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Abstract. Coccinella septempunctataandPropylea quatuordecimpunctatain North America
have documented invasive capacity. Studies are needed to identify relevant life-history para-
meters responsible for their successful spatial spread. This study is a detailed analysis of
phenotypic variation in reproductive traits of several Nearctic and Palearctic populations of
these two coccinellid species. From 47 to 61% ofC. septempunctatafemales laid their first
batch of eggs within the first two weeks of their adult life. WithinP. quatuordecimpunctata
populations, 56 to 83% of females initiated oviposition within 2 weeks. The remaining females
either had preoviposition periods >2 weeks or never laid eggs during a 60-day observa-
tion period. Analysis of daily fecundity revealed differences in oviposition strategies among
females within each population. Repeatability estimates of daily parity forC. septempunctata
populations were 0.32 for Iowa (USA), 0.35 for Delaware (USA), 0.28 for France, and 0.33
for Ukraine. Repeatability estimates forP. quatuordecimpunctatapopulations were 0.35 for
Canada, 0.25 for France, and 0.33 for Turkey. The within-female component accounted for
most of the variation in daily parity; this was due to female variability in their daily oviposition
rates.
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Introduction

Reproductive capacity is an ecological trait considered by ecologists to be a
crucial factor governing the ability of exotic species to successfully invade
new habitats (Crawley, 1986; Ehrlich, 1986; Roy, 1990). But, when assessing
the invasive potential of species on the basis of their reproductive capacity, the
focus is on measures of central tendency such as the intrinsic rate of increase,
whereas heterogeneity among individuals is ignored (Bennett, 1987). For
example, species or populations with high intrinsic rate of increase are
considered to have higher invasive potential (MacArthur and Wilson, 1967;
Crawley, 1986); but similar to other traits of an ideal biological invader, there
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is little evidence to indicate that this prediction applies to all species (Parsons,
1983; Lawton and Brown, 1986; Ehrlich, 1986; Roy, 1990; Lodge, 1993). The
analysis of heterogeneity among individuals needs greater consideration in
invasion ecology, because natural selection, which drives evolutionary change
and hence adaptation to novel environmental conditions, acts primarily on
phenotypes.

Our objective in this paper is to analyze phenotypic variation in repro-
ductive traits of Nearctic and Palearctic populations of aphidophagous
coccinellid species,Coccinella septempunctataL. and Propylea quatuor-
decimpunctataL. (Coleoptera: Coccinellidae). Both species are indigenous
to the Palearctic region, where they are widely distributed (Hodek, 1973), but
they have also established in the Nearctic region (Day et al., 1994). Since
its detection in North America in 1973,C. septempunctatahas expanded
its distribution across most of the continental USA and become one of the
dominant coccinellids in agricultural habitats (Day et al., 1994; Elliott et
al., 1996; Obrycki and Kring, 1998). The first detection ofP. quatuordecim-
punctatain North America was in 1968 in Quebec, and it has since expanded
its distribution southward (Day et al., 1994). The sources of the original popu-
lations of both species that first established in North America are not known,
but it is presumed that the first establishments of both species were fortuitous
(Obrycki and Kring, 1998).

The invasive ability shown by these coccinellids in North America has
raised several questions. Because they prey on several aphid species that
are crop pests, applied ecologists may view their widespread occurrence as
economically important. This view led to many human-assisted redistribu-
tion attempts of these species, particularly against the Russian wheat aphid,
Diuraphis noxiaMordvilko (Flanders et al., 1991). However, their invasive-
ness and polyphagy has raised concerns about their role in displacement of
native aphidophagous coccinellid species (Elliott et al., 1996; Obrycki et
al., 1998a, b, 1999). We have previously reported the results of comparative
studies on several life-history characteristics of selected geographic popula-
tions of these two species (Obrycki et al., 1993; Phoofolo and Obrycki, 1995).
Comparisons, however, were based on averages of the life-history traits,
which do not account for the heterogeneity in reproductive characteristics
found within each geographic population.
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Materials and methods

Sources of populations

We studied individuals of two Palearctic and NearcticC. septempunctata
populations and two Palearctic and one NearcticP. quatuordecimpunctata
populations. Palearctic adultC. septempunctatawere originally collected in
1989 from France and Ukraine. These adults were shipped to quarantine facil-
ities at the USDA-ARS BIIR Laboratory, Newark, DE, USA where they were
reared on pea aphids for one generation. Adults, eggs, and larvae were then
shipped to the USDA-APHIS Biological Control Laboratory at Niles, MI.
The beetles were then reared on greenbugs for one to two generations before
adults were shipped to Ames, IA. Nearctic adultC. septempunctatafrom
Delaware were field-collected by personnel from the USDA-ARS BIIRL at
Newark, DE and then shipped to Ames during 1990–1991. Adults from Iowa
were collected from alfalfa fields in central Iowa during 1990–1991.

