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Abstract

Stink bugs (Hemiptera: Pentatomidae) are an increasing threat to soybean (Fabales: Fabaceae) production 
in the North Central Region of the United States, which accounts for 80% of the country’s total soybean pro-
duction. Characterization of the stink bug community is essential for development of management programs 
for these pests. However, the composition of the stink bug community in the region is not well defined. This 
study aimed to address this gap with a 2-yr, 9-state survey. Specifically, we characterized the relative abun-
dance, richness, and diversity of taxa in this community, and assessed phenological differences in abundance 
of herbivorous and predatory stink bugs. Overall, the stink bug community was dominated by Euschistus 
spp. (Hemiptera: Pentatomidae) and Chinavia hilaris (Say) (Hemiptera: Pentatomidae). Euschistus variolarius 
(Palisot de Beauvois)  (Hemiptera: Pentatomidae), C.  hilaris and Halyomorpha halys (Stål) (Hemiptera: 
Pentatomidae) were more abundant in the northwestern, southeastern and eastern parts, respectively, of the 
North Central Region of the United States. Economically significant infestations of herbivorous species oc-
curred in fields in southern parts of the region. Species richness differed across states, while diversity was the 
same across the region. Herbivorous and predatory species were more abundant during later soybean growth 
stages. Our results represent the first regional characterization of the stink bug community in soybean fields 
and will be fundamental for the development of state- and region-specific management programs for these 
pests in the North Central Region of the United States.
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Soybean, Glycine max (L.) Merr. (Fabales: Fabaceae), is the most 
valuable bean in the world due to its high nutritional value (Wilcox 
2004). The United States is the largest global soybean producer, and 
the North Central Region of the United States is responsible for 80% 
of the country’s total soybean production (NASS 2018). Stink bugs 
(Hemiptera: Pentatomidae) are among the most important insect pests 
of this crop, because they feed primarily on pods, causing irreversible 

direct damage to developing seeds (McPherson and McPherson 2000). 
Although historically insignificant as pests in the North Central 
Region of the United States, stink bugs pose an emerging threat to 
soybean production, because of the introduction and spread of inva-
sive species and the reported increase in abundance of native species.

In the North Central Region of the United States, at least 67 
stink bug species are found, 23 of which are reported in soybean 
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(Packauskas 2012; Sites et  al. 2012; Swanson 2012; Koch et  al. 
2014, 2017). Economically important herbivorous stink bugs be-
long to the subfamily Pentatominae and are well-recognized as 
pests of many crops (McPherson and McPherson 2000). The family 
Pentatomidae also includes beneficial (i.e., predatory) species in the 
subfamily Asopinae. This subfamily includes well-known predators 
of insect pests of economic importance (De Clercq 2000, McPherson 
and McPherson 2000). The spined soldier bug, Podisus maculiventris 
(Say)  (Hemiptera: Pentatomidae), is the most common predatory 
species in the United States (McPherson 1982, De Clercq 2000).

Invasive stink bugs are particularly important to soybean be-
cause of their polyphagy and ability to adapt to new environments 
(Panizzi 2015, McPherson 2018). The brown marmorated stink bug, 
Halyomorpha halys (Stål) (Hemiptera: Pentatomidae), was first de-
tected in Pennsylvania in 1996 (Hoebeke and Carter 2003). Since its 
introduction, H. halys spread to 44 U.S. states, including 11 of 12 
states in the North Central Region of the United States (Northeastern 
IPM Center 2018). In the Mid-Atlantic Region, H. halys is well es-
tablished, and growers report up to 50% yield reduction in soybean 
due to this pest (Leskey et al. 2012). In addition, the redbanded stink 
bug, Piezodorus guildinii (Westwood)  (Hemiptera: Pentatomidae), 
an important pest of soybean in the South America, has been detected 
in Missouri (Tindall and Fothergill 2011) and in many Southeastern 
U.S. states (Panizzi and Slansky 1985, McPherson et al. 1993, Smith 
et  al. 2009). Particularly, it became the most abundant stink bug 
species in soybean in Louisiana (Temple et  al. 2013) and Texas 
(Vyavhare et  al. 2014). The economic importance of P.  guildinii 
is further related to the greater damage it causes to soybean seeds 
when it is compared to other native species in the South America 
(Corrêa-Ferreira and Azevedo 2002, Depieri and Panizzi 2011). 
Moreover, the painted bug, Bagrada hilaris (Burmeister) (Hemiptera: 
Pentatomidae), originally from India and first reported in the United 
States in California in 2008, was recently detected in Minnesota 
(Koch et al. 2018). This species has reached economic importance 
in California and Arizona cruciferous crops (Palumbo and Natwick 
2010) and, although it feeds preferentially on plants of the family 
Brassicaceae, it may also feed on soybean (Reed et al. 2013).

