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ABSTRACT A multiple serodiagnostic enzyme-linked immunosorbent assay (MS
ELISA) is described that facilitated the simultaneous examination of insect predation on
two economically important cotton pests, Bemisia tabaci (Gennadius) and Pectinophora
gossypiella (Saunders). Using this MS ELISA in combination with specific monaclonal
antibodies (MAbs) to both B. tabaci and P. gossypiella, we assayed 663 collops beetles,
Collops vittatus {Say), and 613 convergent ladybird beetles, Hippodamia convergens
Guérin-Méneville, for the presence of prey remains in the gut. A large proportion of each
beetle population tested positive, suggesting that collops and ladybird beetles are active
predators on both B. tabaci and P. gossypiella. The advantages and limitations of our
multiple prey gut content assay (MS ELISA) are discussed.
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COLLOPS BEETLES, Collops vittatus (Say) and
convergent ladybird beetles, Hippodamia con-
vergens Guérin-Méneville are generalist insect
predators found on cultivated plants and weeds
in Arizona. Some studies report that Collops spp.
are efficient insect predators under highly artifi-
cial conditions in the laboratory (Dahms &
Kagen 1938, Knowlton 1944, Walker 1957, Niel-
son & Henderson 1959) or in the greenhouse
(Orphanides et al. 1971, Hussain 1975). How-
ever, little or no information exists on C. vittatus
predation under field conditions. There is more
literature on ladybird beetle predation, but most
of these studies were also conducted under arti-
ficial conditions in the laboratory, greenhouse, or
field cages (Martinez & Pienkowski 1982, Kring
et al. 1985, Rice & Wilde 1988, Andow 1990,
Evans 1991). The lack of field data regarding
predator feeding behavior is caused in part by
the difficulty of studying insect predation. Typi-
cally, predator/prey interactions are difficult to
observe in nature because of the small sizes,
cryptic behaviors, and nocturnal activities of
both predator and prey. Moreaver, because most
predators preorally dissolve or chew their prey

_into unrecognizable fragments, direct gut obser-

vations are impossible (Miles 1972, Cohen 1989).

This article reports the results of research only. Mention of a
proprietary product does not constitute an endorsement or a
recommendation for its use by the USDA.

In short, it is very difficult to determine what is
eating what. '

To date, the most promising method for mea-
suring predation uses immunologically-based
tests such as an enzyme-linked immunosorbent
assay (ELISA) (Boreham & Ohiagu 1978, Rags-
dale et al. 1981, Sunderland et al. 1987), which
employ pest-specific monoclonal antibodies
(MADbs) (Greenstone & Morgan 1989). Immuno-
logical methods facilitate examination of preda-

tion under natural, unmanipulated conditions

(Hagler et al. 1992). We have developed species-
and stage-specific MAbs to sweetpotato whitefly,
Bemista tabact (Gennadius), and pink bollworm,
Pectinophora gossypiella (Saunders) (Hagler et
al. 1993, 1994). Using these MAbs, we can simul-
taneously examine predator gut contents for the
presence of both pest-specific antigens.

In this study, we describe and apply a multiple
serodiagnostic (MS) ELISA {(i.e., multiple prey
gut content assay) to evaluate the frequency that
field-collected adult collops and adult ladybird
beetles preyed on sweetpotato whitefly and pink
ballworm at two different cotton fields in Ari-
zona. This is the first study that we know of that
employs multiple MAbs for the examination of
the gut contents of an individual predator.

Materials & Methods

Adult collops and ladybird beetles were col-
lected from two, 2.0-ha sites at the University of
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Table 1. ELISA results for phosphate buffered saline (PBS), Collops vittatus, and Hippodamia convergens negative
controls
Treatment Pest MADb n No. positive Absorbance® Critical value
tested reactions i xSD £+ 38D

PBS blank anti-SPW 33 -0 0.001 = 0.024 -

PBS blank anti-PBW 33 0 —0.004 = 0.024 —

C. vittatus anti-SPW 44 0 -0.013 + 0.014 0.029

C. vittatus anti-PBW 44 1 —0.020 + 0.026 0.058

H. convergens anti-SPW 97 3 -0.025 = 0.018 0.029

H. convergens anti-PBW 97 1 0.004 + 0.022 0.069

Analysis was for the presence of sweetpotato whitefly {(SPW) and pink bollworm {(PBW} egg antigen in the guts of individuals
using an anti-SPW and anti-PBW egg-specific monoclonal antibody (MAb).

