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In 1950, Rensch first described that in groups of related species, sexual size dimorphism is more

pronounced in larger species. This widespread and fundamental allometric relationship is now commonly

referred to as ‘Rensch’s rule’. However, despite numerous recent studies, we still do not have a general

explanation for this allometry. Here we report that patterns of allometry in over 5300 bird species

demonstrate that Rensch’s rule is driven by a correlated evolutionary change in females to directional

sexual selection on males. First, in detailed multivariate analysis, the strength of sexual selection was, by

far, the strongest predictor of allometry. This was found to be the case even after controlling for numerous

potential confounding factors, such as overall size, degree of ornamentation, phylogenetic history and the

range and degree of size dimorphism. Second, in groups where sexual selection is stronger in females,

allometry consistently goes in the opposite direction to Rensch’s rule. Taken together, these results provide

the first clear solution to the long-standing evolutionary problem of allometry for sexual size dimorphism:

sexual selection causes size dimorphism to correlate with species size.
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1. INTRODUCTION

To illustrate the nature of ‘Rensch’s rule’ (Rensch 1950),

consider allometry for sexual size dimorphism in New

World blackbirds (Icterinae). When size dimorphism is

standardized as the proportional difference between males

and females (i.e. the difference in log-transformed wing

lengths), there is a clear positive relationship between size

dimorphism and log-transformed male size (figure 1a). A

more statistically robust method (Abouheif & Fairbairn

1997; Fairbairn 1997) for quantifying this size allometry

involves plotting the log-transformed values of male versus

female wing length (figure 1b). Reduced major axis

(RMA) slopes of such plots, which scale independently

of which variable is plotted on the x -axis (Harvey & Pagel

1991; Bonduriansky 2007), provide a measure of

allometry. Slopes above 1.0 indicate positive allometry,

and in the case of the Icterinae, a slope of 1.22 indicates

that a very strong positive allometry occurs in this group

(also see Webster 1992), i.e. the blackbirds exhibit

Rensch’s rule. Similar patterns of size allometry have

been documented in groups as diverse as primates

(Clutton-Brock et al. 1977), turtles (Berry & Shine

1980), water striders (Andersen 1997), drosophilid flies

(Blanckenhorn et al. 2007), mites (Colwell 2000),
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salmonid fishes (Young 2005), grouse (Payne 1984),

bustards (Payne 1984; Raihani et al. 2006), humming-

birds (Payne 1984; Colwell 2000) and shorebirds (Székely

et al. 2004).

Despite numerous recent studies on sexual size

allometry, we still do not have a general explanation for

what causes it (Fairbairn 1997; Blanckenhorn et al. 2006).

Indeed there are a large number of hypotheses that have

been developed to explain how sexual size allometry can

arise (Clutton-Brock et al. 1977; Smith 1977; Payne 1984;

Webster 1992; Abouheif & Fairbairn 1997; Fairbairn

1997), and for simplicity, they can be grouped into three

broad categories: (i) evolutionary constraints, (ii) natural

selection, and (iii) sexual selection.

(i) Evolutionary constraints (Clutton-Brock et al.

1977; Webster 1992; Fairbairn 1997) argue that

size dimorphism evolves as a by-product of each sex

responding differently to similar selection pressures

on body size. For example, different amounts

of genetic variation in males and females could

result in sexual size allometry if the sex with

more additive genetic variation for body size has

a stronger evolutionary response to selection

(Leutenegger & Cheverud 1982).

(ii) Natural selection, such as intersexual resource

competition, and/or fecundity selection (Clutton-

Brock et al. 1977; Payne 1984; Webster 1992;

Fairbairn 1997), can also give rise to sexual size

allometry. For example, if increased body size is
This journal is q 2007 The Royal Society
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Figure 1. Sexual size allometry in New World blackbirds (Icterinae). (a) Standardized size dimorphism (log male wing lengthK
log female wing length) versus male size among 103 out of 105 species in the subfamily. Larger species tend to be proportionally more
size dimorphic. (b) Log male wing length versus log female wing length plotted from the same sample of species, with the reduced
major axis (regression type II) slope calculated. An allometric slope of 1.22 indicates strong positive allometry, i.e. Rensch’s rule.
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associated with a reduction in the amount of

interspecific competition (MacArthur 1972), then

larger species might be more size dimorphic as the

sexes diverge into different ecological niches.

