










times to reposition themselves in the pupal cells. Newly eclosed adults
stayed in pupal cells for 4.46 0.5 d (range: 3–6 d; n¼ 5). New adults
initiated feeding on corn leaves 1.26 0.4 d (range: 0–2 d; n¼ 5) after
emerging from pupal cells.

Female Fecundity on Corn.Beetles readily fed on corn leaves
placed in oviposition containers during 2010 and 2011 experiments. In
addition to feeding or motionlessly staying on the surface of containers,
both males and females sometimes partially or completely buried them-
selves among soil clumps. Beetles were observed to mate multiple
times. Females oviposited in the soil as close as 5mm from the surface,
while some eggs were found at the bottom of the oviposition containers
(�15mm from the soil surface). Eggs were found inside soil clumps or
in spaces around clumps, and they were deposited in one or two clusters
in the life time of each female (Fig. 2). The second egg mass was depos-
ited at least 3 or 4 d after the first. Results of t-tests indicate that there
were no significant differences in mean total eggs laid per female
(t¼�0.73, df¼ 27.06; P ¼ 0.4742) or percentage egg hatch (t¼ 0.52;
df¼ 30; P¼ 0.6059) when 2010 data were compared with 2011 data.
Similarly, the mean percentage of females that oviposited was not sig-
nificantly different between years (X2¼ 1.0737; P¼ 0.3001).
Therefore, when data were pooled over years, mean total eggs laid per
female was 80.76 4.4 (n¼ 38), mean proportion of females that ovi-
posited was 55.96 6.3 (n¼ 68), and mean percentage egg hatch was
95.36 0.8 (n¼ 32) under laboratory conditions. There was no signifi-
cant year (F¼ 0.30; df¼ 1,16; P¼ 0.5901), or year� egg cluster inter-
action (F¼ 2.14; df¼ 1,16; P¼ 0.1630), but the mean eggs per cluster
was significantly greater in the first cluster than the second (F¼ 68.21;
df¼ 1,16; P< 0001; mean eggs per cluster: first cluster: 79.96 4.3,

n¼ 10; second cluster: 35.16 8.3, n¼ 10). All larvae from the same
cluster usually eclosed within a few hours.

Adult Feeding Experiments
Adult Feeding Preference: Corn Versus Soybean.In 2012, adult

C. crinicornis readily fed on both corn and soybean leaves when pre-
sented in the choice and no-choice feeding experiments. Adults pro-
duced characteristic feeding patterns on leaves (Figs. 9a and b).
Feeding could begin on any part of a leaf, including the edge and inte-
rior. Beetles sometimes expanded and elongated initial holes, but size
and shape of the holes were irregular. During each experiment, all bee-
tles fed and survived to the termination of each replication. The choice
test analyses indicated a strong trend, but no significant difference in
leaf area consumed between sexes (F¼ 3.79; df¼ 1, 39.35;
P¼ 0.0588) or leaf area consumed between food treatments (F¼ 0.05;
df¼ 1, 39.14; P¼ 0.8313), and no significant sex� food interaction
(F¼ 2.25; df¼ 1, 39.14; P¼ 0.1413) was detected (Table 1). The mean
total leaf area consumed per beetle during the choice tests was
233.06 28.7 mm2. The no-choice tests between corn and soybean
leaves also revealed no significant differences in leaf area consumed
between sexes (F¼ 0.40; df¼ 1, 73.27; P¼ 0.5311), in leaf area con-
sumed between food treatments (F¼ 0.38; df¼ 1, 72.74; P¼ 0.5410),
or in the sex� food interaction (F¼ 0.66; df¼ 1, 73.55; P¼ 0.4204)
(Table 1). The mean leaf area consumed per beetle was 224.456 21.5
mm2 during the no-choice tests.