2 Absorbance was measured at 405 nm.

Arizona Maricopa Agricultural Research Center,
Maricopa, AZ and one 0.5-ha site adjacent to the
Western Cotton Research Laboratory, Phoenix,
AZ. Each Maricopa site contained four quadrants
consisting of 12, 120-m rows of cotton surrounded
by four border rows. The Phoenix site contained
four quadrants of six, 70-m rows surrounded by
two border rows.

Vacuum samples were taken every 1-2 wk
from each quadrant with a modified Insectivac
(Ellington et al. 1984). Four randomly selected,
continuous 30-m rows of cotton were vacuumed
in each quadrant, Because of the low catches of
collops and ladybird beetles at Maricopa, the
samples from the two sites were combined for
each date. Samples were only collected through
23 July 1992 at Maricopa because the cotton
predator complex was destroyed by pesticide
drift from nearby fields.

The contents from each vacuum collection
were put in a 3.8-liter plastic carton and placed
immediately on ice. Upon return to the labora-
tory, predators were stored at —80°C. Voucher
specimens of C. vittatus and H. convergens used
in this study were deposited at the Carl Hayden
Bee Research Laboratory, USDA-ARS, Tucson,
AZ.

Negative Predator Controls. Beetles serving as
negative conirols were collected from the field
and provided with only water ad libitum for a
minimum of 72 h. This allows the insects to egest
any egg antigen they may have had in their gut at
the time of collection (Hagler & Cohen 1990).
Individual insects were placed in 250-ul phos-
phate buffered saline (PBS), macerated, and fro-
zen (~80°C}) until assay. Negative control beetles
were assayed for the presence of egg antigens by
the MS ELISA described below. Mean (£ SD)
absorbance values were calculated for each spe-
cies.

Multiple Prey Gut Content Assay—MS
ELISA. The indirect ELISA procedure de-
scribed originally by Voller et al. (1976) was
modified by Hagler et al. {1992). Individual
field—collected collops or ladybird beetle adults
were ground (whole body) in 250-ul of PBS. A
50-ul aliquot of each of the macerated beetles

was drawn by pipet into individual wells of two
uncoated 96-well ELISA assay plates. Each plate
was incubated at 4°C overnight. Following incu-
bation, the insect samples were discarded from
each well and a 330-ul aliquot of 1% nonfat dry
milk in distilled water was added to each well for
30 min at 37°C. The nonfat milk was discarded
and a 30-ul aliquot of anti-B. tabaci MAb (Hagler
et al. 1993) was added to the first ELISA plate
and a 50-pl aliquot of anti-P. gossypiella MADb
(Hagler et al. 1994) was added to the second
plate. Each plate was accompanied with a posi-
tive B. tabaci or P. gossypiella egg control (=5 ug
egg protein/well) and a PBS negative control.
Plates were incubated for 1 h at 37°C, then the
MAbs were discarded, and the wells were briefly
washed three times with PBS-Tween 20 (0.05%)
and twice with PBS. Aliquots {50-ul) of goat
antimouse IgG/IgM conjugated to alkaline phos-
phatase (TAGO, Burlingame, CA) diluted to
1:500 in 1% nonfat milk were added to each well
of bot!, plates. Plates were incubated for 1 h,
then the conjugated antibody was discarded, and
the wells were washed as noted above. A 50-ul
aliquot of p-nitrophenyl phosphate (pNPP) sub-
strate (Sigma, St. Louis, MO) was added to each
well for 1 h, then the absorbance of each well
was measured with a Cambridge Technology
Model 750 {Cambridge Technology, Watertown,
MA) microplate reader set at 405 nm. Field-col-
lected beetles were scored positive for sweetpo-
tato whitefly egg or pink bollworm egg antigen if
the absorbance values exceeded the mean nega-
tive predator control reading by three standard
deviations (Schoof et al. 1986, Sutula et al. 1986).