In addition to the threat posed by new invasive stink bug spe-
cies, the abundance of native species such as the green stink bug, 
Chinavia hilaris (Say) (Hemiptera: Pentatomidae), brown stink bug, 
Euschistus servus (Say)  (Hemiptera: Pentatomidae), onespotted 
stink bug, E.  variolarius (Palisot de Beauvois)  (Hemiptera: 
Pentatomidae), and redshouldered stink bug, Thyanta custator 
accerra McAtee (Hemiptera: Pentatomidae), also is increasing in soy-
bean in the North Central Region of the United States (Hunt et al. 
2011, 2014; Michel et al. 2015, Koch et al. 2017). The factors con-
tributing to increased abundance of native species are unknown, but 
may be related to increasing temperatures or greater use of reduced-
tillage cultivation systems (Panizzi 2015, McPherson 2018). Because 
of their historical insignificance as pests of soybean in much of the 
region, little is known about the stink bug community in this key pro-
duction region. Therefore, assessment of community composition of 
stink bugs in the North Central Region of the United States is needed.

The objective of this study was to characterize the community 
composition and phenological dynamics of stink bugs in soybean in 
the North Central Region of the United States. This work directly 
relates to the development of stink bug management recommenda-
tions because host range (McPherson and McPherson 2000, Panizzi 
et al. 2000, Koch et al. 2017), damage-potential (Sosa-Gómez and 
Moscardi 1995, Depieri and Panizzi 2011, Corrêa-Ferreira and 
Azevedo 2002) and insecticide susceptibility (Willrich et  al. 2003, 
Snodgrass et al. 2005, Kamminga et al. 2009, Hopkins et al. 2010) 

vary among species. Furthermore, data on stink bug community 
composition in soybean provide a baseline to document shifts re-
sulting from invasive species and changes in production practices 
and climate.

Materials and Methods

Study Sites and Data Collection
Stink bugs were sampled following a standardized protocol in soy-
bean fields distributed across nine states in the North Central Region 
of the United States during 2016 and 2017 (Fig. 1). In 2016, data were 
from study sites in Indiana, Kansas, Minnesota, Missouri, Nebraska, 
North Dakota, and South Dakota. In 2017, data were from study 
sites in Indiana, Michigan, Minnesota, Missouri, Nebraska, North 
Dakota, Ohio and South Dakota (Fig. 1). A total of 50 and 51 soy-
bean fields were sampled in 2016 and 2017, respectively, with field 
sizes ranging from 0.5 to 120 ha (mean ± SEM: 17.9 ± 2.1 ha). In 
each state, fields were grouped at one to four sites, with sites separ-
ated by 13 to 368 km. Fields were on university research stations or 
cooperating farms, with soybean row spacing of 76.2 cm. Soybean 
varieties, planting dates and management practices were representa-
tive of the respective states.

Stink bugs were sampled with sweep nets (net diameter = 39 cm) 
between the R1 (i.e., ‘beginning bloom’) and R8 (i.e., ‘full ma-
turity’) soybean growth stages (Fehr and Caviness 1977). Fields 
were sampled for a minimum of four sample dates over the growing 
season to capture phenological dynamics of the fauna. Generally, 
12 sample units were collected from fields on each sample date; 
however, additional sample units were occasionally taken at some 
locations. A  sample unit consisted of a set of 25 sweeps. Once a 
sample unit was collected, contents of the net were transferred to a 
labeled 20.3 × 25.4-cm zippered plastic bag, which was placed in a 
cooler and transported to the laboratory. The season-long number of 
sample units (i.e., sets of 25 sweeps) collected per field ranged from 
96 to 120 in Indiana, 60–72 in Kansas, 48–84 in Michigan, 72–236 
in Minnesota, 60–72 in Missouri, 48–96 in Nebraska, 60–72 in 
North Dakota, 60–96 in South Dakota, and 48–60 in Ohio. Rough 
sorting of the samples to remove plant material and nontarget in-
sects was performed in laboratories in each state. Samples with 
stink bugs were kept in the freezer and were sent to the University 
of Minnesota where nymphs were identified to genus or species and 

Fig. 1.  Locations where soybean fields were sampled for stink bugs in the 
North Central Region of the United States in 2016 and 2017. In each year, one 
to four soybean fields were sampled per location.
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adults were identified to species or subspecies. Identifications were 
based on DeCoursey and Esselbaugh (1962) and Evans (1985) for 
nymphs and McPherson and McPherson (2000), Rider (2012), and 
Paiero et al. (2013) for adults. Nymphs of Euschistus were identified 
to genus, because the species of this genus are difficult to distinguish 
in this life stage. Voucher specimens of each species were placed in 
the University of Minnesota Insect Collection in St. Paul, Minnesota.