Effect of Food Plant on Adult Longevity. The effect of food treat-
ment on mean longevity of adult C. crinicornis was significant
(F¼ 52.74; df¼ 3, 121; P< 0.0001). Beetles without food had signifi-
cantly reduced lifespans compared with individuals fed leaf tissues
(Table 2). The mean longevity across all food treatments was signifi-
cantly longer for females than males (F¼ 11.45; df¼ 1, 121;
P¼ 0.0010) (Table 2). In general, females lived about 2 d longer than
males (Table 2). The sex� food interaction was not significant
(F¼ 0.25; df¼ 3, 121; P¼ 0.8613).

Effect of Food Plant on Female Fecundity.During the fecundity
test, the mean percentage ovipositing females was significantly affected
by food treatment (F¼ 5.56; df¼ 3, 11; P¼ 0.0144). The percentage
ovipositing females was not significantly different among leaf tissue
treatments, but the percentage ovipositing beetles with no food was sig-
nificantly reduced (Table 3). Among ovipositing females, food treat-
ment did not significantly affect the mean number of eggs per female
(F¼ 0.28; df¼ 3, 40; P¼ 0.8428), which was 81.046 5.63. Eggs from
beetles that received no food did not hatch, while a high percentage egg
hatch was observed from females in leaf tissue treatments (Table 3).

Discussion
The general biology of C. crinicornis appears to be similar to that of

other temperate Colaspis species that have been studied. The grape

Fig. 8. (a) A C. crinicornis pupa a few days after pupation and (b) a newly formed pupa in a pupal cell.

Fig. 7. C. crinicornis prepupa.
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colaspis, Colaspis brunnea (F.), C. crinicornis, and the pine colaspis,
Colaspis pini Barber, all have a long larval stage, whereas the egg,
pupal, and adult stages are relatively short (Lindsay 1943, Echols
1963). These species also feed as adults on above-ground portions of
plants, while larvae are root feeders (Lindsay 1943, Echols 1963).

Field collected adults readily oviposited in the soil in the laboratory.
Although oviposition behaviors of C. crinicornis have not been

observed in the field, it is highly likely that eggs are also deposited in
soil in the field as documented for other Colaspis species (Lindsay
1943, Echols 1963, Lopez et al. 2002). Furthermore, C. crinicornis
females utilized existing spaces around soil clumps as corridors for
movement and as oviposition sites in the laboratory. Because beetles
did not make burrows or oviposit on smooth soil in the laboratory,
female C. crinicornis may use crevices created by soil clumps, soil

Fig. 9. Feeding injury of adult C. crinicornis to (a) a corn leaf and (b) a soybean leaf.

Table 1. Mean6 SEM leaf areas (mm2) consumed by an adult C. crinicornis in 72 h laboratory choice
and no-choice tests during 2012

Food plant Male Female Mean

n Leaf area consumed n Leaf area consumed n Leaf area consumed

Choice tests
Corn 17 83.236 10.65Aa 25 96.766 18.72Aa 42 95.856 12.02a
Soybean 17 80.796 18.70Aa 25 152.156 27.53Aa 42 126.276 18.90a
Totala 17 164.026 19.89A 25 248.916 33.47A

No-choice tests
Corn 20 183.246 27.79Aa 26 223.176 43.62Aa 46 205.806 27.35a
Soybean 17 193.806 30.82Aa 15 315.826 62.33Aa 32 250.996 34.68a
Mean 37 188.096 20.37A 41 257.066 36.08A

For each test, means in the same row followed by the same upper-case letter and means in the same column
followed by the same lower-case letter are not significantly different (P> 0.05: LSD).

aThe mean total leaf area consumed per beetle (corn and soybean combined).

Table 2. Mean6 SEM longevity (days) of adult C. crinicornis subjected to different food treatments in
the laboratory during 2012

n Corn n Soybean n Both n No food n Sex

Male 23 13.286 0.96Aa 19 12.116 1.03Aa 14 12.676 1.18Aa 14 4.426 0.48Ba 70 11.286 0.63b
Female 19 16.326 0.81Aa 18 14.176 0.89Aa 14 14.176 1.16Aa 14 5.756 0.54Ba 65 13.186 0.65a
Food 42 14.596 0.68A 37 13.116 0.70A 28 13.426 0.83A 28 5.086 0.38B

Means in the same row followed by the same upper-case letter and means in the same column followed by the
same lower-case letter are not significantly different (P> 0.05: LSD). Beetles were held individually which prevented
mating or oviposition. Longevity was calculated as days elapsed between collection of beetles in emergence cages in
the field and beetle death.

