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The genetic basis of developmental stability.
V. Inter- and intra-individual character

variation

GEOFFREY M. CLARKE*

CSIRO Entomology, GPO Box 1700, Canberra, ACT 2601, Australia

Examination of levels of inter- and intra-individual variation for a number of characters across
11 invertebrate species revealed a significant concordance of character coefficients of variation
among samples within a species, suggesting that some characters are consistently more (or less)
variable than others. In addition a significant positive correlation between character CV and
asymmetry values was observed, suggesting that the underlying genetic mechanisms responsible
for buffering character development against both external and internal environmental variation
are either the same or inter-related. These results are discussed in relation to associations
between character variation and individual fitness.
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Introduction

Developmental homeostasis refers to those mechan-
isms responsible for ensuring phenotypic constancy
in the face of genetic, environmental and develop-
mental variation (Waddington, 1957). Such homeo-
stasis comprises two often confused components, viz.
canalization and developmental stability (Zakharov,
1989). Canalization (Waddington, 1942) refers to
processes that buffer development to reduce the
amount of potential phenotypic variation that might
otherwise result from genetic or environmental vari-
ation, whereas developmental stability (Mather,
1953) refers to buffering processes that reduce the
variation resulting from developmental accidents
(noise). In other words, canalization enhances
phenotypic constancy regardless of the underlying
genotype or environment whereas developmental
stability enhances constancy for a given genotype
and environment. In essence, canalization acts to
reduce phenotypic variation among individuals
whereas developmental stability reduces variation
within individuals. Waddington (1957, 1960) stresses
that the underlying genetic mechanisms for these
two components are expected to be different.

The degree of developmental homeostasis of any
given character has been hypothesized to be a reflec-
tion of the functional importance of the character to
the organism (Waddington, 1957). Characters for

which phenotypic constancy is important in terms of
individual fitness will be developmentally less vari-
able (better buffered) than characters for which
constancy is less important. In terms of canalization,
this hypothesis led Waddington (1957) to propose a
form of stabilizing selection, called canalizing selec-
tion, which acts to eliminate from the population
those genotypes that render developmental pathways
for a given character sensitive to genetic and
environmental variation. Such a hypothesis introdu-
ces the idea that both the degree and the underlying
genetic mechanisms of developmental homeostasis
are character-dependent such that different charac-
ters can be expected to show consistently different
levels of canalization and developmental stability. It
has long been shown that different characters vary in
the extent to which they are canalized (Rendel,
1979) and recent evidence suggests that this is also
true for developmental stability (Clarke, 1998). It
has been observed that different characters display
consistent differences in their levels of stability both
within and among individuals and populations, that
is, some characters are consistently more (or less)
stable than others (Clarke, 1998).

The most commonly used measure of develop-
mental stability has been fluctuating asymmetry
(random nondirectional differences between the left
and right sides of a bilaterally symmetrical organ-
ism), with the degree of fluctuating asymmetry
directly reflecting the degree of stability, such that
the greater the level of stability the lower the level*E-mail: geoffc@ento.csiro.au
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of asymmetry (Van Valen, 1962; Palmer & Strobeck,
1986). The most informative measure of the degree
of canalization is the level of phenotypic variation of
a character among individuals within populations.
Several authors have used levels of inter-individual
morphological variation as an estimate of develop-
mental stability (Eanes, 1978; Fleischer et al., 1983;
Mitton, 1978; Mitton & Grant, 1984); however, as
differences in the level of such variation will reflect,
among other things, the underlying level of genetic
variation affecting the trait, its use as a measure of
developmental stability, as defined above, is ques-
tionable (but see Mitton, 1993). Similarly, authors
have used the level of fluctuating asymmetry as a
measure of the degree of canalization (Mather,
1953; Tebb & Thoday, 1954; Thoday, 1955; Reeve,
1960) although again by definition such an approach
is questionable given that it ignores levels of inter-
individual variation.

Given that both canalization and developmental
stability appear to be character-dependent, it is of
interest to determine if there is any relationship
between the levels of canalization and develop-
mental stability across a range of characters. Are
characters which are highly canalized also develop-
mentally more stable than less well canalized
characters?