Data Analyses
For all analyses, species or subspecies of adults and genera of nymphs 
that accounted for less than 0.5% of the total number of individuals 
for the respective life stage were removed from analyses (Tables 1 
and 2). This approach was taken because rare species were deemed 
as less relevant as pests or natural enemies (e.g., Kleijn et al. 2015, 
Winfree et al. 2015).

Relative Abundance
We examined differences in relative abundances of species to com-
pare the stink bug community and determine the most abundant 
species in soybean fields in the North Central Region of the U.S. 
Analyses of relative abundance were performed separately for 
nymphs and adults by state with R version 3.4.4 (R Core Team 
2018). Friedman’s nonparametric test (package, code: rcompanion, 
friedman.test; Mangiafico 2018) was used to compare the relative 
abundance of the predominant taxa of stink bug adults and nymphs 
for each state and post hoc multiple comparison was performed 
(rcompanion, pairwiseSignTest; Mangiafico 2018). Friedman’s test 
was used to take account of the lack of independence among taxa in 
data presented as relative abundance (i.e., % that each taxon repre-
sented of total).

Species Richness and Diversity
Species richness (i.e., number of species) and diversity of the stink 
bug community was estimated for each field over the season. For 
these analyses, subspecies were combined within species because of 
similar biology (McPherson 1982) and to avoid overestimation of 
species richness and diversity when subspecies of the same species 
were detected in the same field. For assessment of richness, the pres-
ence or absence of adults of each species (i.e., 9 total) was deter-
mined for each sample unit (i.e., sets of 25 sweeps). A nonparametric 
method, Chao2, was used for estimation of species richness for each 
field (Chao 1987, Colwell and Coddington 1994). Chao2 estimates 
species richness for sample-based incidence (presence/absence) 
data based on occurrence of ‘singletons’ (i.e., species that occur in 
only one sample unit across the season) and ‘doubletons’ (i.e., spe-
cies that occur in two sample units across the season) (Colwell and 
Coddington 1994). Chao2 is a robust species richness estimator 
that has been used in other systems (Colwell and Coddington 1994, 
Barcellos et al. 2008, Baz et al. 2014, Mokam et al. 2014, Acosta 
et  al. 2017). It was chosen as the richness estimator in this study 
to account for the uneven number of sample units taken over the 
season from different fields.

To assess diversity, the number of adults of each species was 
summed within sample units. Species diversity was estimated by the 
Simpson inverse diversity index using Estimate S (version 9) (Colwell 
et al. 2012). This is a robust index that accounts for both number of 
species and abundance of each species, applying more weight to the 
most abundant species (Simpson 1949). Because the total sampling 
effort was not the same for each field, rarefaction curves, resampled 
100 times, were created using EstimateS (Colwell et al. 2012). Then, 
calculation of Simpson’s index at 48 sample units (i.e., the lowest 
total number of sample units collected from a field) was used to 
standardize sampling effort for different fields. The software could 
not compute richness and diversity estimates for fields where the 
most abundant species had fewer than two individuals; only one 
such field was removed from analysis.

Generalized linear mixed models (GLMM) were used to test the 
effect of year (i.e., 2 yr) and state (i.e., 9 states) on stink bug spe-
cies richness (Chao2) or diversity (Simpson’s index), with site as a 
random effect (lme4, lmer; Bates et  al. 2015). Analyses were per-
formed with R version 3.4.4 (R Core Team 2018) and assumptions 
were checked by inspection of the residual plots. Tukey–Kramer-
adjusted pairwise comparisons of least square means were used 
to determine significant differences (α  =  0.05) among treatments 
for analyses of stink bug species richness (Chao2) and diversity 
(Simpson’s index) (multcomp, glht; Hothorn et al. 2008).

Phenology and Maximum Abundance
The phenology of stink bugs in soybean was assessed to determine 
which soybean growth stages were more likely to have economic 
infestation of herbivorous species and higher numbers of predatory 
species. Stink bug phenology in soybean was summarized by aver-
aging the mean densities of the nymph and adult life stages of herbiv-
orous or predatory stink bugs by soybean growth stage across fields 
and years.

