on greenhouse cotton, Gossypium hirsutum L., were
individually transferred from a cotton leafto each of 15 petioles at a point 50mm below the
leaf blade. Crawlers were observed microscopically for 60sec after tansfer and if they
failed to move they were presumed to have been injured and were removed and replaced
with another individual. Vials holding the cheeseweed leaves were placed in a styrofoam
frame, which was in tum placed in a growth chamber and left undisturbed for 72h.
Experiments were conducted in a Percival E 30-B growth chamber (Percival, Boone, IA) at
24 + 1.0" C, 80 + 15% RH, and, a 24:0 L:D photoperiod. The photon flux density, measured
with a LI-COR Quantum Sensor (LI-COR, Lincoln, NE), was 105.7 pmol m- 2 s- I at the
level of the leaf blade. After 72h, leaf setups were retumed to the laboratory and examined
microscopically. The number of individuals reaching the leaf blade and their location
(abaxial or adaxial surface) was recorded.

The following combinations of leaf orientation and light position were evaluated. In
Experiment l, leaves were placed in an upright position with the light source above the leaf
blade; and, in Experiment 2, leaves were placed in an inverted position with the light source
below the leaf blade, In both experiments, the light source was on the opposite end of the
leaf from where the crawlers were placed. In Experiments 3 and 4, leaves were positioned
as in Experiments 1 and 2, respectively, but were maintained in the growth chamber in total
darkness.

Crawler Placement Experiments. To further test the hlpothesis tlat crawlers
exhibited a positive or negative geotaxis or phototaxis in the selection ofa feeding site once
on the leaf, an additional set of experiments was conducted. Ten crawlers were selected and
placed 2cm from the leafmargin on either the abaxial or adaxial surface of a cheeseweed
leafwhose petiole had been inserted into a vial ofwater as previously described. Fifteen
leaves (150 crawlers) were used for each experiment. The leaf setups were placed in a
Percival E 30-B growth chamber for 72h under ternperature and humidity conditions
described above, after which they were retumed to the laboratory, examined under the
microscope, and the location (abaxial or adaxial surface) and settling of all crawlers
recorded.

The following combination of crawler placement on the leaf surface, leaf
orientation, and light position were evaluated. ln Experiment 5, crawlers were placed on the
abaxial or adaxial surface, leaves were oriented upright, and light source wrn above the
leaves. In Experiment 6, crawlers were placed on the abaxial or adaxial surface, leaves
were oriented in an inverted position, and the light source was below the leaves. ln
Experiment 7, crawlers were placed on the abaxial or adaxial surface, and the setups were
kept in the dark.
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Crawler settling was assessed by Student's t-test or ANOVA,(Abacus Concepts,
1989). All original percentage values were transformed to arcsine { percentage before
analysis and back transformed for presentation (Snedecor 1956).

RESTILTS

Free Choice Experiments. In Experiments I and 2, the light was positioned to

illuminate the adaxial leaf surface. In both experiments, approximately 960/o of lhe crawlers

settled on the surface facing away from the direct light source (Table l). In Experiment2, a

significant (P < 0.05) majority of the crawlers settled on the true morphological aba:rial

r*fu.. away from the light even though that surface faced upward. When the leaf setups

were maintained in total darkness @xperiments 3 and 4) crawlers failed to move from their
point oforigin to the leafblade (Table 1).

TABLE l. Mean Percentage (+ SEM) of B. argentifolii Crawlers Under Different Leaf

Orie,lrtation and Illumination Conditions Settling on the Morphological Abaxial or Adaxial

Swface in a Free Choice Experiment.

Leaf
Orientation u

LiCht .
Position o

Percentage of Crawlers on
Abaxial Surface Adaxial Surface t

Expt.
No.

1
2
J

4

Uprieht
Inverted
Upright
Inverted

Above
Below
Dark
Dark

t + 1 . 4
95 .6+2 .3

3.9 t  1 .4
4.4 L 1.2

5.02
9.21  d

" Uptight = Normal leaf position with leaf blade pointing up. Inverted : leaf inverted with

leaf blade pointing downward.
b Above = lieht source over head and above leaf setup. Below : light source underneath

and below sehrp.
t No crawlers reached the leaf blade in either experiment 3 or 4.
d Means sigrrificantly different at P < 0.05.

TABLE 2. Mean (+ SEM) Percentage of Crawlers Settling on the Abaxial or Adaxial Leaf

Surface Following Their Direct Placement on the Leaf ".

LiCht
Position b

Crawler Percentage of Crawlers onLeaf
Orientation Abaxial Surface Adaxial Surface t

Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial

Upright
Upright
Inverted
Inverted
Uprieht
Inverted

Above
Above
Below
Below
Dark
Dark

8 .7  t 2 .2
98.6 + 1.6
8.0 + 5.8

96.5 + 2.4
0.0 * 0.0

100.0 r 0.0

91.3 + 3.9
1.4 r 0.9

92.0 * 5.4
3 .5  f  1 ,3

100.0 + 0.0
0.0 + 0.0

t8.72
44.89"
21.28'
25.90"
35.31 "

36.42"

" See footnotes in Table I for description ofupright, inverted, above and below.
b Leaf surface on which crawlers were initially placed.
" Means significantly different at P < 0.01'
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Crawler Placement Experimenls. When crawlers were placed directly on the abaxial
or adaxial leafsurface, they displayed a significant (P < 0.01) tendency to settle and begin
feeding on that surface (Table 2). Neither leaf orientation nor the direction of irrcoming
light appeared to effect settling. While some movement to the opposite leaf surface
occurred, it was not sigrificant (F' = 0.70; df = 3, 42; P >0.05). When the leaf setups were
maintained in darkness, no crawlers moved from the surface on which they were placed,
regardless of leaf orientation (Table 2).

DISCUSSION

Bemisia argentifolii crawlers exhibited different behavioral characteristics in the
free choice and the crawler placement experiments. They settled on the leaf surface
opposite incoming light in the free choice experiment, but remained on the surface where
they were originally positioned in the placement experiments, regardless of light
orientation. Under free choice conditions, their behavior resembled that of the adult. Adult
B. argentifolii and B. tabaci are positively phototactic in flight (Chu et al. 1995), but upon
landing, move immediately to the underside of the leaf to begin feeding and ovipositing
(van Lenteren and Noldus 1990, Chu et al. 1995). While searching for an acceptable leaf,8.
argentifolii crawlers are also positively phototactic (Summers 1997). The current study.
suggests that once they find the leaf, however, they appear to exhibit a negative phototaxis,.
moving to the leaf surface away from the incoming light (Table 1). In a study on B.
argentifolii crawler dispersal, Summers et al. (1996) found that 80 to 100% of the crawlers
chose to settle on the abaxial surface of prickly lettuce, Lactuca serriola L., annual'
sowthistle, Sonchus oleraceus L., and broccoli, Brassica oleracea var. botrytis L., when.
incoming illumination was from above the plants.

When crawlers were transferred directly to either the adaxial or abaxial surface, as.
would be the case if the adult had oviposited there, a significant majority remained and
settled on the surface where they were initially placed. Such crawlers failed to show either a
negative phototaxis or positive geotaxis regardless of leaf orientation. The small percentage
of individuals moving to the opposite leaf surface probably did so by random wandering
dwing their search for an acceptable leaf vein on which to initiate feeding. The results from
the direct placement experiments agree with those of Simmons (1999) who concluded that
the impetus to move from the upper leafsurface appeared to be a response to feeding and
tactile cues rather than a response to geotropic or phototropic stimuli. In studies in which
adults oviposited on either the abaxial or adaxial leaf surface, Simmons (1999) found a
strong host effect in the settling of B. argentifolii crawlers eclosing from the eggs. Crawler,
movement from the upper to the lower leaf surface was high (80%) on pepper, Capsicum.
frutenscens L., moderate (55%) on cantaloupe, Cucumis melo L. and cowpea, Vigna
unguiculata (L.), and low (18 to 30%) on collard, Brassica oleracea L. acephala DC and
tomato, Lycopersicon esculentum Mill., respectively. Cheeseweed leaves are highly
vascularized with many small veins near the leaf surface on both the abaxial and adaxial
surface.

The failure of the crawlers to disperse when maintained in darkness supports my
earlier conclusions that some minimal light intensity is necessary to stimulate activity
(Summers 1997). B. argentifolii crawlers maintained in total darkness moved only a few'
millimeters from their point of origin (Summers 1997), and in the current study, none
moved from their initial placernent on one leaf surface to the opposite leaf surface. Adult
whiteflies apparently also require a minimal light intensity to promote activity. Bellows et
d. (1988) reported that adult B. tabaci failed to fly at night even though temperatures were
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high enough to promote flight activity. These results do differ, however, from those of
Simmons (1999) who found that even under complete darkness, approximately 70Yo of the
crawlers eclosing from eggs deposited on the upper surface ofpepper leaves moved to the
lower surface.

Both my studies and those of Simmons (1999) suggest a possible interaction
between host influence, response to tactile stimuli, and phototaxis. Crawler behavior is
difficult to evaluate and additional studies are necessary to accurately assess this
interaction.
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BEETLE (COLEOPTERA) DIVERSITY IN MIXED PINE.HARDWOOD STANDS
IN THE OUACHITA HIGHLANDS FIVE YEARS FOLLOWING TREE HARVESTS

Stephen P. Cook

Department of Forest Resourceso University of Idaho, Moscow, ID 83844-1133

ABSTRACT
Beetles (Coleoptera) were trapped within forest stands that had received various

even- aged (clearcuts and shelterwood cuts) or uneven-aged (group selection cuts and
single-tree selection cuts) management strategies using semiochemical-baited Lindgren
firnnel traps, carrion-baited pitfall traps and non-baited malaise traps. A total of 6,322
beetles in 45 families were captured. Beetle abundance and family richness were highest
in the Lindgren funnel traps. Family richness and family diversity were lowest in the non-
harvested control plots and there was a significant negative correlation between family
diversity and stand basal area. The results indicate that stand disturbance in the form of
tree harvesting can inctease some measures ofbiodiversity.

INTRODUCTION

Insects are abundant throughout terrestrial ecosystems (for examples see May
1989, Wheeler 1990, Gaston 1991) where they play a role in most ecosystem processes
and have a major impact on energy flow through the systems (Samways 1994). Because
of their abundance, species richness and functional importance, insects are usefirl
indicators of ecosystem change (Rosenbelg et al. 1986). In the past, forest stand
management research that involved insects primarily focused on species of economic
importance. However, stand management practices act as disturbances that can
potentially impact other, less economically important insect species found within the
iorest. Studies that have used insects to examine environmental impacts have utilized a
range of taxonomic groups from the total compliment of insects present (i.e., Stork I 991 )
to a single family ofbeetles such as the tiger beetles (Coleoptera: Cicindelidae) (Pearson
and Cassola 1992). The choice oftaxonomic group(s) for monitoring change should be
related to the system under examination and the potential impact of the applied treatrnent
on the selected taxonomic group(s). Therefore, a taxonomic group does not need to be
rare to be useful as a bio-indicator of change within a system. In addition, many past
investigations have focused on examining the impact on insect diversity either of intensive
stand management practices such as clearcutting (Mclver et al. 1992) or the use of
potentially non-specific control tactics such as some insecticides (Martinat et al. 1988).
Fewer studies have examined the impact of selective harvesting techniques that remove
less total fee volume and result in uneven-age stands. One study that did examine such
management practices reported that the species richness was higher on disturbed sites and
that the abundance of braconid wasps (Hymenoptera: Braconidae) was not significantly
differentbetween disturbed and control plots (Lewis and Whitfield 1999). These authors
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did report a change in the species complex for braconids among the stands that had
received various management tactics.

