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DEVELOPMENTAL TIME, REPRODUCTION, AND FEEDING
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Coccinellids (lady beetles, lady bugs or ladybird
beetles) have been used in biological control pro-
grams because of their ability to prey on economi-
cally important pests such as aphids (Hagen & Van
den Bosch 1968; Hagen 1974; Frazer 1988; Rondon
et al. 2004), whiteflies (Hoelmer et al. 1994) and
mites (Chazeau 1985; Rondon et al. 2004) on maize,

 

Zea mays

 

 L. (Kieckhefer & Elliot 1990), alfalfa,

 

Medicago sativa

 

 L. (Giles et al. 1994), and potato,

 

Solanum tuberosum

 

 L. (Groden et al. 1990; Hilbeck
& Kennedy 1996). Lady beetles are probably the
most visible and well known beneficial predatory in-
sects with over 450 species found in North America
(Gordon 1985). 

 

Coleomegilla maculata

 

 DeGeer (Co-
leoptera: Coccinellidae), the pink spotted lady bee-
tle, is a new world species distributed from southern
Canada, U.S. (east of the Rocky Mountains), and
Central and South America (Timberlake 1943;
Wright & Laing 1982; Gordon 1985; Munyaneza &
Obrycki 1998). Three subspecies of 

 

C. maculata

 

have been described based on morphological charac-
ters such as spot patterns, color, body size, genitalia,
and geographical distribution (Gordon 1985). Ac-
cording to Gordon (1985) these subspecies are 

 

C. m.
fuscilabris

 

 (Mulsant)

 

, C. m. lengi 

 

Timberlake and 

 

C.
m. strenua

 

 (Casey). 

 

Coleomegilla m. fuscilabris

 

 is
found in the southeastern U.S., including Florida,
while 

 

C. m. lengi

 

 is found from Ontario, Canada,
through northwestern Georgia. 

 

Coleomegilla m.
lengi 

 

has not been reported in Florida (Peck & Tho-
mas 1998). The criteria to determine subspecies
based only on morphological and geographical dis-
tribution has been challenged several times and
even by Darwin (1964). The assertion that “biology
should overrule taxonomy and that the term sub-
species should be referred to as species rather than
subspecies” (anonymous) is open to discussion. Nev-
ertheless, geographic distribution has been defining
in allocation of species (Odum 1950); however, the
final determination of genotypic characteristics
should be considered as definitive in insect identifi-
cation. There has not been a determination of the
actual distribution of subspecies since Gordon
(1985). To our knowledge, no further surveys have
been made to update the records.

In Florida, there has been an increasing inter-
est from the biological control industry to intro-
duce 

 

C. m. lengi

 

 (non-native), which is thought to
have a greater reproductive capability, a highly
attractive biological characteristic desired by pro-
ducers of beneficials, than 

 

C. m. fuscilabris

 

 (na-
tive) (Griffin & Yeargan 2002). However, concerns
regarding the possibility of cross genetic contam-
ination between 

 

C. m. fuscilabris

 

 and 

 

C. m. lengi

 

prevented the introduction (Peres 2000). Studies
by Peres & Hoy (2002) indicated that there was a
reproductive near incompatibility between the
subspecies during the first and second genera-
tions (F1, F2); conversely, Krafsur & Obrycki
(2000) indicated that high levels of gene flow
among subspecies might be possible. Due to this
contradiction, more basic information to create a
strong argument regarding the possibility to in-
troduce 

 

C. m. lengi

 

 into Florida was needed. Thus,
the objective of this research was to compare the
development, oviposition, and feeding behavior of

 

C. m. fusicilabris

 

 and 

 

C. m. lengi

 

, on the cotton
aphid, 

 

Aphis gossypii

 

 Glover (Homoptera: Aphid-
idae) as prey in the feeding behavior study, and
strawberry, 

 

Fragaria 

 

×

 

 ananassa

 

 Duchesne, as a
substrate. Strawberry plants were maintained
following Paranjpe (2003) protocols. Experiments
were conducted at the biological control labora-
tory, Protected Agricultural Project Research Sta-
tion, University of Florida, Horticultural Sciences
Department in Gainesville, FL. Both subspecies
of 

 

C. maculata

 

 were provided by Entomos
(Gainesville, FL) (voucher specimens can be
found at DPI) where they were reared on undis-
closed artificial diet.