Maximum mean abundance of herbivorous and predatory stink 
bugs was calculated as the peak mean density (i.e., stink bugs/ 25 
sweeps) for each field across the season. GLMMs were used to test 
the effect of year (i.e., 2 yr) and state (i.e., 9 states) on maximum 
mean abundance (log x + 1) of herbivorous or predatory stink bugs, 
with site as a random effect. Analyses were performed with R ver-
sion 3.4.4 (R Core Team 2018) and assumptions were checked by 
inspection of the residual plots. Tukey–Kramer-adjusted pairwise 

Table 1.  Relative abundance of taxa of stink bug adults collected in 
soybean across nine states in 2016 and 2017 in the North Central 
Region of the United States

Species

Total number of 
individuals

Rel.  
abundance (%)2016 2017 Total

Subfamily: Pentatominae
  Banasa dimidiata 0 1 1 0.05
  Chinavia hilaris 493 190 683 34.71
  Coenus delius 2 0 2 0.10
  Cosmopepla lintneriana 6 2 8 0.41
  Euschistus servus servus 26 28 54 2.74
  Euschistus servus euschistoides 24 14 38 1.93
  Euschistus servus hybrid 25 8 33 1.68
  Euschistus tristigmus luridus 22 14 36 1.83
  Euschistus tristigmus tristigmus 13 12 25 1.27
  Euschistus variolarius 450 421 871 44.26
  Halyomorpha halys 3 28 31 1.58
  Holcostethus limbolarius 2 1 3 0.15
  Mormidea lugens 1 0 1 0.05
  Oebalus pugnax 8 0 8 0.41
  Thyanta calceata 3 3 6 0.30
  Thyanta custator accerra 55 4 59 3.00
  Trichopepla semivittata 1 0 1 0.05
Subfamily: Asopinae
  Apoecilus cynicus 1 1 2 0.10
  Podisus maculiventris 69 37 106 5.39
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comparisons of least square means were used to determine signifi-
cant differences (α = 0.05) among treatments for herbivorous and 
predatory stink bug mean maximum abundance (multcomp, glht; 
Hothorn et al. 2008).

Results

Analyses were performed on a total of 704 samples (i.e., 9,457 
sample units of 25 sweeps) collected from 101 soybean fields across 
9 states and 2 yr. From these samples, a total of 5,794 stink bug spe-
cimens were collected, of which 1,968 were adults and 3,826 were 
nymphs (Tables 1 and 2).

Relative Abundance
Across years and states, a total of 19 species and subspecies of adults 
(i.e., 17 herbivores and two predators) (Table 1) and seven genera of 
nymphs (i.e., six herbivores and one predator) were collected (Table 
2). Euschistus variolarius was the most abundant adult, followed 
by C. hilaris, Euschistus servus (i.e., E. s. servus, E. s. euschistoides 
and E. s. hybrid), P. maculiventris, E. tristigmus (i.e., E. t. tristigmus 
and E.  t.  luridus), T.  c.  accerra and H.  halys (Table 1). A  similar 
pattern was observed for nymphs, where Euschistus spp. were the 
most abundant, followed by C. hilaris, H. halys, Podisus spp. and 
Thyanta spp. (Table 2). Combining nymphs and adults, 10 stink bug 
taxa accounted for 99.4% of individuals in soybean fields (Tables 1 
and 2). Ten additional taxa accounted for less than 0.6% of the total 
number of stink bugs collected in this study (Tables 1 and 2).

Table 2.  Relative abundance of taxa of stink bug nymphs collected 
in soybean across nine states in 2016 and 2017 in the North Central 
Region of the United States

Species

Total number of individuals Rel.  
abundance  

(%)2016 2017 Total

Subfamily: Pentatominae
  Chinavia hilaris 925 278 1,203 31.44
  Chlorochroa spp. 0 1 1 0.03
  Euschistus spp. 1,551 906 2,457 64.22
  Halyomorpha halys 44 42 86 2.25
  Oebalus pugnax 1 1 2 0.05
  Thyanta spp. 11 8 19 0.50
Subfamily: Asopinae
  Podisus spp. 40 18 58 1.52