The objective of this research was to compare the overall abundance of beetles,
along with the family richness, diversity and evenness of three guilds of beetles piesent
within forest stands five years after the stands had received various harvesting treatments.
The beetles that were examined during discrete time intervals included the guild of
carrion-feeding beetles, the pine-infesting bark beetles (Scolytidae) and their associates
and a general survey ofbeetles flying through the stands. The tree-harvesting treatments
ranged from the total removal of trees from a stand to the selection and removal of
individual trees.

MATERIALS AND METHODS

Fifteen plots, each approximately 16 hectares in size, were used in this study.
These 15 plots represent a sub-sample of 52 plots that were established by the USDA-
Forest Service to examine stand-level forest management strategies in the Ouachita
Highlands (for an overview ofthe experimental design, see Baker 1994). Overstory trees
were over 70 years old in all ofthe plots. All plots had a southern to southwestem aspect
and were located in the Ouachita Highlands of western Arkansas and eastern Oklahoma.
Thirteen of the plots were in Ouachita National Forest and the other two plots were in
Ozark National Forest. Overall, shortleaf pine, Pinus echinata Mill., was the dominant
tree species in the plots, but various hardwood species were also important components
(Guldin et al. 1994).

Each plot received one of five tree-harvesting treatments in (May-September,
1993). Each treatment was replicated three times. The five treatments were control,
single-tree selection cut, group-selection cut, pine shelterwood cut and clearcut. No tree
harvesting occurred in the control plots. Some trees were harvested in the single-tree
selection plots, but a residual basal area of 10.5-15.1 m2 per hectare was retained. Within
the group-selection cuts, trees were harvested to create openings that ranged from 0.04 to
0.4 hectares. Outside ofthese openings, pines were thinned to a basal area of 16.3-18.6
m2 per hectare. The single-tree selection cuts and group-selection cuts are referred to as
uneven-aged stand management because the resulting stand will consist of trees in a
mixture of age classes. The pine shelterwood cuts had most of the trees removed from the
plots, but retained a total of 50-100 of the large^st pines per hectare (7.0-9.3 m2 pe.
hectare) on each site. All trees (except 0.5-1.2 m" per hectare of hardwoods that were
retained as den trees) were removed from the plots that received the clearcut treatment.
The shelterwood cuts and clearcuts are referred to as even-age stand management because
the resulting stands of trees will be dominated by a single age class. For a more thorough
description ofthe treatments see Baker (1994).

Within the plots, a variety of trapping techniques were used to identify beetle
populations. Malaise traps were used to sample the beetles flying in the plots. These
traps were placed in the plots during (26 May-5 June, 1998) and beetles were collected
after a three-day trapping period. Carrion-baited pitfall traps (Lomolino et al. 1995) were
used on ten of the plots during this same time period. An eight-trap transect with traps
being approximately 25 m apart was established in each plot and beetles collected from
the traps for three consecutive days. The carrion was replaced as needed. Two Lindgren
funnel traps (1.15 m long) were placed in each often plots during 1999. One trap per plot
was baited with ethanol and cr-pinene, and the other trap was baited with these two
compounds plus frontalin, the aggregation pheromone of the southem pine beetle,
Dendroctonus frontalis Zimmermann. These traps were placed in the study plots on 5-6

270



May and beetles were collected on26-27 May. All of the respective traps or trap transects
were placed near the middle of the l6-hectare stands. This placement was chosen to
minimize any potential edge effects.

All of the beetles collected in the various traps were identified to family using
available keys (Bonor et al. 1976, Arnett 1963). The abundance (number of beetles
captwed), family richness (number of families of Coleoptera) and family diversity were
calculated for each plot based on the individual trapping techniques and by combining all
of the trapping data. These same me€rsurements were calculated for all plots that had
received each of the five tree harvesting treatments. The Shannon-Weaver diversity index
was used to calculate family diversity (Price 1975). The equation for the Shannon-
Weaver diversity index is H' : -E(p' log. pi), where p; is the number of beetles in family'i' divided by the total number ofbeetles trapped.

Beetle abundance, family richness and family diversity were compared among
treatments and with the data collected on some of these sites in I 993 (Carlton et al. 1994).
Differences in these three parameters were compared Ermong management schemes
(control, uneven-age management and even-age management) using a distribution-free
Kruskal-Wallis rank sums test with a Chi-square distribution-free multiple comparisons
test (Hollander and wolfe 1973) performed when the p-value associated with the
individual Kruskal-Wallis tests was less then 0.15. Thep-value for rejection of the null
hypothesis was set relatively high because of the small sample size for the data set.
Additionally, for the seven plots that had all three types of traps, a Pearson's correlation
analysis (Ott 1977) was conducted to determine if there were trends in beetle abundance,
family richness or family diversity related to stand basal areas reported in Baker (1994).
All statistical tests were conducted using STATISTIX analytical software (Analytical
Software 1998).

RESULTS AND DISCUSSION

A combined total of 6,322 individual beetles in 45 families were captured during
this study (Table l). Greater numbers of beetles were consistently captwed in the
Lindgren funnel traps and the pitfall traps versus the malaise traps. within each
treatment, the total family richness (number of families) was highest for beetles captured
in the Lindgren funnel traps followed by the malaise traps and then the pitfall traps. The
three families that were most frequently captured (Staphylinidae, Scolytidae and
Histeridae) comprised 49% (n = 3,090) of the total number of beetles captured during this
study.

Family richness was lowest in the control plots followed by the plots that had
received even-age management heatments (clearcuts and shelterwood cuts) and the plots
that had received uneven-age management treatments (group selection cuts and single-tree
selection cuts) (Table 1). of the 45 families of beetles captured during this study, 26
(58%) were captured in plots from each treatment; 14 families (31%) were captured only
in plots that had received some type of harvesting disturbance, and 2 families (4%o) were
captured only in control plots.

Family diversity, as measured by the shannon-weaver diversity index, was also
lowest in the control plots (Table l). However, the next lowest diversity was measured in
the uneven-age management plots (group selection cuts and singletree selection cuts) and
the highest measurements of family diversity were in the plots that had received the even-
age management treatments (clearcuts and shelterwood cuts).
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TABLE 1: The Abundance of Beetle Families and Summary Data for Beetles Collected
During 1998 and 1999 Using all Three Types of Traps (Malaise Traps, Lindgren.Funnel
Traps and Carrion-Baited Pitfall Traps) in Plots Treated in 1993 with Various Tree-
Harvesting Strate gies.

Staphylinidae
Pselaphidae
Silphidae

Histeridae
Scarabaeidae

Treatment Catesorv

Family Control Sinele-tree Group-Select Shelterwood Clearcut
Carabidae 23 20 36 9

0
t70

A

tL4
2

a A 1

109
0

Hydrophilidae 21 7 30

120 t62

Eucinetidae 0 8 I
Bynhidae 0 I 0
Ptilodactylidae 0 0 0
Buprestidae 6 4 2
Elateridae 64
Throscidae 5
Eucnemidae 0
Phengodidae I
Cantharidae 4
Lycidae 4
Lampyridae 0
Dermestidae 6 9

5 l
I
I
4

Anobiidae 241
Bostrichidae 0 3 I

12  14 1 0 8

25s
2

52

8
t 7

190
J

86
24
28
76
6

277 305
) z

Leiodidae 3 2 1 5
29
67

1 9 1
1 3 5

425
r 9 l

79 t25
0 0
6 l

l l
2 3
6 1 2

0 0
1 1  0
2 6

9s 30
0 0
1 l
0 3
/ ) )
l 6
0 3I

t 0
1 8

8
1 6

0
t 4
77

4
l 6
0
t
2

8
l l

Lyctidae 0
Trogositidae 49
Cleridae 7
Melvridae 0 3 0
Mordellidae 3 3 6 1 2

5
l 0

0
l 5

Tenebrionidae 6
Melandryidae 1
Oedemeridae 1
Pedilidae I
Nitidulidae 0
Cucujidae 7
Endomychidae 0
Coccinellidae I
Erotylidae 3
Phalacridae 0
Colydiidae 0

1 0 6
9 l
A A
z a

0 0
0 l
9 5
0 0

1 2 4
1 l
0 1
l 3

1 9  7
5 7 7
5  l l
0 0
1 6

l l  8
0 l

1 0 t 0

Chrysomelidae 9
Bruchidae 0

1 0
3 0
0 2

19 22
l0  39
1 2

Cerambycidae 18 8 20
1 2

I

1 4
2
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Table 1: continued
Anthribidae I
Curculionidae 40
Platypodidae 0
Scolytidae 270

Beetle Abundance 1200
Family Richness 31 38  37  36  33
FarnilyDiversitv 2.3107 2.4344 2.3993 2.6970 2.5150

Beetle diversity was sampled directly following harvesting in 1993 on three of the
current study sites (Carlton et al. 1994). The plots sampled in 1993 included a control
plot, one group-selection cut plot and one shelterwood cut plot. There was also one
additional plot sampled that was dominated by young saplings that was not part of the
original USDA-Forest Service project design. Beetles representing 5l families were
captured on these four plots in 1993 (Carlton et al. 1994). The number of families
captured (51) is comparable to the 45 families reported here. Other investigations at other
sites have reported that various insect groups including ground beetles (Coleoptera:
Carabidae) and braconid wasps have similar to increased measures of abundance and/or
richness following disturbance (Beaudry et aL.7997, Lewis and Whitfreld 1999). These
two prior studies and others (Coyle 1981, Mclver et al. 1992) also demonstrated a
difference in the species complex among disturbed and undisturbed stands. Differences in
species composition among the various types of stand management treatments have also
been reported for three families of beetles from the current study plots (the Pselaphidae

[Carlton et al. 1994], Scarabaeidae and Silphidae [Cook in press]).
There were no significant differences in beetle abundance in the carrion-baited

pitfall traps or the semiochemical-baited Lindgren funnel traps among the three
management schemes (Table 2). However, there were significantly more beetles captured
by the malaise traps in the even-age management plots compared with the control plots.
Beetle abundance in the malaise traps from the uneven-age management plots did not
differ significantly from the other two treatments.