Palearctic adultP. quatuordecimpunctatawere originally collected from
Turkey and France in 1989. Nearctic adultP. quatuordecimpunctatawere
collected from Quebec, Canada in 1989. These beetles were shipped to quar-
antine facilities at the USDA-ARS BIIRL, Newark, DE, where they were
reared on pea aphids for one generation. Adults, eggs, and larvae were then
shipped to USDA-APHIS Biological Control Laboratory at Niles, MI. There,
the beetles were reared on greenbugs for one to two generations before adults
were shipped to Ames, IA.

Experimental procedures

Experimental F1 adults for each geographic population for each coccinellid
species were sexed on the day of eclosion and arranged into 40 pairs. Each
member of a pair came from different parents. The mating pairs were indi-
vidually held in a half-pint carton (0.24 1) covered with a piece of white
organdy cloth. To supply water to the beetles, a 12-ml glass vial was filled
with distilled water, plugged with cotton, and stuck through a hole punched
in the side of the carton. Pairs were provided with a diet of a 1:1 mixture of
honey and Wheastr (Qualcepts Co., Minneapolis, MN) and a surplus daily
supply ofA. pisum. Pairs were maintained at 26± 1 ◦C and a photoperiod of
L18:D6 h forC. septempunctataand L16:D8 forP. quatuordecimpunctata.

Daily fecundity, defined as the number of eggs oviposited per female per
day, was determined by counting all eggs including the remains from canni-
balized eggs over the first 60 days of the adult life span. We chose a 60-d
observation period to represent the major reproductive period (late spring)
for these two species in northern temperate regions.
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Data collection and analysis

Age at reproductive maturity
Reproductive maturity was assessed as the age of first reproduction, i.e.
age of female when it lays its first batch of eggs. Variation in reproductive
maturity was evaluated by determining frequency distributions of preoviposi-
tion periods among females. Preoviposition period is defined as the number
of days from adult eclosion to the day before the first day of egg-laying.

Daily parity classes
The daily parity classes provide frequency distributions of daily fecundity in
terms of the fraction of the female cohort whose daily fecundity falls into
one of several fecundity classes (Carey et al., 1988; Carey, 1993). The daily
fecundity classes used were 0 eggs, 1–29 eggs, 30–59 eggs, and≥60 eggs.
Daily fecundity was analyzed to determine the consistency of oviposition
rates. The classes were selected on the basis of the relationship between
number of ovarioles and egg production rates in aphidophagous coccinel-
lids (Stewart et al., 1991a). Stewart et al. (1991a) found a linear relationship
between the number of ovarioles and clutch size in 11 coccinellid species,
including C. septempunctataand P. quatuordecimpunctata, described by
Equation (1):

Clutch size= 0.54 Ovariole number− 2.2. (1)

The number of ovarioles is reported to range from 80–94 inC. septem-
punctataand 20–28 inP. quatuordecimpunctata(Iperti, 1966a). Based on the
relationship in Equation (1), the daily fecundity can range from zero (i.e. no
oviposition) to a (variable) number that is a multiple of clutch size, depending
on how many clutches a female can lay per day. Females of both species
are capable of laying >1 clutch per day (Evans and Dixon, 1986; Stewart
et al., 1991b). We also know that both species have asynchronous ovariole
development, i.e. not every ovariole produces eggs at the same time (Phoofolo
et al, 1995).

Cumulative parity classes
This method calculates frequency of cumulative parity classes that express the
fraction of the cohort whose cumulative total egg production falls into one of
several classes. Cumulative parity shows the longer term consistency in egg
production among females as a function of age (Carey, 1993). For example,
there may be a proportion of the female cohort that does not lay eggs. Cumu-
lative parity analysis shows how and to what extent this proportion changes as
a function of the age of the females. We used the following cumulative parity
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classes: 0 eggs, 1–100 eggs, 101–500 eggs, 501–1000 eggs, 1001–1500 eggs,
and >1500 eggs. These classes were based upon previously published total
fecundity estimates for the two species (Hodek, 1973).