Fig. 2.  Relative abundance (%) of species of stink bug adults collected in soybean across nine states in 2016 and 2017 in the North Central Region of the United 
States. Numbers after bars indicate mean values. Means followed by the same letter are not significantly different at α = 0.05 using Friedman test and post 
hoc multiple comparisons. Asterisks (*) indicate that the species or subspecies was not detected in the state. All species listed here are herbivores, except for 
P. maculiventris, which is predatory.
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Relative abundance of species and subspecies of stink bug adults 
(after exclusion of rare species) differed significantly within each 
state (Friedman test results: Indiana [χ2 = 83.2, df = 9, P <0.001], 
Kansas [χ2 = 35.3, df = 9, P <0.001], Michigan [χ2 = 51.7, df = 9, 
P  <0.001], Minnesota [χ2  =  98.2, df  =  9, P  <0.001], Missouri 
[χ2 = 65.0, df = 9, P <0.001], Nebraska [χ2 = 96.1, df = 9, P <0.001], 
North Dakota [χ2  =  70.9, df  =  9, P  <0.001], Ohio [χ2  =  41.5, 
df  =  9, P  <0.001], South Dakota [χ2  =  42.6, df  =  9, P  <0.001]; 
Fig. 2). For adults, E. variolarius was generally more abundant in 
states in the northwestern part of the region (including Kansas, 
Michigan, Minnesota, Nebraska, North Dakota and South 
Dakota) and C. hilaris was generally more abundant in states in 
the southeastern part of the region (including Indiana, Missouri 
and Ohio; Fig. 2). Similarly, the relative abundance of genera of 
nymphs differed significantly within each state (Friedman test re-
sults: Indiana [χ2 = 50.4, df = 4, P <0.001], Kansas [χ2 = 16.1, df = 4, 
P  =  0.002], Michigan [χ2  =  25.1, df  =  4, P  <0.001], Minnesota 
[χ2 = 49.6, df = 4, P <0.001], Missouri [χ2 = 45.4, df = 4, P <0.001], 
Nebraska [χ2 = 43.6, df = 4, P <0.001], North Dakota [χ2 = 40.9, 
df = 4, P <0.001], Ohio [χ2 = 22.6, df = 4, P <0.001], South Dakota 
[χ2 = 16, df = 4, P = 0.003]; Fig. 3). For nymphs, Euschistus spp. 
were generally more abundant in states in the northwestern part 
of the region (including Kansas, Michigan, Minnesota, Nebraska, 
North Dakota, and South Dakota) and C.  hilaris was generally 
more abundant in states in the southeastern part of the region 
(including Indiana, Missouri and Ohio) (Fig. 3). Halyomorpha 
halys adults and nymphs were most abundant in states in the 
eastern part of the region (including Indiana and Michigan), and 
were rare or not detected in the remaining states (Figs. 2 and 3). 
The other invasive stink bugs, P. guildinii and B. hilaris were not 
detected in this study.

Species Richness and Diversity
Chao2 richness indices differed significantly across states 
(χ2 = 24.327, df = 8, P < 0.01), but not between years (χ2 = 0.040, 
df = 1, P = 0.841) (Fig. 4). Across years, Missouri had the highest 
index for species richness (4.5 ± 0.4) (Fig. 4). Indiana (4.0 ± 0.3) had 
the second highest index for species richness, but it did not differ 
from those of Minnesota (3.2 ± 0.3) or Missouri (Fig. 4). To compare 
species diversity across states, sample-based rarefaction curves were 
created for each field and data were standardized by interpolating to 
a sample effort of 48 sample units. Simpson’s diversity indices did 
not differ significantly across states (χ2 = 8.783, df = 8, P = 0.360) or 
years (χ2 = 0.054, df = 1, P = 0.814).

Phenology and Maximum Abundance
Across years and locations, mean density (i.e., stink bugs/ 25 sweeps) 
of herbivorous adult stink bugs peaked first in ‘full bloom’ (R2) and 
again in the ‘full seed’ (R6) soybean growth stages (Fig. 5A). Mean 
density of herbivorous nymphs and total herbivorous stink bugs (i.e., 
nymphs and adults) peaked in the ‘beginning maturity’ (R7) soybean 
growth stage (Fig. 5A). For predatory stink bugs, mean density of 
adults peaked in the ‘full pod set’ (R4) soybean growth stage (Fig. 
5B). Mean density of predatory nymphs and total predatory stink 
bugs (i.e., nymphs and adults) peaked in the ‘beginning maturity’ 
(R7) soybean growth stage (Fig. 5B).