TABLE 2: Abundance (Mean I SEM) of Beetles Captured in the Three Types of Traps
(Semiochemical-Baited Lindgren Funnel Traps, Canion-Baited Pitfall Traps and Non-
Baited Malaise Traps) Placed in Plots That Had Received Various Stand Management
Treatments (Control: No Harvesting, Uneven-Age Management = Single-Tree Selection
Cuts or Group-Selection Cuts and Even-Age Management : Shelterwood Cuts or
Clearcuts).

0
28
0

88

837

0 1
83  31

l 0
356 241

1474 1789

0
1 5
()

l 8

t023

Management
Scheme

Abundance by trap tvpe"
Funnel Pitfall Malaise

Control
Uneven-age

420.5 + 57.5 a
369.8 + 46.1 a

172.5 !13.5 a
415.0 !92.2 a

4 . 7  +  3 . 2 a
20.7 ! 6.9 ab

Even-ase 210.3 + 34.9 a 212.3 + 81 .2 a 34.5 + 14.8 h
u Within a column, means followed by the same letter are not significantly differenl
(distribution-free multiple comparisons test based on Kruskal-Wallis rank sums statistic).

The only significant difference in family richness was observed in beetles
captured in the malaise traps (Table 3). Family diversity of beetles captured in the
Lindgren funnel traps was significantly higher in the stands that had received even-aged
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management treatments versus the untreated controls, with the stands that had received
uneven-age management treatments being intermediate (Table 4).

TABLE 3: Richness (Mean + SEM) of Beetle Families Captured in the Three Types of
Traps (Semiochemical-Baited Lindgren Funnel rraps, carrion-Baited pitfall rraps and
Non-Baited Malaise Traps) Placed in Plots That Had Received various stand
Management Treatments (control = No Harvesting, Uneven-Age Management = Single-
Tree Selection cuts or Group-Selection cuts and Even-Age Management = Shelterwood
Cuts or Clearcuts).

Management Familv richness bv tran tvnea
Scheme Funnel Pitfall Malaise

Control
Uneven-age

22.5 + 2.5 a
24.5 + 2.6 a

5.5 + 0.5 a
6.8 + 6.5 g

3.0 + 2.9 u
6.7 + 1.5 ab

Pyg!:gse 24.7 + 0.3 a 6.3 + 0.8 a 8.7 + 1.0 b _u Within a column, means followed by the same letter are not significantly ffi
(distribution-free multiple comparisons test based on Kruskal-Wallis rank sums statistic).

TABLE 4: Diversity (Mean + SEM) of Beetles Families as Measured by the Shannon-
weaver Diversity Index Captured in the Three Types of Traps (Semiochemical-Baited
Lindgren Funnel rraps, carrion-Baited Pitfall rraps and Non-Baited Malaise Traps)
Placed in Plots That Had Received various Stand Management Treatments (Control : No
Harvesting, Uneven-Age Management = single-Tree Selection cuts or Group-selection
Cuts and Even-Age Management = Shelterwood Cuts or Clearcuts).

Management
Scheme

Family diversitv bv trao tvoea
Funnel Pitfall Malaise

Control 1.9048 t 0.0324 a 0.9909 + 0.3704 a 1.8461 + -------- a
Uneven-age 2.0312+0.2342ab 1.3934+0.0105 a 1.5160+ 0.2t45 a
Pven-ase 2.4880 + 0.0207 b 1.3414 + 0.0663 a 1.7253 + 0.t416 a" Within a column, means followed by the same letter are not significantly aifferent
(distribution-free multiple comparisons test based on Kruskal-Wallis rank sums statistic).

There was also a significant negative conelation between basal area and family
diversity (r = -0.7664; p = 0.0445) when the data from the three trap types were combined.
However, there were not significant correlations between basal area and either beetle
abundance (r = 0.4636; p:0.2947) or family r ichness (r = -0.3161; p = 0.4898). The
significant correlation indicates that as the disturbance increased in size (lower basal area)
t}re measure of beetle family diversity increased so that even-age management practices
such as clearcutting or shelterwood cuts tended to increase family diversity. Similar
results have been reported for braconid wasps (Lewis and Whitfield 1999) and spiders
(Coyle l98l).

Results from studies conducted in old fields suggest that small-scale habitat
fragmentation is detectable at the community, guild and individual species levels (Crist
and Ahern 1999, Golden and Crist 1999). Another report also indicated an increase in
dung beetle (Coleoptera: Scarabaeidae) species richness and diversity in logged forest
stands using reduced-impact techniques and suggested that such techniques better
preserved the species assemblages from the primary forest (Davis 2000). Further,
disturbed stands can have similar to higher abundance, species richness and diversity
within individual families when compared with undisturbed stands (Beaudry et al. 1997,
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Humphrey et al. 1999, Lewis and Whitfield 1999). The typical pattern in the current
study was for the uneven-age stand management practices (single-tree harvesting and
group-selection harvesting) to have measures of beetle abundance, family richness and
family diversity that were intermediate between the control plots and the more disturbed
even-age management plots. This may be the result of beetles that require openings being
able to utilize these disturbed stands but maintaining the species complex that was present
in the primary forest prior to the harvesting disturbance.
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APPLE SAMPLING IN PACKING HOUSES SUPPORTS THE SYSTEMS APPROACH
FOR QUARANTINE CONTROL OF CODLING MOTH

James D. Hansen and Sabina Schievelbeint

USDA-ARS Yakima Agricultural Research Laboratory
5230 Konnowac Pass Road

Wapato, WA 98951

ABSTRACT

Sorting efficacy to eliminate arttnopod-infested apples was studied in 17 grower lots at
six packing houses from the beginning ofthe packing line to the final pack. The number of fruits
examined include 28,000 before sorting, 14,376 from the cull bin, and 12,539 in the final pack.
Also, an additional l0% of these totals were examined using a 30x microscope. In the larger
suryey, only one live codling moth, Cydia pomonella (L.) (Lepidoptera: Torfticidae), larva was
found among the unsorted fruits, 12 live codling moth larvae were found in the culls, and none
were found in the final pack. Codling moth damage was found in about 0.1% of the pre-sort,
1.9% in the culls, and only one fruit in the final pack. In the microscopic examinations, only one
dead codling moth larva was found among the unsorted fruits, four dead codling moth larvae
were found in the culls, and none were found in the final pack; codling moth damage occurred
in about 0.5% ofthe presort, 1.8% in culls, and none in the final pack. The most prevalent
arthropod collected was codling moth, followed by spiders. Microscopic examination increased
efficacy of detecting codling moth from 0.01% to 0.03% in the presort, but only from 0.17% to
0.26Yo inthe culls. Observations of apparent codling moth damage increased from 0. 12% in the
large survey to 0.98% in the microscope examination, but declined with the culls from 1.90%
to 1.7704, respectively. Overall, observations of codling moth damage in the same lots were
similar between visual inspection of the large survey and the microscopic examination. In both
the large survey and in the microscope examinations, culling efficacy was found to be not
directly influenced by packing line speed.

INTRODUCTION

Japan requires domestic apples to be treated for codling moth, Cydia pomonella (L.)
(Lepidoptera: Tortricidae) (MAFF-Japan 1950). The current accepted procedure is a two-
component quarantine treatnent consisting of 55 days cold storage at2.2C, followed by a two-
hour fumigation 56 g/m3 of methyl bromide at lOoC. However, methyl bromide has been
identified by the U.S. Environmental Protection Agency (EPA), under the Federal Clean Air
Act (Anonymous 1990) and by the Montreal Protocbl (Anonymous 1995), as an ozone depleter.
The EPA has mandated the removal of this fumigant from the chemical register and the phase
out of its production and import into the United States by 3l December 2005. Although methyl

t College of Agriculture, Washington State University, Pullrnan, WA 99164
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bromide fumigation has been exempted for postharvest quarantine, an altemative protocol will
be needed eventually because the future of methyl bromide use is vulnerable due to price
increases with reduced production, reduced availability from unreliable sources, or'future
restrictions under international agreements (Anonymous 1 998).

The systems approach is an alternative to maintaining quarantine security in international
commerce of fresh fruits (Jang and Moffitt 1994). This involves use of insect pest management
in the orchard; reduction in the incidence ofinfestation at harvest and upon arrival at the packing
house; removal of infested fruits by postharvest grading, sofiing, and packing; pest mortality
from prepacking storage; and inspection and certification of packed fruits for export (Moffitt
1997). This is not a recent concept, with origins arising from Baker (1939) who recognized that
quarantine security is not breached until there is a mating pair from a consignment. Previous
studies examining efficacy of packing house culling indicated the incidence of codling moth was
extremely low (Moffitt 1990, Knight and Moffitt l99l). However, pest field control, types of
cultivars grown, and computerization in commercial packing operations have all progressed
since those studies were conducted.

Hence, the application of the systems approach would be advanced by a comprehensive
survey ofcurrent packing house operations. Because culling on the packing line is based on
visual observations, validation by microscopic examination would demonstrate culling efficacy.
Furthermore, inspections on large numbers of fruits would indicate if cold storage contributes
significantly to pest mortality. Finally, a thorough survey ofdifferent cultivars processed at
various packing houses would indicate iffruit inspections are feasible in detecting the presence
of pests in grower lots.

The objectives ofour study were: l) to measure the efficacy ofculling in the packing
house to eliminate codling moth infested and damaged fruits by following an examined lot from
the dump tank to the packed cartons; 2) to measure mortality of codling moth larvae in culls after
standard cold storage and 90-day controlled atmospheres-cold storage; 3) to compare reliability
of visual inspections with microscope examinations for identiffing infested damaged fruits; and
4) to evaluate the effectiveness of the proposed inspections that would be used in the systems
approach to maintain quarantine security.

MATERIALS AND METHODS

At six packing houses and among 17 grower lots, fruits were sampled from harvested
apples and apples in controlled aknosphere-cold storage. Samples were organized from a single
grower's lot and included export qualify fruits of major cultivars ('Red Delicious,' 'Golden
Delicious,' 'Fuji,' and'Gala'). In the large suruey, each lot was randomly sampled (n - 1,800)
at the dump tark where the fruits entered the packing house. The fruits were examined visually
and another group of apples (10% of the sample size) were inspected using 30x
stereomicroscopes (StereoZoom 4, Bausch & Lomb, Rochester, NY). In both the large suwey
and the microscopic examinations, physical parameters (e.g,, size, quality, damage, etc.) and pest
information (e.9., species, viability, number and life stage, and type of damage) were recorded
for each fruit, and all samples were retumed that were not dissected for pest determination.
Identical observations were made at the cull station and at the final pack using about the same
number of fruits at both stations (z - 1,000). culling efficacy was determined by comparing
fruit quality and infestation rate from three sampling locations. Larval survival was grouped by
life stage and prior cold storage.

Routine inspection reports by the Washington State Departrent of Agriculture (WSDA)
were reviewed for tlre same lots used in the study. These reports indicate number of fruits
examined from the final pack and the number of codling moth larvae intercepted. This is
standard procedure for packing high grade fruits intended for export.
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RESULTS AND DISCUSSION

The large survey emphasized sampling fruits at the beginning of the packing lind where
nearly 10,800 'Fuji' and 8,500 'Golden Delicious' were examined (Table 1). very few codling
moths were found at this sample station (0.007% of all presort samples). Even in the cull station,
< 0.2yo of all fruits had codling moth. Codling moth damage was also low at the cull station
(1.9% of these fruits). No codling moths were found among the 12,539 fruits in the final pack,
and only one fruit was found with codling moth damage.

