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Introduction 

 
A complex of stink bug species has become a very serious problem in Georgia cotton 
production.  The problem is exacerbated by the widespread distribution of stink bugs 
across the landscape, the numerous host plants available to them for feeding and 
reproduction, and the difficulties associated with finding them in cotton and 
characterizing their damage. The dominant stink bug species in Georgia are the 
southern green stink bug, Nezara viridula, the green stink bug, Acrosternum hilare, and 
the brown stink bug, Euschistus servus, with the southern green stink bug generally 
dominating by a significant margin. In addition to these species, several other species 
have become increasingly abundant including the red banded stink bug, Piezodorus 
guildinii, and Euschistus quadrator, both of which seem to be more abundant in the 
southernmost portions of the state (pers. observ.).   
 
Various natural enemies have been reported attacking stink bugs in various regions of 
the world (e.g., Yeargan 1979, Jones 1988, Ehler 2002), but the natural enemy complex 
in the southeastern United States has been poorly defined.  This project was initiated in 
2007 to characterize the suite of stink bug natural enemies present in Georgia and to 
determine their efficacy. We found that the parasitoid complex attacking stink bugs was 
primarily active against adult stink bugs, and had little impact on immatures. However, 
we obtained a few specimens of an exotic braconid wasp (Aridelus rufotestaceus) from 
nymphs of the southern green stink bug and an adult brown stink bug, Euschistus 
servus, in 2007 and 2008. These studies were continued in 2009 to obtain further 
information on the role and diversity of stink bug natural enemies. 
 

Materials and Methods 
 
Parasitoid and Pathogen Survey.  Cotton (Bollgard II, DPL924RF), Group 5 soybeans 
(Asgrow 5905R), and Group 7 (Pioneer 97M50R) soybeans were planted in Sumter 
County (2 June) and Decatur County (8 June), Georgia.  These crops were sampled for 
stink bug populations, and all stink bugs collected in the samples were returned to the 
laboratory and held for parasitoid emergence.  In addition, bugs were collected in 
soybean and cotton fields in Mitchell and Coffee Counties (6 fields per county) at 
approximately weekly intervals  from mid-July until 7 October. The fields in these two 
counties were commercial and managed with insecticides, which limited the numbers of 
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stink bugs and likely the activity of natural enemies, as well. Collected bugs were held in 
50 mL sample cups and provided with pieces of green bean pods and sunflower kernels 
as food.  Bugs were checked daily for survival and parasitoid emergence.  Bugs were 
held in an environmentally controlled rearing room at 25 + 1°C with a photoperiod of L:D 
14:10.  Dead bugs were dissected to evaluate the presence of pathogens and 
parasitoids. Bugs were considered to be parasitized if they met one or more of the 
following four criteria: (1) parasitoid egg(s) present on the bug cuticle, (2) parasitoid 
emerged from the bug, (3) parasitoid immatures present in bug at the time of host 
death, and/or (4) the presence of a tracheal funnel in the stink bug, signifying that a 
parasitoid fly larva had completed development in the host and departed (bugs can live 
up to two weeks after a parasitoid has emerged). 
 
Predation of Stink Bug Egg Masses 
 
Fire ants appear to be one of the more significant predators of stink bug eggs, so we 
evaluated the impact of fire ant presence on stink bug egg loss. Egg masses of the 
southern green stink bug, Nezara viridula, were placed in a set of eight 0.5-acre 
experimental cotton plots (DPL935B2/RF; planted 20 May) to evaluate egg predation 
and parasitism.  Four of the plots were treated with Amdro to exclude fire ants. Egg 
masses were placed on plants in the center of the plot, with 2 m between placement 
sites, in a 2x3 or 2x4 layout (with 2-3 egg masses placed on each of the two rows, 
depending on date and egg availability). Plots were separated from one another by 
open gaps of 3 m of bare soil tilled at regular intervals.  The plots were arranged in 4 
blocks, each containing one fire ant inclusion plot and one fire ant exclusion plot. Plots 
were approximately square, and a 10x10m area in the center of each plot was 
designated for sampling. Fire ant exclusion plots were treated with hydramethylnon ant 
bait (Amdro®) at a rate of 1.1 kg of formulated bait per ha on 20 July, 7 and 14 August, 
and 4 September 2009 to eliminate fire ants.  To assess the exclusion treatment, ant 
detection tests were conducted on 12 August and 18 September.  This test consisted of 
placing six 33-ml test tubes containing a small piece (5 gm) of hotdog in each plot.  After 
1 hour all tubes were recovered and sealed, and transported back to the lab where the 
tubes were emptied and the number of ants was recorded.   
 