Across states, herbivorous stink bug maximum mean density per 
field ranged from 0 to 15.2 stink bugs/ 25 sweeps in 2016, and from 0 
to 4.1 stink bugs/ 25 sweeps in 2017. For herbivores, there was a sig-
nificant difference in stink bug maximum mean density across states 
and it was higher in 2016 than in 2017 (i.e., significant interaction) 
(χ2 = 29.974, df = 5, P < 0.001) (Fig. 6A and B). Except for Ohio 

Fig. 3.  Relative abundance (%) of genera of stink bug nymphs collected in soybean across 9 states in 2016 and 2017 in the North Central Region of the United 
States. Numbers after bars are mean values. Means followed by the same letter are not significantly different at α = 0.05 using Friedman test and post hoc 
multiple comparisons. Asterisks (*) indicate that the stink bug genus was not detected in the state. All genera listed here are herbivores, except for Podisus spp., 
which is predatory.
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and Kansas, higher herbivorous maximum mean density occurred 
in southern states. In both years, the highest herbivorous maximum 

mean abundance was observed in Missouri (2016: 7.0 ± 1.4 bugs/ 25 
sweeps; 2017: 2.8 ± 0.6). Stink bug maximum density in Missouri did 
not differ from Nebraska in both years (2016: 4.7 ± 0.6; 2017: 1.6 ± 
0.4) or from Indiana (2.0 ± 0.3) and Michigan (1.8 ± 0.4) in 2017.

For predatory stink bugs, maximum mean density ranged from 
0.0 to 0.83 stink bugs/ 25 sweeps in 2016, and from 0.0 to 0.2 stink 
bugs/ 25 sweeps in 2017. Maximum mean density was significantly 
different across states (χ2 = 18.484, df = 8, P = 0.02) and significantly 
higher in 2016 than in 2017 (χ2 = 5.677, df = 1, P = 0.02) (Fig. 6C  
and D). In 2016, Nebraska (0.21 ± 0.07) had the highest maximum 
mean density of stink bugs, followed by South Dakota (0.12 ± 0.07), 
Minnesota (0.07  ± 0.01), and Missouri (0.09  ± 0.12). In 2017, 
Missouri had the highest maximum mean abundance of predatory 
stink bugs numerically, but not statistically.

Discussion

Stink bugs are an emerging threat to soybean in the North Central 
Region of the United States (Hunt et al. 2011, 2014; Michel et al. 
2015; Koch et al. 2017). However, because of their history as minor 
pests of soybean in much of the region, there is a lack of region-
specific knowledge about this pest complex. Here, we present the 
first regional characterization of the stink bug community in soy-
bean fields across this key soybean producing region.

A total of 20 stink bug species and subspecies (nymphs and 
adults combined) were collected across the states and years sampled 
(Tables 1 and 2). All of these taxa were previously reported to occur 
in the region (McPherson 1982; Packauskas 2012; Rider 2012; 
Sites et al. 2012; Swanson 2012; Koch et al. 2014, 2017). Among 
these species, the herbivores E. variolarius, E. tristigmus, E. servus, 
C. hilaris, H. halys, T. c. accerra and the predator P. maculiventris 
accounted for over 98% of the stink bug community. Similar re-
sults were observed in previous studies in Minnesota soybean (Koch 
and Pahs 2014, Koch and Rich 2015). Management recommenda-
tions for stink bugs in soybean in the North Central Region of the 
United States should consider differences in biology and pest poten-
tial among these species (McPherson and McPherson 2000, Koch 
et al. 2017). In particular, susceptibility to pesticides was reported 
to vary between the native species E. servus and C. hilaris (Willrich 
et  al. 2003, Snodgrass et  al. 2005, Kamminga et  al. 2009), while 
damage caused to soybean was similar among C. hilaris, E. servus, 
and E. tristigmus (McPherson et al. 1979, Jones and Sullivan 1982, 
McPherson and McPherson 2000). However, these studies did not 
include E. variolarius, the most abundant species in our study. Future 
studies should compare the susceptibility to pesticides and damage 
potential to soybean of E. variolarius compared to other species.

Several species (i.e., Apoecilus  cynicus (Say) (Hemiptera: 
Pentatomidae), Banasa dimidiata (Say) (Hemiptera: Pentatomidae), 
Chlorochroa spp.  (Hemiptera: Pentatomidae), Coenus  de-
lius (Say) (Hemiptera: Pentatomidae), Cosmopepla  lintneriana 
(Kirkaldy) (Hemiptera: Pentatomidae), Holcostethus  limbolarius 
(Stål) (Hemiptera: Pentatomidae), Mormidea  lugens (Fabricius) 
(Hemiptera: Pentatomidae), Oebalus pugnax (Fabricius) (Hemiptera: 
Pentatomidae), T.  calceata (Say) (Hemiptera: Pentatomidae), and 
Trichopepla semivittata (Say) (Hemiptera: Pentatomidae)) were de-
tected infrequently in this study. Their low abundance in soybean 
fields may be due to a preference for other hosts (i.e., grasses, small 
grains, wild hosts, ornamental plants and small fruits). It is likely 
that their presence in soybean was incidental, as reported by others 
in the region (McPherson and McPherson 2000, Koch and Pahs 
2014, Koch et al. 2017, Pezzini et al. 2018).