The microscope examinations were intended to verifr the visual observations of the large
survey. A subsample of l0% ofthe observed grower's lot was taken independently ofthe fruits
used in the visual observations (Table 2). With increased magnification, greater detail can be
observed than in the visual survey, such as for eggs or larval feeding sites by early instars, which
would presumably result in more records of codling moth. Yet, the fruits examined before
sorting still had very low incidence of codling moth (0.03%). Frequency of codling moths in
cull fruits was higher (0.26%), but none were found in the final pack. Frequency of codling
moth damage increased eightfold for the presorted fruits (0.98% of sample) over that of the large
snrvey, but remained about the same for the cull fruits (1.77%). Microscope examination found
no codling moth damage in the final pack. Similar inspections were conducted by the WSDA
where 70,275 fruits were inspected, but none had codling moth.

No codling moth larvae exposed to cold storage longer than a month survived. Previous
studies indicated that codling moth larvae would not survive standard cold (-0.6"C) or controlled
atrnosphere Q - 3% or, -0.6'c) storage. Moffitt (1971) found - 600/o mortzlity after a month in
standard cold storage (near freezing) and no live larvae in controlled atmosphere storage after
90 days. Moffitt and Albano (1972) reported no live nondiapausing codling moth larvae, which
is the condition of the larvae infesting fruits, after 60 days of standard cold storage. No codling
moth larvae survived beyond 91 days of controlled atrnosphere storage (Toba and Moffitt 1991).

In our survey, we tried to observe as many fruits as possible produced from different
growers and packed under different conditions. The mean (+ SEM) incidence of codling moth
among grower lots was 0.01(* 0.01)% for presorted fruits and 0.22 (+ 0.08)% for culled fruits.
These data suggest that growers are adept in controlling codling moth in the orchards and that
packing houses are efficient in removing infested fruits. Although the market destinations varied
from Mexican and Asian exports to domestic, all the packing houses were very effective in
processing fruits free of codling moth eggs and larvae. Furthermore, even codling moth
damaged fruits were removed before the final pack. The microscope examinations verified the
results of the large survey; slightly more infested fruits were observed entering the packing line
(mean + SEM : 0.04 + 0.04%), but the culling effrciency remained about the same (mean + SEM
= 0.27 L 0.15%). Line speeds, measured between 0.08 and 0.22 m/sec., were not related to
changes in culling efficacy. The WSDA reports provide further conoboration because these
contained no records of codling moth observations.

Codling moth, although not abundant, was dominant in the large survey. Spiders were
also found in the presorted fruits (0.05%). However, microscope examinations also revealed
European red mitelPanonychus ulmi (Koch) (Acari: Tehanychidae)l eggs (0.5% ofpresort and
2.5% of culls), which were canied to the final pack@.a%). Most of the pest damage was caused
by leafrollers (Lepidoptera: Tortricidae), which produced distinctive teeOing marks. However,
the microscope examinations did not improve pest damage detection (Table 3). Neither oriental
fruit moths lCydia molesta (Busck) (Lepidoptera: Tortricidae)l nor apple maggots lRhagoletispomonella (Walsh) (Diptera: Tephritidae), both quarantine pests for Mexico, were detected.

279



t ' - O d O
\ O O o o n
c.l c.l

6 O a . t O

o o o

O O O
O O O
-i : -i .-i

O O O \ n
o \ o o o
\ o h

O O \ O . . r

\ o s o

l s s x
6 c . r O \ \ f

a{ .
= a

o O

l- '(o 
; -9' = = . < +

F  P  c o
- Y q
^ e

f a

(-)

o
H

lrr

Q

O

E

q)

()
oo(!

bo

o

s

hI)

d

I

s

z

o

(n
c)
q)

F

6

X
l r l

o

(J
>.

ct
bI)

lr

.l

o

F.l

O a

E bI)
o c

L E

o H( ) +

E S )
= d )

3 E
..,i o
._. x
5 i ;

, , ?

t ' - 6 \ O O
cn \O OO c.r
r o o $ o \
al c.r O

..t Fr O\ \O
o\ ci e.l F-
o

c.r o ca
O \ 6 ( \ 1 O
o c.t a.t 6t
A - i - i - i

O \ O O C -

O \ O O +
c . r | r ) $ c {
r | s

O o \ c . l n
O o\ c.l rr
$ . t h o \
n r + N

R h c . t F r
l c { + . . )

f . i o d " i

'o

= a

' i t a t
F ( ? c O" ( )

: ( )
r lv

280

q

(-)

h

O

o
H

c)

q

(J

r

o
k

h

()
o0

bo

o

s

bo

o

6\

qr

z

X

a

. E

c)

a

o()

()
o

F

O
x
()
bo

-l

()
H
6

F]

oo

R ;v o

- o
(D ri.

F o o
F . =
E - v

fr.l ()

j =

F O



TABLE 3. Occurrence of Leafroller Damage from Tlree Visual Inspection and Micoscope
Examination Stations Pooled from Six Commercial Packine Houses.

o/o leafroller damaeeInspection

method Culls Final

Visual

Microscope

These results are similar to earlier observations. Moffitt (1990) reported that only 33
codling moth larvae were found arnong 41,397,020 apples inspected by the washington State
Department of Agriculture over a five-year period. Moffitt (1990) found only l0 codling moth
larvae in 171,488 culled 'Delicious' and 'Golden Delicious' apples and no codling moth larvae
in 501,537 apples from packed boxes. In an indepenedent survey in Washington state, only one
live codling moth larva was found among 4,800 presorted apples and no live larvae among 5,500
packed apples (Simmons et al. 2000). Recently, USDA-APHIS and Mexican regulatory offrcials
inspected 3,625,867 culled apples and found only nine live codling moth larvae (Barbara
Chambers, unpublished data). Knight and Moffitt (1990) found only dead larvae after controlled
atmosphere storage or regular cold storage for 100 days. Hence, these observations indicate that
not only is the incidence of codling moth infestation rare in commercially harvested and packed
apples, but improved pest management practices have achieved higher quality fruit delivered to
the packing house.

Examinations have been used to predict the probability of risk in other codling moth
infested fruits. Curtis et al. (1991) found only one live codling moth larva in 37,908 culled
nectarines, Prunus persica (L.), and argued that inspections of packed fruit can provide
quarantine secwity. Curtis et al. (1992), in examining 326,625 packed nectarines over three
years, collected only t}ree live codling moth larvae and recommended that this fruit should be
considered as a nonpreferred host. Yokoyama and Miller (1999) inspected about 1,300 kg of
culled fresh prune , Prunus domestica L., and concluded that the occurrence of codling moth is
so low that exported fruits are no risk for spreading infestations.

Our data indicate very low risk for the importing country. No potential codling moth
intoductions can be projected, such as proposed by yamamura and Sugimoto (1995), because
no codling moths were found in the packed boxes. Furthermore, the technique to estimate the
number of codling moth infested fruits based on injury (Yamamura and Katsumata 1999) cannot
be used because there was no larva associated with the lone damage found.

Important information was obtained from this study that demonstrated the effectiveness
of field control and sorting in eliminating codling moth infestations in commercial apples.
Replacing methyl bromide fumigation with the systems approach will result with the same
quarantine security level, but with high fruit quality, reduced costs, lower environmental hazards,
and improved worker safety.
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EFFECT OF SUBLETHAL CONCENTRATIONS OF AVERMECTIN ON
POPULATION PARAMETERS OF TETMNYCHUS URTICAEI ON STRAWBERRY

J. Landeros 2, N. Mora 2, M. Badii 3, p. A. Cerda2 and A. E. Flores 3

ABSTRACT

Experiments were carried out rurder laboratory conditions to determine the effect of
sublethal concentrations of avermectin on population parameten of the two-spotted spider mite
Tetranychus urticae Kooh.lnitially, a series of bioassays were developed to determine the lethal
concentration of avermectin. Bioassays were performed using the immersion technique exposing
mites to seven different concentations of the product. Once the mortality-concentation curye
was obtained, concentations of 0.04 and 0.1 8 ppm were selected conesponding to the LCro and
LC35, respectively. wittr these concentations, the second stage of the experimen! which
consisted ofanalyzing populations ofmites exposed to these concentrations and comparing ilrem
to a control population, was performed. To achieve this, mites were exposed to stawberry leaves
freated with avermectin. The results indicated that concentations of 0.04 and 0.1g ppm
avermectin had a significant effect on population pnrameters of T. urticae compared with ttre
contol. With the concentation of 0.04ppnL the intrinsic rate of increase (r,) was 0.3001, the net
reproductive rate @o) 31.&30, the generation time (Tc) I1.510 days and the duplication time
(b)2.3095 days, while the contol population showed values of 0.2816,30.150,12.094 and
2.4611, respectively, for these same parameters. The above results indicate that more vigorous
populations emerged after avermectin treatnent at 0.04 ppm compared to those derived from non
teated individuals. At the higher concentration (0.18 ppm), avermectin caused a considerable
decrease in all of the population parameters with 0.1581 for r^,7.20 for Ro, 12.48g0 for T6 and
4.3847 for t2.

INTRODUCTION

Resistance of the two-spotted spider mite, Tetranychus urticae Koch, to acaricides has
become a critical problem in numerous agriculnual production systems (Ferguson et al. l99l).
The problem is firther complicated by the presence of hormoligosis (the biological alteration of
an individual as a response to the effects ofsublethal dosages ofa toxicant) which may induce the
abnormal increase ofthe reproduction raie ofthe pest (Luckey I 968). Ofier research studies have
been canied out to determine changes in the population behavior ofthis species when exposed
to certain acaricides. Ibrahim and Knowles (1986) published a study on the influence of 105
formamidines on T. urticae reproduction and reported that the most corffnon effects were
stimulation of fecundity, delay of oviposition, and inhibition and delay of hatching. These
responses varied according to the compound, conc€ntration, and interval after the heatnen1 In

Acari: Tetranvchidae
'Departamento de Parasitologia. Universidad Aut6noma Agraria Antonio Narro. c.p 253 15.
Saltillo, Coahuila, M€xico. Jlanfl o@uaaan.mx
'Facultad de ciencias Biol6gicas. Universidad Aut6noma de Nuevo Le6n. c.p. 66450. San
Nicolas de los Garza, Nuevo Le6n, Mdxico. Tel. y Fax (8) 332 14 53
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another investigation conducted by Ahmadi (1983), indMduals were exposed to different
concentations of dicofol on cotton Gossypium hirsutum L. leaf discs. Generation timp did
not vary between the treated individuals and the control; however, a decrease in the gross and
net reproduction rate was observed. Flores et d. (1996) determined that one ofthe effdcts of
sublethal concentrations of dicofol on Eutetrarrychus banksi (McGregor) was a decrease in
the sex ratio to 2.143:l (female: male) in a dicofol susceptible strain compared with 3.048:l
in a tolerant population. More recently, Flores et d. (2000) found that concentrations of 0.01 ,
0.05 and 0.1 ppm avermectin on bean leaves had a significant effect on the mean time of
development of two-spotted spider mite females. Also found was a significant difference
among proportions of age-specific survival and fecundity between each sublethal
concentration and the control. Fecundity was lower for 0.5 and 0.1 ppm treatrnents compared
to 0.01 ppm and the control. In general, the authors found that life parameters were affected
inversely and significantly at doses of0.05 and 0.1 ppm avermectin.

