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Giant female or dwarf male spiders? 
Explanations of the difference in size 

between male and female spiders usual- 
ly assume male dwarfism, thus implying 
that males, rather than females, have 
changed in size' ! (but see refs 4•6). A well- 
known case of sexual dimorphism is the 
orb-weaving tetragnathid spider genus 
Nephila (Fig. 1), in which female body 
length is up to six times greater than that of 
the 'dwarf males. Dimorphism could evolve 
by a change in the size of females or males, 
or even both. Without information on his- 
torical patterns of size change in each sex, it 
is difficult to distinguish whether females 
are giants, males are dwarfs, or both. 

Vollrath and Parker" used life-history 
data on N. clavipes in their Letter to 
illustrate the evolution of sexual size 
dimorphism in taxa with sedentary females 
and roving males. High mortality among 
searching males should bias the adult sex 
ratio towards females, reduce competition 
between males, and favour male dwarfing 
by early maturation. So dimorphism in 
Nephila should be due to evolutionary size 
reduction in males, and males should 
mature in fewer moults than their 'un- 
dwarfed' sister taxa. 

We have reconstructed the phylogeny' "^ 
of several orb-weaving spider lineages that 
include dimorphic taxa, including Nephila 
(Fig. 2). Female Nephila (and other nephi- 
lines like Nephilengys and  Herennia) are 

Figure 1   The golden orb spider Nephila clavipes 
male (top) and female (bottom). 

much larger than their ancestors. Males are 
of similar size or even larger. It seems likely 
that male nephilines are not dwarfs, but the 
females are giants. Likewise, there is no 
definitive evidence that nephiline males 
mature in fewer moults than their mono- 
morphic ancestors (few data are published), 
but females do take more moults to mature 

Figure 2 Cladogram for a taxonomic sample from the spider families Tetragnathidae' and Araneidac8, 

plus their outgroups* ('other Araneinae' include 22 genera, none of them relevant to reconstructing the 

history of dimorphism). Green and blue branches indicate dimorphic and monomorphic lineages, 

respectively. For every genus (taken from museum specimens and the literature) body size was 

expressed as mean adult body length. We used Wagner (linear) parsimony11'" to reconstruct the 

history of mean body-size change of each sex in each family and computed female/male size ratios on 

all branches (dimorphism is defined as a ratio 3 2 or S0.5). If overlapping ranges at adjacent branches 

made it ambiguous as to whether a change had occurred, we conservatively assigned no change. Red 

circles, origin of dimorphism; yellow squares, reversal to monomorphism. A, males decrease, females 

increase; B, females increase; C, males increase; D, males and females decrease; E, females decrease. 
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than their ancestors'"'". Although Vollrath 
and Parker's model could apply to verified 
cases of male dwarfism, it may not be 
appropriate in Nephila. 

In fact, evolution of dimorphism among 
orb-weaving spiders is much more com- 
plex. The phylogeny (Fig. 2) suggests ten 
changes in dimorphism status: four gains 
and six losses (hence reversion to mono- 
morphism). Changes in male and female 
body size are substantially decoupled. In all 
79 genera in the analysis (and in spiders 
generally) females are larger than males. 
Of these genera, 23 contain one or more 
species in which the difference is large 
enough to qualify as 'dimorphism' (Fig. 2). 
Many of these dimorphic genera are very 
close relatives, so that most cases of dimor- 
phism represent simple inheritance from a 
common ancestor, not independent origins 
of dimorphism in every dimorphic species. 

In their regressions of male on female 
body size, Vollrath and Parker did not 
take close phylogenetic relationships into 
account but treated each species as an inde- 
pendent data point, so artefactually inflating 
the sample size and possibly misconstruing 
statistical significance'2. Until the data are 
reanalysed properly, claims of significantly 
different sexual size ratios in different taxa 
or foraging guilds should be viewed with 
caution. 

In summary, phylogenetic reconstruc- 
tion suggests a different view from that of 
Vollrath and Parker: dimorphic species of 
the orb-weaving spider taxa shown here, 
and especially in Nephila, are more likely to 
be due to female giantism than male dwarf- 
ism. Dimorphism seems to have appeared 
and disappeared over time in various ways. 
The biology of each of these evolutionary 
pathways may be distinctive and require its 
own explanation. More data may change 
the phylogenetic reconstruction presented 
here, but the basic point remains: sexual 
size dimorphism is the ratio of two quanti- 
ties, either of which may have changed. 
Without a phylogeny to distinguish between 
the possibilities, the application of models 
devoted to one mechanism can go awry. 
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Vollrath and Parker reply• Spider males are 
smaller than females, with very few excep- 
tions'". This sexual dimorphism is an 
ancient trait: males are marginally smaller 
in liphistiid spiders ('living fossils' with a 
segmented abdomen)1 and trapdoor spi- 
ders4. Compared with 'modern' labidognath 
spiders' , these 'primitive' orthognath 
spiders typically have more instars (moult- 
ing stages) and larger body size. Coddington 
et al. raise two important questions. First, 
does modern Nephila have larger females 
and smaller males than its ancestors? 
Second, did ancestral females have fewer 
instars, and males more, than the average for 
this taxon? 