Alternatively, if natural selection on fecundity acts

primarily on female size (Head 1995), then

negative allometry (i.e. inconsistent with Rensch’s

rule) would be expected as males show a lowered

evolutionary response to selection on females

(Head 1995; Fairbairn 1997).

(iii) Sexual selection hypotheses predict that directional

sexual selection acting more strongly on one sex

produces a correlated but weaker evolutionary change

in the other sex (Smith 1977; Payne 1984; Webster

1992; Abouheif & Fairbairn 1997; Fairbairn 1997).

In the typical situation where male size is under

stronger sexual selection, then positive allometry

consistent with Rensch’s rule is expected (irrespective

of whether large or small size is sexually selected). In

contrast, in taxa where sexual selection is stronger

on female size, negative allometry is expected.

Most researchers generally attribute the probable cause

of positive sexual size allometry to sexual selection

processes; however, we still do not have a conclusive

empirical demonstration that this is the case across a broad
Proc. R. Soc. B (2007)
range of taxa. The objective of this study is thus to test two

critical predictions of the sexual selection hypothesis using

a close to complete representation of taxa (subfamilies)

within an entire class (Aves). First, prediction 1: groups of

related species in which sexual selection on size is stronger

in males should demonstrate positive allometry, indepen-

dently of confounding factors such as the overall degree and

range of size dimorphism. Second, prediction 2: groups of

related species in which sexual selection on size is stronger

in females should demonstrate negative allometry, they

should go in the opposite direction to Rensch’s rule.
2. MATERIAL AND METHODS
(a) Wing length measurements

For 5334 avian species, we recorded from the literature (see

electronic supplementary material for full bibliography) up to

seven different sets of male and female wing length measure-

ments. Each set of wing length measurements comprised the

means (or mid-ranges if appropriate) for both males and

females measured in a single population. The average number

of different sets of measurements per species was 2.5, and we

took the means of these for final species values. Wing length

measurements are commonly used in size dimorphism studies

(Payne 1984; Székely et al. 2004; Kruger 2005), are much less

diurnally and seasonally variable and more frequently reported
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than body mass (Kruger 2005), and are generally more

representative of overall body size than measures of bill or

tarsus measures (Székely et al. 2004),whichare influenced more

strongly by ecological factors and have higher intrinsic

measurement error (due to their typically smaller sizes). Across

all birds, wing length is strongly correlated with body mass (log-

transformed values, NZ1832 species, R2Z0.89; data from

Lislevand et al. (2007) and Székely et al. (2007)) and is

therefore, a highly suitable index of overall body size. Flightless

birds are excluded from the analyses.

(b) Classification of subfamilies

The families ofbirdswere based on the classification provided in

del Hoyo et al. (1992–2007). These families were subdivided

into subfamilies based on the classification hitherto provided in

del Hoyo et al. (1992–2007; NZ213) and from adapting the

classification in Howard & Moore (1991) for all remaining

subfamilies (NZ66). Although there are continual changes in

our understanding of the evolutionary relationships among

birds, subfamilial-level classifications are generally robust and

monophyletic (Cracraft 1981; Cracraft et al. 2004).

(c) Comparisons of slopes

Subfamily-level allometric slopes for sexual size dimorphism

were calculated by regressing log male wing length onto log

female wing length (e.g. figure 1b). All slopes are type II

regression, RMA slopes calculated on species values. Since

slopes are ratios (i.e. of the vertical change to the horizontal

change), we log transformed them to scale their variances

appropriately (for example, this transformation would render

RMA slopes of 2 and 0.5, as equally allometric, but in positive

and negative directions, respectively).

Based on the adopted bird classification (see above), there are

279 subfamilies within 199 families. Out of these, 249

subfamilies have two or more species each, and we were able to

calculate allometric slopes for wing length in 220 of these (in the

other 29, we had less than two species values for wing lengths).

