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Table 2. Mean total + SEM adult C. crinicornis, C. brunnea, D. v. virgifera, and D. barberi
that emerged per single plant emergence cage in cornfields during 2010 and 2011 in

Nemaha County, NE

Field C. crinicornis C. brunnea D. v. virgifera D. barberi
2010
Cornfield 1 15.86 + 1.78a 0.13+£0.09  025%0.11b 0.13 £ 0.09b
Cornfield 2 2.56 + 0.63a 0.25 £ 0.19b Ob 0.13 £ 0.09b
Cornfield 3 3.81 + 1.00a 0.38 £ 0.15b Ob 5.00 + 0.99a
2011
Cornfield 4 14.06 + 2.15a 0.69 + 0.25b Ob 0.06 + 0.06b
Cornfield 5 3.13 + 0.69a Ob Ob 2.38 + 0.46a
Cornfield 6 0.69 + 0.20b 438 + 141a Ob Ob
Cornfield 7 1.63 £ 0.59a 0.44 £ 0.22b Ob 0.48 £ 0.22b

Within years, means followed by the same lower-case letters within rows (among species
within field) for each year are not significantly different (P > 0.05: LSMEANS test).

emergence of each species occurring in July. C. crinicornis densities
were highly variable among fields, but it was the first or second most
abundant species in every field (Table 2). C. crinicornis seasonal adult
emergence per cage was highest in Cornfield 1 during 2010 (15.86 +
1.78), and Cornfield 4 during 2011 (14.06 £ 2.15).

In 2010, initial C. crinicornis beetles were captured in emergence
cages during late June in all cornfields with the first beetles recorded
on 24 June in Cornfield 1 (Fig. 1a). Emergence was generally high-
est in July and declined in early August with the last beetle collected
on 10 August in Cornfield 3 (Fig. 1a). In 2011, a similar pattern was

Fig. 1. Seasonal adult C. crinicornis emergence patterns derived from single plant
emergence cage collections in cornfields during (a) 2010 and (b) 2011 in Nemaha
County, NE.
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observed with initial and final adult emergence recorded on 21 June
(Cornfield 6) and 15 August (Cornfields 4 and 5), respectively (Fig. 1b).

In Cornfield 1 and Cornfield 4, total female emergence was signif-
icantly greater than that of males, consisting of 60.5% and 58.5% of
total emergence, respectively (Table 3). However, no significant dif-
ference was found between males and females in days before linear
emergence, days to the maximum linear emergence, days to the end
of linear emergence, or total days of linear emergence (Table 3; Fig.
2a and b).

Table 3. Variables compared between males and females derived from nonlinear regression
analysis of C. crinicornis cumulative emergence in Cornfield 1(2010) and Cornfield 4 (2011)
in Nemaha County, NE

Curve character Male Female P
Cornfield 1
Days before linear emergence 7.58 + 0.54 8.77 £ 0.32 0.0685
Days to maximum linear emergence 17.85 + 0.27 18.12 + 0.16 0.3970
Days to end of linear emergence 28.13 £ 0.64 2747 £ 0.36 0.3814
Days of linear emergence 20.56 + 1.06 18.70 £ 0.60 0.1408
Total emergence count 100.55 + 0.94 153.79 + 0.89 < 0.0001
Cornfield 4
Days before linear emergence 10.48 + 1.09 12.58 + 0.74 0.1259
Days to maximum linear emergence 24.96 + 0.69 26.19 £ 0.47 0.1539
Days to end of linear emergence 3944 + 143 39.79 £ 0.97 0.8396
Days of linear emergence 28.96 + 2.14 27.21 £ 1.45 0.5064
Total emergence count 95.90 + 2.14 13539+ 2.14 < 0.0001

The last date before emergence began was set as the starting point for analyses.
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Fig. 2. Best fit cumulative emergence curves of male and female C. crinicornis de-
rived from nonlinear regression analysis: (a) Cornfield 1 during 2010 and (b) Corn-
field 4 during 2011 in Nemaha County, NE.
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Cornfields: Whole-Plant-Count Sampling

Adult C. crinicornis were recorded at all sites while C. brunnea was
found in six of the seven fields during 2010-2011 (Table 4). However,
the number of C. brunnea recorded during whole-plant-count sam-
pling was small, and the majority of Colaspis beetles found on corn
plants were C. crinicornis (96.7% in 2010 and 83.2% in 2011). Even
though C. crinicornis densities were variable among sites, total sea-
sonal counts of C. crinicornis were significantly higher than those of
C. brunnea in six of the seven fields (Table 4). During sampling each
year, most adults of each species were found in the whorl, at the base
of a leaf, or in silks especially on warm, sunny days. Adults were more
active on cooler, cloudy days.

