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Introduction

Fluctuating asymmetry (FA) (Van Valen, 1962; Palmer &

Strobeck, 2003) refers to small, random deviations from

perfect morphological symmetry. For bilaterally sym-

metric traits showing ‘ideal’ FA (see below), individual

asymmetries cannot be explained by genetic or environ-

mental differences between the sides, but by imprecision

of development (Palmer & Strobeck, 1986). Conse-

quently, the unsigned asymmetry (|right-left|) is widely

used to estimate the developmental instability (DI) of

individuals or populations (Polak, 2003).

Fluctuating asymmetry can be separated from two

other forms of bilateral asymmetry based on the distri-

bution of signed asymmetry values in the population

(Van Valen, 1962; Palmer, 1994). For a trait showing

‘ideal’ FA, the right–left differences are normally distri-

buted around a mean of zero. Directional asymmetry (DA)

is characterized by a normal distribution with a mean

different from zero. Conspicuous examples of DA include

the position of the mammalian heart and the anatomy

of many species of flatfish. Antisymmetry (AS) is

characterized by a platykurtic or bimodal distribution

with a mean of zero. AS can be exemplified by the

American lobster that has one large crusher claw and one

slender cutter claw, and right- and left-biased individuals

are equally frequent in the population. DA and AS are

generally thought to have adaptive bases (Palmer &

Strobeck, 1986). Because asymmetry is then the norm

and not just a result of imprecise development, the

unsigned asymmetry should not be used as an index of

DI (Palmer & Strobeck, 1986; Palmer, 1994; Palmer &

Strobeck, 2003; but see Graham et al., 2003).

Statistical corrections for DA (Graham et al., 1998; van

Dongen et al., 1999; Palmer & Strobeck, 2003) and AS

(Graham et al., 1998) have therefore been suggested. We

will in this paper focus on DA, which is probably of more

general occurrence than AS. Most DA corrections essen-

tially consist in considering FA as deviations around the

mean signed right–left asymmetry (mean DA) in the

sample instead of as deviations around zero. For exam-

ple, mean DA can be subtracted from the individual

asymmetry values (Palmer & Strobeck, 2003), or cor-

rected for by ANOVAANOVA or regression procedures, using the

fixed side effect to quantify DA (Palmer & Strobeck,

1986; van Dongen et al., 1999). However, these correc-

tions provide unbiased estimates of DI only in the

situation where the underlying DA is the same for all

specimens. With the underlying DA, we refer to the
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Abstract

Directional asymmetry (DA) biases the analysis of fluctuating asymmetry (FA)

mainly because among-individual differences in the predisposition for DA are

difficult to detect. However, we argue that systematic bias mainly results from

predictable associations between signed right–left asymmetry and other

factors, i.e. from systematic variation in DA. We here demonstrate methods

to test and correct for this, by analysing bilateral asymmetry in size and shape

of an irregular sea urchin. Notably, in this model system, DA depended

significantly on body length and geographic origin, although mean signed

asymmetry (mean DA) was not significant in the sample as a whole. In

contrast to the systematic variation in DA, undetectable, random variability in

the underlying DA mainly leads to reduced statistical power. Using computer

simulations, we show that this loss of power is probably slight in most

circumstances. We recommend future studies on FA to routinely test and

correct for not only as yet for mean DA, but also for systematic variation in DA.
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‘targeted’ right–left asymmetry for a given genotype in a

given environment (cf. the ‘creode’ of Zakharov, 1992).

We thus consider the underlying DA as a biological

property of an individual, not a population. But because

observed asymmetries differ from the targeted because of

DI, the underlying DA of a single individual is not

directly measurable (except perhaps for clonal organ-

isms). As a consequence, we can never exclude the

possibility that individuals differ in the underlying DA.

Because of this problem, it has been argued that traits

displaying significant DA are best excluded from FA

analyses (Palmer & Strobeck, 1992; Palmer, 1994; but

see: Graham et al., 1998; Palmer & Strobeck, 2003).