Predation trials were conducted using egg masses of the southern green stink bug, 
Nezara viridula.  Eggs of N. viridula were obtained from a lab colony maintained on 
green bean pods and shelled sunflower seeds.  Eggs were placed in the field on 
multiple occasions. Each egg mass was stapled to the lower surface of the uppermost 
expanded leaf.  Three to four egg masses were placed on plants in each of two rows of 
cotton, which were separated from one another by six rows. All egg masses were 
collected after 72 hours of exposure to enemies.  Egg counts were then made at 2, 6, 
12, 18, 24, 48, and 72 hours after all eggs had been deployed by digitally photographing 
each egg mass, although not all intervals were represented in all evaluation dates due 
to rain. Photographing minimized disturbance of the egg mass and allowed us to make 
more accurate counts of egg loss and empty eggs on the computer. The presence of 
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specific predators at each observation period also was recorded on the digital images of 
the egg masses.  Predators were identified to species in the field or from the images 
and were recorded either preying upon or simply occupying egg masses. 
 
Host and Temperature Relationships of the Parasitoid Aridelus rufotestaceus.  
 
We evaluated the development of the recently discovered parasitoid Aridelus 
rufotestaceus in laboratory trials. For the temperature studies, wasps were exposed to 
nymphs of the Southern green stink bug of various life stages (Instars 2, 3, 4, and 5). 
After stinging was visually verified, stung bugs were separated and placed in equivalent 
numbers into three temperatures: 20, 25, and 30+ 1°C with a photoperiod of L:D 14:10. 
The bugs were fed daily and checked for emergence of parasitoid larvae and formation 
of cocoons. After cocoon formation, cocoons were held and monitored for wasp 
emergence. 
 
Data Analyses. Survey results reported here are incomplete because we are still 
dissecting stink bugs that were sampled. Egg mortality was evaluated by comparing 
survival (transformed as arcsin√x) at sample intervals for the respective sample dates. 
We used repeated measures one-way analysis of variance (PROC GLM in SAS) to 
compare the results between the plots with and without ants. Developmental data for A. 
rufotestaceus was evaluated among temperatures using analysis of variance (after 
conversion of raw data to reciprocals to normalize the distribution), and was modeled 
using regression. Untransformed data on percent emergence and developmental times 
are presented for the host range studies with A. rufotestaceus. 
 

Results and Discussion 
 
Parasitoid and Pathogen Survey 
 
We are still processing specimens, but the results thus far are presented in Table 1. The 
complex was once again dominated by the Southern green stink bug, Nezara viridula, 
with the brown stink bug, Euschistus servus, being second most abundant. Parasitism 
rates also were highest in N. viridula (27.2%) and E. servus experienced very little 
parasitism (1.7%), in accordance with our observations from previous years that this 
species experiences little parasitism. Parasitism of the Green stink bug, Acrosternum 
hilare, was intermediate (13.8%), although this species was considerably less abundant 
than E. servus. The Red-banded stink bug, Piezodorus guildinii, experienced no 
parasitism at all. 
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Table 1. Numbers of stink bugs collected, and number parasitized (in parentheses), by 
location. Numbers are pooled across sample dates and host plants (cotton, soybeans, 
and millet). 
Species Life stage Location Totals 

Attapulgus Plains Coffee 
Co. 

Mitchell 
Co. 