Variance in slopes is expected to be higher in subfamilies with

small ranges in species size, because measuring error and minor

stochastic evolutionary changes will overwhelm the true

allometric relationship. Therefore, we only analysed slopes in

the 182 subfamilies, where there was at least a 20% difference

between the largest and smallest species. Variance in slopes (log

transformed; see above) was dramatically higher in subfamilies

below (s.d.Z0.577, nZ38) than above (s.d.Z0.035, nZ182)

this cut-off. On average, each slope was estimated with a total of

29 species (s.d.Z31, rangeZ2–160), based on an average of

71% (G27%) species representation. Patterns reported here

persist when all (NZ220) subfamilies are included in the

analyses; however, the R2 are, as expected, much lower.

It is assumed that all species within a group share a more

recent common ancestor with each other than they do with

any other species in any other group. Therefore, each slope is

calculated on a single independent species radiation and can

be treated as a statistically independent data point for

analysis. Note that since each slope is calculated with species

values, and is therefore itself not controlled for phylogenetic

interdependence within the group, the statistical significances

of individual slopes were not estimated.

(d) Analysis of independent variables

For most independent variables entered into the models,

subfamily values were assigned the mean of species scores

(provided in the electronic supplementary material).
Proc. R. Soc. B (2007)
This approach is routine in comparative studies conducted

at higher-order taxonomic levels (e.g. Olson & Owens 2005;

Kilner 2006), because it provides an intuitive index of the

typical phenotypic state characteristic of a group.

Each independent variable was calculated more specifically

as follows: (i) polygamy was quantified for as many species

as possible as K1Zpolyandrous, 0Zmonogamous and

1Zpolygynous. Measures of polygamy previously collected

from the literature (Dunn et al. 2001) were pooled together

with additional polygamy scores collected independently

( J.D.), and in similar fashion. Subfamily-level polygamy

scores (i.e. the mean of species scores) determined indepen-

dently by two observers ( J.D. and P.O.D.) were strongly

correlated (NZ69 subfamilies, R2Z0.750, p!0.0001).

(ii) Plumage dichromatism was scored subjectively by J.D.

from plates in the literature (electronic supplementary

material) and was scored as K1Zfemales more colourful,

0Zno difference, 1Zmales slightly more, 2Zmales clearly

more, 3Zmales much more and 4Zmales much more with

additional ornaments. A comparison of UV–VIS spec-

trometer-based measurements of sexual dichromatism with

visual estimates from Dunn et al. (2001) demonstrated that

they were highly correlated (R2Z0.53, NZ978 species,

p!0.0001; P. Dunn 2007, unpublished data). (iii) Relative

testes size (from data in Dunn et al. 2001; Lislevand et al.

2007) was the residuals of log testes mass regressed onto log

male body mass. (iv) Male aerial display (from data in

Lislevand et al. (2007) and Székely et al. (2007)) was scored

from descriptions in the literature along a spectrum ranging

from 1Zground display to 5Zhighly acrobatic aerial display.

(v) Mean clutch size was from data in Lislevand et al. (2007)

and Székely et al. (2007). (vi) Resource partitioning (from

data in Lislevand et al. (2007) and Székely et al. (2007)) was

calculated from 0Zcomplete resource overlap between the

sexes to 3Zno resource overlap. (vii) Species sizeZmean of

log ((maleCfemale wing length)/2) for all species in the

subfamily. (viii) Range of species sizeZmaximum species

sizeKminimum species size. (ix) Size dimorphismZmean

species value for log(male wing length)Klog(female wing

length). (x) Range of dimorphismZmaximum species size

dimorphismKminimum species size dimorphism. (xi) Num-

ber of speciesZtotal number of species used to calculate the

allometric slope for the subfamily.