However, we argue that parts of the among-individual

variation in the underlying DA can in fact be detected

and corrected for statistically. If the underlying DA

depends predictably on another factor, such as sex, body

size or geographic origin, we can expect an association

between the observed right–left asymmetry and this

factor. We here demonstrate how such systematic vari-

ation in DA can be tested and corrected for within the

methodological framework already developed for FA

analyses. If not corrected for, systematic variation in DA

can systematically bias FA estimates, and this can lead to

false conclusions about the relationship between FA and

these factors. On the other hand, variation in the

underlying DA that is not associated with any other

factor can in effect be considered as random. Such

variation, like random measurement error, mainly redu-

ces the precision with which FA estimates DI (but see

Discussion). This reduces the power of a study, but is not

likely to lead to falsely positive conclusions.

As model system, we study bilateral asymmetry of the

test of Abatus cordatus. A. cordatus is an irregular sea

urchin endemic to the subantarctic Kerguelen Islands

(70�E; 49�S). Irregular sea urchins possess bilateral

symmetry imposed on a pentaradial body plan, which

allows the analysis of FA. The body plan also includes

directionally asymmetric components, which make these

animals good model organisms for the analysis of DA.

Both shape and size data are considered. Specifically, we

test and correct for systematic variation in DA as

evidenced by the associations between signed asymmetry

and geographic origin or body size. Using a simulation

approach, we also explore the possible loss of precision

from uncorrected variation in the underlying DA.

Methods

Model system and morphological measurements

We investigated a total of 420 A. cordatus from four

locations 15–30 km apart in the Kerguelen Islands

(Halage des Swains: ‘POPHDS’ n ¼ 175, Ile Haute: ‘POPIH’

n ¼ 128, Port-aux-Français: ‘POPPAF’ n ¼ 91, Ile Sûhm:

‘POPIS’ n ¼ 26). The samples were collected in the period

1989–2003 by scuba-diving and dredging and conserved

in 70% ethanol. Spines were removed with a toothbrush

after a 5-min immersion in 0.1–0.3% Cl-solution. The

plate pattern was revealed by applying a 40 : 60 solution

of ethanol : glycerol after drying.

In each of the two posterior ambulacral zones, 23

landmarks corresponding to boundaries between test

plates were defined (Fig. 1). Two-dimensional landmark

coordinates were scored to the nearest 0.001 mm using a

Nikon MM-60 measuring microscope. To assess meas-

urement error, two independent sets of measurements

were made of all specimens. Total length of the test was

measured to the nearest 0.01 mm with a digital calliper.

Procrustes superimposition

The data were analysed by generalized Procrustes super-

impositions of right and mirror-reflected left halves of the

landmark configurations as described in Klingenberg &

McIntyre (1998). By this procedure, asymmetry in shape

is separated from asymmetry in centroid size (c.s.: the

square root of the sum of squared distances of a set of

landmarks from their centroid, Slice et al., 1996). While

specialized procedures are needed for the subsequent

analyses of the shape data (Klingenberg & McIntyre,

1998; Klingenberg et al., 2001), the centroid size data can

be analysed similarly to asymmetries of ordinary metric

traits (e.g. van Dongen et al., 1999; Palmer & Strobeck,

2003).

Modelling systematic variation in DA

Fluctuating asymmetry data are traditionally analysed by

mixed-effects models in which DA is represented by a

fixed side effect (Palmer & Strobeck, 1986; Klingenberg &

McIntyre, 1998; van Dongen et al., 1999). The fixed side

effect then estimates the mean signed asymmetry (mean

DA) in the sample. These models can be extended to

include systematic variation in DA by adding fixed-effect

Fig. 1 Plate pattern of A. cordatus, oral view. Circles: landmarks used

for asymmetry analyses.
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interactions between side and other variables. These

terms represent predictable associations between signed

asymmetry, i.e. DA, and other factors. Thus, the fixed-

effect interaction between side and body size can be used

to represent an allometric change in DA. The fixed-effect

interaction between side and population represents

population differences in DA. By including such interac-

tion terms in FA models, systematic variation in DA can

be specifically tested, and if found significant, statistically

corrected for. This extension of the basic FA model was

also demonstrated by van Dongen et al. (1999), yet the

potential to correct for systematic variation in DA seems

later largely to have been overlooked.

Size analyses

Centroid size data were analysed using a restricted

maximum likelihood (REML) mixed regression approach

(van Dongen et al., 1999). By this method, side is coded

as a numeric variable with the possible values )0.5 and

0.5, the fixed side effect represents DA and the random

individual side effect represents FA (see van Dongen

et al., 1999, for details). Systematic variation in DA was

included by adding fixed-effect interaction terms

between side and body size (measured as test length)

and/or population. All fixed effects were tested by F-tests

(Pinheiro & Bates, 2000). Individual FA-estimates

(‘FAC.S.’) corrected for effects of DA and heterogeneous

measurement error were provided by the random side

estimates from the best model (van Dongen et al., 1999).