Nezara 
viridula 

2nd instar  0 0 15 (0) 46 (0) 61 (0) 
3rd instar 5 (0) 2 (0) 3 (0) 57 (0) 67 (0) 
4th instar 13 (0) 12 (1) 4 (0) 37 (0) 66 (1) 
5th instar 61 (1) 31 (0) 6 (0) 79 (0) 177 (1) 
Adult  242 (24) 425 (173) 28 (1) 62 (8) 757 (206) 
      

Euschistus 
servus 

2nd instar 0 0 4 (0) 7 (0) 11 (0) 
3rd instar 2 (0) 1 (0) 3 (0) 21 (0) 27 (0) 
4th instar 1 (1) 1 (0) 3 (0) 24 (0) 29 (1) 
5th instar 7 (0) 19 (1) 10 (0) 62 (1) 98 (2) 
Adult  55 (1) 53 (3) 111 (1) 126 (1) 345 (6) 
      

Acrosternum 
hilare 

3rd instar 0 0 11 (0) 0 11 (0) 
4th instar 0 0 2 (0)  2 (0) 
5th instar 1 (0) 2 (0) 7 (0) 4 (0) 14 (0) 
Adult  45 (6) 26 (4) 32 (5) 6 (0) 109 (15) 
      

Piezodorus 
guildinii 

5th instar 0 0 0 1 (0) 1 (0) 
Adult  6 (0) 0 2 (0) 27 (0) 35 (0) 
      

     Totals 1810 
(232) 

 
 
Parasitism of stink bug adults and nymphs was heavily dominated by a single species, 
the tachinid fly Trichopoda pennipes, as has been the case in previous years. This fly 
lays external eggs on the bugs (from 1 to 54 eggs per host in the present survey), from 
which fly larvae bore into the host to become internal parasites. The probability of 
successful parasitism increased somewhat with the number of eggs placed on a host, 
although the majority of bugs had only a single egg placed on them (Fig. 1). Higher 
numbers of eggs were found on stink bugs in 2009 than was the case in 2007 or 2008, 
with one bug having 54 eggs on its body. In addition, 66 of the 183 bugs successfully 
parasitized by flies had no external eggs at all. This high rate of successful parasitism 
without external eggs (36.1%) is approximately double the rate observed in previous 
years, and the rate reported in the literature (Harris and Todd 1980). This may reflect 
higher fly activity against late-instar stink bug nymphs. 
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Figure 1. Number of parasitoid eggs oviposited on individual stink bug hosts, and the 
relationship between number of eggs oviposited and the success of the parasitoid in 
completing development in the host. 

 
In addition to bugs parasitized by T. pennipes, five collected bugs were parasitized by 
the braconid wasp Aridelus rufotestaceus. The wasps were obtained from one stink bug 
in corn in Mitchell County (Euschistus servus 5th instar collected on 30 June), three from 
soybeans in Attapulgus (Euschistus sp. 5th instar collected on 17 September; two from 
Nezara viridula 5th instar, collected on 9 September and 7 October), and one from 
soybeans in Plains (Nezara viridula 4th instar; 29 September). As was previously the 
case, all of the collected parasitoids were female, and all successfully produced 
offspring in the lab without mates. The collection from Mitchell County represents the 
first collection from that county, and also the earliest that the wasps have been 
collected. We had not found the wasps prior to September in our 2007 and 2008 
collections. Thus, we now have recorded the presence of the parasitoid in Decatur, 
Mitchell, Sumter, and Tift Counties in Georgia, and have reared it from two species in 
the field (E. servus and N. viridula) collected from corn, cotton, and soybeans. The 
parasitoid is obviously established over a fairly large portion of Georgia, and is active 
across various habitats. The parasitism rate appears to be consistently low, suggesting 
that there are some limiting factors for the parasitoid’s success (see below). 
 
Predation of Stink Bug Egg Masses 
 
The Amdro treatments were moderately effective in suppressing fire ant populations, 
but overall ant activity was relatively low and localized compared to prior years. Fire 
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ants were found in 50 (3.5 ants per tube) and 45.8% (39 ants per tube) of the tubes 
placed in the ant inclusion plots on 12 August and 18 September, respectively. In 
contrast, ants were obtained in 50 (3.3 ants per tube) and 8.3% (17.4 ants per tube) of 
tubes on 12 August and 18 September, respectively, in the ant exclusion plots. These 
low ant numbers and low activity values were reflected in overall predation of eggs 
(Table 2), supporting the notion that fire ants are important predators. Predation of stink 
bug eggs by chewing predators after 72 hours ranged from 1.7 to 23.7% of all eggs in 
cotton plants with fire ants present (overall mean of 11.8%). In contrast, predation by 
chewing predators in plots without ants ranged from 0.1 to 14.7% after 72 hours (overall 
mean of 4.5%). Sucking predators had very little impact on stink bug egg mortality, 
accounting for less than 1% of all mortality. Ant presence had no apparent effect on 
sucking predation.   
 