Considering all ofthe above facts, this study was undertaken to determine the effect
of sublethal concentrations of avermectin onT. urticae using strawberry leaves as a subsfrate.

MATERTALS eNo r',renrJls

In order to establish a laboratory colony of T. urticae, collections were made from
various crops in the area of Saltillo, Coahuila" Mexico, and maintained on bean leaves using
a Biohonette@ environmental chamber at 25+2"C, 60-70 RH , and 12:12 L:D conditions.

The biological material was handled according to the method of Abou-Setta and
Childers (1987), known as the "open leaf arenas." The mites used in the bioassays were
transfened from the colony using a moistened.000 camel's hair brush to fresh strawberry leaf
discs made with a 25-mm diameter cork borer. Dscs were maintained with the vental side
up in tays with water-saturated cotton pads.

Two-day-old females were transfened to clean discs and maintained for 24 h for
oviposition. Mites from these eggs were maintained under the same environmental
conditions as in the main colony until they reached the adult stage. All of the biological
material obtained in this manner was used to perform the bioassays.

Initially, a test was undertaken to determine the dosage-mortality range of
avermectin. Seven concentations were used ranging from 0 to l0 ppm selecting five-day-old
female mites. Dosages of avermectin were prepared with distilled water from the commercial
product Agrimec@ (1.8 C.E) and the commercial adhesive Penatrex@ at a concentration of
0.1%. Fresh strawberry leaf discs were individually treated by dipping them for about 5 sec
in the acaricide solutions. Once dried, they were placed in rearing trays and five mites were
hansferred to individual discs, with a total of 100 mites per concentration.

Mortality records were taken 72 h after the beginning of the experiment. Mites that
showed ataxia (uncoordinated active movement) were considered dead, as were those that
remained with legs up and /or totally motionless. Mortality data were analyzed statistically
(probit analysis) using the method of maximum likelihood (Finney 1971). Abbott's
correction formula was applied when necessary (Abbott 1925).

To carry out the main experiment, two concentrations of avermectin (0.04 and 0.18
ppm) were used and compared with a control treatrnent consisting of distilled water. Females
that survived after 72-h exposure to the acaricide during the previous set of bioassays to
determine the LCso were transferred and kept for 24 h on discs free of avermectin. Once the
mites oviposited, they were removed from the discs and only the eggs were retained so they
would develop and eventually produce new individuals. At the time that these individuals
reached the adult stage, 90 pairs (males and females) were selected at each toxic level of
avermectin. Specimens were placed separately on heated discs and once oviposition started,
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the male of each pair was discarded leaving only one female mite per disc. Eggs laid by these
females were maintained on the same leaf disc until the .-ergen"i of tne Uri,le, whicll were
then placed singly on an untreated leaf disc. Monitoring was carried out until the last
female died. Population par€rmeters were determined and compared according'to the
standard life table analysis (Birch 1948). It is important to mention that in all cases the
initial population of female breeders was reduced since some of them disappeared dur.ing
the experiment; therefore, they were discarded from the data of the progeny resulting
from them. Survivorship curves were compared based on the Log-rank test (Mendez ei
al. 1984).

RESULTS AND DISCUSSION

Fig. I shows the concentration-mortality relation for T. urticae after 72 h of
exposure to avermectin. According to the probit analysis, the LCso was 0.35 ppm with
a confidence interval (cI) of 0.3465 to 0.3535 (p < 0.05) while 100% mortality,
assessed at72h ofexposure, occurred at a concentration of l0 ppm. These results are
higher than those reported by Flores et al. (2000) who obtained 100% mortality for
the two-spotted mite at 2 ppm of avermectin. once the dosage-mortality curve was
obtained, the concentrations corresponding to the LCro and LCts,0.04 and 0.1g ppm
respectively, were selected to assess the effect of avermectin on population
parameters of T. urticae.
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FIG. l. Response to avermectin (after 72hr)inT. urticae female population based on the
maximum likelihood method.

Sur-vival and Fecundity. As far as survival is concerned very few variations were
observed, and the rate of live females was reduced in the three treatments in a similar
fashion. There was no significant difference (log-rank test, p: 0.05) among the
proportions ofthe age-specific survival between each toxic level and the control (Flg 2).
Age-specific fecundity was markedly lower at 0.18 ppm compared with 0.04 ppmand
the control (Fig. 3).
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FIG. 3. Age-specific fecundity for T. urticae exposed to different concentrations of
avermectin on strawberry leaves.

The gross reproduction rate (GRR). The gross reproductive rate (GRR), or
number of females produced by a female parent for all ages, at a concentration of 0.04
ppm avermectin was higher than the control; however, at 0.18 ppm the GRR was
noticeably lower (Table l). This indicates that there would be an increase in the
population at the 0.04 ppm dosage as time elapsed; the increase of the GRR at this
concentration in relation to the control was of 8.99%.

The GRR values obtained in this investigation were higher compared with those
in other studies. Ahmadi (1983) obtained a GRR for the same mite species of 22.19 in the
control using cotton leaf discs and 6.10, 2.36 and 0.38 for treatments with concentrations
of 1.77,3.16 and 5.62 ppm dicofol, respectively. In the same investigation, Ahmadi
described a direct relationship between the GRR value and the concentration of the
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toxicant. On the other hand, Maggi and Leigh (1983) reported a GRR of 91.26 for the
control, 76.92 for mites treated with phosphoric acid, and 96.07 for those treated with
methyl parathion. ilores et al. (2000), using avermectin on bean leaf discs, reported a
GRR of 218.22 for the control and 197.47,29.30 and 95.54 for treatmentd with
concentrations of 0.01,0.05 and 0.1 ppm, respectively.

TABLE l. Population Parameters of Tetranychus urticae after Exposure to Different
Concentrations of Avermectin on Strawberrv Leaves.

Parameter
control avermectin (ppm)

0.04 0 . t 8
Gross reproductive rate (GRR)
Net reproductive rate (Ro)
Capacity to increase (r)
Intrinsic rate of natural increase (r.)
Finite rate of increase (1.)
Cohort duration (Tc)
Generation time (days) (T6)
Duplication time (days)

167.9000
30. I 500
0.2637
0.28t6
1.3253

t2.9t50
12.0940
2.4611

184.4900 25.4440
31.6430 7.2000
0.2778 0.1517
0.3001 0.1581
1.3500 1. t713

12.4360 13.01s0
11 .5100  12 .4880
2.3095 4.3847

Net Reproduction Rate (Ro). The number of female offspring that makes up the
percentage of parent females during one generation of treated mites was affected by
avermectin (Table 1). This population parameter showed the same trend as with GRR.
That is, the lower concentration of 0.04 ppm showed a higher Ro (4.7%) than the control.
The concentration of 0. I 8 ppm resulted in a substantial reduction of 76.1% in relation to
the control. An induced increase of Ro at low concentrations were reported by Maggi and
Leigh (1983) who noted that phosphoric acid and methyl parathion increased the net
reproduct iverateof  T.ur t icaefrom 53.36for thecontro l to56.49 and65. l l  foreachof
the toxicants under freld conditions. On the other hand, in greenhouses, the values ofRo
were 80.19 for the control and 69.90 and 88.11 for the acaricides. Boykin and Campell
(1982) reported that I urticae had a Ro of 141.35 for the control using peanut leaves
(Arachis hypogea) as a substrate. This value increased when carbaryl was used and it was
reduced with chemicals such as mancozeb, fentin hydroxide, benomyl, ammonical
copper, and a mixtwe of benomyl, mancozeb and carbaryl.

Intrinsic rate of increase (r,). The r, reached a value slightly higher than the
control at 0.04 ppm avermectin (Table l) but not with treatment at 0.18 ppm, the latter
resulting in a considerably lower value. The control value was 6.16%o lower than that for
mites treated with the 0.04 ppm dosage, while the treatment with 0.18 ppm resulted in a
43.85% reduction in relation to the control. This means that the colonies of mites that
were exposed to the lower concentration of avermectin (0.04 ppm) responded by
increasing the intrinsic rate of increase of the population, while the higher concentration
lowered it.

The results obtained concerning this parameter are supported by other
investigations. Wrensch (1985) reported that the quality, quantity and the time of
exposure to a pesticide are some of the intrinsic factors that may influence the r. value.
Moreover, he cited Chaboussou (1966) who reported that this direct stimulation can
occur urs hophobiosis, where the acaricide conveys to the host plant certain favorable
conditions for the mites. On the other hand, Luckey (1968) commented that the toxicant
may directly stimulate development rate and fecundity (hormoligosis). The data gathered
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in this investigation does not allow us to distinguish the effect of trophobiosis and the
effect of avermectin per se.

Results that may compare with those of this investigation have been reported by
Boykin and Campbell (1982). These investigators who worked with T. urticae reilortei
that mancozeb and carbaryl, as well as the mixture of both chemicals, may increase the
r. of the treated mites in relation to the control. On the other hand, mites treated with
amrnoniated copper, fentin and benomyl, as well as a mixture of benomyl, mancozeb and
carbaryl showed a reduced rr.

Generation time (lQ. The T6 for the control was l2.0g4} days, where the
population increased daily by a factor of 1.3253. The treatment using the lower
concentration of avermectin showed a generation time of 11,5100 days, with a daily
population increase rate of 1.3500. The generation time for treatment with 0.l g pprn *ut
12.4880 days, with a daily population increase of l.l7l3. All these data lead us to infer
that avermectin at a concentration lower than the LC56 ma! produce shorter generation
times resulting in a greater potential for population increase compared with mites not
exposed to the acaricide. As the concentration of the acaricide was increased, the
population began to be severely harmed and the generation time increased.

The duplication time for those individuals exposed to the acaricide concentration
of 0.04 ppm was slightly lower than for the control,2.3095 versus 2.4611. However,
there was a very notable difference between acaricide treatment and control with the
higher concentration, the data showing that the treatment with 0.18 ppm requires 43.g%
more time compared to the control for the population to double.