This procedure thus allowed simultaneously testing and

correcting for DA, systematic variation in DA and

heterogeneous measurement error.

Shape analyses

Shape data were analysed by Procrustes ANOVAANOVA (Klin-

genberg & McIntyre, 1998; Klingenberg et al., 2001).

Systematic variation in DA was included by adding

interaction terms between side and body size (measured

as centroid size) and/or population. In addition, allomet-

ric effects on shape were included by adding centroid size

(both as a linear and a quadratic term) to the model

(Klingenberg et al., 2001). Terms were entered and tested

sequentially by permutation tests using 10 000 iterations

(Klingenberg & McIntyre, 1998; Klingenberg et al.,

2001). After choosing a model in which all terms were

significant, the following procedure was used to calculate

individual absolute asymmetry in shape (FASHAPE) cor-

rected for effects of allometry and population-specific

DA: (i) Right–left Procrustes-aligned landmark configu-

rations were calculated after averaging across repeat

measurements. (ii) These configurations, representing

signed shape asymmetry, were used as response in a

multivariate regression with the predictor variables pop-

ulation (representing population differences in DA) and

right–left centroid size (representing allometry).

(iii) FASHAPE of each individual was calculated as the

square root of the sum of squared residuals from this

model. DA in shape was visualized by plotting popula-

tion-specific shape and DA using coefficients from a

multivariate regression model with right and left Pro-

crustes scores as response and the explanatory variables

determined by the Procrustes ANOVAANOVA.

Simulating the loss of precision caused by
undetected DA heterogeneity

The proposed methods correct for systematic variation in

DA. However, there may also be among-individual

variation in the underlying DA that is not associated

with any measured factor, and is therefore not detect-

able. Such variation reduces the precision with which DI

is estimated. To quantify this loss of precision, we

estimated the correlation between FA and the underlying

DI in response to: (i) the amount of DA heterogeneity,

and (ii) the amount of DI heterogeneity. For a given level

of DA heterogeneity and DI heterogeneity, we randomly

generated 100 000 signed FA-values from normal distri-

butions with individual-specific means and SDs, DAi and

DIi, respectively. DAi- and DIi-values were randomly

generated from a normal and a gamma distribution,

respectively. The characteristics of these two distributions

determined the level of DA heterogeneity and DI

heterogeneity. It can be shown that the coefficient of

variation (CV; SD over mean) of DI is a)0.5, and the

proportion of the total asymmetry variance originating

from variation in DA is r2 (a2 s2 + a s2 + r2))1, where a

and s are the shape and scale parameters of the DI gamma

distribution and r2 is the variance of the DA normal

distribution. For each level of DA heterogeneity and DI

heterogeneity, we calculated the Pearson’s coefficient of

correlation between DI and unsigned FA.

All statistical analyses were performed with the

program RR (R Development Core Team, 2003). A critical

level of 5% is used in all tests.

Results

Preliminary analyses

Because of a positive scaling between unsigned asym-

metry and trait size, centroid size was transformed by

taking the natural logarithm of the square root of the

original values. Asymmetry calculated from the trans-

formed values was unrelated to trait size (F1,415 ¼ 0.06,

P ¼ 0.81, analysis of covariance, with population as a

categorical covariate). Both size and shape FA was more

than an order of magnitude larger than measurement

error and highly significant in each population (all

P < 0.001, REML mixed regression or Procrustes

ANOVAANOVA). Measurement error for centroid size depended

negatively on the total length of the test (v2
1 ¼ 79.3,

P < 0.001, likelihood ratio test) and it differed between
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populations (v2
3 ¼ 47.5, P < 0.001, likelihood ratio test).

In the subsequent analyses of centroid size asymmetry,

models with heterogeneous error structure were there-

fore used. There was no indication of AS in any

population (Klingenberg & McIntyre, 1998; Palmer &

Strobeck, 2003). Two outlier centroid size asymmetry

values were identified (Palmer & Strobeck, 2003) and it

was controlled that the conclusions of the study were

robust to the exclusion of these.