Predation on stink bug eggs by fire ants varied considerably among treatment blocks 
(Table 2), but was never as high as in previous years.  Ehler (2002) observed that 
although predators readily fed upon nymphs of Nezara viridula, they rarely fed upon N. 
viridula eggs.  In the current study we observed predation on eggs of N. viridula by S. 
invicta, long-horned grasshoppers (Family Tettigoniidae), the big-eyed bug G. 
punctipes, the snowy tree cricket Oecanthus fultoni, a nymph of the spined soldier bug 
Podisus maculiventris, as well as some cannibalism by nymphs of brown and Southern 
green stink bugs. Egg loss was quite variable, but it is obvious that fire ants are the 
most important predators of stink bug eggs. The growth of conservation tillage in cotton 
may contribute to increased fire ant populations, and enhanced predation of stink bug 
eggs in cotton.  
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Table 2. Loss of Southern green stink bug eggs (%) in relation to presence (“Ants+”) or 
absence of ants (“Ants-”). Note that some sample periods are omitted due to weather 
conditions. There are 4 replicates per treatment per date (with 6 egg masses per 
replicate). 
Start 
date 

Treatment Time of exposure 
2 hr 6 hr 12 hr 18 hr 24 hr 48 hr 72 hr 

31 Jul Ants+ --- --- --- 97.2 97.0 97.0 97.0 
 Ants- --- --- --- 100 99.8 99.8 93.1 
         
7 Aug Ants+ --- 99.3 --- 87.0 86.7 79.3 76.6* 
 Ants- --- 100 --- 100 100 99.1 97.8* 
         
13 Aug Ants+ 100 96.1 --- 93.9 --- --- 76.3† 
 Ants- 100 100 --- 96.4 --- --- 96.1† 
         
25 Aug Ants+ --- 99.9 99.7 97.7 97.2 96.9 96.9 
 Ants- --- 100 99.9 99.9 99.9 99.9 99.9 
         
2 Sep Ants+ 99.4 98.6 98.6 98.6 88.0 87.0 87.0 
 Ants- 100 100 97.4 97.4 97.1 97.1 97.0 
         
8 Sep Ants+ 100 100 100 99.3 99.3 99.0 98.3 
 Ants- 100 100 100 100 100 100 98.5 
         
15 Sep Ants+ 100 99.5 99.0 --- 92.9 90.2 85.9 
 Ants- 100 100 100 --- 99.0 97.9 96.6 
         
23 Sep Ants+ 100 100 --- 97.8 --- 88.9 88.7 
 Ants- 96.6 95.8 --- 94.8 --- 86.3 85.3 
*Marginal statistical difference: P=0.0501; df=1.30, F=4.17 
†Statistically significant difference: P=0.0462; df=1,30, F=4.33 
 
 
Host and temperature relationships of Aridelus rufotestaceus.  
 
Developmental rate of the parasitoid was directly related to temperature, as is typical of 
arthropods (Table 3). There were numerical effects of host instar at time of 
parasitization on parasitoid development, but only in the 20C treatment, so the instars 
were pooled for regression analysis. A linear model (y = 675.86x + 9.08) fitted the data 
reasonably well (df=1,176; F=1696.58; p<0.0001; r2=0.9060), but a nonlinear regression 
model provided the best fit to the developmental data (df =2, 175; F=1735.32; p<0.0001; 
r2=0.9514), with the equation: 
 
y = 30.098 -1423.83x + 49542x2 
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where y is temperature in ºC, and x is the developmental rate (1/days required to 
become an adult). The linear model yielded a lower developmental threshold of 9C, but 
the curvilinear model suggests that the lower developmental threshold is higher than the 
linear estimate. In any case, the developmental threshold is relatively low compared to 
other insects in the warm Temperate Zone, suggesting that the parasitoid may be 
adapted to cool climates. 
 