Methods

Data sets

All data used come from existing data sets. Fifty
samples from 11 invertebrate species are used: Apis
cerana, A. mellifera, A. m. capensis, A. m. scutellata
(Hymenoptera: Apidae), Chrysopa perla (Neurop-
tera: Chrysopidae), Heptacarpus brevirostris (Crusta-
cea: Decapoda), Lucilia cuprina (Diptera:
Calliphoridae), Solenopsis invicta (Hymenoptera:
Formicidae), Tisbe holothuriae (Copepoda: Harpacti-
coida), Trichocolletes affvenutus (Hymenoptera:
Colletidae) and Vespula germanica (Hymenoptera:
Vespidae). Details of the colonies, experimental
protocols used and characters examined for the
generation of these data sets can be found elsewhere
(Clarke et al., 1986; Clarke & McKenzie, 1992;
Clarke, 1993a, 1997; Clarke & Oldroyd, 1996). All
characters examined display true fluctuating asym-
metry, with no evidence of directional asymmetry,
antisymmetry or size-dependence.

Statistical analysis

The degree of canalization of a character within a
sample was estimated by the coefficient of variation

(CV) of mean character size (i.e. S (L i+R i/2)/N).
Developmental stability of a character was estimated
as S| log (L i/R i) | /N. Both the CV and S| log (L i/
R i) | /N are dimensionless thus allowing comparisons
between different types of characters (meristic and
morphometric) measured on different scales.
Kendall’s coefficient of concordance (W) was used
to test if different characters were consistently
different in their CV values among samples within a
species. Spearman’s rank-order correlation coeffi-
cient (rS) was used to test for significant correlation
between CV and S| log (L i/R i) | /N within species.
For small samples (s5), rS is very sensitive to slight
variation in rank order between the two variables
and requires almost perfect concordance in ranks to
achieve significance. If the differences among certain
values within each variable are nonsignificant within
a sample, then the rankings of these values will be
determined by chance and thus the values of rS will
be heterogeneous among samples of the same
species when the same characters are examined. As
such, within-sample tests for correlation may lack
the power to detect any true correlation between the
variables for small sample sizes. Combining the data
from a number of samples within a species, such
that there are multiple combinations of CV and
asymmetry values for each character (as many as
there are samples) has the potential to provide
greater resolution of any true underlying correlation
particularly if there is a high level of concordance of
character rankings for each variable among
populations.

Results

Coefficients of variation and asymmetry values for
each character in each sample are provided in the
Appendix.

There is significant concordance in character
rankings based on CV values among samples for the
majority of species (Table 1), that is, if character X
is the least variable (lowest CV) in one sample there
is a significant tendency for it to be the least variable
in all other samples within the species. For the three
species displaying no significant concordance among
samples, examination of the data revealed either no
significant differences between CV values among
characters within each sample (Chrysopa perla) or
that only one character was significantly different
from all others, with the remaining characters
showing no differences among themselves (Tisbe
holothuriae, Trichocolletes affvenutus).

There is a significant correlation between CV and
asymmetry values for nine of the 11 species
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examined (Table 1), that is, characters displaying
low between-individual variation (low CV) have a
significant tendency to display low within-individual
variation (low asymmetry).

Discussion

The high levels of concordance of character rankings
based on CV values among samples within a species
are indicative of underlying differences between
characters in the mechanisms responsible for charac-
ter expression, i.e. they are character-dependent.
Such character-dependency is consistent with that
observed for the mechanisms underlying develop-
mental stability of these characters within these
species (Clarke, 1998). The significant positive corre-
lation between coefficient of variation and asym-
metry values suggests that the mechanisms
responsible for both inter- and intra-individual varia-
tion affect individual characters in the same manner,
such that characters which display low levels of
inter-individual variation also display relatively low
levels of intra-individual variation.