In conclusion, populations ofTetranychus urticae exposed to sublethal dosages of
avermectin undergo changes in population parameters, In relation to the control
treatment, a concenhation of 0.04 ppm produces favorable modifications in the
population paxameters assessed, while at a concentration of 0.lg ppm, the effect was
adverse.
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SCIENTIFIC NOTE

HEAD CAPSULE WIDTHS OF LARVAL INSTARS OF THE BOLL WEEVIL'

B. J. Reardon, C. P. {. Suh, and D. W. Spurgeon

USDA, ARS, APMRU,277l F&B Rd, College Station, T){77845

Studies of the ecology or population dynamics of the boll weevil, Anthonomus
grandis grandis Boheman, often require the ability to accurately distinguish between the
larval instars. Parrott et al. (1970) provided guidelines for distinguishing instars based on
head capsule widths, but did not provide estimates of the variation within instars. Roach
(1973) provided mean head capsule widths similar to those of Parott et al. (1970) complete
with estimates ofvariance (presumably standard deviations), but did not provide the ranges
of head capsule widths associated with each instar. Dwing ecological studies of boll weevil
larvae, we frequently observed head capsule widths that were directly between the reported
means. Consequently, instars of these individuals could not be determined with confidence.
Therefore, we examined the range of head capsules widths within instars to establish
additional guidelines for identification of larval instars.

Boll weevil-infested squares were collected directly off cotton plants, Gossypium
hirsutum L., from commercial fields in Brazos and Burleson Counties, Texas. Squares were
collected between mid-July and late-September 2000. Each collection was placed in a
screened plexiglass cage (20x20x20 cm) and held in an environmental chamber (Model I-
30BLL, Percival Manufacturing, Boone, lA) at 29.4 + 1oC and a photoperiod of 13: 1 I (L:D)
h. Approximately ten squares were removed daily and opened to assess larval development.
When >50% of the squares contained the desired instar, larvae were removed from the
squares for head capsule measurements.

Head capsule widths were determined at a magnification of 50x using a dissecting
microscope equipped with an ocular micrometer (2.0-cm scale in 0.02-mm divisions; Model
GSWHl0x-H-2, Olympus America, Melville, NY). Each larva was placed on a glass slide
so that the anterior portion ofthe head capsule faced upward. The greatest width across the
head capsule of each larva was measured twice, and the mean was calculated.

To confirm instar classification after measurement, each larva was tentatively
assigned an instar then placed in a plastic cup (PO75S-3/4 oz. plastic souffles, SOLO Cup,
Urbana, IL) and held until it molted or died. Tentative classifications were assigned based
on head capsule widths of instars as follows: first instar, <0.50 mm; second instar, 0.50 to
0.75 mm; third instar, >0.75 mm. The bottom of each plastic cup was lined with a filter
paper disk moistened with de-ionized water to prevent larval desiccation. Each day larvae
were provided fresh anthers dissected from one-third grown squares. Lawae were held in
the same environmental chamber as square collections and were examined at least twice
daily for the presence of exuvia. Larvae that molted were decapitated to facilitate final head
capsule measurements. Pupation indicated that a larva was a third instar at the time of the
initial head capsule measurement.

' Coleoptera: Curculionidae
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The data were examined for differences in head capsule widths among instars using a
one-way ANovA (PRoc GLM, sAS Institute 1988). Means corresponding to the larval
instars were compared using the Tukey test (TUKEY option of the MEANS statement of
PROC GLM, SAS Institute 1988).

Head capsule widths differed significantly among larval instars (,F : 930.65; df :2,
ll2; P < 0.001; Table l). Range of head capsule widths was greatest for third instars (0.32
mm), followed by second (0.16 mm) and first instars (0.08 mm). overlap of the ranges of
head capsule widths among larval instars was not observed.

TABLE 1. Means and Ranges of Head capsule widths of Boll weevil Larvae.

Head capsule width (mm)

Instar Mean + SDo Range

I

2

3

26

39

50

0.40 t 0.02 a

0.64 r 0.05 b
0 .9910.08  c

0.36 - 0.44

0.56 -0.72

0.76 - 1.08
values followed by different letters are significantly different (a: oos; rur.ev testl

Although our mean values of head capsule widths for instars were similar to previous
reports, the variations in head capsule widths within instars were substantially greater than
those previously reported by Roach (1973). These differences may be partially attributed to
the sources of weevils used in the respective studies. Previous studies examined weevils
from an established laboratory colony reared on artificial diet whereas we examined field-
collected larvae reared on anthers dissected from squares. The limited genetic diversity and
relative constancy of environmental and dietary conditions associated with laboiatory
culture may have reduced variation in head capsule width compared with those we observed,
we observed that first-instar head capsule widths were <0.44 mm, second-instar head
capsule widths were between 0.56 and 0.72 mm, and third-instar head capsule widths were
)0.76 mrn. These observations should provide a more thorough guide for determining instar
of boll weevil larvae than was previously available.

Mention of trade names or commercial products in this article is solely for the
pupose of providing specific information and does not imply recommendation or
endorsement by the U.S. Department of Agriculture. Research reported herein was
conducted in partial fulfillment of the requirements of a Master of Scienie degree (8. J. R.)
in Entomology, Texas A&M University, College Station, TX.
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SCIENTIFIC NOTE

ARTHROPODS FROM A ZONE-TAILED HAWK NEST IN TEXAS

James R, Philipst, G. W. Hunt2, and S. W. Matteson3

Raptor nests are a microhabitat with a complex community of arthropod parasites,
predators, and saprovores @hilips and Dindal 1977). However, the fauna of zone-tailed
hawk (Buteo albonotatus Kaup) nests is completely unknown. The objective of this study
was to investigate the fauna of a zone-tailed hawk nest.

A sample of nest lining material was collected from a zone-tailed hawk nest of oak and
pine twigs and feathers 30-m high in a ponderosa prne (pinus ponderosa Dougl. ex Laws.)
in Limpia canyon, Davis Mountains, Texas, on July 1976, while the nestlings were still in
the nest, The sample was placed in a modified rullgren funnel for- extraction of
invertebrates.

Three hundred and fifty-seven arthropods of 23 species were found (Table l). Fly
larvae were numerically dominant (over 78%o of the individuals) while mite populations
were very low. Carrion scavenging flies, such as Leptometopa, probably have peak
populations during the nestling period, when prey rernains are fresh and abundant. The
nestlings' excrement provides breeding habitat for flies such as Coboldia fu:cipes (Mg).
Fly larvae like the Sciaridae, Phoridae, and cecidomyiidae, living on decaying plant matter
in the nest were few. This high stick nest in an arid site was also not favorable for many
hygrophilic acarines which are abundant in New York raptor nests (Philips and Dindal
1990)' Scavenging dermestid beetles are more tolerant of dry conditions, but only one was
present.

The only parasite found was the chigger Eutrombicala alfreddugesi (oudemans). This
is the most cornmon and widespread chigler which attacks man in the westem
Hemisphere, and it also parasitizes many warm- and cold-blooded vertebrates (Baker et al.
1956). The single engorged specimen may have been parasitizing prey or the hawk. The
predatory mite Macrocheles rodriguezi Oliver and Krantz is an avid feeder on acarid mites
(oliver and Krantz 1963), but none of these mites occurred in the sample. other food
possibilities include fly lanrae and nematodes. Dendrolaelaps is a similar predator, as are
the histerid larvae. Koskela and Hanski (1977) consider aleocharine staphylinid beetles to
be predators, but Pirone (1974) classified them as fungivores. The oribatid mites
Scapheremaeus and, Eporibatula are fitn$vores. Comyianoetus denticalatus Fain and
Philips is a scavenging nidicole which has also been found in nests of the great horned owl
(Bubo virginianzs (Gmelin)) in New York and rengmalm's owl (Aegolius funereus L.) in
Norway (Fain and Philips 1979). Its deutonymph stage is nonfeeding and phoretic, but the
insect host it uses for transportation remains unknown. This Jpecies has not been
previously reported in Texas. The larvae of the noctuid moth Epizeuxis americalis (Guen.)
feed on dried leaves (Holland 1968). Adult lyonetiid moths such as Bucculatrix oviposii
on leaves and the larvae are leaf miners @orror et al. 1981). Another phytophagous insect
was the thrips larva. The nitidulid larvae represent undescribed forms. Mori study of
hawk nest fauna is needed to distinguish the effects of local climate from that of ecolosical

' Math/Science Division, Babson College, Babson park, MA 02457-03 I 0' Predatory Bird Reseach Group, Long Marine Lab, Univusity of Califomia, Santa Cruz, CA 9i064'Chihuatrum Desert Research Institute, Alpine, TX
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sucession in the nest's incubation, nestling, and postfledging stages, and to elucidate
microcommunity interrelationship s.

TABLE l. Arthrooods from a Zo est in Texas

Taxon Number
Class Arachnida. Order Acarina

Cohort Gamasina sp.
Family Cymbaeremaeidae, Scapheremaeus sp.
Family Digamasellidae, Dendrolaelaps sp. ff. presepun (Berlese)
Family Histiostomatidae, Comyianoetus denticulatus Fain and philips
Family Macrochelidae, Macrocheles rodriguezi Oliver and Krantz
Family Oribatulidae, Eporibatula sp.
Family Trombiculidae, Eutrombicula alfreddugesi alfreddugesi (Oud,.)

Class Insect4 Order Coleoptera
Family Dermestidae, Dermestes sp.
Family Histeridae, 2 genen
Family Nitidulidae
Family Staphylinidae, Subfamily Aleocharinae sp,

Order Diptera
Family Cecidomyiidae, Subfamily Cecidomyiinae sp.

Anarete sp.
Family Milichiidae, Leptometopa sp.
Family Muscidae sp.

Fannia sp.
Family Phoridae, Megaselia sp
Family Scatopsidae, Coboldia fuscipes (Mg.)
Family Sciaridae, Bradysia sp.
Section Acalyptratae sp.

Order Lepidoptera
Family Lyonetiidae, Bucculatrix sp
Family Noctuidae, Epizeuxis americalis (Guenee)

Order Thysanoptera, Suborder Terebrantia

We are very grateful to the following taxonomic specialists for assisting us with the
identification of the arthropods: E. F. cook (Scatopsidae); D. R. Davis (Lyonetiidae); R. J.
Gagne (Cecidomyiidae, Sciaridae); E. E. Lindquist @igamasellidae); J. F. McAlpine and
H. J. Teskey (Milichiidae); A. F. Newton (Histeridae); R. A. Norton (Oribatida); W. H.
Robinson and W. W. Wirth @horidae); M. K. Thayer (Staphylinidae) and E. L. Todd and
D. M. Weisman (Noctuidae).
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SCIENTIFIC NOTE

CHEMICALS USEFUL FOR SEPARATING EGG MASSES OF THE SCREWWORM'

Dennis R. Berkebile and Steven R. Skoda

USDA, ARS, Midwest Livestock Insects Research Laboratorf
Department of Entomology - Rm. 305 PI

University of Nebraska, EC
Lincoln, NE 68583-0938

Screwworms, Cochliomyia hominivorax (Coquerel), are serious economic pests that
cause myiasis of warm-blooded animals in the tropical-subtropical regions of the Westem
Hemisphere. A successful eradication program has eliminated screwwonns from the United
States, Mexico and most of Central America using the sterile insect technique (SIT) (Galvin
and Wyss 1996). The success ofSIT depends upon the production ofsuffrcient quantities of
flies. Because of the large number of flies produced, small changes resulting in more
effrcient rearing can lead to significant cost savings for the eradication program.