Parasitoid developmental times were slow by comparison with other parasitoids that 
often require no more than 10-20 days to complete development. The prolonged 
development of A. rufotestaceus does, however, synchronize the wasp with the 
developmental pattern of its hosts so that the parasitoid females are emerging about the 
time that their hosts are in a stage susceptible for parasitism. 
 
 
Table 3. Developmental times (egg to adult, in days) of Aridelus rufotestaceus after 
oviposition into various host instars, and at three temperatures (photoperiod L:D 14:10). 
Host species used was the Southern green stink bug, Nezara viridula. No significant 
differences were noted between instars within temperatures. 
Host instar Temperature (ºC) 

20 25 30 
2 63.6 + 4.70 

15 
40.2 + 1.84 
17 

36.0 
1 

3 59.2 + 2.37 
18 

40.7 + 0.91 
21 

35.2 + 1.11 
12 

4 63.5 + 2.25 
24 

40.0 + 0.73 
20 

35.7 + 1.27 
11 

5 65.3 + 3.20 
16 

41.1 + 1.33 
20 

36.3 + 0.58 
3 

  
 
Host range testing, revealed that the parasitoid is capable of successfully developing in 
the Southern green stink bug (Nezara viridula), brown stink bugs (Euschistus servus 
and E. quadrator), Green stink bug (Acrosternum hilare), and red-banded stink bug 
(Piezodorus guildinii), although the rates of successful parasitism were quite variable 
among species and life stages (Table 4). Developmental times did not differ among host 
species or instars (Table 3), indicating that suitability among species may be 
comparable once the parasitoid has successfully colonized the host. The sample sizes, 
however, are rather limited. Developmental times were several days shorter in Nezara 
viridula than in the other species, suggesting that there may be slight suitability 
advantages in Southern green stink bugs compared to the other species. 
 
It should be noted that the highly variable success rates of parasitism shown in Table 4 
may be partly due to the source of the stink bugs. All of the bugs used in the host range 
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tests were collected in the field, and some died prematurely in the lab due to parasitism 
or other factors in the field. Therefore, these results likely underestimate the true 
suitability of the respective hosts for the parasitoid. The ideal situation would be to use 
lab-reared bugs for the tests, but rearing of these species is difficult and very time 
consuming. Therefore, we chose to use field bugs and accept the lack of control over 
the quality of the tested bugs. 
 
 
Table 4. Percent successful development and developmental times (in days) of the 
parasitoid Aridelus rufotestaceus in various stink bug species and life stages 
(temperature 25 + 1°C, photoperiod L:D 14:10) 
Species Stage N % emergence Developmental 

time 
Piezodorus guildinii – 
Red-banded stink bug 

N4 2 50 44 
N5 7 14.3 44 
Adult male 5 0 --- 
Adult female 10 30 44.7 + 0.58 
    

Acrosternum hilare –  
Green stink bug 

N2 9 11.1 45 
N3 2 0 --- 
N4 5 40 43 
N5 24 12.5 43 
Adult male 8 0 --- 
Adult female 5 0 --- 
    

Euschistus quadrator  3 1 100 42 
4 3 100 44.3 + 1.53 
5 1 0 --- 
Adult male 1 0 --- 
    

Euschistus servus  2 1 0 --- 
3 8 0 --- 
4 6 16.7 23 to cocoon 
5 23 4.3 43 
Adult male 8 0 --- 
Adult female 6 0 --- 

 
Parasitoid Propagation and Release 
 
Aridelus rufotestaceus was propagated in the laboratory to produce wasps to 
supplement field populations. Due to the challenges associated with producing large 
numbers of stink bug hosts, limited parasitism success (about 50-60% of stung hosts 
produce parasitoids. Most of the remainder of the stink bugs die from unsuccessful 
parasitism), and the long developmental times of the parasitoids, we were only able to 
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release 280 wasps into stink bug-infested soybeans in Tifton. We released 150 on 22 
August and 130 more on 12 September. In addition, 60 wasps were distributed to 
producers at the Cotton and Peanut Research Field Day (in Tifton) on 9 September. 
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