Answering these questions with mor- 
phological data alone is difficult, if not 
impossible, especially if the cladistic hypo- 
thesis is contested (see refs 8-10). It may 
be more profitable to seek answers in life- 
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Figure 3 Number of moults in 'tetragnathid' 
spiders. M, males; F, females. N mo, Nephila 

maculata; N ms, N. madagaseariensis; N c, 

N. clavipes; Tin, Tetragnatha montana; Tn, 

T. nigrita; P c, Pachyganthat clercki; Z x, Zygiella 

x-notata; M s, Meta segmentata. The original 

data (refs given) have been normalized to count 

from the instar (stadium) that leaves the eggsac 

(all have 1 extra larval instar inside the eggsac). 

Note that in the ancestral Atypus karschi1 males 

mature in 8 or 9 and females in 9-11 instars; 

males of the 'living fossil' Liphistius' have 

between 10 and 31 instars. Generally, the more 
instars, the larger the spider. 

history data. Puzzling life-history traits 
(measured on the species level) are often 
best explained by models". Our1 puzzle was 
the very real observation that males of the 
golden orb spider N. clavipes are much 
smaller than their females, although all mea- 
sured reproductive advantages suggested 
selection for a larger male size12. In females, 
large size always benefits fecundity13"15. 

Our model1 is designed to predict the 
extent of sexual dimorphism in a species 
(see also ref. 16). It trades off the mortality 
rate of each sex (which favours early repro- 
duction, and hence smaller adult body size) 
against the reproductive advantages of later 
maturation (being bigger can mean laying 
more eggs or gaining greater mating 
prospects). The ratio of the evolutionarily 
stable body sizes for the two sexes generates 
the 'evolutionarily stable strategy' of sexual 
dimorphism. Thus we did not set out to 
prove absolute selection to reduce male size, 
but instead predicted quite generally the 
relative size of the two sexes from life- 
history traits that can be measured in the 
field and the laboratory. 

When related to data about N. clavipes 
and similar species, the model predicted a 
general trend for dwarf males (dwarf rela- 
tive to females) to occur in species with 'sit- 
and-wait' habits as opposed to searching 
and hunting habits: males must rove (and 
consequently suffer high mortality) to find 
females that are sedentary. A simple cladis- 
tic analysis (using accepted traits on a fam- 
ily level) seemed to confirm this trend and 
validate our model (Fig. 3 of ref. 1). The 
best confirmation is the discovery17 of true 
dwarf males in a mygalomorph (ancestral) 
spider living in a marginal, high-mortality 
habitat, where the burrowing females are 
less at risk than the roving males. 

When proposing female giantism (as 
opposed to male dwarfing) for N. clavipes, 
Coddington et al. make various assump- 
tions. They claim that the males are typical 
for this taxon in size and instar number 
whereas the females are atypical in both. 
But in fact the data are ambiguous (Fig. 3). 
First, it seems that Nephila is unusual for 
tetragnathids (and most other spiders) in 
having non-overlapping male/female instar 
numbers. Second, Nephila can have rather 
few male instars. Third, the number of 
female instars is indeed large for tetra- 
gnathids, and so is body size. But this is an 
ancestral trait and could be fitted to phylo- 
genetic hypotheses placing Nephila near the 
beginning of the ecribellate branch of orb 
weavers"'"1. This would imply that other 
tetragnathids have a reduced number of 
instars. Finally, Nephila might not even be a 
true tetragnathid81". 

It is never easy to decide how to read 
phylogenetic information. But the pertinent 
point of the controversy of mini males ver- 
sus giant females is that we desperately need 

more life-history data on unusual spiders, 
that is, species with extreme or absent sexu- 
al size dimorphism. This is the only way to 
solve a puzzle that intrigued Darwin and 
many researchers since: a puzzle that con- 
cerns the difference between male and 
female sizes, not their absolute values. 
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