Repeatability of parity
The temporal repetition of a trait allows its total phenotypic variance (VP)
to be partitioned into a within-individual and among-individuals compo-
nents. Whereas the within-individual component arises solely from temporary
environmental effects between successive measurements. (VEs), the among-
individuals variance constitutes both a genotypic (VG) and general environ-
mental (VEg) variance (Falconer, 1989). Repeatability, the intraclass correla-
tion coefficient, indicates the proportion of total variation in a trait that is due
to differences among individuals (Falconer, 1989). It is based on repeated
measurements of the trait within the same individuals followed by a one-way
analysis of variance. Repeatability, R, is defined as:

R = (VG+ VEg)/VP. (2)

The variance components used in calculating repeatability are estimated
from the analysis of variance as explained by Lessels and Boag (1987). We
calculated repeatability of daily parity from repeated measurements of egg
production ofC. septempunctataandP. quatuordecimpunctatafemales.

Results

Reproductive maturity

The mean preoviposition periods alone (Table 1) do not show how variable
this trait is. However, the range and frequency of preoviposition periods
(Figure 1) shows that, whereas mostC. septempunctatafemales in all four
populations laid the first batch of eggs within the first two weeks of their
adult life (46.9% from Iowa, 60.0% from Delaware, 54.3% from France,
and 60.6% from Ukraine), some females had preoviposition periods of >2
weeks (Iowa 25.0%, Delaware 11.4%, France 25.7%, and Ukraine 18.2%).
We also found that 28.1% of females from Iowa, 28.6% from Delaware,
20.0% from France, and 21.1% from Ukraine did not lay eggs during the
60-d experimental period.

Similarly for P. quatuordecimpunctata, we found that, whereas most
females reached reproductive maturity by their second week of adult life
(83.3% from Canada, 80.0% from France, and 56.4% from Turkey) (Figure
2), some females had preoviposition periods of >2 weeks (Canada 16.7%,
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Table 1. Average oviposition rates of geographic populations ofCoccinella septempunctata
andPropylea quatuordecimpunctata

Species Population Preoviposition Total eggs Eggs per

period, per female per female

d (SD) per day (SEM)

C. septempunctata Iowa 20.7 (19.5) 861 11.9 (15.6)

C. septempunctata Delaware 13.7 (20.1) 863 16.0 (17.8)

C. septempunctata France 16.0 (17.1) 1032 19.0 (18.9)

C. septempunctata Ukraine 15.3 (16.4) 891 17.2 (18.7)

P. quatuordecimpunctata France 8.6 (8.1) 625 11.9 (5.9)

P. quatuordecimpunctata Turkey 7.0 (4.0) 532 9.3 (6.7)

P. quatuordecimpunctata Canada 17.2 (13.8) 441 7.0 (6.0)

France 8.6%, and Turkey 38.5%). However, unlikeC. septempunctatapopu-
lations, allP. quatuordecimpunctatafemales from Canada laid eggs by the
end of the experimental period and only 11.4% and 5.1% of females from
France and Turkey, respectively, did not lay eggs in 60 days.

Daily parity

There were no significant differences among populations of each species in
mean daily fecundity per female (C. septempunctataANOVA, F = 1.30; df =
3, 147;P = 0.28;P. quatuordecimpunctataANOVA, F = 2.85; df = 2, 110;
P = 0.10) (Table 1). Frequency distributions show that there is considerable
variation in daily parity for both species (Figures 3 and 4). For example, on
day 20, 73.7% of the cohort ofC. septempunctatafemales from Iowa did
not lay eggs, 13.2% laid 1–29 eggs, 5.3% laid 30–59 eggs, and 7.9% laid
>59 eggs. Females ofP. quatuordecimpunctataalso had variation in daily
parity as shown by the population from France on day 20, where 25.0% did
not lay eggs, 63.9% laid 1–29 eggs, and 8.3% laid 30–59 eggs. The >59
eggs daily parity class was not observed in anyP. quatuordecimpunctata
population. This is due to their smaller body size and fewer ovarioles relative
to C. septempunctata. The other factor that contributes to variation in daily
parity is the occurrence of a large proportion of females that belonged to the
null-parity class (females that did not lay eggs) for all ages (Figures 3 and 4).