In 2010, C. crinicornis was initially observed on corn plants in mid-
to late June with the first individual found on 18 June in Cornfield 1
(Fig. 3a). Beetle densities were highest in July with a peak of 14.0 +
2.0 beetles per 10 plants in Cornfield 1 on 2 July (Fig. 3a) and then
declined through late July into early August (Fig. 3a). In 2011, a simi-
lar pattern was observed with initial and last beetles observed in the
field on 21 June (Cornfield 6) and 8 August (Cornfield 7), respectively
(Fig. 3b). The highest beetle density per 10 plants recorded in 2011
was 8.0 + 1.5 on July 1 in Cornfield 4 (Fig. 3b).

Table 4. Mean total + SEM C. crinicornis and C. brunnea from whole-plant-count sampling
in cornfields during 2010 and 2011 in Nemaha County, NE

Field C. crinicornis C. brunnea
2010
Cornfield 1 57.25 + 4.59a 1.00 + 1.00b
Cornfield 2 8.5+ 1.19a 1.75 + 0.85b
Cornfield 3 14.25 + 1.80a 0Ob
2011
Cornfield 4 4550 + 4.17a 4.75 + 2.59b
Cornfield 5 31.75 + 2.14a 4.75 + 0.63b
Cornfield 6 14.00 + 2.80a 10.00 + 1.29a
Cornfield 7 15.25 + 3.20a 1.50 + 0.65b

Within years, means followed by the same lower-case letters within rows (among species
within field) for each year are not significantly different (P > 0.05: LSMEANS test).
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Fig. 3. Adult C. crinicornis densities observed over time during whole-plant-count
sampling in cornfields during (a) 2010 and (b) 2011 in Nemaha County, NE.

Soybean Fields: Sweep-Net Sampling

In all soybean fields in 2010 and 2011, both C. crinicornis and C.
brunnea were collected during sweep-net sampling. C. crinicornis con-
sisted of 52.7 % and 85.9% of all Colaspis collected in 2010 and 2011,
respectively. In 2010, total seasonal captures of both C. crinicornis and
C. brunnea were low with C. crinicornis as common as C. brunnea at
every site (Table 5). In 2011, mean total captures of C. crinicornis were
variable among fields, and two of three fields had significantly greater
mean total captures of C. crinicornis than C. brunnea (Table 5).

Table 5. Mean total + SEM C. crinicornis and C. brunnea from sweep-net sampling in
soybean fields during 2010 and 2011 in Nemaha County, NE

Field C. crinicornis C. brunnea
2010
Soybean field 1 375+ 1.11a 1.50 £ 0.29a
Soybean field 2 2.50 £ 0.29a 1.25 + 0.25b
Soybean field 3 6.00 + 1.87a 3.50 + 0.29a
2011
Soybean field 4 7.00 + 1.29a 4.50 + 1.32a
Soybean field 5 29.75 £ 3.12a 225+ 1.31b
Soybean field 6 27.25 + 5.98a 3.75 + 0.48b

Within years, means followed by the same lower-case letters within rows (between species
within field) for each year are not significantly different (P > 0.05: LSMEANS test).
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Fig. 4. Adult C. crinicornis densities observed over time during sweep-net sampling
in soybean fields during (a) 2010 and (b) 2011 in Nemaha County, NE.

In 2010, sweep-net captures of C. crinicornis began in late June with
the first collections made on 24 June in Soybean fields 1 and 2 and
the last on 27 July in Soybean fields 1 and 3 (Fig. 4a). No single peak
capture period was observed in 2010, but most beetles were collected
in July. Densities remained low throughout the summer with the high-
est capture of 1.25 + 0.48 C. crinicornis per 20 sweeps recorded 9 July
in Soybean field 2 (Fig. 4a). In 2011, the initial captures were recorded
on 28 June in all soybean fields, and the last collection was made on
2 August in Soybean field 5 (Fig. 4b). Unlike 2010, peak captures of
C. crinicornis were recorded on 5 July in Soybean field 5 (9.75 + 1.44
beetles per 20 sweeps) and on 28 July in Soybean field 6 (11.00 + 3.54
beetles per 20 sweeps) (Fig. 4b).

