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ABSTRACT 
A glassy-winged sharpshooter (GWSS) protein marking system is being developed for use as a diagnostic tool for predator 
gut content analysis.  We determined that GWSS can be marked with 100% efficiency for at least 7 days after feeding on 
protein-marked plant material or spraying with a topical protein solution.  Moreover, feeding trials have shown that protein 
marked insects can be detected by a protein-specific ELISA in the guts of predators that consumed them.  Field studies are 
being initiated that will quantify the predation rates of an assemblage of predators on GWSS using a multitude of protein-
specific ELISAs. 
 
INTRODUCTION 
Very little information exists on predaceous natural enemies of GWSS.  While predaceous arthropods are important 
regulators of arthropod populations (Luff, 1983; Sabelis, 1992; Symondson et al., 2002); identifying the feeding choices and 
amount of prey consumed by generalist predators is very difficult.  Predators and GWSS are small, elusive, cryptic (Hagler et 
al., 1991), and the predators may feed exclusively at night (Pfannenstiel & Yeargan, 2002).  Hence, visual field observations 
of predation are extraordinarily difficult to obtain.  Moreover, predators do not leave evidence of attack.  Perhaps the most 
frequently used experimental approach for evaluating natural enemies in the field are through studies conducted in field cages 
(Luck et al., 1988).  Such studies require manipulation of either the natural enemy or the targeted prey population(s) within 
the cage (e.g., the removal or introduction of the organism of interest).  Mortality of the pest can be estimated based on the 
presence or absence of the pest (Smith & De Bach, 1942; Leigh & Gonzalez, 1976; Luck et al., 1988; Lang, 2003).  Such 
studies have documented the qualitative impact of manipulated predator assemblages on many types of pests, but they do not 
provide quantitative information on predation rates or evidence of which predator in the assemblage is exerting the greatest 
biological control.  Often the only direct evidence of arthropod predation can be found in the stomach contents of predators.  
Currently, the state-of-the-art predator stomach content assays include enzyme-linked immunosorbent assays (ELISA) for the 
detection of pest-specific proteins (Hagler, 1998) and PCR assays for the detection of pest-specific DNA (Agustí et al.; 1999; 
Symondson, 2002; Greenstone & Shufran, 2003). 
 
ELISAs have been widely used to identify key predators of certain pests, including GWSS (Ragsdale et al., 1981; Sunderland 
et al., 1987, Hagler et al., 1992, 1993, 1994; Hagler & Naranjo, 1994ab; Bacher et al., 1999; Fournier et al., in prep).  The 
simplicity and low cost of conducting an ELISA lends itself to the efficient screening of hundreds of field-collected predators 
per day.  However, polyclonal antibody-based ELISAs often lack species specificity and monoclonal antibody-based ELISAs 
are too technically difficult, costly, and time consuming to develop for wide scale appeal (Greenstone, 1996).  Moreover, 
pest-specific ELISAs share the same limitation as the other predator evaluation methods; the quantification of predation rates 
is impossible (see Hagler & Naranjo, 1996; Naranjo & Hagler, 1998 for reviews).  PCR assays using pest-specific DNA 
probes might be less expensive to develop (Greenstone & Shufran, 2003), but PCR assays are also not quantifiable and they 
are more costly, technical, tedious, and time consuming to conduct than ELISAs (pers. obs.). 
 
Due to the reasons discussed above, quantifying predation rates is extremely difficult.  These difficulties have resulted in a 
dearth of information on the quantitative impact that generalist predators have on suppressing pest populations.  The many 
shortcomings of each method of predator assessment described above were the impetus for us to develop a technique to 
quantify predator activity.  The technique combines our previous research using pest-specific MAb-based ELISAs to detect 
predation (Hagler et al., 1991, 1993, 1994, 2003) with protein marking ELISAs we developed to study arthropod dispersal 
(Hagler & Miller, 2002; Hagler, 1997a, b; Hagler & Naranjo, 2004; Hagler & Jackson, 1998; Hagler et al., 2002).  Here we 
describe a technique for marking individual GWSSs, each with a unique protein.  In turn, the gut contents of each predator in 
the assemblage can be examined by a multitude of protein-specific ELISAs to determine how many GWSS were consumed 
and which predator species consumed them.  The advantages of immunomarking prey over prey-specific ELISAs are: (1) 
prey-specific antibodies (or PCR probes) do not need to be developed, (2) the protein-specific sandwich ELISAs are more 
sensitive than the indirect prey-specific ELISAs (Hagler et al., 1997), (3) a wide variety of highly specific protein/antibody 
complexes are available, (4) the specificity of each antibody to its target protein facilitates the marking and examination of 
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the gut contents of every predator in the assemblage by a myriad of protein-specific ELISAs, and (5) all of the proteins and 
their complimentary antibodies are commercially available at an affordable price. 
 