From an initial colony (40-50 females per cage)
from Entomos, 20 egg masses of 

 

C. m. fuscilabris

 

and 20 of 

 

C. m. lengi

 

 were randomly selected and
isolated in individually labeled 10-cm diameter
Petri dishes and maintained at 26 ± 1°C, 80 ± 5%
R.H., and 16:8 h (L:D) photoperiod. Eggs were
checked for larval eclosion every 12 h. After eclo-
sion, 20 larvae were collected randomly and isolated
in 30 ml plastic cups. Larvae were fed every second
day with an undisclosed proprietary artificial diet
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(1.8 g), to which were added bee pollen (0.05 g) and
shrimp eggs (0.01 g). Water was provided through
wet cotton balls. Larvae were transferred to clean
plastic cups twice a week. Daily observations were
made and the number of days from instar to instar
was recorded. Instars were distinguished by the
presence of cast exuvia. After adults emerged, one
female and one male were paired (

 

n

 

 = 20) in 30-ml
plastic cups for 48 h to facilitate mating. Gender
was determined by examining the last abdominal
sclerite under a dissecting microscope. After 48 h,
females were isolated in plastic cups (15 

 

×

 

 15 

 

×

 

 10
cm) to determine viability of eggs (% eclosion), sur-
vival (larva to adult), number of egg masses, and
number of eggs per mass produced by each female.
A small piece of gray, thick fur served as an oviposi-
tion substrate. Longevity of adults also was mea-
sured. The experiment was repeated three times
with 20 replications per treatment. The data are
presented as average (±SE) over the three experi-
ments (

 

P

 

 

 

≤

 

 0.05). The measure of the developmental
time was analyzed by 

 

t

 

-test for independent sam-
ples. In general, there were no significant differ-
ences between the developmental periods (egg to
adult) of 

 

C. m. fuscilabris

 

 (23 ± 4 days) and 

 

C. m.
lengi

 

 (22 ± 3). There were no significant differences
between 

 

C. m. fuscilabris

 

 and 

 

C. m. lengi

 

 in develop-
ment periods of their eggs (3 ± 3; 2 ± 1, respectively),
1st (3 ± 2; 3 ± 1) 2nd (4 ± 1; 3 ± 1), 3rd (4 ± 1; 5 ± 1)
and 4th instar (3 ± 1; 3 ± 1) larval; pre-pupal (3 ± 2;
3 ± 1) and pupal stages (3 ± 2; 3 ± 1). Female adult
longevity is significantly greater in 

 

C. m. lengi

 

 (43 ±
6 days) as compared with 

 

C. m. fuscilabris

 

 (38 ± 7).
However, there was no significant difference be-
tween male adult longevity in the two subspecies
(

 

C. m. fuscilabris

 

, 31 ± 5 days; 

 

C. m. lengi

 

 36 ± 4).
The percentage of eclosion of 

 

C. m. fuscilabris

 

 eggs
to larvae (95 ± 3) was greater than of 

 

C. m. lengi

 

 (86
± 4); in contrast, the percentage of survivorship
(larva to adult) was significantly greater among

 

C. m. lengi

 

 (73 ± 5) than among 

 

C. m. fuscilabris 

 

(65
± 3). The number of egg masses produced by 

 

C. m.

lengi 

 

per female per day (3 ± 1) was not significantly
different from those produced by 

 

C. m. fuscilabris

 

 (4
± 1). However, there were significantly more eggs
oviposited in each 

 

C. m. fuscilabris

 

 mass (11 ± 3)
than in each 

 

C. m. lengi

 

 egg mass (8 ± 3). Also, there
was significantly more estimated number of eggs
produced by 

 

C. m. fuscilabris

 

 (1,672 eggs) than

 

C. m. lengi

 

 (1,032) over the female’s lifetime.
An experiment was conducted to determine

the consumption of 

 

A. gossypii

 

 by 

 

C. m. fuscilabris

 

and 

 