Currently at the mass rearing facility, female screwworms lay their eggs in sheets on
an egglng board; eggs are removed with a spatul4 and they are then divided and weighed
before they are placed in the larval rearing medium (Brown 1984). Efficiency would be
increased if eggs could be volumetrically, mechanically added to the medium (using a
'dosifier') but this could be accomplished only if a method was available for separating the
egg masses without loss of viability.

Previous reports (Fredeen 1959) found sodium hydroxide (NaOH) useful for
separating the egg masses ofSimuliidae. LaChance et al. (1964) reported on separating egg
masses in l% NaOH to determine the number and hatchability of eggs laid by individual
females; Rawlins et al. (1983) separated screwworm egg masses for an insecticide study by
soaking them in a l% NaOH solution for 15 to 25 minutes. Although NaOH was reported
useful for separating screwwonn egg masses, no data were published demonstrating the
optimum concentration, time of exposure, or effect on survival of the embryo. Our
objectives were to determine the effects of NaOH exposure on screwwonn ernbryos and
compzue the efficacy of NaOH, sodium carbonate (NazCOl) and potassium hydroxide
(KOH) for separating egg masses from three screwworm strains.

Costa Rica 92 (CR92), the stain previously used in the mass rearing facility, was used
in the NaOH studies while the strains CR92, 12 (developed from collections in Jamaica) and
Linc0l (resulting from crosses of six wild-type screwwonn strains) were used in the studies
comparing NaOH, NazC0r and KOH. Adults were kept at 25"C, 50yo RH and 12:12
photoperiod. Eggs were collected for -30 min from 7-10 days-old females.

First, about 100 mg of eggs were placed in either 1 or 2 Yo (weighVvolume) NaOH,
occasionally agitated for 30 sec and sampled after 10 min. Thereafter, samples were taken
at - I 5 -min intervals with the final sample taken after 1 00 min. Two samples of I 00 eggs

'' Diptera: Calliphoridae.
2' Ihis work was done in cooperation with the Institute of Agriculore and Natural Resources, Univenity of
Nebraska, Lincoln" NE and published as paper No. 13285, Joumal Series, Nebraska Agricultural Researcb
Division. Mention of a proprietary product does not constitute endorsenrent or a recommendation for its use
by the USDA.
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were taken at each time interval, incubated and categorized as hatched (only the chorion
remained), sclerotized (mouth-irooks and/or s€tae were visible through the choriop), or
undeveloped (no structures were obvious). This was replicated four times. The time the
eggs remained in the NaOH solutions had a sigrificant effect on the embryo survival but the
concentration of NaoH had no sigrificant effect. Survival was -71.9%o for both
concentrations at 10 min and progressively decreased to ̂ 27%o at 100 min. From these data,
the optimum length of time egg masses should be left in NaOH is l0 min or less. Similar
mortality occrured in a preliminary study where, for rernoval of the NaoH-treaftnent, eggs
were transferred to and submerged (for 5 to 15 min.) in distilled water after soaking in
NaOH for 10 min. This indicates that the mortality was due to lack of oxygen rather than to
effects of the NaoH. To further support the importance of oxygen for the survival of
screwwonn embryos, if spacers are not used to keep a seal from forming between the top
and the bottom ofthe petri dish, egg hatch does not occur (using spacers is standard practice
in our laboratory).

About 100 mg of eggs were then placed in each of three scintillation vials containing 6
ml of 0.5%, l%o or 2To (vv) solution of NaoH. The eggs were soaked in the solutions, with
an occasional 30 sec agitatiorl for l0 min. Eggs were then pipetted onto moistened filter
paper in a Buchner funnel and rinsed with distilled water. Two samples of 100 eggs from
each treatment were placed onto moist filter paper in 100 mm petri dishes and incubated at
37o c. Two petri dishes (subsamples) for each concentration were set up each day
(replicated 14 times). After about 18 hr, the eggs were examined and categorized as above.
The mean percentages of egg hatch (+S.E.) for the three concentrations of NaOH (79.7+1.3
fot 0.5o/o; 79.5+1.7 for lYo;80.3+1.8 for 2%) were not significantly different. Egg mass
separation was noticeably slower and less efficient in the 0.5% solution.

Egg masses were then divided into five portions; each portion was placed on moist
filter paper in a petri dish and incubated for 0, l, 2, 4, or 6 h at 37o c. After incubation, egg
masses were divided in half and placed in either I or 2% NaOH with periodic agitation for
l0 min before sampling, further incubated at37o c, and then categorized as above. This was
replicated five times. Neither age of the embryos at the time of placement into the NaOH
nor concentration ofNaoH had a sigrificant effect on the percentage of eggs hatching. The
mean percentage (*S.E.) of hatching ranged from 74.5*2.6 for eggs 0 h old in 2% NaoH to
8l.2*l.2 for eggs 4 h old in l% NaOH.

About 10 mg (- 220 eggs) of freshly laid, untreated eggs were then placed in a 100
mm petri dish containing moist filter paper for comparison to NaoH treatments, A sample
of -100 mg of eggs was treated with l% or 2% NaOH, with occasional agitation, for l0 min.
Two samples of 100 eggs from each NaOH concentration were transferred to 100 mm petri
dishes with moist filter paper. Egg hatch was categorized as before after incubation for 18-
20 h at 37o C. This was replicated six times. There was no significant difference between
the mean egg hatch ofthe treated and untreated eggs.

Finally, NaOH, NazCOl and KOH were mixed as l%o, 4Yo, and 2yo solutions (ilv),
respectively. A small mass of eggs was placed in each solution and mildly agitated for 5
min. Each solution was then poured though filter paper and the eggs were rinsed with
distilled water. One hundred eggs were counted onto moist filter paper, incubated and the
hatch was categorized as before. This was replicated three times with each of the three
strains (CR92, J2 and Linc0l). No sigrificant differences were found between treatments of
eggs from the J2 and Linc0l screwworm strains. KoH and NaoH were supedor to Nazcor
for CR92 (Table l). There also was a trend, although not statistically significant, that KOH
was ganerally less detrimental to the survival ofthe embryos.

We have shown that NaOH, KOH or NauCOt can be used to separate egg masses of
the screwworm. NaoH is currently used in our laboratory to simpli$ our routine
monitoring of egg hatch for the 15 shains cwrently maintained for research. Berkebile et al.
(2000) used NaOH to separate egg masses and prepare them for permeabilization and further
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rese€uch with cryopreservation; the technique will be useful in genetic research requiring
work with individual eggs.

TABLE l. Effect of Sodium Hydroxide (NaOH), Sodium Carbonate (Na2CO, and
Potassium Hydroxide (KOH) on the Survival of Embryos from Three Strains of Screwwonn

Strain Treatment
Survival
X+SE"

J2

cR92

Linc0l

NaOH
Na2CO3
KOH

NaOH

NazCOr
KOH

NaOH
NazCOr
KOH

73.55+1.35a
61.38+1.46b
79.27*4.79a

64.5?j4.72a

76.07+2.12a
74.45+5.61a

76.89*5.93a
76.09+4.58a
84.99+2.82a

"Values for the same strain followed by different letters are significantly different at
o= 0.05.

l

Separating egg masses could also be useful in the eradication program's mass rearing
facility. This would allow eggs to be applied to the developmental medium by a volumetric
'dosifier'. The speed and accuracy at wtrich the eggs could be applied to the media would
reduce labor costs currently required to handle eggs and could enhance the effrciency of
mass rearing.

LITERATURE CITED

Berkebile, D. R., J. Chirico, and R. A. Leopold. 2000. Permeabilization of Cochlionyia
hominivoru @ipter: Calliphoridae) Embryos. J. Med. Entomol. 37:968-972.

Brown, H. E. 1984. Mass production of screwworm flies, Cochliomyia hominivorax. ln
King, E. G. & N. C. Leppla (Eds.) Advances and Challenges in Insect Rearing. USDA,
ARS. Beltsville, MD. pp.193-199.

Fredeen, F. J. H. 1959. Collection, extraction, sterilization, and low-temperature storage of
black-fly eggs @iptera: Simuliidae). Can. Entomol. 9l:450453.

Galvin, T. J.,and J. H. Wyss. 1996. Screwworm eradication program in Central America
Annals N. Y. Acad. Sci. 791: 233-240.

LaChance, L. E., J. G. Riemannn, and D.E. Hopkins. 1964. A reciprocal translocation in
Cochliomyia hominivorax (Diptera: Calliphoridae). Genetic and cytological evidence
for preferential segregation in males. Genetics 49:959-972.

Rawlins, S. C., C. J. Whitten, and D. O. Mclnnis. 1983. Survey of resistance to insecticides
among screwworm (Diptera: Calliphoridae) populations from various geographical
regions. J. Econ. Entomol. 76: 330-336.

299



AUTHOR INDEX TO VOLUME 27

Anderson, James T., 155
Amold,M.D. , l1
Badii, M.,283
Berkebile, Dennis R., 297
Bextine, Blake R., 3l
Billings, Ronald F., 251
Bordovsky, J.P, 11
Breen Pierce, J., 59
Carrillo-Srlmchez, Jos6 Luis, 91
Carroll, S.C., I I
Castro-Ramlrez, A.E., 7 3
Cerda, P.A., 283
Cook, Stephen P., 269
Cuperus, Genit W., 21
De la Rosa, W., 73
de la Torre, T., 117
Drees, Bastiaan M., I11, 177,185
El-Lissy, O.A.,45
Elzen, G.W., 149
Equihua-Martinez, Armando, 9 I
Fernandez S., Ildefonso, 85
Flores, A.E.,283
Flores, A.G., 73
Foster, N., 59
Foster, R.N.,45
Garcia-Guti6rrez, Cipriano, I 05
Gilstrap, F.E., I
Grantham, Richard A.. 21
Grossman, Donald M., 251
Hagler, James R., 241
Hamilton, J. Gordon C., 97
Hansen, James D.,287
Henneberry, T.J., t l7
Hunt, G.W.,293
James, R,R., 149
Jech, L. Forlow, I 17
Jepson, Ronald F., 37
Jim€nez, Maria-Luisa, 65
Jones, D., 135
Knutson, Allen 8., 1, 231
Kroening, Mary K., 37
Landeros, J.,283
Liang, Ai-Ping, 209
Loranzo F., Saul,85
Marquette, M., 165
Marshal, D., I
Matteson, S.W.,293
Medrano-Rolddn, Hiram, 105
Mercado H., Roberto, 85
McCook, Frank A.,251
Michels, Jr., G.J., 135,217