It must be noted that differences in the coeffi-
cients of variation among characters are not neces-
sarily indicative of differences in the level of
canalization among them, but only of differences in
their levels of phenotypic variance. A relatively low
CV may simply reflect reduced levels of genetic vari-
ability for a given character compared with a charac-
ter with a relatively higher CV. It might be expected
that characters under a long history of directional or
stabilizing selection may have reduced genetic varia-
bility, particularly if the character is directly related
to individual fitness (Mather, 1973; Falconer, 1981).

However, at least in the case of Apis and Lucilia, the
characters examined herein have been shown to
have high narrow-sense heritabilities, indicative of
appreciable amounts of underlying additive genetic
variability (Oldroyd & Moran, 1983; Clarke &
McKenzie, 1987; Oldroyd et al., 1991). Thus the
different CV values for these characters (range
1.5–11% for Apis, 6–15% for Lucilia) at least poten-
tially reflect relative levels of canalization, remem-
bering that canalization mechanisms act to mask
underlying genetic variation.

The positive relationship between inter- and intra-
individual variation for a given character may have a
number of explanations, the simplest of which is that
the underlying genetic and molecular mechanisms
responsible for the two types of variation are one
and the same. It seems plausible to suggest that the
mechanisms (and therefore genetic basis) respon-
sible for buffering a given developmental pathway
against external environmental variance (canaliza-
tion), could be equally responsible for buffering the
same pathway from internal environmental variance
(developmental stability). Differences among charac-
ters would reflect either differences in the genes
controlling development of each character or differ-
ences in the efficiency of the buffering mechanisms
themselves, or both. One possible way of testing this
hypothesis would be to try to obtain differential
responses between inter- and intra-individual varia-
tion to some stress. If stress acts to reduce homeo-
stasis mechanisms in general, and the two measures
reflect the same underlying process, then it would be
expected that both CV and asymmetry values would
increase in response to stress. The early experiments
of Waddington (1960) with Drosophila found that

Table 1 Results of Kendall’s coefficient of concordance (W) testing if character
CV values are consistent among samples, and Spearman’s rank correlation
coefficient (rS) testing for correlation between CV value and asymmetry value
across characters and samples within a species

No. of No. of
Species samples characters W P rS P

Apis cerana 4 5 0.838 s0.01 0.883 s0.001
Apis mellifera 5 6 0.914 s0.001 0.795 s0.001
A. m. capensis 6 5 0.628 s0.01 0.563 s0.001
A. m. scutellata 6 5 0.878 s0.001 0.333 s0.05
Chrysopa perla 4 4 0.525 NS 0.241 NS
Heptacarpus brevirostris 3 5 0.956 s0.05 0.241 NS
Lucilia cuprina 4 3 1.000 s0.05 0.741 s0.01
Solenopsis invicta 6 5 0.956 s0.001 0.753 s0.001
Tisbe holothuriae 2 5 0.550 NS 0.879 s0.001
Trichocolletes affvenutus 2 7 0.786 NS 0.640 s0.01
Vespula germanica 3 3 1.000 s0.05 0.733 s0.05
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although phenotypic variance among individuals
increased in response to stress the level of asym-
metry was either unchanged or reduced. This obser-
vation was the major reason for his suggestion that
canalization and developmental stability were inher-
ently different phenomena. Within the current study
it is possible to compare stressed and unstressed
populations within some species. In Tisbe holothuriae
inbreeding has been shown to increase asymmetry
for four of the five characters examined (Clarke et
al., 1986). Examination of the CV values indicates
that inbred individuals have higher values than
outbreds for four of five characters of which only
two are significantly higher. In Apis mellifera haploid
males are significantly more asymmetric than diploid
females for all characters (Clarke & Oldroyd, 1996;
Clarke, 1997). Again CV values are consistently
higher for all characters in males compared with
females, four of which are significantly higher.
Similar results are observed for Lucilia cuprina, in
which significant increases in asymmetry (Clarke &
McKenzie, 1992) are matched by increases in CV in
temperature-stressed populations. Unfortunately,
very few studies exist that have directly compared
both the response of asymmetry and inter-individual
morphological variation in response to stress (but
see Zakharov, 1989).