C. m. lengi

 

. Each experimental unit consisted
of a 10-cm diameter Petri dish, where one straw-
berry leaflet, one individual of a single predator
subspecies, and ten prey were placed. All instars
and the adults of each subspecies were evaluated.
The predators tested were starved for 8 h prior to
providing them with 

 

A. gossypii

 

. Ten individual
prey, without a predator, per Petri dish served as
a control for the experiment. Aphids were re-
moved from infested leaves in the colony by using
a wet, fine, camel hair brush. The strawberry leaf-
lets were isolated with lanolin to confine the prey
on the upper side of the leaf relative to the Petri
dish. Petri dishes were sealed with Parafilm® and
labeled. Each experiment was maintained at 21 ±
2°C, 65 ± 5 % R.H., and 16L: 8D photoperiod.
Samples were examined under a stereo micro-
scope and the number of prey consumed at 24 h
was recorded. Each experiment was repeated
three times with five replications per treatment
in a block design. The feeding data are presented
as average number (±SE) of prey consumed by a
predator at 24 h. All data were analyzed with SAS
(SAS Institute 2000). The general linear model
(GLM) procedure was used to construct analysis
of variance (ANOVA). Averaged over all five feed-
ing stages, 

 

C. m. fuscilabris

 

 consumed more
aphids (8.4 ± 1.1) than did 

 

C. m. lengi 

 

(6.5 ± 1.5)
(LSD, 0.05 = 1.96; 

 

F

 

 = 1.19;

 

 df = 

 

2, 20;

 

 P

 

 > 0.09) in
24 h (Table 1). Aphid consumption by 

 

C. m. fusci-
labris

 

 1st instar was significantly greater as com-
pared with 

 

C. m. lengi

 

 (

 

F

 

 = 1.84;

 

 df

 

 = 4, 20; 

 

P

 

 >

 

T

 

ABLE

 

 1. C

 

UMULATIVE

 

 

 

AVERAGE

 

 

 

CONSUMPTION

 

 (

 

MEAN

 

 ± SE) 

 

BY

 

 

 

TWO

 

 

 

SUBSPECIES

 

 

 

OF

 

 

 

C

 

OLEOMEGILLA

 

 

 

MACULATA

 

 D

 

E-

 

G

 

EER

 

 (C

 

OLEOPTERA

 

: C

 

OCCINELLIDAE

 

) 

 

PREYING

 

 

 

ON

 

 

 

THE

 

 

 

COTTON

 

 

 

APHID

 

, 

 

A

 

PHIS

 

 

 

GOSSYPII

 

 G

 

LOVER

 

 (H

 

O-
MOPTERA

 

: A

 

PHIDIDAE

 

), 

 

DURING

 

 24 

 

H

 

 (

 

N

 

 = 10).

Number of Aphids Consumed 

Life Stage

 

C. m. fuscilabris C. m. lengi

 

Significance

1st instar 7 

 

±

 

 1 4 ± 1 n.s.
2nd instar 9 

 

±

 

 1 7 ± 2 n.s.
3rd instar 9 ± 1 8 ± 1 *
4th instar 9 ± 1 7 ± 1 *
adults 9 ± 1 7 ± 1 *

Total 9 ± 1 7 ± 1 *

 Mean (± SE) within subspecies. Each treatment was repeated three times with five replications in each treatment. n.s. = no sig-
nificant different; * = significant different (P < 0.05)
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0.06). Also, C. m. fuscilabris 4th instar consump-
tion of aphids was greater than that of the 4th in-
star of C. m. lengi (F = 3.84; df = 4, 20; P > 0.05)
and adult C. m. fuscilabris consumed more aphids
than did adult C. m. lengi (F = 3.84; df = 4, 20; P
> 0.05). C. m. fuscilabris 2nd and 3rd instar con-
sumption of aphids was not significant different
from that of 2nd and 3rd instar of C. m. lengi (F =
3.04; df = 4, 20; P > 0.126 and F = 2.02; df = 4, 20;
P > 0.15, respectively).

