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FOR U M :  

(1 ) SEXUAL S ELECTI O N  J N  AMPH I B I A N S :  A R EPLY T O  H A LLIDAY A ND VERRELL 
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The evol ut ionary in t erpret at ion of  sexual  d imor
phism in amphibians has long been of i n terest to 
biologis ts .  Charles Darwin ( 1 874) noted o f  frogs t hat 
'a l t hough cold-blooded, the ir  passions are strong' ,  and 
suggested t hat d i morphism shou ld  be  common.  
H owever, he lacked the data t o  i nves t igate further.  
Over one hundred years later,  I revi ewed avai lable 
publ ished l i terature t o  see whether any corre lat ion was 
apparent between male-male com bat and ( i )  l arge male 
body size relative t o  fem ale size, and (2) t h e  presence of 
enlarged spines or t us k s  in  males .  S u ch correlat ions 
were evident at the  fam i l ia l ,  subordinal  and ordinal 
levels wi th in  the A m phibia and I in terpreted t h ese 
correlat ions as s upport ing t h e  Darwin ian hypoth es is 
t hat male-male com bat provided a select ive advantage 
to large body size and weaponry in m a les (Sh ine ,  1 979). 
A recent review by H al l iday and Verrell  ( 1 9 86), 
pri m ari ly a crit ique  of  my 1 979 paper, concluded t hat 
bot h my specific  resul ts  and my general approach were 
in error (e.g.  'a t tempt s ,  such as t hat by S h i n e, to find  
correlations between behavioura l  and m orphological 
charact ers are not usefu l ' ,  p.  90) . I regret t h a t  I did not 
know of  H a ll i day and Verre l l ' s  paper u n t i l  after i ts 
publ icat ion,  because most  o f  the i r  cri t ic isms can easily 
be shown t o  be inval id .  

The pri mary cri t ic ism level led by H al l iday and 
Verrell is t hat the  data base and methodology for my 
1 979 paper are u nre l iable because  ( I )  the i n formation 
came fro m  a wide variety of  pu bl ished sources, with 
h ighly variable samples sizes, techniques o f  measure
ment ,  and preparat ion  of m ater ia l ;  (2) placing any 
species in a single category in troduces error because of 
possi bl e  intraspecific variat ion  in  sexual  s ize d imor
phism or reproduct ive behaviour; (3 )  an alyses should 
have been done s eparately for var ious subgroups of 
amphibians (e .g .  aqu at ic  versus t errestr ia l  species; 
prolonged versus 'explosive' breeders ) ;  (4) I compared 
d i morphism among amphibian speci es k nown to show 
com bat,  to dimorphism among species in  which 
combat had not been recorded. I nevitably,  future 
s tudies wi ll show t hat many o f  t h ese lat ter  taxa also 
d isplay combat behaviour. 

I agree t hat a l l  of these fact ors in t roduce potent ial  
error into my 1 979 analysis;  i n deed,  I pointed t h is out  
i n  the original paper (pp. 300,  302) .  I mport ant ly ,  th is 
error wi l l  introduce random ' noise'  in to  t h e  analysis 
rat her than systemat ic  bias.  Thus, it  wil l  make it less 
l i kely for any stat ist i cal ly s ignificant correlat ions 
between behaviour and morphology t o  be demon
strated.  The existen ce of strong correlat ions  between 
t hese variables in several amphibian taxa ,  despite such 
problems with t h e  data, suggests t hat the u nderlying 
correlations must be very strong i ndeed.  Thus, 

H al l i day and Verrel l 's ma in  cri t icism rein forces t he 
conclusions of my 1 979 paper, rather than cas t ing  
doubt  on  t hem. 