Voltinism and Overwintering

In 2012, no C. crinicornis adults of a new generation were captured in
emergence cages at ENREC after field-collected adults were released
and allowed to oviposit in cages placed over corn. When buried pots
were systematically searched in December of 2012, no C. crinicornis
adults or pupae were found in the soil although a total of 16 larvae
were found in 5 of the 10 pots. All larvae were in quiescence in ovoid
shaped-cells that were slightly larger than larvae and constructed of soil.
The mean depth in the soil at which larvae were observed was 25.00 +
0.57 cm (range: 20-29 cm, n = 16). The mean head capsule width and
body length of the larvae were 0.98 + 0.04 (range: 0.69-1.21 mm, n =
16), and 4.51 + 0.22 mm (range: 3.39- 6.20 mm, n = 16), respectively.
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Root Injury Evaluation

In 2011, when plants under emergence cages that produced primar-
ily C. crinicornis adults were evaluated for root injury, the mean root
rating was 0.040 + 0.005 (range: 0-0.1, n = 36) while the mean total
number of C. crinicornis emerged per cage was 7.44 + 1.34 (range:
1-36, n = 36). In 2012, the mean root rating was 0.031 £ 0.005 (range:
0-0.1, n = 28), and the mean total adult emergence was 9.32 + 1.36
per cage (range: 2-34). A significant correlation was not found be-
tween the number of adult C. crinicornis captured in emergence cages
and root injury ratings in either 2011 (2 = 0.16785; P = 0.3286) or
2012 (r> = -0.08369; P = 0.6720).

Discussion

Data from this study collectively support the conclusion that C. crin-
(cornis is univoltine in southeastern Nebraska and overwinters in the
soil as larvae. The emergence cage data indicated that adult emer-
gence from the soil in cornfields began in late June and continued
through early August with highest emergence in July. Whole-plant-
count and sweep-net sampling confirmed that some adults of C. crini-
cornis forage in corn and soybean from late June through early August
with highest densities in July. Adults have been shown to mate and
oviposit soon after emergence, and newly-hatched larvae begin feed-
ing on roots after a short egg period (Miwa and Meinke 2015a). The
voltinism and overwintering stage experiment revealed that C. crini-
cornis overwinters as medium- to large-sized larvae at least 20 cm be-
low the soil surface. These results were reinforced by casual sampling.
Overwintering larvae were found on roots of volunteer and planted
corn within 15 cm of the soil surface from April through June while
pupae were found in the top 5 cm of soil in June and July (K. Miwa,
personal observation). A conceptual model that presents the probable
life history of C. crinicornis in southern Nebraska is shown in Fig. 5.
The general life history of C. crinicornis in southeastern Nebraska
appears to be similar to known life histories of related Colaspis species
(Lindsay 1943, Echols 1963). Both C. brunnea and Colaspis pini Bar-
ber (Coleoptera: Chrysomelidae) have been reported to be univoltine
and overwinter as larvae in the soil. Bigger (1928) and Rolston and
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Fig. 5. Probable life history of C. crinicornis in southeastern Nebraska.

Rouse (1965) also demonstrated that C. brunnea larvae moved down-
ward in the soil to overwinter. Even though population densities of C.
brunnea were generally low during this study, adult emergence of C.
crinicornis and C. brunnea overlapped, indicating that temporal oc-
currence of these species is similar in Nebraska. Furthermore, Rolston
and Rouse (1965) reported that a partial second generation of C. brun-
nea could occur in Arkansas under favorable conditions. Because the
geographical distribution of C. crinicornis expands to southern Texas
and Mexico (Riley et al. 2003), it is possible that the temporal occur-
rence of C. crinicornis life history events may be different in regions
farther south of Nebraska.

Emergence data collected in cornfields and nonlinear regression
analyses indicated that males and females of C. crinicornis have similar
adult emergence patterns. Peak emergence occurred approximately
at the same time for males and females. Because no significant dif-
ferences between the sexes were found in days before linear emer-
gence (although a near significant trend was evident in Cornfield 1
in 2010), days to the end of linear emergence, and total days of lin-
ear beetle emergence; it appears that protandry does not play a large
role in the reproductive biology of this species. This is in contrast to
D. v. virgifera in which male emergence begins before female emer-
gence, allowing many males to become sexually mature before peak
densities of females emerge (Quiring and Timmins 1990, Darnell et al.
2000, Nowatzki et al. 2002). In addition, more C. crinicornis females
than males were captured in emergence cages, and this agrees with a
report by Chapin (1979) that females were more common than males
when collections of several Colaspis species were made in Louisiana.
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Seasonal emergence and whole-plant-count data in cornfields fol-
lowed a similar pattern in 2010 (Figs. 1a and 3a) but less so in 2011
(Figs. 1b and 3b). The reasons for this are unclear, but environmental
factors may have played a role. Planting dates were 1 to 2 wk later in
2010 than 2011, but corn phenology was slightly advanced in 2010
until mid-July (Miwa 2014). Higher rainfall during May and June in
2010 (252.5 cm) versus 2011 (135.1 cm) may have contributed to
this trend (Miwa 2014). In both years, beetle densities as measured
by whole plant counts greatly declined during late July when corn
reached the R2-R3 growth stage (Ritchie et al. 1993, Miwa 2014).
Continued adult emergence from corn coupled with the reduction in
whole plant counts during late July (Figs. 1 and 3) suggests that adult
C. crinicornis may have moved out of corn to forage on other plant
species that were more attractive as feeding sites during this period.
Adult C. crinicornis were found in vegetation adjacent to cornfields
in August after beetles were no longer observed during whole-plant-
count sampling. Common plants on which beetles were found in-
cluded Digitaria species and Setaria species.