Although immature and adult C. m. lengi are
larger than those of C. m. fuscilabris (Peres 2000),
this morphological advantage does not provide
any significant benefit to C. m. fuscilabris as com-
pared with C. m. lengi. For instance, considering
total egg production as a measure of a successful
candidate for mass rearing for commercial pur-
poses, our data indicated the advantage of C. m.
fuscilabris as a mass reared subject. The 38-day
life of C. m. fuscilabris and 43-day life of C. m.
lengi adults were lower as compared with the 3
months reported by Wright & Laing (1978). We
also observed a 3-day pre-ovipositional period in
contrast to the 5 to 15 days reported by Hodek
(1973). This situation may have occurred because
our insects came from a commercial colony fed on
an artificial diet for many generations. In nature,
C. maculata spends time selecting ovipositional
sites based on availability of food such as aphids
and eggs of various species (Nault & Kennedy
2000). Our observations indicated that C. m. fus-
cilabris seems to be more aggressive than C. m.
lengi (unpublished data). C. m. fuscilabris take
only few second before starting to manipulate and
consume (handling time) the prey (Rondon et al.
2004) as compared with C. m. lengi. Although no
striking advantages emerged for one subspecies
over the other, further studies are still needed.
Results form our laboratory experiments provide
the basis to further evaluate the possible intro-
duction of C. m. lengi.

Predators were provided by Entomos (Gaines-
ville, FL). Thanks to Drs. Norm Leppla and Mar-
garet L. Smither-Kopperl of the University of
Florida, and Anna Legrand from the University of
Connecticut, for their comments and editorial
contribution. This research was funded by USDA
Special Research Grant Program, and supported
by the Florida Agricultural Experimental Station
and approved for publication as Journal Series R-
10372.

SUMMARY

After measuring the developmental time, re-
production, and feeding of both subspecies of C.
maculata, we conclude that there were no signifi-
cant differences between subspecies in develop-
mental periods but there were different levels of
female longevity, eclosion, survival, and number
of eggs per mass. In general, C. m. fuscilabris con-

sumed more A. gossypii than C. m. lengi in 24 h
and produced more eggs per female. Further
studies are needed to conclude if the introduction
of C. m. lengi into the ecosystem of Florida would
bring additional benefits to the present predator
complex.

REFERENCES CITED

CHAZEAU, J. 1985. Predaceous insects, pp. 211-244 In
Predaceous mites: Their biology, natural enemies
and control. W. Helle and M.V. Sabelis (eds.).
Elsevier, N.Y. 428 pp.

DARWIN, C. 1964. On the origin of the species: a facsim-
ile of the first edition. Boston, Harvard University
Press. Pp. 346-382.

FRAZER, B. D. 1988. Coccinellidae, pp. 231-247 In A. K.
Minks and P. Harrewinj [eds.], Aphids: Their Biol-
ogy, Natural Enemies and Control. Elsevier, N.Y.
326 pp.

GILES, K. L., J. J. OBRYCKI, AND T. A. DEGOOYER. 1994.
Prevalence of predators associated with Acyrtosi-
phum pisum (Homoptera: Aphididae) and Hypera
postica Gyllenhal (Coleoptera: Curculionidae) dur-
ing growth of the first crop of alfalfa. Biol. Control 4:
170-177.

GORDON, R. D. 1985. The Coccinellidae of America and
North of Mexico. J. New York Entomol. Soc. 93: 1-912.

GRIFFIN, M. L., AND K. V. YEARGAN. 2002. Oviposition
site selection by the pink spotted lady beetle Cole-
omegilla maculata (Coleoptera: Coccinellidae):
choices among plant species. Environ. Entomol. 31:
107-111.

GRODEN, E., F. A. DRUMMOND, R. A. CASAGRANDE, AND
D. L. HAYNES. 1990. Coleomegilla maculata (Cole-
optera: Coccinellidae): Its predation upon the Colo-
rado potato beetle (Coleoptera: Chrysomelidae) and
its incidence in potatoes and surrounding crops.
J. Econ. Entomol. 83: 1306-1315.

HAGEN, K. S.1974. The significance of predaceous Coc-
cinellidae in biological and integrated control of in-
sects. Entomophaga. 7: 25-44.