Both the reproductively immature and mature females formed the null-
parity class. In both species, most reproductively mature females did not lay
eggs daily (Figures 5 and 6). ForC. septempunctata, the percentage of days
on which a mature female laid at least one egg ranged from 1.9 to 96.4%
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Figure 1. Frequency distributions of preoviposition periods inC. septempunctatapopulations
from Iowa, Delaware, France, and Ukraine.

among Iowa females, 7.4 to 100% among Delaware females, and 1.9 to 100%
among females from France and Ukraine. ForP. quatuordecimpunctatathe
percentage of days on which a reproductively mature female laid at least one
egg ranged from 19.6 to 100% among French females, 15.9 to 98.2% among
Turkish females, and 2.3 to 100% among females from Canada.
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Figure 2. Frequency distributions of preoviposition periods inP. quatuordecimpunctata
populations from France, Turkey, and Canada.

Cumulative parity

There were wide ranges in oviposition rates of both species as reflected by
the occurrence of different cumulative parity classes (Figures 7 and 8). For
example, in age class 7, out of the cohort of 38C. septempunctatafemales
from Iowa, 68.4% had not laid eggs, 23.7% had laid between 1–100 eggs,
and the remaining 7.9% had laid 101–500 eggs (Figure 7A). By age class 35,
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Figure 3. Fraction of females inC. septempunctatapopulations which had laid 0 eggs, 1–29
eggs, 30–59 eggs, and >59 eggs by age (daily parity). A, Iowa; B, Delaware; C, France; D,
Ukraine.

44.7% of the 38 Iowa females still had not laid eggs, whereas 26.3% had laid
1–100 eggs, 10.5% and laid 101–500 eggs, 2.6% had laid 501–1000 eggs,
10.5% had laid 1001–1500 eggs, and the remaining 5.3% had laid >1500
eggs. The spread in oviposition rates among females of the other threeC.
septempunctatapopulations was such that by the end of the first week of
adult life, only the first 3 cumulative parity classes were represented, whereas
by the end of the 5th week all the parity classes were represented (Figure
7B–D). Unlike C. septempunctata, there were noP. quatuordecimpunctata
females with a cumulative fecundity of >1500 eggs (Figure 8), which is a
consequence of their smaller body size. Also,P. quatuordecimpunctatapopu-
lations had fewer females in the nulliparous class compared to those of theC.
septempunctatapopulations (Figures 7 and 8). The average total fecundities
of the populations within each species, which did not differ significantly (C.
septempunctataANOVA, F = 0.82; df = 3, 147;P = 0.49;P. quatuordecim-
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Figure 4. Fraction of females inP. quatuordecimpunctatapopulations which had laid 0 eggs,
1–29 eggs, and 30–59 eggs by age (daily parity). A, France; B, Turkey; C, Canada.

punctataANOVA, F = 2.22; df = 2, 110;P = 0.11) (Table 1), do not show the
variation in parity seen in Figures 7 and 8.

Repeatability of daily parity

For C. septempunctatapopulations, the within-female components of vari-
ation were larger than the among-female components (Table 2). Differences
among individuals accounted for 32% of the total phenotypic variance in
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Figure 5. Percent of all days in which reproductively matureC. septempunctatafemales laid
at least one egg.

Figure 6. Percent of all days in which reproductively matureP. quatuordecimpunctatafemales
laid at least one egg.
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Figure 7. Fraction of females inC. septempunctatapopulations that had laid a cumulative
total of 0 eggs, 1–100 eggs, 101–500 eggs, 501–1000 eggs, 1001–1500 eggs, and >1500 eggs
by age (cumulative parity). A, Iowa; B, Delaware; C, France; D, Ukraine.

daily parity of Iowa females, 35% of the daily parity variance of Delaware
females, 28% of the French females, and 33% of the Ukrainian females (Table
2). Similar toC. septempunctata, partitioning of daily parity variance indi-
cated that for allP. quatuordecimpunctatapopulations, intra-female variance
was larger than the variance resulting from differences among females (Table
2). Inter-female variance accounted for 25% of the total phenotypic variance
in the daily parity of the French population, 33% of the daily parity variance
of the population from Turkey, and 35% of the variance within the population
from Canada (Table 2). From equation 2 it can be seen that the inter-female
variation may reflect genetic differences (VG), differences due to permanent
environmental influences (VEg), or both.