To test prediction 1, we present the results of (i) univariate

analyses of allometry (as the dependent variable) regressed onto

each independent variable separately, (ii) multivariate

regression of all independent variables used in a combined

model, and (iii) multivariate regression on the independent

contrasts, which controls for phylogenetic history. Because data

for all the variables were not available for all subfamilies, we

conducted the three analyses described above separately on two

different datasets. The first dataset provides higher power in

terms of the number of subfamilies (NZ182 subfamilies, seven

explanatory variables), and the second dataset provides higher

power in terms of the number of explanatory variables (NZ100

subfamilies, 11 explanatory variables). All analyses assume a

lack of systematic sex-specific effects of unmeasured viability

and fecundity selection across the subfamilies analysed.

(e) Phylogenetic analysis

We tested whether independent contrasts (Felsenstein 1985)

in slopes were predicted by contrasts in the independent

variables in tables 1 and 2. The architecture of our subfamily-

level phylogeny (provided in the electronic supplementary
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Figure 2. Variance in allometric slopes across 182 subfamilies of birds versus (a) degree of polygamy (subfamilies with higher
values have proportionally more polygynous species), (b) range in sexual size dimorphism, (c) mean standardized sexual size
dimorphism and (d ) degree of sexual dichromatism (subfamilies with higher values have more species where males are more
colourful than females). Allometric slopes were calculated with RMA models of log male wing length regressed onto log female
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See table 1a for the statistics of the regression lines.

Sexual selection explains Rensch’s rule J. Dale et al. 2975
material) is adapted from Cracraft et al. (2004) who

synthesized numerous recent molecular-based studies into a

comprehensive family-level phylogeny. A separate analysis of

independent contrasts calculated using a different phylogeny

(Cockburn’s (2006) adaptation of Sibley & Alquist’s (1991))

yielded the exact same conclusions (not reported). Indepen-

dent contrasts (standardized by the root of the summed

branch lengths) were calculated with the PDAP:PDTREE

(Midford et al. 2007) software package for MESQUITE

(Maddison & Maddison 2004), subfamilies were assumed

polytomies within families, degrees of freedom were corrected

by subtracting the number of polytomies in the phylogenetic

tree (Garland & Diaz-Uriarte 1999) and branch lengths were

assigned a value of 1.0.
3. RESULTS
(a) How strong is Rensch’s rule in birds?

We used allometric relationships in 182 subfamilies to test

how general a phenomenon Rensch’s rule is in the birds.

Positive allometry occurred in 110 out of 182 (60.4%)

subfamilies (Sign test; pZ0.0061). Mean (geometric) slope

in the subfamilies was 1.025 (G0.006 s.e.), which was

significantly higher than 1 (t-test on log-transformed slopes:

t181Z4.14, p!0.0001). These results demonstrate that

positive allometry occurs at a relatively modest level within
Proc. R. Soc. B (2007)
the subfamilies. However, there is a great deal of variance in

size allometry, and many exceptions to Rensch’s rule exist.

This variance is useful because it can be used to test

predictions about what factors drive Rensch’s rule.
(b) Prediction 1: polygyny predicts positive

allometry

To test prediction 1, we first evaluated whether polygamy

predicts variance in allometry. Sexual selection on male

size is expected to be stronger in polygynous groups than

in monogamous or polyandrous groups, because males are

under stronger intrasexual competition for mating oppor-

tunities (Webster 1992). Univariate analyses suggested

that subfamilies that have increased degrees of polygyny

also have much stronger positive allometry, as predicted

by the sexual selection hypothesis (table 1a; figure 2a).

The above pattern could be confounded, however, by

correlations between polygamy and other factors related to

allometry such as range of size dimorphism or overall size

dimorphism (table 1a; figure 2; also see Abouheif &

Fairbairn 1997; Fairbairn 1997).

To test whether polygamy per se was a good predictor of

Rensch’s rule, we conducted multivariate analyses (general

linear model, GLM) with subfamily slope as the dependent

variable. Independent variables entered into the model
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included seven potentially confounding variables: polyg-

amy; sexual dichromatism; average species size; range of

species sizes; average sexual size dimorphism; range of

sexual size dimorphism; and number of species sampled.

