
INTRODUCTION

Since its discovery in the northeastern U.S. in 1973

(Angalet et al., 1979), the Old World ladybird Coccinella

septempunctata L. (Coleoptera: Coccinellidae), a predator

principally of aphids (e.g., Hodek, 1973; Gordon, 1985;

Hodek & Hon k, 1996), has spread rapidly to establish

itself as a dominant species throughout North America

(e.g., Schaefer et al., 1987; Elliot et al., 1996). In light of

its rapid rise in abundance, two obvious issues arise con-

cerning the biology of this invader and the native ladybird

species with which it now shares North American

habitats: (1) has the arrival of C. septempunctata had

adverse impact on native ladybird species?, and (2) why

has the invader been so successful in establishing in a

new continent (does this species exhibit unusual traits that

promote its success as an invader?)?

Most attention has centered on the first of these ques-

tions (e.g., Obrycki et al., 1987; Schaefer et al., 1987;

Elliott & Kieckhefer, 1990; Kieckhefer & Elliott, 1990;

Ruesink et al., 1995; Simberloff & Stiling, 1996; Obrycki

et al., 2000; but see also Phoofolo & Obrycki, 1995;

Evans et al., 1999). Elliott et al. (1996) analyzed long-

term data to detect numerical decreases in native species

(C. transversoguttata richardsoni Brown and Adalia

bipunctata [L.]) in agricultural crops of central North

America. In general, however, it has proved difficult to

quantify ladybird numbers sufficiently well to test for

population declines over large geographic areas, as these

mobile predators disperse continually and widely among

habitats in search of ephemeral populations of their aphid

prey (e.g., Duelli et al., 1990; Maredia et al., 1992; Ives et

al., 1993; Colunga-Garcia et al., 1997; Evans & Richards,

1997). Nevertheless, more anecdotal sources of evidence

also suggest that populations of native North American

ladybirds may be declining as a result of the rise in num-

bers of C. septempunctata (Staines et al., 1990; Wheeler

& Hoebeke, 1995; Simberloff & Stiling, 1996; Ellis et al.,

1999). The simplest hypothesis to account for such

declines is that native species have suffered from

increased scramble competition for food (e.g., Evans,

1991; Elliott et al., 1996; see also Niemela & Mattson,

1996), although an alternative possibility is that these spe-

cies have been victimized by C. septempunctata through

intraguild predation (Hironori & Katsuhiro, 1997;

Obrycki et al., 1998; see also Agarwala & Dixon, 1992).

Here I present another line of inquiry to probe whether

the arrival of C. septempunctata has adversely affected

native ladybirds through increased scramble competition

for food (the “competition hypothesis”). I focus in par-

ticular on the body size of individual adult ladybirds.

Adult body size can vary widely in many insect species,

in most cases likely as the result both of underlying

genetic variation (e.g., Dingle, 1984; see also Fox et al.,

1999), and of the environmental conditions experienced

during growth of the immature stages (e.g., Gullan &
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Cranston, 1994; Hodek & Hon k, 1996). For predatory

insects in general (e.g., Evans, 1982; Juliano 1985;

Ernsting et al., 1992; Legaspi & O’Neil, 1994; Van Dijk,

1994) and for ladybirds in particular (e.g., Blackman,

1965; Hon k, 1983; Obrycki & Orr, 1990; Orr &

Obrycki, 1990), the quality and quantity of the food

supply for immature stages can have significant impact on

the size achieved by the adult insect.

Given that adult body size can reflect larval food sup-

ply, I test the competition hypothesis here by assessing

whether adults of native aphidophagous ladybirds in

northern Utah have declined in average body size fol-

lowing the arrival of C. septempunctata. I also compare

variability in body size between C. septempunctata and

native ladybird species to explore whether C. septem-

punctata is distinctive such as to suggest the general eco-

logical basis for its striking success in establishing itself

across North America. Greater variability on the part of

the invader would be consistent with the hypothesis that

C. septempunctata is more generalized than are native

species in the environmental conditions under which it

succeeds in developing (more generally, successful

invaders are often hypothesized to be “generalists”; e.g.,

see reviews by Lodge, 1993a,b). Conversely, less vari-

ability on the part of the invader would be provocative in

that it might reflect that the invader's success lies particu-

larly in its superior ability to capitalize on a narrow range

of favorable conditions under which to develop (e.g., see

Evans, 1982).

MATERIAL AND METHODS

Representative samples of adult ladybirds were collected

from alfalfa in the spring in northern Utah (Cache Valley).

These ladybirds had developed to adulthood the previous year in

unknown but presumably diverse habitats and environmental

conditions (including quantity and quality of food supply).

Upon emergence from overwintering sites, they dispersed into

alfalfa fields (and other habitats) to feed on aphids and other

prey and to reproduce (e.g., see Evans & Youssef, 1992). Thus,

the analyses presented concern ladybird metapopulations over

the landscape, rather than just populations of beetles developing

in alfalfa.