Sweep-net sampling was an effective collecting method for C. crin-
icornis in soybean fields early in the adult emergence period when
plant height was relatively short and most of the habitat could be
sampled. Sweep-net sampling has also been effective for collecting C.
brunnea in short vegetation (Lindsay 1943, Rolston and Rouse 1965,
Eaton 1978). However, in this study, the effectiveness of sweep-net
sampling was limited as plants became taller during both years. Dur-
ing 2010, plant height was over 100 cm by early July and approxi-
mately 150 cm by the end of the sampling period. In 2011, soybean
height approached 80 cm by mid-July and reached 120 cm by the end
of the sampling period. When sweeping in tall vegetation, a smaller
proportion of total habitat was sampled, which may have underesti-
mated beetle densities that were actually present. This may have con-
tributed to the relatively low number of beetles collected throughout
the 2010 season (Table 5; Fig. 4a) and the dramatic decline in bee-
tles captured after mid-July 2011 in Soybean fields 5 and 6 (Fig. 4b).
In both years, it was common for tall soybean plants to lodge after
heavy storms or strong wind, making it difficult for the sampler to use
a sweep net. Therefore, changes in plant height over time and weather
conditions may have led to inconsistency in results.
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In Cornfields 1 and 4, total seasonal emergence of C. crinicornis was
at least 20 times greater than that of the second most common chrys-
omelid species (Table 2). High densities of C. crinicornis have also been
found in other parts of southeastern Nebraska (K. Miwa, personal ob-
servation), including the field used for root injury evaluation at ENREC
in 2012. Because C. crinicornis has remained relatively uncommon in
natural habitats, this suggests that something has changed over time
to facilitate increased survival in an agricultural setting.

Changes in agronomic and pest management practices have oc-
curred during the last two decades that may have contributed to in-
creased presence of C. crinicornis in the agricultural system of south-
east Nebraska. Historically in the study area, aerial applications of
insecticides were frequently made to manage European corn borer,
Ostrinia nubilalis (Hubner; Lepidoptera: Crambidae) and other lepi-
dopteran pests in both continuous and first-year corn. Soil insecticides
were applied at planting in continuous corn to manage D. v. virgifera
and D. barberi larvae. Both foliar and soil-applied insecticides may
have greatly reduced densities of nontarget adult and larval C. crini-
cornis in corn, respectively. These insecticide tactics have largely been
replaced by transgenic corn hybrids that express Bt toxins (Hutchison
et al. 2010, Wangila et al. 2015) and include neonicotinoid seed treat-
ments (Andersch and Schwarz 2003, Elbert et al. 2008). In this study,
the two fields with the highest C. crinicornis emergence (Cornfields 1
and 4) were planted to Bt corn expressing Diabrotica-active traits with
neonicotinoid seed treatments (Tables 1 and 2), suggesting the tox-
ins had minimal impact on C. crinicornis survival. Neonicotinoid seed
treatments have also been reported to have little effect on emergence
of the related species C. brunnea, (Kaeb 2006). Exposure of young C.
crinicornis larvae to seed-applied neonicotinoids may be low during
the first year of their life cycle because seed treatments are designed
to target early to mid-season soil insects (Andersch and Schwarz 2003,
Elbert et al. 2008) and C. crinicornis eggs hatch during mid- or late
summer. Furthermore, because C. crinicornis larvae externally feed on
surface tissues and hairs of secondary roots (Miwa and Meinke 2015a),
many small larvae feeding on new growth of large root systems may
stay out of soil zones where maximum exposure to insecticides could
occur. During the second year, overwintering larvae are larger and ex-
posure to insecticides may be minimal as substantial feeding may not
be required by some larvae before pupation.