Table 3. Mean6 SEM percentage ovipositing females, mean6 SEM number of eggs per ovipositing female, and mean6 SEM percentage
egg hatch from females subjected to different food treatments in the laboratory during 2012

n Corn n Soybean n Both n No Food

Percentage ovipositing females (%) 26 54.766 16.32a 29 73.396 4.29a 20 71.256 3.75a 19 6.256 6.25b
Eggs per ovipositing female 14 78.856 12.89a 21 87.336 8.93a 12 73.586 8.87a 1 74.00a
Percentage egg hatch (%) 9 95.966 1.48a 15 92.526 1.44a 9 91.276 1.66a 1 0b

Means in the same row followed by the same letter are not significantly different (P> 0.05: LSD).
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cracks, roots, or burrows of other organisms to move through soil to
reach oviposition sites in the field. This behavior is exhibited by
Diabrotica species (Kirk 1979, 1981a,b), which coexist in cornfields
with C. crinicornis in southeastern Nebraska (Miwa 2014).

The lack of significant differences in mean percentage females that
oviposited, mean total number of eggs laid, mean egg viability, and
cluster size trends between years suggests that the addition of replace-
ment males in 2011 laboratory oviposition experiments did not signifi-
cantly impact female reproductive fitness. Follow-up studies would be
needed to confirm the frequency of mating needed to produce a full
complement of viable eggs and whether sperm precedence takes place
when different males mate with an individual female.

Egg viability was high under optimal laboratory conditions, but it is
unknown whether viability would be as high under field conditions
where eggs can be exposed to various biotic and abiotic stressors.
Colaspis eggs are fragile and hatch relatively quickly. They do not appear
to be structurally designed to survive harsh environments for long periods
of time as seen in some chrysomelid species that exhibit long egg dia-
pause periods such as some Diabrotica species (Chiang 1973). In addi-
tion, eggs of C. crinicornis often became moldy when removed from
original oviposition sites and placed in egg incubation dishes or on the
soil surface in oviposition containers. Substances secreted by females
during oviposition as chemical defense for eggs against natural enemies
such as fungi and predators have been reported for several chrysomelid
species (Howard et al. 1982, Ferguson and Metcalf 1985, Pasteels et al.
1986, Tallamy et al. 1998). It would be interesting to conduct a follow-up
study to determine ifColaspis eggsmay be chemically protected in a sim-
ilar way and sealed to soil substrate by females during oviposition which
when disturbed exposes eggs to various microorganisms.

Survival and establishment of young larvae on host roots was low in
this study even though egg viability was high (Fig. 5). Similar observa-
tions have been made with other Colaspis species. Lindsay (1943)
reported that high mortality of C. brunnea was observed, especially
during the first few weeks of the larval stage. Various methods used by
Echols (1963) in an attempt to rear C. pini resulted in 100% mortality
within a few days after egg hatch. The most successful method allowed
only approximately 2% of individuals to survive beyond the first instar
and none of them reached maturity (Echols 1963). In a study with
Colaspis bridarollii (Bechyné), Lopez et al. (2002) reported that no
individuals survived beyond the first instar. The causes of larval mortal-
ity are unclear. Soils used in this study and by Echols (1963) were auto-
claved which may have removed some critical factor that facilitates
survival. In this study, most neonate larvae appeared to have died within
a few days after eclosion before beginning to feed. Newly eclosed lar-
vae had limited mobility, and they were often found dead after being
trapped in root hairs or condensation inside rearing containers. Because
most neonate larvae starved to death even when corn roots were
present, the artificial environment in the rearing container may not have
provided the structure (e.g., root channels) or specific cues needed for
larvae to initiate feeding and establish on host plants. Because of the
fragility of eggs and low mobility of young larvae, female choice of
oviposition sites may be crucial for survival and establishment of the
offspring on host plants in the field.