In the springs of 1989 and 1991–1999, ladybirds were sam-

pled by sweep net and/or hand collection (with all species col-

lected as encountered) from alfalfa fields near Logan, Utah.

Eight fields were sampled in 1989 in both early and late May

(see Evans & Youssef, 1992), seventeen fields were sampled

during May 1992, and one field only was sampled (on four

occasions) during the unusually cold and wet spring of 1995. In

other years, two or three fields were sampled repeatedly (gener-

ally at weekly intervals) throughout the period late April-early

June.

Ladybirds were frozen upon collection, and sorted and identi-

fied to species and sex at a later occasion. Specimens collected

in 1991–1997 were also measured for body size with aid of a

micrometer at 7.5x under a dissecting microscope. Three meas-

urements were made on each individual: maximum width of the

abdomen and maximum width of the pronotum (both as viewed

ventrally), and length of the elytron (as viewed dorsally along

the inner edge). Because all three measurements were highly

correlated with each other for individuals of each sex in all spe-

cies, only the width of the abdomen is presented below as an

index of overall body size of an individual female or male.

In addition to the invader C. septempunctata, five species of

native North American ladybirds (C. transversoguttata, Hippo-

damia sinuata crotchi Casey; H. convergens Guerin, H. quin-

quesignata quinquesignata [Kirby], and H. tredecimpunctata

tibialis [Say]) were collected in sufficient numbers each year

(1991–1997) to test whether a long-term decline in average

body size of these species occurred as the invader became more

numerous, and to compare the variability in body size of the

introduced versus native species (as reflected by the coefficient

of variation in body size; i.e., the standard deviation divided by

the mean, expressed as a percentage; Sokal & Rohlf, 1981). Pat-

terns of body size based on spring-collected individuals (that

became adults the previous year) might be influenced by differ-

ential survivorship of individuals of varying size over the

winter; Hon k (1997), however, concluded that winter survival

was not significantly affected by body size in European popula-

tions of C. septempunctata.

RESULTS AND DISCUSSION

No individuals of C. septempunctata were recovered

from alfalfa fields in northern Utah in 1989, but the

invader had appeared in low numbers by 1991 and there-

after rose rapidly in abundance such that by 1999, 95% of

adult ladybirds collected from alfalfa during the first crop

were individuals of this species (Fig. 1). As dramatic as

this change is, it alone cannot be taken as evidence of

adverse effect of the invader on native ladybirds. Because

absolute numbers of ladybirds in alfalfa vary so greatly

among fields and years (depending in part upon local

abundance of aphids; e.g., Hon k, 1982; Evans and

Youssef, 1992; Ives et al., 1993), it is difficult to deter-

mine if the changing relative abundance of the invader in

alfalfa fields resulted primarily from an increase in its

own numbers or also from a general decline in numbers

of native species.

During the period of rapid build-up in numbers of the

invader, the average body size of the five most abundant

native ladybird species in alfalfa showed no tendency to

decline (Fig. 2; for neither males or females of any of the

five species was there a significant negative correlation
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Fig. 1. Percentage of ladybird adults (all species combined)

collected in alfalfa fields in northern Utah during the springs of

1989–1999 that belonged to the invasive species, C. septem-

punctata.



between abdominal width and year of collection [p 10

in all cases both for mean width per year, and for indi-

vidual widths each year]). Indeed, the only marked trend

in body size suggested by the data is an intriguing possi-

bility of increase rather than the predicted decrease for C.

transversoguttata (particularly females). During this same

period of years, the mean body size of C. septempunctata

neither consistently increased nor decreased as the

invader became more firmly established (Fig. 2; p > 0.45

for correlations of size and year for both mean and indi-

vidual widths of males and females).
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Fig. 2. Widths of abdomens (means +/– 2 s.e.) of adult ladybirds collected in alfalfa in northern Utah during the springs of

1991–1997 for females (top line in each panel) and males (bottom line in each panel) of (left, top to bottom): C. septempunctata

(C7), C. transversoguttata (Ct), Hippodamia sinuata (Hs); and (right, top to bottom): H. convergens (Hc), H. quinquesignata (Hq),

and H. tredecimpunctata (Ht).



These body size data hence fail to provide any clear

support for the hypothesis that increased scramble compe-

tition for food stemming from the arrival of C. septem-

punctata has adversely affected native North American

ladybirds. The absence of clear declines in body size of

native species over time, on the other hand, is not at odds

with the leading alternative to this competition hypo-

thesis, the intraguild predation hypothesis wherein

adverse effects result primarily from the invader preying

upon eggs and larvae of native species (e.g., Hironori &

Katsuhiro, 1997; Obrycki et al., 1998). Another possi-

bility (the “habitat compression hypothesis”) is that at

least in northern Utah, the arrival of C. septempunctata

has resulted primarily in habitat redistribution or com-

pression (perhaps with consequent reduction in overall

numbers) of native species. Thus, although numbers of

native ladybirds may have declined in alfalfa as numbers

of the invader have increased, this may simply reflect that

C. septempunctata thrives in alfalfa (as it does generally

in field crops of Europe; e.g., Hon k & Rejmánek, 1982;

Hon k, 1985) and thereby so reduces prey populations as

to make this habitat no longer attractive to native species.