The final model was highly significant (table 1) and

predicted 36.6% of variance in slopes, with polygamy

being by far the most significant predictor of positive

allometry (partial R2Z0.182). The other main predictor

of positive allometry was range in sexual size dimorphism

(partial R2Z0.082). However, this result is not unexpected

because variance in size dimorphism is a requirement for

positive allometry to occur. Since it is predicted under both

sexual selection and other hypotheses for Rensch’s rule, it

needs to be controlled for. Finally, there were no significant

correlations between allometry and either size dimorphism

or dichromatism in the multivariate analysis (table 1b; partial

R2Z0.011 and 0.015, respectively). This result contrasts

with patterns observed in the univariate analysis (table 1a;

figure 2c,d ), and it suggests that the positive correlations in

the univariate analyses were indirect results of size

dimorphism and plumage dichromatism each being

positively related with degree of polygamy (size dimorphism

R2Z0.166, p!0.0001; dichromatism R2Z0.159,

p!0.0001). In sum, groups with high degrees of polygyny

demonstrate the greatest degrees of positive allometry,

independently of other factors. These results demonstrate

conclusively that mating system, a proxy of mating

competition, is strongly associated with Rensch’s rule.

We conducted a more detailed analysis of intersubfa-

milial variance in allometry using a smaller number of

subfamilies, but with a greater number of potential

explanatory variables. In 100 subfamilies, we added four
Proc. R. Soc. B (2007)
additional variables for which we had data available from

previously published studies and that may confound the

relationship between allometry and mating system (Dunn

et al. 2001; Lislevand et al. 2007; Székely et al. 2007): aerial

display agility; resource division between the sexes; relative

testes size; and clutch size. The final model in this analysis

predicted half the variance in slopes (50.3%; table 2b), and

strongly corroborated the above analysis: polygamy was

again the main predictor of allometry (partial R2Z0.199).

In contrast, subfamilies with high degrees of sexual

dichromatism (tables 1b and 2b) and relatively large testes

(table 2b) did not exhibit stronger positive allometry in the

GLMs, suggesting that it is the aspect of sexual selection

related to size (i.e. intrasexual competition for mating

opportunities), and not coloration or sperm competition,

that positively influences allometry. Note that the signi-

ficant relationship between plumage dichromatism and

size allometry (partial R2Z0.060) reported in table 2b

occurs in the opposite direction predicted: groups with low

degrees of dichromatism tended to have stronger size

allometry (after controlling for other factors).

Interestingly, aerial display agility of males was also a

significant predictor of allometry, where subfamilies with

more elaborate male aerial displays demonstrated stronger

positive allometry (partial R2Z0.066; table 2b; also see

figure 3b). This result provides additional support for the

hypothesis that differential sexual selection on size

between the sexes drives Rensch’s rule. Recall that the

sexual selection hypothesis predicts positive allometry

when males are under stronger directional selection than

females, regardless of whether the males are selected to be

larger or smaller. Indeed, in species with elaborate male

aerial display, sexual selection is generally argued to be

stronger for smaller male size because it greatly improves

aerodynamic efficiency (Andersson & Norberg 1981;

Székely et al. 2004; Raihani et al. 2006).

So far, we have assumed that each allometric slope is the

result of an independent species radiation and can thus be

considered an independent data point. Nevertheless, it is still

possible that unknown phylogenetically shared factors may

driveallometric relationships to similardirections ingroupsof

more closely related subfamilies. Therefore, we also con-

structed GLMs using independent contrasts (Felsenstein

1985) to control for shared phylogenetic history using a

recently published avian family-level phylogeny (Cracraft

et al. 2004). The phylogenetically controlled analyses yielded

thesamebasic result: polygamydrivesRensch’s rule (tables1c

and 2c; figure 3a).