Another possible explanation, related to the first,
may be that there are no specific genes or control-
ling mechanisms responsible for canalization or
developmental stability per se but rather that both
measures of variation may be reflecting a third
unknown character-specific attribute which either
directly or indirectly impinges on character develop-
ment. Possibilities include the level of heterozygosity
or coadaptation of the genes controlling individual
character expression such that heterozygous or well
balanced genotypes are innately better able to buffer
character development against environmental
perturbation (see Mitton & Grant, 1984; Palmer &
Strobeck, 1986; Clarke, 1993b for reviews). Any
differences between characters would reflect differ-
ences in the level of heterozygosity or balance
between each set of character genes. Unfortunately,
very little is known about the nature of genes
responsible for metric character development
(Falconer, 1981), but the advent of DNA-based
mapping of quantitative trait loci (QTL) may
provide valuable insights in this area. Again a
concordant response of both measures to stress
would be expected.

A third possibility is that the two processes are
genetically and mechanistically different both within
and between characters as originally postulated by

Waddington (1960). The response of each mechan-
ism to any given stress would depend on the inter-
action between the genotype and the environmental
stress and may or may not be different between
characters. The positive relationship between the
two processes may reflect a common underlying
association between the character and fitness.
Characters for which phenotypic constancy is
important in terms of fitness (locomotory charac-
ters) may be expected to display lower levels of both
inter- and intra-individual variation compared with
characters unrelated to fitness (see Clarke, 1995).
The current data are consistent with this hypothesis.
In general within the hymenopteran species
examined, wing length consistently displayed the
lowest CV and asymmetry values across all species
and the number of hamuli (used in joining fore and
hind wings together in flight) displayed the highest
CV and asymmetry values. It can be argued that
absolute wing length and wing symmetry is related
to flying ability in flying insects. The fact that the
number of hamuli varies enormously among hyme-
nopteran species (even among species within the
same genus) would argue that the absolute number
is relatively unimportant for efficient flight and simi-
larly that absolute symmetry is also of relatively little
importance. It is also of interest to note that in
general morphometric characters displayed lower
CV and asymmetry values than meristic characters,
but this may be because almost all the morpho-
metric characters examined were characters involved
in locomotion and thus may be expected to display
lower values for the reasons above.

It must be stressed that the hypothesized relation-
ship between inter- and intra-individual variation
and fitness only relates to associations between the
character under examination and its direct impact
on fitness. It does not suggest that CV or asymmetry
values for a performance character should be any
more or less closely associated with other estimates
of fitness, such as viability or fertility, than nonper-
formance characters. A recent review by Leung &
Forbes (1996) revealed that although there is a
significant negative correlation between character
asymmetry and individual fitness across a large
number of characters and species, there is no indica-
tion that performance characters are any better
predictors of conventional fitness than nonperfor-
mance characters.

In summary, the genetic basis and mechanisms
responsible for buffering character development
against both external and internal genetic and
environmental variation appear to be both character
dependent and inter-related. The exact nature of the
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relationships between these mechanisms remains
speculative although potentially reflects an associa-
tion between levels of character variation and indivi-
dual fitness.
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Appendix

Coefficients of variation and asymmetry values for each character and sample

Species/Sample† Char. Type‡ CV§ Asymmetry§ Species/Sample† Char. Type‡ CV§ Asymmetry§ Species/Sample† Char. Type‡ CV§ Asymmetry§

Apis cerana
Male 1 (47) 1 M 2.60 (1) 0.0095 (1)

2 M 2.84 (2) 0.0146 (3)
3 M 3.80 (4) 0.0129 (2)
4 M 3.12 (3) 0.0191 (4)
5 C 7.84 (5) 0.0556 (5)

Female 1 (70) 1 M 1.54 (1) 0.0093 (1)
2 M 2.85 (2) 0.0096 (2)
3 M 4.38 (3) 0.0206 (3)
4 M 4.53 (4) 0.0224 (4)
5 C 4.85 (5) 0.0728 (5)