OBJECTIVES 
We are in the preliminary phase of a research project dedicated to quantifying predation rates on GWSS nymphs and adults 
and qualifying predation on eggs.  There are enough protein/antibody complexes commercially available that each GWSS in 
a field cage can be marked with a specific protein.  We will mark individuals (e.g. adults and nymphs) and release them for 6 
hours into a cage containing an assemblage of predators.  The experiment will contain a day and night treatment.  Observed 
mortality for each GWSS life stage will be determined by simply counting the number of GWSSs remaining in each cage.  
Each predator will then be examined by a multitude of protein-specific ELISAs to determine which predators ate GWSS 
nymphs and adults and how many each predator consumed.  Then, each predator will be examined by a GWSS egg-specific 
ELISA to determine the frequency of predation on GWSS eggs (see Fournier et al. in this volume).  Specifically, this study 
will: (1) quantify predation on GWSS nymphs and adults, (2) qualify predation on GWSS eggs, and (3) determine the 
circadian feeding activity of predators.  Results obtained from this research will enhance our basic understanding of predator-
prey interactions and aid in evaluating the efficacy of generalist predators for a conservation biological control program or an 
inundative biological control program. 
 
RESULTS 
We (JRH) conducted feasibility studies to determine if protein markers can be substituted for pest-specific MAbs for the 
immunological detection of prey in predator guts.  In a series of lab studies, we fed a wide variety of predators (e.g., chewing 
and piercing/sucking type predators) both large and small prey marked with rabbit immunoglobulin G (IgG).  In turn, the gut 
contents of each predator was analyzed by a rabbit IgG-specific ELISA.  The results showed that, regardless of the predator 
species and the size of prey consumed, the rabbit IgG ELISA could easily detect the mark in the predator’s stomach for at 
least 6 hours after feeding (Figure 1). 
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Figure 1. Mean (±SD) ELISA readings for the retention of rabbit IgG in the gut of two types of predators that consumed 
either a single 2nd instar pink bollworm larva or an adult parasitoid (Eretmocerus emiratus) marked with 5.0 mg/mL of rabbit 
IgG. The numbers above the error bars are the percentage of individuals positive for rabbit IgG.  The negative predators 
consumed unmarked prey.  Note: these data were chosen for display because they represent the extreme case scenarios (e.g., 
a large chewing predator eating a relatively large marked prey and a small piercing/sucking predator eating a very small 
marked prey).  Similar studies are being conducted on GWSS. 
 
 
The next study was designed to determine if we could mark adult GWSSs.  In a pilot study, we marked (internally and 
externally) adult GWSS with rabbit IgG protein using the techniques described below. 
 
Internal Marking 
GWSSs were provided a chrysanthemum (mum) that was previously marked with a topical spray of a 5.0 mg/mL rabbit IgG 
solution.  Individuals were allowed to feed on a protein-marked mum for 48 h.  The GWSSs were removed from the protein-
marked mum and placed on unmarked mums for 3, 5, or 7 days after marking and then analyzed for the presences of rabbit 
IgG by the anti-rabbit IgG ELISA described by Hagler (1997a).  The efficacy of the marking procedure is given in Figure 2. 
 
External Marking 
We applied an external mark to individual GWSSs by spraying them with 1.0 ml of a 0.5 mg/mL rabbit IgG solution using a 
medical nebulizer (Hagler 1997b).  The GWSS were air-dried for 1 h and then placed on mums for 3, 5, or 7 days after 
marking and then analyzed for the presence of rabbit IgG by ELISA.  The efficacy of the marking procedure is given in 
Figure 2. 



- 108 - 

GWSS Sprayed With Protein (Topical Mark)

Days After Marking
Unmarked 3 5 7

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Negative

Control

GWSS Adults That Fed on Protein Marked Mums (Internal Mark)

Days Feeding on Marked Diet
Unmarked 3 5 7

E
LI

S
A

 V
al

ue

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Negative

Control  
Figure 2. The efficacy of the internal (left graph) and external marking procedure (right graph) (n=8 to 16 per treatment). All 
of the GWSSs assayed 3, 5, and 7 days after marking yielded positive ELISA responses for the presence of rabbit IgG.  All of 
the unmarked GWSSs yielded negative ELISA responses. 
 