A secon d  m ajor cri t i cism by H al l i day and Verrel l  
( 1 986) i s  to point out  that  t here are  severai well-stu died 
amphibian species which are clearly except ions to the  
general correlat ion I fou n d  between large male  size and  
m ale-male com bat :  t hat is ,  where mal es fight wit h each 
other, but are s mal ler than  females.  H a ll iday and 
Verrell are correct in viewing t h ese cases as real 
except ions rat h er t h an s tatist ical ' noise' , but the  
i mportant po in t  i s  tha t  the  general correlation

'
s exist  

(and are s tat is t ical ly s ignificant )  despite exceptions 
such as t hese. N ei ther are these cases directly 
contradictory t o  the Darwinian hypothesis .  A l l  t hat  
t h e  hypothesis p redicts is t hat large male body size is 
l i kely to evolve if com bat is i m port ant  in determin ing 
m ale reproduct ive success . Whet her or not males grow 
larger than  fem ales wil l  depen d on other factors as 
well ,  including sexual  d ifferences in s urvivorship and 
selective pressu res on fem ale body size (see p.  302 of 
Shine 1 979) . The hypo! hes is  makes no specific  
predict ion about  t he s ize  of  males relative t o  females. 
The only basis for in t roducing sexual s ize d imorphism 
as a dependent variable in  the analysis,  rather t han 
abso lute male size, is essent ial ly to  use female size as a 
control.  H ence, the  prediction is that  adding an ex1ra 
select ive pressure for larger male  body s ize wi l l  tend to 
make it m ore l i kely (but certainly not i nevi table) that 
males will grow larger t h an females, compared to a 
species where m ale  body size is not  u nder that  pressure. 
Thus,  many 'exceptions'  (species with m ale com bat , 
but  wi th  males smal ler t h a n  fem ales) would be 
expected a priori, and are completely consistent wi th 
the  Darwin ian hypothesis.  

H al l iday and Verrell ( 1 986) also crit icise my analysis 
o n  the grounds tha t  i t  d id not  consider other 
behavioural strategies of males (e.g.  mat i ng inter
ference), in which large body size m ay confer n o  
advantage to m ales. N ei ther d i d  I investigate other 
sexual ly d imorphic aspects of m orphology (e.g.  cert ain 
glands) or physiology (e.g.  energet ics of vocal isat ion) .  
These cri t ic isms mis in terpret t h e  in tended scope of my 
paper. I set out t o  consider only t hose attr ibutes of 
male amphibians ( large body size and possession of 
'weapons') which cou ld  readily be post ulated to  
increase su ccess in  male-male com bat ,  and to  derive 
and test pred ictions from t h is hypothesis .  Other 
sexual ly dimorphic attribu tes of amphibians also 
deserve attention, but  were outside the scope of my 
1 979 paper. l specifical ly dealt  only with the role of 
physical combat between m ales ,  not with any other 
form of male-male competi t ion .  This misunder-
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standing by H all iday and Verrell seems to be the  basis 
for much of their discussion. 

A fourth criticism by Hal l iday and Verrell is t hat I 
did not cons ider that sexual size dimorphism could  
result from survivorship differences between males 
and females ,  rather than resulting from natural 
select ion for different body sizes. Their assertion is 
incorrect . I argued that differential survivorsh ip  m ay 
be an important proximate cause of observed patterns 
of sexual size dimorphism in amphibians (p. 302). 

Finally,  Hall iday and Verrell correct ly  point  out an 
omission in my data for Plethodon g/utinosus, i n  w hich 
I had overlooked records of male-male combat .  The 
d irection of sexual size dimorphism in t hi s  taxon is 
uncertain (and perhaps geographically variable), 
because published accounts disagree with each other. 
M ore detailed data on t his species would be of  value. 

I do not wish to imply t hat my 1 979 analysis lacks 
Daws. For example, recent methodological suggestions 
for such comparative studies (e.g. H arvey and M ace 
1 982) convince me that t here are real dangers i n  using 
speci"es as the units in such analyses; a more detailed 
consideration of the extent of phylogenetic con
servatism among the variables studied would add to 
the  value of my 1 979 work. The other obvious 
d ifficulty is my reliance on an essent ial ly a necdotal 
data base. The problem is not one of random error, but 
of the possibility of systemat ic bias ( if, for example, 
behavioural studies - and therefore records of  male 
com bat - had concent rated on some ' type' of 
amphibian wh ich also, for some unrelated reason, 
t ended to have males larger than fem al es). Such 
systematic biases are unl ikely to be a m ajor problem, 
because (a) there is no a priori reason to expect them, 
( b) t hey cannot explain the observed correlations 
between large male size and presence of ' weapons', and 
( c) further studies, as they accumulate, will readily 
show whet her t hese correlations are indeed valid.  