Male 2 (17) 1 M 2.06 (1) 0.0047 (1)
2 M 3.46 (3) 0.0141 (2)
3 M 3.23 (2) 0.0164 (3)
4 M 3.65 (4) 0.0203 (4)
5 C 9.46 (5) 0.0606 (5)

Female 2 (41) 1 M 1.34 (1) 0.0077 (1)
2 M 2.90 (3) 0.0119 (2)
3 M 3.08 (4) 0.0154 (3)
4 M 2.85 (2) 0.0195 (4)
5 C 5.68 (5) 0.0579 (5)

Apis mellifera
Male 1 (82) 1 M 2.45 (1) 0.0106 (1)

2 M 6.93 (5) 0.0126 (3)
3 M 5.23 (4) 0.0167 (5)
4 M 4.23 (3) 0.0145 (4)
5 C 11.94 (6) 0.0735 (6)
6 M 2.88 (2) 0.0115 (2)

Female 1 (226) 1 M 2.40 (1) 0.0074 (1)
2 M 3.83 (4) 0.0136 (3)
3 M 4.07 (5) 0.0147 (4)
4 M 2.98 (3) 0.0176 (5)
5 C 6.87 (6) 0.0532 (6)
6 M 2.87 (2) 0.0103 (2)

Male 2 (66) 1 M 2.23 (1) 0.0070 (1)
2 M 3.12 (3) 0.0139 (3)
3 M 4.28 (5) 0.0149 (4)
4 M 3.34 (4) 0.0244 (5)
5 C 8.66 (6) 0.0663 (6)
6 M 2.47 (2) 0.0078 (2)

Female 2 (220) 1 M 2.21 (1) 0.0081 (1)
2 M 4.03 (5) 0.0143 (3)
3 M 3.21 (3.5) 0.0170 (4)
4 M 3.21 (3.5) 0.0192 (5)
5 C 6.44 (6) 0.0605 (6)
6 M 2.47 (2) 0.0100 (2)

Female 3 (75) 1 M 2.45 (1) 0.0089 (1)
2 M 3.80 (3) 0.0148 (3)
3 M 3.99 (5) 0.0170 (4)
4 M 3.86 (4) 0.0173 (5)
5 C 7.56 (6) 0.0537 (6)
6 M 3.11 (2) 0.0101 (2)

Apis m. capensis
Male 1 (31) 1 M 3.64 (2) 0.0099 (1)

2 M 4.98 (4) 0.0185 (4)
3 M 3.39 (1) 0.0126 (3)
4 M 3.75 (3) 0.0116 (2)
5 C 7.47 (5) 0.0574 (5)

Female 1 (33) 1 M 2.02 (1) 0.0099 (2)
2 M 5.50 (4) 0.0095 (1)
3 M 3.33 (2) 0.0133 (3)
4 M 3.59 (3) 0.0367 (4)
5 C 8.42 (5) 0.0504 (5)

Male 2 (32) 1 M 3.17 (1) 0.0074 (1)
2 M 5.19 (3) 0.0151 (4)
3 M 5.38 (4) 0.0117 (2)
4 M 4.43 (2) 0.0121 (3)
5 C 8.98 (5) 0.0539 (5)

Female 2 (32) 1 M 2.34 (1) 0.0044 (1)
2 M 3.61 (3) 0.0191 (2)
3 M 2.70 (2) 0.0197 (3)
4 M 4.03 (4) 0.0312 (4)
5 C 7.00 (5) 0.0526 (5)

Male 3 (31) 1 M 3.63 (4) 0.0081 (1)
2 M 3.50 (1) 0.0106 (2)
3 M 3.54 (2) 0.0148 (3)
4 M 3.58 (3) 0.0177 (4)
5 C 7.95 (5) 0.0610 (5)

Female 3 (31) 1 M 2.61 (1) 0.0065 (1)
2 M 4.20 (4) 0.0131 (3)
3 M 3.50 (3) 0.0106 (2)
4 M 3.44 (2) 0.0230 (4)
5 C 6.62 (5) 0.0564 (5)

Apis m. scutellata
Male 1 (30) 1 M 2.89 (2) 0.0076 (1)