The within-female variance in daily parity accounted for≥65% of the total
variance for all populations of the two species (Table 2). These large within-
female variances are due to high inconsistencies displayed by females in the
number of eggs laid per day. That is, the differences in the number of eggs laid
by a female each day were larger than the differences among females in their
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Figure 8. Fraction of females inP. quatuordecimpunctatapopulations that had laid a cumu-
lative total of 0 eggs, 1–100 eggs, 101–500 eggs, 501–1000 eggs, 1001–1500 eggs by age
(cumulative parity). A, France; B, Turkey; C, Canada.

daily parity. Therefore, repeatability can also be interpreted as the correlation
between the daily parities within each female; the smaller the repeatability
the smaller the correlation between daily parities. If the estimate of the daily
parity repeatability is closer to 1.0 it means that females lay approximately
the same number of eggs every day.
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Table 2. Repeatability and variance components of daily parity within geographic popula-
tions ofCoccinella septempunctataandPropylea quatuordecimpunctata

Species Population Inter-female Intra-female Repeatability

variance variance

C. septempunctata Iowa 233.48 502.80 0.32

C. septempunctata Delaware 306.08 579.24 0.35

C. septempunctata France 340.24 815.57 0.28

C. septempunctata Ukraine 336.27 693.80 0.33

P. quatuordecimpunctata France 32.76 96.50 0.25

P. quatuordecimpunctata Turkey 39.76 81.41 0.33

P. quatuordecimpunctata Canada 34.76 63.66 0.35

Discussion

The importance of age at first reproduction in the colonizing ability of organ-
isms was first addressed by Lewontin (1965), who compared the effects of
changes in several life history traits on the intrinsic rate of increase, r. He
found that, for example, to increase r from 0.510 to 0.565 an organism would
need to double its total fecundity from 5000 to 10,000 or decrease its age
at first reproduction from 8.6 to 7.5 days. From this and other examples,
Lewontin (1965) determined that, in general, 10% reductions in age at first
reproduction are approximately equivalent in their effects on r to increases of
about 100% in total fecundity. This led him to conclude that species that have
‘a long history of colonization’ should have low levels of genetic variance
in their age at first reproduction and relatively higher levels of variance in
fecundity. This is because directional selection will have acted more strongly
on the age at first reproduction than on fecundity during the colonizing phase
of the invasion process. Roff (1993) pointed out that Lewontin’s conclusion
applies only to species where r is significantly larger than zero, and that when
r is close to zero, a delay in reproduction (i.e. longer preoviposition periods)
results in larger r. Therefore, in species with r close to zero, selection should
favor delays in reproduction.

Both Coccinella septempunctataand Propylea quatuordecimpunctata
have invaded large parts of North America and are continuing to widen
their distributions. Estimates of the intrinsic rate of increase ofC. septem-
punctata populations were reported by Phoofolo and Obrycki (1995) to
be 0.17 individuals per female per day for the Iowa population, 0.20 for
Delaware, 0.19 for France, and 0.18 for Ukraine. The intrinsic rate of increase
of P. quatuordecimpunctatapopulations were estimated by Obrycki et al.
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(1993) as 0.14 for the Canadian population whereas that of the two Palearctic
populations was 0.15. Given that these estimates of r were reported to be
statistically different from zero and that the Palearctic populations of both
species were collected from their indigenous locations, based on Lewontin’s
(1965) conclusions, one would have expected them to have more homogen-
eous preoviposition periods than the Nearctic populations, which have not
had ‘a long history of colonization’.

Our results, however, show that whereas most females laid their first egg
within two weeks of their adult life, the remaining females either had long
preoviposition periods or never laid any egg during the 60-day experimental
period. Similar results were obtained fromC. septempunctatapopulations
from the former Czechoslovakia (Hodek, 1966) and France (Bonnemaison,
1966), where it was shown that even after rearing populations for 6 gener-
ations, some females still did not lay eggs despite optimal conditions for
reproduction (excess prey, long photoperiods, suitable temperature, and
relative humidity). Hodek (1966) concluded that this pattern reflected the
occurrence of a mixture of univoltine and multivoltine individuals, whereby
univoltine individuals are characterized by long preoviposition periods (i.e.
diapause) and multivoltine individuals have short preoviposition periods (i.e.
no diapause). We previously interpreted this intrapopulation variation in
preoviposition periods as evidence of a bet-hedging strategy (Phoofolo and
Obrycki, 1995). Bet-hedging strategies in seasonal reproduction have been
documented in other aphidophagous predators such asChrysoperla carnea
(Tauber and Tauber, 1986, 1992, 1993). UnlikeC. septempunctata, that is
evidently heterogeneous in Europe,P. quatuordecimpunctatapopulations in
southeast France are considered to be exclusively multivoltine (Iperti, 1966b).
Our results indicate thatP. quatuordecimpunctatahad fewer females with
long preoviposition periods compared withC. septempunctata. Perhaps this
is the reflection of differences in geographical distributions and invasion
rates/abilities of these species.