Results

Negative Predator Controls, All but one of the
44 collops negative controls we tested for the
presence of whitefly and pink bollworm egg an-
tigen had a negative response to the targeted
antigens (Table 1). Similarly, four out of 97 of the
ladybird negative controls scored positive for ei-
ther pest antigen. Of the 97 ladybird beetles,
three were positive for whitefly egg antigen and
one for pink bollworm egg antigen. The remain-
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Fig. 1. - Percentage of adult Collops vittatus scoring
positive for the presence of Bemisia tabaci and Pec-
tinophora gossyplella egg prey remains in their guts,
1992, Numbers below the sampling dates are the num-
ber of individuals examined. Note: there were no C.
vittatus collected in our vacuum samples at Phoenix on
the 2 d we sampled in August.

der of the negative collops and ladybird beetle
controls yielded absorbance values similar to the
PBS blanks (Table 1).

Multiple Prey Gut Content Assay—MS
ELISA. Adult collops beetles collected at Mari-
copa tested positive for whitefly egg (prey) re-
mains from 8.3% (9 July} to 83.0% (11 June) of
the time (Fig. 1). Overall, we detected whitefly
egg antigen in the guts of 57.9% of the individ-
uals we examined. The percentage of collops
testing positive for pink bollworm egg antigen
ranged from 2.4% (16 June) to 54.3% (2 July). Of
the total collops population examined at Mari-
copa, 28.4% scored positive for pink bollworm
egg antigen.

Whitefly egg antigen was detectable in collops
collected at the Phoenix site 11.9% (30 June) to
93.4% (26 June) of the time (Fig. 1). When the
samples from each date were combined, we de-
tected whitefly egg antigen in 52.8% of the col-
lops. The frequency of positive responses to pink
bollworm eggs ranged from 1.6% (26 June} to
68.4% (21 July). Overall, 7.3% of the collops we
sampled had pink bollworm egg remains in their

guts.
Adult lady beetles collected at Maricopa tested
positive for whitefly egg antigen from 13.0% (9

HAGLER & NARANJO: SURVEY OF Tw0 COLEOPTERAN PREDATORS

185

Maricopa, Arizond

100 T T T T
Il Bemisia labect
B&H Pectinophora gossypielia

-l

60
40 '
20+ .
4] [
0
2

June 11 June & Juna 25 July
93 96 % -]

0
July @
23

Phoenix, Arizona
100 T T T T T T

Percent Positive

OTN e
Sateledeteteted

.
pfeled

"
'

!

i3
%

. -_—
@ © B ~ R ©
o ar f; 3 WPy Pe e
SIS G a ¥ (I o
DATE - 1992

Fig. 2. Percentage of adult Hippodamia conver-
gens scoring positive for the presence of Bemisia
tabaci and Pectinophora gossypiella egg prey remains
in their guts, 1992, Numbers below the sampling dates
are the number of individuals examined.

July) to 60.0% (25 June) of the time (Fig. 2).
Overall, we detected whitefly egg antigen in the
guts of 38.0% of the adult ladybird beetles we
examined. The percentage of lady beetles testing
positive for pink bollworm egg predation ranged
from 0% (16 June, 2 July, and 9 July) to 4.0% (25
June). Only 1.0% of the ladybird beetles exam-
ined at Maricopa had pink bollworm egg antigen
in their guts.