2 M 3.96 (3) 0.0137 (3)
3 M 4.13 (4) 0.0090 (2)
4 M 2.87 (1) 0.0156 (4)
5 C 8.37 (5) 0.0614 (5)

Female 1 (40) 1 M 2.38 (1) 0.0068 (1)
2 M 4.74 (4) 0.0116 (2)
3 M 2.68 (2) 0.0156 (3)
4 M 3.42 (3) 0.0159 (4)
5 C 7.99 (5) 0.0661 (5)

Male 2 (30) 1 M 3.46 (1) 0.0085 (1)
2 M 5.26 (4) 0.0195 (4)
3 M 4.68 (3) 0.0125 (2)
4 M 4.03 (2) 0.0162 (3)
5 C 5.97 (5) 0.0685 (5)

Female 2 (40) 1 M 2.92 (1) 0.0073 (1)
2 M 3.83 (4) 0.0123 (2)
3 M 3.40 (3) 0.0141 (3)
4 M 3.35 (2) 0.0189 (4)
5 C 5.26 (5) 0.0543 (5)

Male 3 (30) 1 M 2.93 (1) 0.0072 (1)
2 M 3.80 (4) 0.0092 (3)
3 M 3.22 (3) 0.0084 (2)
4 M 3.20 (2) 0.0108 (4)
5 C 6.88 (5) 0.0560 (5)

Female 3 (40) 1 M 2.37 (1) 0.0069 (1)
2 M 4.43 (4) 0.0125 (2)
3 M 3.08 (2) 0.0126 (3)
4 M 3.60 (3) 0.0198 (4)
5 C 8.39 (5) 0.0558 (5)

Chrysopa perla
Site 4 (37) 1 C 6.41 (2) 0.0489 (4)

2 C 6.54 (3) 0.0454 (3)
3 C 8.36 (4) 0.0438 (2)
4 C 6.01 (1) 0.0430 (1)

Site 2 (35) 1 C 6.94 (2) 0.0515 (2)
2 C 7.44 (3) 0.0490 (1)
3 C 8.67 (4) 0.0556 (4)
4 C 6.76 (1) 0.0533 (3)

Site 1 (49) 1 C 8.55 (4) 0.0468 (2)
2 C 8.11 (3) 0.0504 (3)
3 C 8.04 (2) 0.0637 (4)
4 C 6.91 (1) 0.0416 (1)

Site - 1 (40) 1 C 7.46 (3) 0.0515 (3)
2 C 5.85 (1) 0.0552 (4)
3 C 7.60 (4) 0.0507 (2)
4 C 6.23 (2) 0.0452 (1)

Heptacarpus brevirostris
Site 1 (30) 1 C 14.31 (5) 0.0338 (3)

2 C 12.71 (4) 0.0479 (5)
3 C 5.28 (1) 0.0421 (4)
4 C 8.83 (3) 0.0274 (2)
5 C 6.50 (2) 0.0257 (1)

Site 2 (30) 1 C 10.56 (5) 0.0316 (2)
2 C 9.51 (4) 0.0554 (5)
3 C 7.19 (1) 0.0526 (4)
4 C 8.23 (3) 0.0482 (3)
5 C 7.31 (2) 0.0308 (1)

Site 3 (30) 1 C 10.64 (5) 0.0391 (3)
2 C 10.01 (4) 0.1343 (5)
3 C 6.45 (2) 0.0362 (2)
4 C 7.19 (3) 0.0422 (4)
5 C 5.09 (1) 0.0304 (1)

Lucilia cuprina
FB (100) 1 C 8.78 (2) 0.0845 (3)

2 C 15.58 (3) 0.0791 (2)
3 C 6.48 (1) 0.0494 (1)

M15 (100) 1 C 8.15 (2) 0.1039 (2)
2 C 10.70 (3) 0.1160 (3)
3 C 6.54 (1) 0.0659 (1)

T23.3 (100) 1 C 8.34 (2) 0.1039 (2)
2 C 10.93 (3) 0.1160 (3)
3 C 5.55 (1) 0.0659 (1)