Fig. 4.  Mean (±SEM) Chao2 species richness for soybean stink bug 
communities sampled in 2016 and 2017 across fields for 9 states in the 
North Central Region of the United States (IN  =  Indiana, KS  =  Kansas, 
MI = Michigan, MN = Minnesota, MO = Missouri, NE = Nebraska, ND = North 
Dakota, OH = Ohio, SD = South Dakota). Means with same letters are not 
significantly different at α  =  0.05 using Tukey–Kramer-adjusted pairwise 
comparisons of least square means.

Fig. 5.  Mean abundance of herbivorous (A) and predatory (B) stink bugs 
from beginning bloom (R1) through full maturity (R8) soybean growth stages 
across years and fields in the North Central Region of the United States.
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The composition of the stink bug community in soybean in the 
North Central Region of the United States differed from that re-
ported in other regions. In the Mid-Atlantic Region, H. halys was 
reported as the most abundant stink bug species in soybean in 
2009 (Nielsen and Hamilton 2009). In the southern United States, 
the stink bug community is comprised mostly of Nezara viridula 
(Linnaeus)  (Hemiptera: Pentatomidae), C.  hilaris, and E.  servus 
(McPherson et al. 1993, Smith et al. 2009). More recently, the inva-
sive P. guildinii became the most abundant species in Louisiana and 
Texas soybean (Temple et al. 2013, Vyavhare et al. 2014).

Across years, our results demonstrated that stink bug species 
richness (i.e., Chao2) differed across states, while diversity (i.e., 
Simpson’s index) was the same across the region. The lack of dif-
ferences in diversity across states may be due to the dominance 
of few species in our study (e.g., two species accounted for over 
75% of adults) (Table 1). Simpson’s index is heavily weighted 
toward the most abundant species (Magurran 2004). Similarly, 
other studies observed a lack of difference in Simpson’s index for 

communities with a few dominant species (Mokam et  al. 2014, 
Gogoi et al. 2017).

Trends observed for relative abundance of adult stink bug spe-
cies and subspecies across states of the North Central Region of 
the United States (Figs. 2 and 3) were similar to those reported in 
the literature. For example, E. variolarius is the most common spe-
cies in northern states (Koch and Pahs 2014, Koch et  al. 2017), 
but relatively uncommon in the south (i.e., below 37° N latitude) 
(McPherson et al. 1993, Smith et al. 2009, Temple et al. 2013). In 
contrast, C.  hilaris is generally more abundant in southern states 
(Smith et al. 2009, Tindall and Fothergill 2011, Temple et al. 2013). 
Northern populations of this species appear to result from semi-
migratory populations from southern states (Panizzi et  al. 2000). 
Chinavia hilaris prefers soybean and green beans in its southern dis-
tribution; however, it feeds on a wider range of hosts in northern 
areas (Panizzi et al. 2000), which may result in greater dispersal over 
the landscape and consequently less abundance in any given habitat. 
Furthermore, H. halys, a new invasive species, was more abundant 

Fig. 6.  Mean (±SEM) maximum abundance of herbivorous (A, B) and predatory (C, D) stink bugs in soybean fields for states in the North Central Region of the 
United States (IN = Indiana, KS = Kansas, MI = Michigan, MN = Minnesota, MO = Missouri, NE = Nebraska, ND = North Dakota, OH = Ohio, SD = South Dakota) 
in 2016 (A, C) and 2017 (B, D). Means with same letters are not significantly different at α = 0.05 using Tukey–Kramer-adjusted pairwise comparisons of least 
square means. Asterisks (*) indicate zero.
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in eastern states (Indiana, Michigan, and Ohio—2016 data not 
shown), than western states in the region. The higher abundance of 
H. halys in eastern areas can be attributed to its point of introduc-
tion in that region and subsequent westward movement (Hoebeke 
and Carter 2003). Results presented here indicate that H. halys has 
surpassed the relative abundance of several native species in soybean 
in Michigan and Indiana. We would expect the same to eventually 
occur over much of the North Central Region of the United States, 
since it is largely suitable for establishment of H. halys (Zhu et al. 
2012, Wallner et al. 2014).