Attempts to rear individuals from egg to adult in the laboratory
failed as none of the mature larvae pupated. Moreover, larvae collected
in the field during the late fall also failed to reach the adult stage in the
laboratory (K.M., unpublished data). In contrast, overwintering larvae
collected in the field during the spring or summer pupated and reached
the adult stage when the standard larval rearing method was used.
Therefore, C. crinicornis larvae may require a hibernation period or
cues such as temperature change to facilitate pupation. Colaspis as a
genus appears to be difficult to rear in captivity. Establishment of a
more effective rearing method would be needed to address population
level questions about ecology and management ofColaspis species.

Colaspis crinicornis appeared to have at least three instars although
the exact number was not determined because of rearing difficulties. A

wide range of head capsule sizes were recorded between neonate larval
and prepupal stages (Fig. 6), but small sample sizes precluded specific
conclusions about the number of instars. For other Colaspis species,
three instars have been reported for C. pini (Echols 1963) and
C. bridarollii (Lopez et al. 2002) although no morphological measure-
ments or clear supporting evidence were mentioned. In contrast,
Lindsay (1943) concluded that C. brunnea had 10 larval instars and up
to 17 with extra molts after measuring head capsule size and searching
for cast skins every 2–3 d in a laboratory study. However, it is question-
able whether having 10–17 larval instars is realistic for a Colaspis
species. Chrysomelid species usually have only three or four larval
instars, and few species have more than four (Jolivet and Verma 2002).
An attempt was made during this study to apply the methods of Lindsay
(1943) to determine the number of larval instars of C. crinicornis, but
frequent removal of young larvae from rearing containers
dramatically increased mortality and most likely stressed survivors.
Moreover, it was nearly impossible to find cast skins, especially of
small larvae.

Results from a series of adult feeding experiments indicate that
leaves of both corn and soybean are suitable adult food sources as bee-
tles readily fed, survived, and reproduced on both. In choice tests, a
near significant trend (P¼ 0.0588) suggests that there may be a ten-
dency for females to consume more leaf tissue than males. Nutritional
requirements may be different between males and females because
females are often larger than males (K.M., unpublished data) and
females invest a lot of energy into egg production.

Mean longevity was significantly greater for females than males,
but it was uncertain how reproductive behaviors would affect the lon-
gevity of each sex because the beetles used in the longevity experiment
were not allowed to mate or oviposit. Feeding was required for adults to
survive for more than a few days, but longevity and fecundity of beetles
that fed was not significantly affected by food plant treatment (Tables 2
and 3). Females did not normally oviposit without feeding (Table 3)
perhaps because they did not obtain energy required for reproduction or
did not live long enough to reproduce due to starvation. It was unclear
why one female oviposited without feeding during the experiment
(Table 3). Nevertheless, none of the eggs from that female hatched,
while females that received a continuous food supply deposited a high
percentage of fertile eggs (Table 3), suggesting that females must feed
in order to produce viable eggs.

Being able to feed, survive, and reproduce equally on corn and
soybean leaves (Tables 1–3) suggests that C. crinicornis is likely a
polyphagous species as recorded for C. brunnea (Lindsay 1943,
Rolston and Rouse 1965). In addition, during the course of this
study, adults of C. crinicornis have been observed to feed on other
types of food, including corn silks, soybean flowers, leaves of
Abutilon theophrasti Medik, Amaranthus species, Andropogon gerar-
dii Vitman, Digitaria species, Melilotus officinalis (L.) Pallas,
Polygonum hydropiperoides Michaux., Rumex species, Setaria spe-
cies, Sorghastrum nutans (L.) Nash, T. pretense L., and Vitis species.
An additional study would be needed to evaluate the impact of other
food sources on consumption, longevity, and fecundity of C. crini-
cornis. However, the ability to effectively utilize tissues of plant spe-
cies from very different plant families as adult food sources may be
one of the many factors that have allowed C. crinicornis to adapt to
agroecosystems and become increasingly abundant in corn and soy-
bean fields. The results of this study contribute new biological infor-
mation that increases our understanding of Colaspis and will also
serve as a baseline for future studies to better understand the natural
history and pest potential of C. crinicornis.