Directional asymmetry

Directional asymmetry in centroid size varied in both

sign and magnitude among populations (Side · Pop:

F3,1249 ¼ 16.7, P < 0.001), and DA depended allometri-

cally on test length (Side · Test length: F1,1249 ¼ 4.4,

P < 0.05) (Fig. 2). Overall mean DA was not significant,

however (Side: F1,1249 ¼ 0.004, P > 0.5). The population

differences and the allometric changes in DA are partly

confounded because test lengths differed between

populations, but both effects contribute independently

towards explaining DA variation. After accounting for

measurement error, 12% of the variation in signed

asymmetry could be explained by systematic variation in

DA, while 88% was attributed to FA.

Mean DA in shape across all populations was highly

significant, but there were also significant differences in

DA between the populations (Table 1). Plots of popula-

tion-specific DA suggested that the DA pattern was

similar across populations; it was mainly the magnitudes

that differed (POPHDS > POPIH > POPPAF > POPIS; this

ranking was confirmed by Procrustes ANOVAANOVAs of each

population separately). There were no significant allo-

metric changes in shape DA (Table 1). As for centroid size

DA, the population differences and the allometric chan-

ges in DA are partly confounded, but for shape DA only

the population effect contributes independently towards

explaining DA variation (Table 1). Population differences

in shape DA accounted for 2.9% of the total variance in

signed asymmetries across all landmarks.

Fig. 2 Unsigned and signed asymmetry in

centroid size (c.s.). The lower panels show

right–left c.s. as a function of test length for

each population. Bold lines show predictions

from a global mixed REML regression model.

These lines represent systematic variation in

DA. The upper panels show mean ± SE for

unsigned FAC.S.. FAC.S. are individual ran-

dom side effect estimates from the regression

model and represent FA corrected for effects

of DA and heterogeneous measurement

error.

Table 1 Procrustes ANOVAANOVA for asymmetry in

shape.
Effect d.f. MS F P-value Interpretation

C.s. 42 41031 129.9 <0.001 Allometric change in shape (linear)

C.s.2 42 18792 59.5 <0.001 Allometric change in shape (quadratic)

Pop. 126 9738 30.8 <0.001 Population differences in shape

Ind. 17598 316 3.1 <0.001 Individual differences in shape

Side 42 7299 72.1 <0.001 Mean DA

Side · Pop. 126 417 4.1 <0.001 Population differences in DA

Side · C.s. 42 251 2.5 >0.1 Allometric change in DA

Side · Pop. · C.s. 126 5.1 0.1 >0.1 Pop. diff. in allometric change in DA

Side · Ind 17598 101 78.2 <0.001 FA

Residual 35280 1.3 Measurement error

All populations are analysed in one model. Effects are tested sequentially by permutation tests.

The Side · Pop. effect is also significant if Side · C.s. is accounted for first (F126,17598 ¼ 3.4,

P < 0.01). Sums of squares are multiplied by 106. C.s., centroid size.
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Fluctuating asymmetry – with and without correction
for systematic variation in DA

For comparison, we calculated FA both with and without

correction for systematic variation in DA. The uncor-

rected estimates of mean centroid size FA (mean |FAC.S.|)

in each population were 2–34% higher than the correc-

ted estimates (POPHDS: +4%, POPIH: +2%, POPPAF:

+12%, POPIS: +34%). For shape (FASHAPE), the uncor-

rected estimates were 1–10% higher than the corrected

ones (POPHDS: +1%, POPIH: +1%, POPPAF: +5%, POPIS:

+10%). In our case, these differences did not alter the

conclusions that centroid size FA varied significantly

among populations (F3,415 ¼ 3.87, P < 0.01, ANOVAANOVA;

Fig. 2) while shape FA did not (F3,416 ¼ 0.97, ANOVAANOVA,

P ¼ 0.4, permutation test). However, when using uncor-

rected centroid size FA estimates, none of the pairwise

comparisons between populations reached significance,

but when using corrected estimates, POPIH was found to

be significantly more asymmetric than POPPAF (Tukey’s

‘Honest Significant Difference’ method).

We also compared individual-level FA estimates. On

average uncorrected individual unsigned FAC.S.-esti-

mates differed in absolute value by 0.0061 from corrected

estimates, that is by 34% compared with mean unsigned

FAC.S. (¼0.018). The corresponding average difference

for individual FASHAPE-estimates was 0.0031, which is

5.8% of mean FASHAPE.