 
Results indicate that the protein marking procedure works for at least 7 days after marking GWSS.  The next phase of our 
research (in progress) will be to mark individual GWSSs using the methods described above.  Specifically, 10 individual 
GWSSs will be marked, each with a unique protein (see Table 1).  The 10 GWSSs will then be placed in a field cage 
containing various predator species. The predator assemblage examined will represent those predators commonly found in 
areas inhabited by GWSS (JRH, pers. obs.).  A partial list of the predator assemblage that will be examined and their 
probable feeding behaviors is given in Table 2.  After 6 h in the cage, every remaining predator will be collected and 
analyzed by 10 different protein-specific ELISAs.  A hypothetical example of the data we will generate over the next year is 
given in Table 3. 
 
 

Table 1.  A listing of the proteins that will be used to mark 10 individual GWSS. 
Individual GWSS Protein marker 

1 Rabbit IgG 
2 Guinea pig IgG 
3 Equine IgG 
4 Mouse IgG 
5 Dog IgG 
6 Pig IgG 
7 Bovine IgG 
8 Cat IgG 
9 Rat IgG 

10 Sheep IgG 
 
 

Table 2.  A listing of the arthropod assemblage to be examined. 
Species Stage\1 Classification\2 Likely GWSS prey\3 
H. convergens Adult/immature Carnivore Egg 
Zelus renardii Adult/immature Carnivore Nymph/Adult 
Geocoris punctipes Adult Omnivore Egg/early instar nymph 
Spiders 
   Salticidae 
   Clubionidae 
   Agelenidae 
   Araneidae 

Adult/immature Carnivore Nymph/Adult 

Earwig Adult/immature Omnivore Egg, nymph, adult 
Chrysoperla carnea Immature Carnivore Egg 
Preying mantis Adult/immature Carnivore Nymph, adult 
Syrphid fly Immature Carnivore Egg 
Coccinella septempunctata Adult/immature Carnivore Egg 

1/The predator life stage that will be examined. 
2/The primary feeding habit of each species. 
3/The most likely GWSS life stage that will be attacked.   
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Table 3.  A hypothetical example of results yielded from a multitude of IgG-specific gut content ELISAs conducted on an 
individual predator (e.g., Zelus renardii).  The number of positives yielded in all the assays indicates the number of prey 
consumed by this single predator.  
 

Predator Targeted GWSS Protein marker  
designated in Table 1 

Protein-Specific  
ELISA 

ELISA 
result/1 

1 Rabbit IgG Anti-Rabbit IgG - 
2 Guinea pig IgG Anti-Guinea pig IgG - 
3 Equine IgG Anti-Equine IgG - 
4 Mouse IgG Anti-Mouse IgG - 
5 Dog IgG Anti-Dog IgG - 
6 Pig IgG Anti-Pig IgG + 
7 Bovine IgG Anti-Bovine IgG - 
8 Cat IgG Anti-Cat IgG + 
9 Rat IgG Anti-Rat IgG - 

Z. renardii 

10 Sheep IgG Sheep IgG - 
1/This individual predator scored positive in the anti-pig and anti-cat ELISAs; therefore it consumed 2 marked 
GWSSs. 

 
 
CONCLUSIONS 
Although it is widely accepted that predators play a role in pest regulation, we still have an inadequate understanding of, and 
ability to predict their impact in cropping systems.  Frequently parasitoids are given major credit for suppressing pest 
populations; however, the impact that predators have on suppressing GWSS populations goes unrealized due to the 
difficulties of assessing arthropod predation as discussed above.  The prey marking technique described here circumvents 
many of the shortcomings of the current methods used to study predation.  The preliminary studies described here prove that 
prey marking can be a powerful method for the immunological detection of predation and can be used to study various 
aspects of predator feeding behavior.  Over the next 2 years we plan to quantify predation rates on GWSS.  Ultimately, this 
information can be used to improve the efficacy of conservation and inundative biological control of GWSS.  This research is 
designed to determine which predators are exerting the greatest biological control on GWSS eggs, nymphs and adults.  This 
information can then be used to develop a comprehensive biological control program that better conserves the populations of 
those predators exerting the greatest control on the various GWSS life stages. 
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