Hence, with the arrival of the invader, the native species

may have “retreated” from the non-native alfalfa eco-

system (with which they have only come to be associated

over the last one hundred and thirty years) to other habi-

tats (e.g., “ancestral habitats”) where they still find suffi-

cient prey as larvae to maintain as a metapopulation an

unchanging average body size. Indeed, my collections

and observations in native habitats of northern Utah

during the 1990s indicate that although C. septempunc-

tata is broadly distributed across the landscape, it has not

become (at least yet) as dominant a member of the local

ladybird fauna in these environments as it is in alfalfa.

For example, the invader represented only 3% (3 of 93

individuals) of adult ladybirds (of several species of Coc-

cinella and Hippodamia) collected on native riparian

vegetation and adjacent sagebrush (Artemisia tridentata

Nutt., Asteraceae) in May 1999 (see Youssef & Evans,

1994 for further description of the sampling site).

Can we probe the patterns of adult body size to address

why C. septempunctata has been so successful in estab-

lishing itself in North America? In this light, it is pro-

vocative to compare intraspecific variation in adult body

size among ladybird species. For example, the median

sizes of individuals of a given sex of C. septempunctata

and C. transversoguttata collected in 1991–1997 are

nearly identical, but the variation in body size is less

tightly constrained around the median for the invader than

for the native (Fig. 3; Likelihood ratio chi-square tests

with tails of the distribution [12% or more deviation from

the median] collapsed into single categories: G2 for males

= 31.59, d.f. = 8, p < 0.001; G 2 for females = 15.45,

d.f. = 8, p = 0.051). When one compares variation in

body size of the invader with that of native ladybirds in

general, the coefficient of variation (combined data,

1991–1997) of C. septempunctata is significantly greater

than those of native species (Fig. 4; t test comparisons of

a single observation with the mean of a sample [Sokal &

Rohlf, 1981]: ts = 4.592, p < 0.02 for females, and ts =

3.058, p < 0.05 for males).

Adult body size in ladybirds is likely the outcome of a

complex interaction of genotype with environmental con-

ditions experienced by the developing immature predator.

To the extent that genetic variation is important, one

might expect a founder effect to result in the invader dis-

playing relatively low variability in body size. Krafsur et

al. (1992), however, found no evidence for reduction in

genetic diversity associated with colonization of North

America by C. septempunctata (see also Meffert, 1999).

On the other hand, the high variability in body size

observed for C. septempunctata may reflect that this spe-

cies possesses unusually high genetic variation for body

size such that individuals collectively can succeed in

developing under unusually diverse conditions (e.g., indi-

viduals with genetic propensity for small adult size may

be able to develop successfully even when prey densities

are unusually low). Such a possibility is difficult to distin-

guish, of course, from the possibility that females readily
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Fig. 3. Percentage of individuals of C. septempunctata and C.

transversoguttata collected in alfalfa fields in northern Utah

during the springs of 1991–1997 that deviated in width by a

given percentage from the median width of the population. Top:

adult males (total number of individuals collected, N = 811 and

289, and median width = 4.27 and 4.13 mm, for C. septempunc-

tata and C. transversoguttata, respectively). Bottom: adult

females (N = 664 and 194, and median width = 4.53 and 4.40

mm, for C. septempunctata and C. transversoguttata, respec-

tively).



reproduce under diverse conditions with the result that

their offspring achieve highly variable adult sizes (even in

the absence of significant genetic variation for body size)

depending on their varying larval experiences, particu-

larly as regards food quality and quantity (e.g., see

Hon k, 1983). Hodek & Hon k (1996) characterize

C. septempunctata as an r-selected species that engages in

high-risk overproduction of progeny that often results in a

great proportion of offspring failing to survive. In this

behavior, C. septempunctata may be distinctive in com-

parison with North American species in being a generalist

with a high degree of “ecological flexibility” that attempts

and is able to reproduce successfully under many condi-

tions. The flexibility particularly associated with its repro-

ductive habits may be a critical factor contributing to the

very rapid rise in abundance of this successful invader

throughout the North American continent. 
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Fig. 4. Coefficient of variation (CV = standard deviation/

mean × 100; Sokal & Rohlf, 1981) for adult ladybirds collected

in alfalfa in northern Utah during the springs of 1991–1997 for

C. septempunctata (C7; N = 664 females and 811 males),

C. transversoguttata (Ct; N = 194 females and 289 males),

H. sinuata (Hs; N = 330 females and 254 males), H. convergens

(Hc; N = 196 females and 208 males), H. tredecimpunctata (Ht;

N = 61 females and 48 males), and H. quinquesignata (Hq;

N = 722 females and 254 males).
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