Effect of DA heterogeneity on precision

The isoclines in Fig. 3 are relatively flat in the lower left

part of the figure. This means that if the heterogeneity in

DI is at a low to intermediate level, the introduction of

some heterogeneity in the underlying DA does not lead

to a drastic loss of precision. For example, if the

coefficient of variation of DI is 0.2 (which is typical for

many species according to estimates of Gangestad &

Thornhill, 2003) and there is no heterogeneity in DA, the

correlation between FA and DI is 0.25. If the hetero-

geneity in DA increases to a level where 20% of the total

asymmetry variance is caused by among-individual

differences in the underlying DA, the correlation

between FA and DI is only reduced to 0.20. The curves

are steeper at higher DA heterogeneity as well as at

higher DI heterogeneity, but the relevance of this to real

populations may be questionable.

Discussion

Directional asymmetry in A. cordatus

The results show that DA in A. cordatus depends on body

size as well as on population. This suggests an onto-

genetic change in DA, in addition to genetic and/or

environmental effects on DA. Because populations dif-

fered genetically (Poulin & Féral, 1998) as well as

environmentally (Poulin & Féral, 1995), it is not possible

to separate the two effects in our study. Note that genetic

differentiation in A. cordatus is comparatively high across

short geographic distances because of the absence of

planktonic stages in the life cycle.

A likely cause of DA in the tests of irregular sea

urchins is asymmetry in the digestive system (Lawrence

et al., 1998). In spatangoids, the intestine, which forms

the main part of the digestive system, comprises two

circuits (loops) coiled in opposite direction. This may

cause DA in the test either directly by bilaterally

asymmetric pressure of the gut contents, or indirectly

by genetic control to accommodate the more spacious

intestine circuit on the right side. The observed associ-

ation between size and DA, which has also been found

in the irregular sea urchin Mellita tenuis (Lawrence et al.,

1998), may be because of an allometric effect of the

intestine. Population differences in DA could also be

related to differences in the digestive system. In addi-

tion, DA may be a consequence of asymmetric plate

formation pattern, as plate formation at the left and

right sides are not exactly mirrored by each other (see

David et al., 1995 for details). Note that the two

posterior ambulacral zones retained for the present

study are ontogenetically perfectly symmetric, and

therefore homologous, but because the test is an

Fig. 3 Contour plot showing the estimated Pearson’s coefficient of

correlation (r) between unsigned FA and DI in response to

heterogeneity in DA (x-axis) and heterogeneity in DI (y-axis). The

correlations are estimated from randomly generated data sets of n ¼
100 000. Data sets differ in the amounts of heterogeneity in DA and

DI (points). Heterogeneity in DA is represented by among-individual

differences in the statistical expectation of signed asymmetry.

Heterogeneity in DI is represented by among-individual differences

in the SD of signed asymmetry (measured as the coefficient of

variation, CV).

496 L. C. STIGE ET AL.

J . E VOL . B IO L . 19 ( 2 0 0 6 ) 4 9 2 – 4 99 ª 2 00 5 EUROPEAN SOC I E TY FOR EVOLUT IONARY B IOLOGY



integral entity asymmetric plate formation pattern in

other parts of the test may have contributed to the

observed DA.

Heterogeneous DA in other organisms

Systematic variation in DA has been reported in a wide

range of organisms (e.g. Pither & Taylor, 2000; Mazzi &

Bakker, 2001; Kellner & Alford, 2003; Oleksyk et al.,

2004; Stige et al., 2004). In some cases, variation in DA

may be related to differential adaptive function of DA

(Windig & Nylin, 1999). In other cases, environmental

stress appears to cause a transition from ‘ideal FA’ to DA

(Teather, 1996; Collin, 1997; Pither & Taylor, 2000;

Kellner & Alford, 2003). But in many cases the reasons

for the differences are not apparent, and would have

been impossible to predict a priori. Notably, several

studies in which the growth of single individuals was

monitored have reported ontogenetic changes in DA

(Teather, 1996; Collin, 1997; Pither & Taylor, 2000;

Kellner & Alford, 2003).