Acknowledgments
We thank E. G. Riley at Texas A&M University for identifying

specimens. We are also grateful to C. A. Francis, B. C. Ratcliffe, and
B. D. Siegfried at the University of Nebraska-Lincoln for providing
comments and suggestions on earlier versions of the manuscript.

2015 MIWA AND MEINKE: BIOLOGY OF C. CRINICORNIS 7

  

Kirk 
 Kirk 1981b
,
o
-
 Miwa,
Colaspis
 to 
 &equals; 
 Miwa,
 in order
Trifolium
http://jinsectscience.oxfordjournals.org/


References Cited
Balsbaugh, E. D., Jr. 1982. Colaspis chapalensis Blake (Coleoptera:

Chrysomelidae), a new pest of corn in Mexico. J. Kans. Entomol. Soc. 55:
577–580.

Blake, D. H. 1974. The costate species of Colaspis in the United States
(Coleoptera: Chrysomelidae). Smithsonian Contribution to Zoology. No.
181. Smithsonian Institute Press, Washington, DC.

Bradshaw, J. D., E. W. Hodgson, M. E. Rice, J. K. VanDyk, and D. Adams.
2011. Soybean insects guide, Colaspis beetles. Department of Entomology,
Iowa State University, Ames, IA. (http://www.ent.iastate.edu/soybeaninsects/
colaspis_beetles).

Campbell, L. A. and L. J. Meinke. 2010. Fitness of Diabrotica barberi,
Diabrotica longicornis, and their hybrids (Coleoptera: Chrysomelidae). Ann.
Entomol. Soc. Am. 103: 925–935.

Chapin, J. B. 1979. A review of the Louisiana species of Colaspis (Coleoptera:
Chrysomelidae). Coleopts. Bull. 33: 445–450.

Chiang, H. C. 1973. Bionomics of the northern and western corn rootworms.
Annu. Rev. Entomol. 18: 47–72.

Clark, S. M., D. G. LeDoux, T. N. Seeno, E. G. Riley, A. J. Gilbert, and J. M.
Sullivan. 2004.Host plants of leaf beetle species occurring in the United States
and Canada (Coleoptera: Megalopodidae, Orsodacnidae, Chrysomelidae, ex-
cluding Bruchinae). Coleopterists Society, Sacramento, CA.

Echols, H. W. 1963. The biology, distribution, and insecticidal control of pine
colaspis (Colaspis pini Barber) in Louisiana. M.S. thesis, Louisiana State
University, Baton Rouge, LA.

Fisher, J. R. 1980.Amodified emergence trap for quantitative adult corn rootworm
studies (Coleoptera: Chrysomelidae). J. Kans. Entomol. Soc. 53: 363–366.

Flynn, J. L. and T. E. Reagan. 1984. Pollination interference in seed corn from
silk feeding by Colaspis louisianae Blake (Coleoptera: Chrysomelidae).
J. Econ. Entomol. 77: 1185–1188.

Ferguson, J. E. and R. L. Metcalf. 1985. Cucurbitacins: plant derived defense
compounds for Diabroticites (Coleoptera: Chrysomelidae). J. Chem. Ecol.
11: 311–318.

Howard, D. F., M. S. Blum, T. H. Jones, and D. W. Phillips. 1982. Defensive
adaptations of eggs and adults of Gastrophysa cyanea (Coleoptera:
Chrysomelidae). J. Chem. Ecol. 8: 453–462.

Jolivet, P. and K. K. Verma. 2002. Biology of leaf beetles. Intercept
Publishers, Andover, UK.