(c) Prediction 2: polyandry predicts negative

allometry

To test prediction 2, we calculated slopes in subfamilies with

sex-role reversed mating systems. Out of the 182 subfamilies

analysed above, there are four subfamilies which demon-

strate clear sex-role reversal (i.e. territorial or male-defence

polyandry and male-only parental care occurring in at least

50% of their species): the buttonquails (Turnicidae); the

jacanas ( Jacanidae); the painted snipe (Rostratulidae); and

the phalaropes (Phalaropinae). Collectively, the slopes in

these birds are significantly lower than 1 (mean (geome-

tric)Z0.890, t3Z5.58, pZ0.006) and are significantly lower

than the slopes in all the other subfamilies (t3,177Z3.69,

pZ0.0003). Four cases of polyandrous subfamilies

provide too little power for phylogenetically controlled



st
an

da
rd

iz
ed

 s
iz

e 
di

m
or

ph
is

m
Turnicidae: buttonquails
Rostratulidae: painted snipe
Phalaropodinae: phalaropes
Jacanidae: jacanas

0.20

0.10

0.15

0

0.05

– 0.05

–0.10

0.20

0.10

0.15

0

0.05

– 0.05

–0.10

0.20

0.10

0.15

0

0.05

– 0.05

–0.10

st
an

da
rd

iz
ed

 s
iz

e 
di

m
or

ph
is

m
st

an
da

rd
iz

ed
 s

iz
e 

di
m

or
ph

is
m

1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Halcyoninae: halcynine kingfishers
Hydrobatinae: northern storm-petrels
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Accipitridae: hawks and eagles
Stercorariidae: skuas
Sulidae: boobies

Zosteropidae: white-eyes
Timaliidae: babblers
Apodinae: swifts
Corvidae: crows
Alcidae: auks
Stemidae: terns
Anserinae: geese
Diomedeidae: albatrosses

Maluridae: fairywrens
Thamnophilidae: typical antbirds
Parulidae: New World warblers
Saxicolinae: chats
Passeridae: Old World sparrows
Picinae: typical woodpeckers
Pteroclidae: sandgrouse
Bucerotinae: typical hornbills

Cisticolidae: cisticolas
Troglodytidae: wrens
Nectariniidae: sunbirds
Emberizinae: buntings
Cardinalidae: cardinals
Calidridinae: sandpipers
Perdicinae: partridges
Caprimulginae: nightjars
Cracinae: currassows

Phylloscopinae: leaf-warblers
Acrocephalinae: reed-warblers
Megalurinae: grassbirds
Icterinae: New World blackbirds
Cotingidae: cotingas
Botaurinae:  bitterns
Tetraonidae: grouse
Phasianinae: pheasants

Trochilinae: hummingbirds
Phaethornithinae: hermits
Pipridae: manakins
Ploceinae: typical weavers
Ptilonorhynchidae: bowerbirds
Paradisaedae: birds of paradise
Scolopacinae: woodcocks
Otididae: bustards
Meleagrididae: turkeys

Viduidae: whydahs
Prodotiscinae: thin-billed honeyguides
Indicatorinae: typical honeyguides
Cuculinae: old world parasitic cuckoos

Rhynchotinae: steppe tinamous
Tinaminae: forest tinamous
Megapodiidae: brush turkeys
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(b)

(e)

(c)

( f )

(g) (h) (i)

monogamy, reversed size dimorphic

weak polygyny polygyny strong polygyny

monogamy, sexually monochromatic monogamy, sexually dichromatic

polyandry, male-only care polygyny, male-only care brood parasitic

Figure 4. Standardized size dimorphism (log male wing lengthKlog female wing length) versus male size in subfamilies with
different mating systems. Polygyny is associated with positive allometry (i.e. slopes O0 in these kinds of plots), and polyandry is
associated with negative allometry (i.e. slopes !0). Subfamily names are provided in the order of increasing body size. Grey
points comprise the dimorphism versus size relationship for all birds, while coloured points comprise target subfamilies.
Representative monogamous subfamilies (d– f ) were selected to cover a broad range of species sizes; however, patterns are
similar in other monogamous subfamilies. In (a–c) and (g–i ), all relevant subfamilies are plotted. Criteria used to categorize
subfamilies: (a) %K0.5 and obligate male-only parental care, (b) polygamy O0.10 and some species exhibit obligate male-only
parental care, (c) obligate interspecific brood parasitism, (d ) polygamy between K0.06 and 0.06 and size dimorphism !0,
(e) polygamy between K0.06 and 0.06, and dichromatism between 0 and 0.20, ( f ) polygamy between K0.06 and 0.06, and
dichromatism O1.0, (g) polygamy between 0.125 and 0.25, (h) polygamy between 0.25 and 0.75 and (i ) polygamy O0.75.
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analysis; however, the previous analyses of independent