We suspect that systematic variation in DA may be

more common than evident in the literature, as it is

typically not tested for. The fact that the heritability of

signed asymmetry is usually estimated to be low, though

occasionally significant (Coyne, 1987; Tuinstra et al.,

1990; Leamy et al., 1997, 1998; Leamy, 1999; Roff &

Réale, 2004; Santos et al., 2005; Stige et al., 2005),

suggests that there is generally little additive genetic

variation for DA. However, differences in DA could also

be linked to age variation (as demonstrated in the present

study), environmental variation or nonadditive genetic

variation. Therefore, until more tests for systematic

variation in signed asymmetry are made, we cannot

know what the general occurrence of such variation is.

Why correct for systematic variation in DA?

The results on centroid size asymmetry in A. cordatus

demonstrate the importance of testing for systematic

variation in signed asymmetry. If all data had been

pooled, no significant DA had been detected, as mean

signed asymmetry was close to zero. Still, systematic

differences in DA between populations and size classes

existed.

If not corrected for, systematic variation in signed

asymmetry can systematically bias FA estimates. In the

present study, uncorrected vs. corrected population-level

FA estimates differed by up to 34%. Although the final

conclusions remained the same, this would obviously not

always be the case. With different baseline levels of FA or

DA, undetected population differences in DA could easily

lead to false conclusions about differences in FA. Also,

associations between DA and continuous factors could

lead to systematic bias. For example, if a linear relation-

ship between DA and body size goes undetected, FA of

the smallest and largest individuals will tend to be

over-estimated. By statistically correcting for systematic

variation in signed asymmetry, such bias is avoided. One

then controls that inferences about differences in

unsigned asymmetry, i.e. FA, cannot be explained by

differences in signed asymmetry, i.e. DA.

Statistical correction for systematic variation in DA

leads to more precise estimation of DI, and therefore also

to increased power to detect associations between FA and

other factors. However, this is probably less important

than the avoidance of systematic bias.

An important advantage of the approach presented

here is that DA is analysed by one global model instead of

separately for each subsample in a data set. If a study

comprises many groups, the statistical power to detect

DA in each group separately may be very low, and DA

may easily be overlooked. In contrast, a global approach

allows precise estimation of both mean DA and system-

atic variation in DA using information from all the data.

Limitations of the corrections

The proposed DA corrections are unlikely to remove

absolutely all systematic bias that can result from DA.

Especially, the amount of among-individual variation in

underlying DA may differ between groups. This will have

the same effect as heterogeneous measurement error,

and is in practice impossible to detect or correct for. If

mean DA or the systematic variation in DA is large, FA

comparisons across groups should therefore be made

with caution.

An unavoidable limitation is the fact that we cannot

correct for among-individual variation in the underlying

DA that is not correlated with any of the measured

variables. Undetected DA variation reduces the precision

with which DI is estimated by FA. The simulation

analysis suggests that this loss of precision is probably

not a very serious concern unless a considerable propor-

tion of the total asymmetry variance is caused by

differences in the underlying DA. For A. cordatus, we

can conclude that if the unknown variation in the

underlying DA is not of much larger magnitude than the

systematic component of the signed asymmetry variance

(12% and 2.9%), the loss of precision is small.

Conclusion

We suggest that future FA studies should test and, if

necessary, correct for systematic variation in DA. We

here demonstrate methods applicable for metric traits

(represented by centroid size) and for shape data. Finally,

we think that a strict separation between ‘ideal FA’ and

DA should be abandoned – at least some very slight

difference in developmental condition between sides

may be the norm rather than the exception (Kraak,

1997) and whether or not DA is actually detected

depends to a great deal on sample size and measurement

precision. Consequently, instead of omitting from FA
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studies all traits that show significant DA, information is

gained if we include these traits, making the best possible

statistical corrections for DA, but interpret the results

with the limitations of these corrections in mind.
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Poulin, É. & Féral, J.-P. 1998. Genetic structure of the brooding

sea urchin Abatus cordatus, an endemic of the subantarctic

Kerguelen Island, and the origin of the diversity of antarctic

echinoids. In: Echinoderms. Proc. 9th Intn. Echinoderm Conf., San

Francisco, USA (R. Mooi & M. Telford, eds), pp. 793–795.

Balkema, Rotterdam.

R Development Core Team. 2003. R: A Language and Environment

for Statistical Computing. R Foundation for Statistical Compu-

ting, Vienna, Austria. URL: http://www.R-project.org.
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