Daily fecundity analyses within each geographic population showed that
reproductively mature females have different oviposition rates as shown by
the frequency distributions of daily parity classes. WithinC. septempunctata
populations, females had daily fecundities that ranged from zero to >59
eggs per day, whereas withinP. quatuordecimpunctatapopulations, daily
fecundities ranged from zero to <59. This suggests that the relationship
proposed by Stewart et al. (1991) between clutch size and ovariole number in
coccinellids (Equation (1)) represents potential rather than realized fecundity.
If females laid eggs according to the clutch size-ovariole number relationship,
the daily parity classes of 30–59 and >59 eggs would be more represented in
C. septempunctatawhereas the parity class of 1–29 eggs would be less repre-
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sented because only females with ovariole numbers of≤58 would contribute
to that class. Iperti (1966a) reported the range of ovariole numbers inC.
septempunctatato be 80–94; this probably represents ovariole numbers of
the majority, but not all of the females in this species. The number of ovari-
oles inP. quatuordecimpunctatarange from 20–28, which is one-quarter to
one-third that ofC. septempunctata(Iperti, 1966a). The small body size and
number of ovarioles ofP. quatuordecimpunctatafemales (relative to those
of C. septempunctata) explain the absence of both the daily parity class of
>59 eggs and cumulative parity class of >1500 eggs and the smaller average
fecundity.

The within-female component of variation in daily parity was larger than
that due to differences among females in all populations of both coccinellid
species (Table 2). This provides further evidence that the actual fecundity of a
species is not constant (it would be constant if ovariole number was the only
determinant of fecundity) but varies on a daily basis. If resources and other
environmental conditions are held constant, two other factors besides ovariole
number influence actual fecundity in insects: age at mating and mating
frequency (Markow, 1982, 1996; Leather, 1988, 1995; Ridley, 1988). During
our experiment mating incidences were not continuously monitored; the only
mating incidences that we took note of were those that occurred when feeding
and egg-counting were done. Therefore, we do not know the extent to which
variation in daily fecundity was influenced by mating frequency. But large
variation within each female in daily fecundity cannot be explained by the
influence of mating frequency in these species, i.e. if mating frequency was a
factor, its influence would be observed on the among-individual component
of daily fecundity variation. Godfray (1987) and Godfray and Ives (1988)
proposed that females do not produce precise clutch sizes but instead they
may have evolved reproductive behaviors that promote stochastic oviposition
rates as a result of living in temporally and spatially unpredictable envi-
ronments. Such stochasticity may be evidence of a bet-hedging strategy, an
adaptation that results in a variable phenotypic expression of a single geno-
type, and therefore enabling species to survive in unpredictable, as well as
novel, environments (Walker, 1986; Seger and Brockmann, 1987). Estimates
of repeatability of daily fecundity were relatively low, indicating that most of
the variation in this trait is due to environmental rather than genetic effects;
however, during this study, environmental conditions were kept constant as
far as we could determine. Low repeatabilities of daily fecundity support
the premise that natural selection has utilized most of the genetic vari-
ation associated with life-history traits, leading these traits to have relatively
lower heritabilities compared with morphological traits not related to fitness
(Mousseau and Roff, 1987; Falconer, 1989).
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In this paper, we followed the approach of analyzing biological differ-
ences among and within individuals. We contend that phenotypic variation,
whether or not genetically based, is important for populations to survive in
environments that are unpredictable, as well as those that are novel to the
species. Therefore, rather than trying to correlate averages of ecological traits
to the invasive ability of species (i.e. establishment success of biological
control agents), perhaps emphasis should be placed on determining if ability
to invade new environments correlates with phenotypic variations of traits
that are ecologically important. It is therefore quite possible that the vari-
ation in reproductive traits of bothC. septempunctataandP. quatuordecim-
punctatahave contributed to their establishment and subsequent widespread
distribution in North America.
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