Kirk, V. M. 1979. Drought cracks as oviposition sites for western and northern
corn rootworms (Diabrotica: Coleoptera). J. Kans. Entomol. Soc. 52: 769–776.

Kirk, V. M. 1981a. Base of corn stalks as oviposition sites for western and
northern corn rootworms (Diabrotica: Coleoptera). J. Kans. Entomol. Soc.
54: 255–262.

Kirk, V. M. 1981b. Earthworm burrows as oviposition sites for western and
northern corn rootworms (Diabrotica: Coleoptera). J. Kans. Entomol. Soc.
54: 68–74.

Lindsay, D. R. 1943. The biology and morphology of Colaspis flavida (Say).
Ph.D. dissertation, Iowa State College, Ames, IA.

Lopez, A. N., H. A. A. Castillo, D. Carmona, P. L. Manetti, E. Mondino,
and A. M. Vincini. 2002. Biological aspects of Colaspis bridarollii
(Bechyne) (Coleoptera: Chrysomelidae: Eumolpinae) in Argentina.
Coleopts. Bull. 56: 259–269.

Miwa, K. 2014. Natural history, phylogenetic relationships, and pest potential
of Colaspis Fabricius Species (Coleoptera: Chrysomelidae) in Nebraska.
Ph.D. Dissertation, University of Nebraska-Lincoln, Lincoln, NE.

Oliver, A. D. 1987. Seasonal history and pest status of Colaspis pini Barber
(Coleoptera: Chrysomelidae) on Christmas tree pines in Louisiana.
J. Entomol. Sci. 22: 295–296.

Ostmark, H. E. 1975. Banana pests in the genus Colaspis including descrip-
tion of a new species (Coleoptera: Chrysomelidae). Fla. Entomol. 58: 1–8.

Pasteels, J. M., D. Daloze, and M. Rowell-Rahier. 1986. Chemical defence in
chrysomelid eggs and neonate larvae. Physiol. Entomol. 11: 29–37.

Rasband, W. S. 1997–2014. ImageJ. U.S. National Institutes of Health,
Bethesda, MD. (http://imagej.nih.gov/ij/).

Riley, E. G., S. M. Clark, R. W. Flowers, and A. J. Gilbert. 2002. Family
124. Chrysomelidae Latreille 1802. pp. 617–691. In R. H. Arnett, Jr., M. C.
Thomas, P. E. Skelley, and J. H. Frank (eds.), American beetles, vol. 2. CRC
Press, Boca Raton, FL.

Riley, E. G., S. M. Clark, and T. N. Seeno. 2003. Catalog of the leaf beetles of
America north of Mexico (Coleoptera: Megalopodidae, Orsodacnidae and
Chrysomelidae, exclusive of Bruchinae). Coleopterists Society, Sacramento,
CA.

Rolston, L. H. and P. Rouse. 1965. The biology and ecology of the grape
colaspis, Colaspis flavida Say, in relation to rice production in Arkansas
Grand Prairie. Bulletin No. 694. University of Arkansas Division of
Agriculture Cooperative Extension service, Fayetteville, AR.

SAS Institute. 2008. SAS/STAT user’s guide, release 9.2 ed. SAS Institute,
Cary, NC.

Tallamy, D. W., D. P. Whittington, F. Defurio, D. A. Fontaine, P. M. Gorski,
and P. W. Gothro. 1998. Sequestered cucurbitacins and pathogenicity of
Metarhizium anisopliae (Moniliales: Moniliaceae) on spotted cucumber bee-
tle eggs and larvae (Coleoptera: Chrysomelidae). Environ. Entomol. 27:
366–372.

Received 8 January 2015; accepted 23 May 2015.

8 JOURNAL OF INSECT SCIENCE VOLUME 15

  

http://www.ent.iastate.edu/soybeaninsects/colaspis_beetles
http://www.ent.iastate.edu/soybeaninsects/colaspis_beetles
http://imagej.nih.gov/ij/
http://jinsectscience.oxfordjournals.org/