HAGEN, K. S., AND R. VAN DEN BOSCH. 1968. Impact of
pathogens, parasites, and predators on aphids.
Annu. Rev. Entomol. 13: 325-384.

HILBECK, A., AND G. C. KENNEDY. 1996. Predators feed-
ing on the Colorado potato beetle in insecticide-free
plots and insecticide treated commercial potato
fields in eastern North Carolina. Biol. Control 6:
273-282.

HODEK, I. 1973. Biology of Coccinellidae. W. Junk. The
Hague. Pp. 294.

HOELMER, K., L. S. OSBORNE, AND R. K. YOKOMI. 1994.
Interaction of the whitefly predator Delphastus pu-
sillus (Coleoptera: Coccinellidae) with parasitized
sweet potato whitefly (Homoptera: Aleyrodidae). En-
viron. Entomol. 23: 136-139.

KIECKHEFER, R. W., AND N. C. ELLIOT. 1990. A 13-year
survey of the aphidiophagous Coccinellidae in maize
fields in eastern South Dakota. Canadian Entomol.
122: 579-581.

KRAFSUR, E. S., AND J. J. OBRYCKI. 2000. Coleomegilla
maculata (Coleoptera: Coccinellidae) is a species
complex. Ann. Entomol. Soc. Am. 93: 1156-1163.

MUNYANEZA, J., AND J. J. OBRYCKI. 1998. Development
of three populations of Coleomegilla maculata (Co-
leoptera: Coccinellidae) feeding on eggs of Colorado



88 Florida Entomologist 89(1) March 2006

potato beetle (Coleoptera: Chrysomelidae). Environ.
Entomol. 27: 117-122.

NAULT, B. A., AND G. G. KENNEDY. 2000. Seasonal
changes in habitat preference by Coleomegilla mac-
ulata: implications for colorado potato beetle man-
agement in potato. Biol. Control 17: 164-173.

ODUM, E. 1950. Bird populations of the highlands
(North Carolina) plateau in relation to plant succes-
sion and avian invasion. Ecology 31: 587-605.

PARANJPE, A. 2003. Soilless media, growing containers,
plant densities, and cultivars for greenhouse straw-
berry production in Florida. M.S. Thesis. University of
Florida, Horticultural Sciences Department. 260 pp.

PECK, S. B., AND M. C. THOMAS. 1998. Arthropods of
Florida and neighboring land areas, p. 180 In A dis-
tribution Checklist of The Beetles (Coleoptera) of
Florida. V. 16. Fla. Dept. Agric. and Consumer Ser-
vices.

PERES, O. G. 2000. Reproductive incompatibility be-
tween two subspecies of Coleomegilla maculata (De-
Geer) (Coleoptera: Chrysomelidae). M.S. Thesis.
University of Florida, Department of Entomology
and Nematology. 32 pp.

PERES, O. G., AND M. A. HOY. 2002. Reproductive in-
compatibility between two subspecies of Coleome-
gilla maculata (Coleoptera: Coccinellidae). Florida
Entomol. 85: 203-207.

RONDON, S. I, D. J. CANTLIFFE, AND J. F. PRICE. 2004.
The feeding behavior of the bigeyed bug, minute pi-
rate bug, and pink spotted lady beetle relative to
main strawberry pests. Environ. Entomol. 33: 1014-
1019.

SAS INSTITUTE, INC. 2000. SAS/STAT User’s guide for
personal computers, version V8. SAS Institute,
Cary, NC.

TIMBERLAKE, P. H. 1943. The Coccinellidae or lady bee-
tles of the Koebele collection. Part 1. Bull. Exp. Stn.
Hawaii. Sugar Planters Assoc. Entomol. Ser. 22: 1-67.

WRIGHT, E. J., AND J. E. LAING. 1982. Stage-specific of
Coleomegilla macualta lengi Timberlake on corn in
southern Ontario. Environ. Entomol. 11: 32-37.

WRIGHT, E. J., AND J. E. LAING. 1978. The effects of tem-
perature on development, adult longevity and fecun-
dity of Coleomegilla maculata lengi and its parasite,
Perilitus conccinellae. Proc. Entomol. Soc. Ont. 109:
33-47.