contrasts (tables 1c and 2c) demonstrated a minimal

phylogenetic effect on patterns of subfamily-level size

allometry. This first demonstration of size allometry

occurring consistently opposite to Rensch’s rule provides

critical support to the hypothesis that size allometry is driven

by differential size selection between the genders, in this case

being atypically stronger in females.
4. DISCUSSION
The relative differences in the nature of allometry between

groups with different mating strategies are shown in
Proc. R. Soc. B (2007)
figure 4. The strongest difference occurs between the

two groups with the highest expected degrees of

differential sexual selection between the sexes. In strongly

polygynous subfamilies, characterized by high proportions

of species with lekking or defence polygyny mating

systems, Rensch’s rule is demonstrated clearly and in

remarkably similar fashion across a broad range of taxa. In

monogamous groups, there are no apparent allometric

relationships, despite high variance in sexual dimorphism

in size and coloration. In groups with clear gender-role

reversal, allometry goes in the opposite direction. These

strongly contrasting patterns provide conclusive support

for the hypothesis that Rensch’s rule is driven by a
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correlated evolutionary response in one sex to stronger

size selection in the other sex.

Why might females (typically) demonstrate a correlated

evolutionary response to strong size selection on males? This

can occur owing to: (i) genetic correlation between the sexes:

genes favoured in males, which increase male size, tend to be

expressed also in females, but to a reduced degree

(Winterbottom 1929; Smith 1977; Lande 1980), (ii) indirect

correlational selection: larger females offset the increased

ecological costs of large size with indirect fitness benefits

gained bymore competitive (i.e. larger) sons (Clutton-Brock

et al. 1982; Webster 1992; Fairbairn 1997), and/or (iii) direct

correlational selection: optimal female size is dependent on

average male size (Fairbairn 1997; e.g. if males get too large

relative to females then females could get injured during

intersexual social interactions such as copulation, thereby

favouring increased female size). It will be a considerable

challenge to tease out the relative effects of these non-

mutually exclusive alternatives.

The first mechanism has been argued unlikely

(Clutton-Brock et al. 1977; Fairbairn 1997) because it

suggests a degree of maladaptedness in female size. In

other words, stabilizing ecological selection on female size

is expected to favour alleles that break up the correlated

response in females. Thus, in time, females are expected to

drift back down to their original ecological optimum

(Fairbairn 1997; Reeve & Fairbairn 2001). However,

allometry will occur before equilibrium is reached, and it is

unknown how long it would take natural populations to

reach equilibrium. In addition, current evolutionary

models do not take into account the possibility that,

before equilibrium is reached, selection will favour genetic

variation which makes females better suited to their

maladapted large size—as these alleles spread, females

become better adapted to larger size and the optimal

female size for the species will increase. The new

equilibrium female size will be larger than female size

prior to the start of sexual selection on males. Hence,

allometry will persist, but only in groups of species with

differential size selection between the sexes, and only for as

long as it takes before additional evolutionary changes

drown out any allometric size scaling between the sexes.

In our comprehensive analysis of Rensch’s rule, using a

nearly complete representation of subfamilies within a

class (Aves), we have uncovered a key life-history variable

that is clearly predictive of size allometry: social mating

system. Although our analysis is restricted to birds, our

findings are expected to be general. Insects, for example,

also show high variance in the degree of allometry

occurring between different taxa (Blanckenhorn et al.

2007). We predict that the degree of differential size

selection operating on the sexes, mediated primarily

through intrasexual competition for mating opportunities,

will best explain variance in size allometry in all taxa.

However, a promising area of future research would be to

replicate our methodology in some more fecund taxa such

as insects, and test whether natural selection on larger

females to lay more eggs can also play a role in explaining

variance in sexual size allometry.
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