Mora, N.,283
Mulder, Jr., Phillip G,2l
Mulrooney, Joseph P., 201
Ochoa-Martin ez, Luz A., I 05
Owings, D.A., 135
Palacios, Carlos, 65
Peairs, Frank B., 37
Piccinni, G., 135
Phillips, James R., 293
Pollock, D.A.,217
Randolph, TeriL.,37
Raulston, J.R., 165
Reardon, 8.J., 291
Rebollar-T6llez, Eduardo A., 97
Reuter, K,C.,45
Ritzi, Christopher M., 257
Rojas,8.A., 1
Rojas, J.C., 73
Roland, T.J.,45
Rudolph, JeffB.,37
Rummel,D.A., l l
Rush, C.M., 135
Russell, Scott A., 155
S6nchez-Pefla, Sergio R., 221
Sappington, T.W.,45
Schievelbein, Sabina, 27 7
Scott, W.P., 191
Showler, A.T.,45
Skoda, Steven R.,297
Slosser, J.E., I I
Snodgrass, G.L., l9l
Sosa-Tones, Claudia Mayra, 9l
Sparks, Dale W., 257
Spurgeon, D.W., 165, 291
Suh, C.P.-C.,291
Summers, Charles G., 263
Tagle, Ver6nica Segovia, 105
Tedders, Louis, 23 I
Thorvilson, Harlan G., Zl,15S
Upton, William W., 251
Ward, Richard D., 97
Weeks, Ronald D., 185
Wood, Leeda, 59
Yates, P.8., 59

307



STIBJECT INDEX TO VOLUME2T

Acrobasis nuxvorella
comparisons of the efficacy of

different trap types in capturing,
2 l

Anthonomus grandis
aerially applied malathion for control

of,45
fipronil efficacy against, 201
head capsule widths of larval instars

of,29l
toxicity ofphotoactive dyes to adults

of, 165

Aphis gossypii
use ofcenter pivot inigation for

reduction of sugars of on cotton
lint, I I

Atta texana
atkactiveness and effrcacy of fipronil

and sulfluramid baits for control
o l  251

Beauveria bassiana
evaluation of against species of the

white grub complex, T3
microencapusulated formulation for

control of Mexican bean beetle,
105

Bemisia argentifolii
a predatory fly of,24 -
leaf surface selection by, 263

Bemisia tabaci
effects of cotton plant water stress

o n , 1 1 7

Buteo albonotatus
arthropods from a nest of, 293

Catolaccus grandis
residual activity of malathion

against, 59

Chrysoperla rufilabris
augmentation of in cotton, 231

C oc hli omyia hominivor ax
chemicals useful for separating egg

masses of. 297

Coleomegilla maculata
responses of to selected insecticides,

t49

Coleoptera
diversity of in mixed pine-hardwood

stands. 269

Cotton
augmentation of green lacewing in,

231
effects ofplant water stress on

B erni s i a t ab a c i honev dew
production, llT

Cydia pomonella
apple sampling for quarantine

control of,277

Dengue
spatial analysis of cases in Mexico,

85

D ip elalo gas t er maximus
life cycle and reproductive and

feeding behavior of, 65

Diuraphis noxia
augmentative releases of bioconhol

agents for management of, 37

Drapetis ru. divergens
foraging behavior, host stage

selection, and gut content
analysis of,241

Epilachna varivestis
microencapsulated formulation of

Beauveria bassiana for control
of, 105

Epiptera woodworthi
wax gland morphology ol 209

Hylesia iola
biology and life history of, 9l

308



Lutzomyia longipalpis
biting site selection on humans by,

97

Lygus lineolaris
acephate tolerance of in Mississippi,

l 9 l

Mayetiola destructor
interaction of parasitoids and

resistant cultivars ofwheat on. I

M e t ar hizium anis opli ae
evaluation of against species of the

white grub complex, T3

Nomamyrmex esenbecki
noctural raid ofon leafcuttins ants

in Mexico, 221

Phyllophaga spp.
evaluation of Beauveria bassiana

and Met arhizium anis op I i a e
against species of, 73

Plutella xylostella
responses of to selected insecticides.

149

Solenopsis invicta
barrier treatments for in commercial

honey bee operations, 185
ldndscape materials as repellents of,

155
laboratory assessment of mound

drench treatrnents on, 177
monitoring forage of with baited

pellets,3l
treatments affecting ability of to

crawl onvertical surfaces, lll

Sorghum bicolor
effect ofirrigation and plant

populations on, 135

Spermop hilus variegatus grammurus
new record for in New Mexico. 257

Stethorus nigripes
distribution of,2I7

Tetranychus urticae
effect of sublethal concentrations of

avermectin on population
parameters o{ 283

309



Statement of Ownership, Management, and Circulation
F|m Oab

South9estertr Ent@ologisr tober l ,  2002

quarter ly (March, Juire, September, December $20.00

dbomOf ie

Southwestern Eotmological  Soclety,  c/o Dr.  Al len Knutson

17350 Colt  Road, Dal las, TX 75252

Al len Knutson

Southwestern EntoEological Society, c/o Dr. Allen Knutson
17360 Coit Road, Dallas, TX 75252

9. Full Nd6 and CdDl& Msllfirg Addess. ol Publl6hs. ftibr, end Man.giig Edk f& d brb tlflt,

southwestern Entonological Soclety, c/o Darrell Eay
Entmology Deparhent,  Texas A6U Universl ty,  2475-TA}1U, Col lege Stat ion, TX 77e43-2475

Edllot (Nffie

Darrel l  Bay, address above

@tbn iffi.dbElyffired.byhe
I owed by t @.a16, 9ive he
f f i d f u s a s w i l a s h @ o l

Southrestern ENt@ological Society Ent@ology Dept. ,  ?eFs A&M Unlversi ty

Col lege Stat ion, TX 77643-2475

Iil sbG (tudrpbb by Mprfl dgffi ffid b M tl MV& M) (M @t
Tbtry,idbn. nd Epffi3blus dn. ot!6idbn dth€ derpltubt# hc@kFF6:
O H6 Nd sa0d Od@ PEce*rg 12lr,odh3

E Has Saryd Durin€ PBdhg 12 Mffis (tubr3htr m6l 6r.Ml d&ffi ol turye wilr lH. .Mt)

PS Fom 3526. Ocdsr 1909 (*ehstdwMtuwe)

-4

J I J



Southrcstern Ent

EMud ItudClrnl.ttor

a. Tot6f Nombrof &pl6 NdP@ M)

Told P.ts ehd/or R{udcd Cirul.h
Fn ot 15b. (1), (2),(3),ild (4)l

Dislri00ton
by Mail
(Senp�b3,

dryffi

F@ DbttlMion OrGide be trLl

Tord F@ Dbtub /Sm d l&. tu ,&.)

ldal Dlfihiid (S@ ol rft. td 15{)

C@l* rcl Obtdbuted

lM (% ot ,59, ad h.t

P f f i lP#ddR€@tdCl*h

Wll be Ddnbd ln h December

6 h M E t u d f f i d & .
dtrffin#d dhlmlim|l@td mhfm my b $Udb

t 1

I I

bsu. otlhis pbbauon. E Publlcdlon nd

October I, 2002

Pal!'R.qu.3t d Oublde{ounly lrail Sub.criptims Sbbd on
Fm3541. (hcMo Effis.ft p@l ild atchfige @bst

Seb ndo Oealec ed Carl€6, SH V.ndoF.
Counbr Sel6. and Ohs h-USPS P.ts Oshhtion

o|&t eCMy a Slebd ff Fm gt

OhrClalEr MeildnDugh lhe USPS

d

Instructlons to Publlshers

Complet€ ild fle qe copy of thls tom wilh your pslrnaster annually on q betore October 1. Koep a @py ot lh€ @mpleted fom
for youa @rds.

In €s6 r'h@ the 3tockhoLd€. q s@ilty hold€r is a kust@. lndude in itec 10 and ll lhe mre of lhs pe|g oa @rporslid to,
ffi ttF trGiee iE actng. Also Indud€ tho na|E md addBs@ of irdMdDls who aE stod(hoHeE h'tro M or hold 1 pe@nt
or mde of lhe lotal tnouni of bonds, mortgager, or other !8@rllior otthe publishing colpoEtld. In item 11. it nm, ahed( the
box. U6e blank sheela lf mc space ls FqulEd.

89 8ure to fumish all circulation infomatlon called lor In it€m 15. Fc6 circulatlon must b€ shom in iteft lsd, e, and f.

Item 15h., Copis not Dlstributed, must include (1) nMst nd coples originally stal€d il Fom 354'1, and clumed to lhe publisher,
(2) Bstimated retums frem |rere agsb, and (3), @pies tor off@ use, leftoveF, sgoiled, and all olher @ples not dlshibuted.

It the FJb[€f'pn had Peiodi€ls authqizalim 6 a gseEl tr r€q$ter publkatio, lhis Statment ot Own*hip. Managmat,
sd Cir@lalio |Mt b€ publbh€d; il musl b€ prlnled in any b3ue h tubs d, if lhe plblication is not publirhed &,ing Oc-tob€i
lhs f6t issw prinled afier mber.

In item 16. Indicaio lh6 date ot lhe bsue in whici thls Statflont of OMe6hlp will be oublish€d.

Item |7 must b6 slgnsd.

F.itutu to frte q ptbtb'6h a t .teren of ow'.t htp may to.d lo .!.pe,r.ifr of P.ttodtc.ts eu|]:ho,tratlon,

t

Ps Fffi 3526, cebrlsg(Rffi)

i.

314


	SWE_V27_N1_P001-10
	SWE_V27_N1_P011-19
	SWE_V27_N1_P021-30
	SWE_V27_N1_P031-36
	SWE_V27_N1_P037-44
	SWE_V27_N1_P045-58
	SWE_V27_N1_P059-64
	SWE_V27_N1_P065-72
	SWE_V27_N1_P073-83
	SWE_V27_N1_P085-90
	SWE_V27_N1_P091-95
	SWE_V27_N1_P097-104
	SWE_V27_N1_P105-109
	SWE_V27_N1_P111-113
	SWE_V27_N2_P117-133
	SWE_V27_N2_P135-147
	SWE_V27_N2_P149-153
	SWE_V27_N2_P155-163
	SWE_V27_N2_P165-176
	SWE_V27_N2_P177-183
	SWE_V27_N2_P185-189
	SWE_V27_N2_P191-199
	SWE_V27_N2_P201-207
	SWE_V27_N2_P209-215
	SWE_V27_N2_P217-220
	SWE_V27_N2_P221-223
	SWE_V27_N2_P225-227
	SWE_V27_N3-4_P231-239
	SWE_V27_N3-4_P241-249
	SWE_V27_N3-4_P251-256
	SWE_V27_N3-4_P257-262
	SWE_V27_N3-4_P263-267
	SWE_V27_N3-4_P269-276
	SWE_V27_N3-4_P277-282
	SWE_V27_N3-4_P283-289
	SWE_V27_N3-4_P291-292
	SWE_V27_N3-4_P293-295
	SWE_V27_N3-4_P297-299
	SWE_V27_N3-4_P307
	SWE_V27_N3-4_P308-309
	SWE_V27_N3-4_P313-314