Whitefly egg antigen was present in 2.0% (30
June and 6 September) to 79.0% (26 June) of the
adult ladybird beetles collected at the Phoenix
site {Fig. 2). Overall, 33.0% of the ladybird bee-
tles had whitefly egg antigen in their gut. The
percentage of ladybird beetles scoring positive
for pink bollworm egg antigen was higher at
Phoenix than at Maricopa. Daily positive re-
sponses for lady beetle predation on pink boll-
worm eggs ranged from 0% (15 June and 26 June)
to 50.0% (21 July} with 6.0% of the total popula-
tion surveyed scoring positive for the presence of
egg prey remains in their gut.

Discussion

Only a few of the negative predator controls
scored positive for the presence of whitefly or
pink bollworm egg antigen in their gut. These
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data indicate that the starved beetles lacked
whitefly or pink bollworm egg antigen in their
systems and that there were no inherent antigens
present in these beetles that cross reacted with
our MAbs. These results are similar to previous
studies where these two MAbs were tested for
cross reactivity against other insect species
(Hagler et al. 1993, 1994). The few positive
scores in the negative controls probably can be
attributed to human error or insufficient holding
time for digestion of pest antigen present in the
gut at the time of collection (Greenstone 1983).

A limitation of our MS ELISA is that these
. egg-specific and pest-specific MAbs cannot dif-
ferentiate between an egg and an egg-carrying
(i.e., gravid) female meal. However, we believe
this limitation is only applicable to sweetpotato
whitefly predation. For example, these two bee-
tle species are relatively large and can easily
capture, kill, and consume either an adult egg-
carrying female whitefly or a whitefly egg.
Therefore, a positive response could be attrib-
uted to feeding on either whitefly stage. Con-
versely, it is unlikely that these predators could
capture, kill, and consume the large, cryptic, and
mobile adult pink bollworm. Therefore, any pos-
itive scores in our MS ELISA for pink bollworm
egg antigen could be attributed solely to egg
predation.

Pink bollworm predation was not as common
as sweetpotato whitefly predation. The lower
proportion of beetles feeding on pink bollworm
eggs could be attributed to several factors includ-
ing the following: (a) the positive responses were
probably associated with egg predation only; (b)
pink bollworm egg populations were much
lower than whitefly populations, thus decreasing
the chance of a predator/prey encounter; and (c)
the cryptic oviposition behavior {(i.e., beneath
the calyx} exhibited by pink bollworm moths
makes their eggs less vulnerable to predators.

There were few patterns in the frequencies of
beetles scoring positive for whitefly or pink boll-
worm ingestion over time (Figs. 1 and 2). Ini-
tially, we thought that the frequency of positive
responses would increase in time because of the
ever increasing pest populations. However,
many of the predators collected early in the sea-
son had approximately the same proportion of
individuals scoring positive for either pest as
those sampled later in the season. This indicates
that these two beetle species were able to find
and feed on pink bollworms and whiteflies even
when the pest densities were very low in the
early portion of the season.

This is the first study that uses an ELISA in
concert with multiple pest-specific MAbs to sur-
vey predator feeding patterns under natural, un-
manipulated field conditions. The MS ELISA is
ideal for a precise, rapid, and economical iden-
tification of insect predators (Hagler et al. 1992).
We have shown in preliminary laboratory studies
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that the MS ELISA is sensitive enough to detect
a single prey item in a predator’s gut. Moreover,
we can assay over 1,000 individuals per day at a
cost of less than $0.10 per individual.

Results from this study are intended to provide
only a qualitative estimate of adult collops and
ladybird predation on whitefly and pink bolil-
worm. Unfortunately, because of inherent con-
straints common with serological assays, quanti-
fication of the number of prey consumed by each
predator is not yet possible. Abiotic factors, vari-
able digestive rates, and variable meal sizes
make it impossible to quantify predation at
present (McIver 1981, Fichter & Stephen 1981,
Sopp & Sunderland 1989).

Currently, we are using this sensitive MS
ELISA to qualitatively evaluate other potential

predators of sweetpotato whitefly and pink boll-

worm. The information gained from MS ELISA
evaluations, combined with laboratory trials and
thorough population dynamics studies can pro-
vide a better understanding of the role that pre-
daceous natural enemies have on suppressing
key agronomic pests.
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