In general, differences in the community of stink bugs across states 
within the North Central Region of the United States and in com-
parison to other regions may be driven by differences in geographic 
distributions and overwintering abilities of the species (McPherson 
and McPherson 2000), and differences of stink bug species host pref-
erence (Tillman et  al. 2009, Reay-Jones 2010, Reeves et  al. 2010, 
Herbert and Toews 2011, Venugopal et al. 2014). Because stink bugs 
colonize other hosts prior to migrating to soybean, the composition 
of surrounding habitats may influence the species that occupy soy-
bean fields later in the season (Tillman et al. 2009, Reay-Jones 2010, 
Reeves et al. 2010, Herbert and Toews 2011, Venugopal et al. 2014). 
Differences in landscape composition may also contribute to differ-
ences observed across states and regions. The landscape of the North 
Central Region of the United States is composed predominantly of 
soybean and corn while the mid-Atlantic and southern regions have 
more diverse agricultural landscapes (NASS 2017).

Comparison of maximum mean densities of herbivorous stink 
bugs in our study showed that economic infestations occurred 
in southern states of the region. In 2016, two fields in Missouri 
reached the economic threshold for stink bugs for soybean grown 
for grain (i.e., 10 stink bugs/ 25 sweeps), and nine fields (i.e., five in 
Missouri, three in Nebraska, and one in Indiana) reached the eco-
nomic threshold for stink bugs for soybean grown for seed (i.e., 5 
stink bugs/ 25 sweeps) (Kogan 1976, Koch et  al. 2017). In 2017, 
no fields reached either of these economic thresholds for stink bugs. 
Differences in maximum mean abundance of stink bugs observed 
across states may be attributed to warmer temperatures in southern 
states. Year to year variability in stink bug abundance, which was 
also noted by Koch and Pahs (2014) in Minnesota soybean, may be 
attributed to abiotic factors such as precipitation, winter temperat-
ures and accumulation of degree-days across the season.

The phenology of herbivorous stink bugs observed in soybean 
fields in the present study (Fig. 5A) may be attributed to landscape-
level movement of stink bugs in search of food resources (McPherson 
and McPherson 2000, Venugopal et al. 2014). Similar phenological 
patterns have been observed in other surveys of soybean (Smith 
et al. 2009, Tillman et al. 2009, Tillman 2011, Temple et al. 2013, 
Koch and Pahs 2014, Vyavhare et al. 2014, Koch and Rich 2015). 
Overwintering adults of herbivorous stink bugs emerge in the spring 
and feed on early-maturing wild and cultivated hosts. As the season 
progresses, the suitability of early-maturing hosts decreases, and the 
attractiveness of soybean increases with development of pods and 
seeds (McPherson and McPherson 2000, Panizzi et al. 2000). The 
observed first and second peak of herbivorous adult stink bugs (Fig. 
5A) are likely resulting from colonizers and adult progeny of those 
colonizers, respectively.

Populations of predatory stink bugs increased during later soy-
bean growth stages (Fig. 5B). To our knowledge, no studies exist 
on the phenology of predatory stink bugs in soybean fields. Podisus 
maculiventris, the most abundant predatory species in our study, is 
an important predator of field crop pests, including larvae of several 
noctuids (Lepidoptera: Noctuidae) and the Colorado potato beetle 

(Coleoptera: Chrysomelidae) (Marston et al. 1978, De Clercq 2000). 
The use of this generalist predator as a biological control of crop 
pests has been well reviewed (Waddill and Shepard 1975, Marston 
et al. 1978, De Clercq 2000, Gyawaly and Park 2013). Information 
presented here on the phenology and maximum mean abundance 
of P.  maculiventris across states may improve integration of this 
predator in integrated pest management programs in the North 
Central Region of the United States. Specifically, management re-
commendations should take into consideration the susceptibility of 
the predatory P. maculiventris to insecticides which may be similar 
to, or greater than, that of herbivorous stink bug species (Tillman 
and Mullinix 2004).

Conclusions
Results presented here provide a foundation for the development of 
integrated pest management programs for stink bugs in soybean in 
the North Central Region of the United States. Specifically, we pro-
vided important basic information on the community composition 
and phenology of herbivorous and predatory stink bugs that can be 
used by growers and scientists. More attention should be given to 
stink bugs in soybean fields in southern areas of the region, where 
stink bugs more often reached economically damaging infestations. 
In contrast, areas located in northern areas of the region experienced 
relatively low levels of risk from stink bugs for soybean production. 
In general, we demonstrated that the stink bug community of the 
region is dominated by Euschistus spp. in the northwestern and 
C. hilaris in the southeastern parts of the region. Furthermore, our 
study documents that the invasive H.  halys was among the most 
abundant species in the eastern part of the region. Therefore, future 
studies should evaluate the potential impact of management tactics 
for Euschistus spp., C. hilaris and H. halys since these are likely the 
most problematic species in the region.
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