Despite these reservations about methodology, I 
disagree strongly with Hall iday and Verrell 's cavalier 

dismissal of the general approach of comparative 
analysis. I see nothing in thei r  crit icisms to make me 
doubt the basic results from my 1 979 study: large male 
body size (relative to female size) and 'weapons' are 
more common in amphibians known to show male
male combat, than i n  amphibians where no such 
combat h as been descri bed. This correlation strongly 
suggests that these attributes have evolved because 
they increase male reproductive success by promot i ng 
success in combat. I agree with Hal l iday and Verrell 
( 1 986) that no single hypothesis can explain  the 
p henomenon of sexual dimorphism in  amphibians: the  
interplay of various ult imate and proximate influences 
i s  bound to  be extremely complex. Nonetheless, I 
remain convinced that comparative analyses of 
correlations between behaviour and morphology offer 
a powerful technique for discovering some of t h e  most 
i mportant of these influences . 
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(2) SEXUAL SELECTION IN AMPHIBIANS: A REPLY TO SHINE 

Our most important criticism of Sh ine's ( 1 979) 
paper was of his comparison between two categories of 
species ,  those with male combat and t hose i n  which 
combat may or may not occur. I n  his reply, Shine 
suggests that this will involve random 'noise' rather 
t h an systematic bias; I disagree. The first category 
includes species where fighting has been observed and 
described and t here is no reason to suppose t hat future 
research wil l  show that it does not occur in any of t hese 
species .  The second category, however, m ay include 
m an y  species in which fight ing does occur but for 
which it has not yet been described because they have 
been inadequately studied. If fighting is described for 
any species in this second category, those species 
would have to be reallocated to the first category. This 
in balance in the status of the two categories is surely a 
systemat ic  one. Only the accu mulation of future 

studies wil l  determine how s ignificant is this source of 
etror in Sh ine's analysis. 

O n  the point t hat Shine excluded dimorphic 
charact ers t hat are not related to combat because they 
were outside the scope of his 1 979 paper, I can only 
observe that the t i t le of that paper was h ighly 
m isleading. Sexual selection theory, since its original 
development by Darwin, has generally been regarded 
as having two major components, male compet i t ion 
and female choice. M any recent studies of sexual 
behaviour have shown t hat t hese two components, 
intrasexual and intersexual select ion, are often acting 
together within a mating system such that it is difficult 
if n ot impossible to differentiate their  effects ( H all iday, 
1 978;  Partridge and H all iday, 1 984). 
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Behind our crit ique of Shine a n d  h i s  reply to it l ies a 
basic q u estion:  w hether or not cross-species statist i cal 
t ests are a valid t est of evolut ionary t heory . Provided, 
as Shine acknowledges i n  his reply,  such tests control 
for the confounding effect of phylogeny, they m ay 
reveal biologically sign i ficant patterns. They can, 
however, only reveal correl at ions between characters 
and cannot prove a causal rel at ionship between t hose 
characters. Neit her can they necess arily shed l ight on 
the s i tuation in a part i cu l ar species, such as Bufo bufo. 
The u ncritical use of evolu tionary generalisations 
about the relat ionship between body s ize and sexual 
select ion has been attacked i n  a recent paper by 
G reenwood and Adams ( 1 987). They discuss w h at they 
describe as two fal lacious assu mptions:  first ,  t hat if 
large s ize is favou red by sex ual  selection,  males wil l  be 
larger t han fem ales and, second, that if males are l arger 
t han females,  this  must be evi dence of intrasex ual 
select ion among males. Our contention is t h at th ere is  
now so much evidence t hat body size is the product of 
many selection pressures in amphibians,  that further 
research should be direct ed towards est i mat ing 

accurately the strength of t hese pressures in individual 
species, not i n  seeking general isations across species. 

I thank Pau l H arvey for discussions of t hese issues .  
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