LBB (100) 1 C 7.51 (2) 0.0690 (2)
2 C 9.93 (3) 0.1216 (3)
3 C 6.07 (1) 0.0532 (1)

Solenopsis invicta
Colony 1 (40) 1 M 8.41 (4) 0.0504 (3)

2 M 5.09 (2) 0.0347 (2)
3 M 4.75 (1) 0.0338 (1)
4 M 11.02 (5) 0.0647 (4)
5 C 6.32 (3) 0.0822 (5)

Colony 2 (52) 1 M 11.06 (4) 0.0631 (3)
2 M 5.62 (2) 0.0307 (1)
3 M 5.16 (1) 0.0349 (2)
4 M 15.78 (5) 0.0690 (5)
5 C 6.71 (3) 0.0639 (4)

Colony 3 (14) 1 M 12.82 (4) 0.0756 (4)
2 M 6.02 (3) 0.0242 (1)
3 M 4.62 (1) 0.0455 (3)
4 M 18.48 (5) 0.0907 (5)
5 C 5.54 (2) 0.0348 (2)

Colony 4 (44) 1 M 9.23 (4) 0.0675 (4)
2 M 5.82 (3) 0.0312 (1)
3 M 3.55 (1) 0.0380 (2)
4 M 15.85 (5) 0.1047 (5)
5 C 5.01 (2) 0.0551 (3)

Colony 5 (47) 1 M 6.78 (4) 0.0714 (3)
2 M 5.29 (2) 0.0317 (2)
3 M 3.68 (1) 0.0287 (1)
4 M 14.36 (5) 0.0878 (5)
5 C 5.99 (3) 0.0861 (4)

Colony 6 (40) 1 M 6.04 (4) 0.0575 (3)
2 M 3.72 (2) 0.0317 (2)
3 M 2.74 (1) 0.0218 (1)
4 M 10.81 (5) 0.1001 (5)
5 C 5.65 (3) 0.0740 (4)

Tisbe holothuriae
Outbred (60) 1 M 7.34 (2) 0.0244 (1)

2 C 7.06 (1) 0.0409 (2)
3 C 9.34 (3) 0.0584 (4)
4 C 9.54 (4) 0.0451 (3)
5 C 11.78 (5) 0.0691 (5)

Inbred (30) 1 M 10.59 (2) 0.0548 (1)
2 C 12.80 (4) 0.1016 (5)
3 C 10.98 (3) 0.0622 (3)
4 C 7.97 (1) 0.0570 (2)
5 C 14.71 (5) 0.0839 (4)

Trichocolletes affvenutus
Male (17) 1 M 3.36 (3) 0.0053 (1)

2 M 3.38 (4) 0.0079 (3)
3 M 3.09 (1) 0.0071 (2)
4 M 4.30 (5) 0.0101 (4)
5 M 5.56 (6) 0.0212 (6)
6 M 3.18 (2) 0.0103 (5)
7 C 6.75 (7) 0.0647 (7)

Female (50) 1 M 2.23 (2) 0.0062 (2)
2 M 2.11 (1) 0.0061 (1)
3 M 2.27 (3) 0.0084 (4)
4 M 2.60 (4) 0.0069 (3)
5 M 2.75 (6) 0.0161 (6)
6 M 2.62 (5) 0.0144 (5)
7 C 4.80 (7) 0.0426 (7)

Vespula germanica
Male (47) 1 M 3.47 (1) 0.0094 (1)

2 M 4.51 (2) 0.0105 (2)
3 C 6.66 (3) 0.0444 (3)

Queen (49) 1 M 3.07 (1) 0.0091 (2)
2 M 3.66 (2) 0.0072 (1)
3 C 6.48 (3) 0.0348 (3)

Worker (47) 1 M 5.98 (1) 0.0098 (1)
2 M 6.71 (2) 0.0101 (2)
3 C 8.09 (3) 0.0322 (3)

†Numbers in parentheses refer to sample sizes.
‡M, morphometric; C, meristic.
§Numbers in parentheses refer to character rankings within samples.
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