
Vignettes: Math 

Those of us with little or no familiarity with formal mathematics are nevertheless 
used to thinking complex thoughts about complex subjects, namely other people. 
When we come to study mathematics, we find it hard, perhaps, because we cannot 
get used to thinking about such simple subjects. 

-A.  K. Dewdney, in 200% of Nothing: A n  Eye-Opening Tour Through 
the Twists and Turns of Math Abuse and Innumeracy (Wiley) 

Even qmong scientists, books dense with equations have always been unpopular, 
but the general phobia of simple mathematics is nowadays exaggerated. Also to 
be considered are those who find mathematics useful. 

-Philip Woodward, in M y  O w n  Right T ime:  A n  Exploration 
of Clockworli Design (Oxford Gniversity Press) 

whether she wanted to write a daughter's 
me~noir  or a detached, scholarly biography. 
She has tried to pursue the two projects 
simultaneously but, unfortunately, neither of 
them consistently. A thoroughly subjective 
daughter's portrait would perhaps have been 
 refera able. Nevertheless, the oresent work is 
a good point of departure for a deeper and 
Inore contextualized portrait of this fascinat- 
ing partnership in 20th-century biomedical 
science. 
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Evolutionary Pinnacle 

Social Evolution in Ants. ANDREW F. G. 
BOURKE and NlGEL R. FRANKS. Princeton 
University Press, Princeton, NJ, 1995. xiv, 529 
pp.: illus. $75 or £55; paper, $29.95 or £19.95. 
Monographs in Behavior and Ecology. 

Ants  represent a pinnacle of social evolu- 
tion in that all species are highly eusocial, 
except for some that have secondarily lost 
this social system. Eusocial species have a 
reproductive division of labor, and highly 
eusocial species have overlap of generations 
and have reprod~lctives and worker helpers 
that are morphologically distinct. Many 
ants, and many termites, go further and 
have elaborate caste systems, in which non- 
reproductives are further differentiated 
morphologically. Whence came this ~uarvel  

of nature? W h a t  are the  characteristics of 
ant evolution? This thorough and very 
readable book introduces readers to  the  
evolution of ant eusociality, t he  evolution- 
ary dynanlics of ant society, and the  evolu- 
tion of caste. 

T h e  aim of the  book is to  help bring 
follom~ers of ant sociobiology up to date 
following the  nlonumental general treatise 
by Hiilldobler and Wilson. Bourke and 
Franks use very little quantitative reason- 
ing, basing their approach firmly o n  
Dawkin's view of the  gene as the unit of 
selection, which makes the  book very ac- 
cessible as a n  introduction to this important 
subject. This approach is likely selclo~n to 
err as to the  outcome of selection, and it 
re~nains  a task for the  fairly near future to 
see how often the  conditions necessary for 
its applicability are violated in nature. 

T h e  authors argue convincingly that  
k in  selection is the  single crucial factor 
involved in  the  evolution of eusociality 
and that  the  factors postulated by appar- 
ently rival theories of the  past (enslave- 
ment  by parents, mutualism) are but vari- 
ants of k in  selection. T h e  combination of 
kin selection and sex allocation is vital t o  
understanding an t  social evolution, be- 
cause the  male-haploid genetic system of 
ants leads to  drastic asymmetries in  relat- 
edness between colony members ( a  sister 
may be more closely related to  her brother 
t h a n  h e  is to her!) .  T h e  resulting conflict 
expected between queens and their worker 
progeny over the  sex ratio of the  colony 
has intrigued researchers for decades; stud- 
ies of Inany species indicate tha t  the  work- 
ers generally win. This finding, for which 
this book will help to achieve general 
acceptance, further erodes the  older idea 
of a truly regal queen dominating her myr- 
iad myrmidon offspring, as against the  
view of a colony as a sea of competing 
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interests. Solomon (Proverbs 6:7) had it 
right. 

Caste is the  highest expression of euso- 
ciality, and Bourke and Franks give a n  au- 
thoritative and controversial accoLunt that 
deserves to be true even if event~lally dis- 
proved. .4 central problem is age poly- 
ethism, the apparent depe~ldence o n  a 
worker's age of the  tasks she performs. T h e  
authors show, using simple models ancl ele- 
gant diagrams, how task need have little 
direct link to age: the  relationship might 
arise simply from workers' switching to tasks 
for which there are too few attendants. A 
flow is set up as workers involved in outcioor 
tasks die off, drawing younger workers from 
well-tended tasks inside the  nest. 

This  book clearly has a strong popula- 
tional and behavioral basis, as works a t  
this time ~ n ~ l s t  have because of the  state of 
the  field. How might the  field develop? 
O n e  way is by the  expanding use of better 
molecular markers to  ~ ~ n r a v e l  patterns in  
natural populations, but deeper questions 
of t h e  molecular architecture of eusocial- 
ity are becorning approachable. T h e  soci- 
ality of the  ants has been seen as disqual- 
ifying them from being a fit subject for the  
st~udv of the  evolution of socialitv. This  
parahoxical conclusion stems from ;he fact 
tha t  all ants are either highlv eusocial or 
clearly descended from h;ghlY social an- 
cestors: there are no species o n  the  critical 
threshold of eusociality. Hence,  bees and 
wasps with sinlpler social systems are sup- 
posedly where to look. But, compared to  
ants,  eusocial bees and wasps remain min- 
i m a l l ~  differentiated from their non-euso- 
cia1 precursors; indeed, the  sociality of 
such insects is labile, species sm~itching 
back and forth. This  ~ n i n i ~ n a l  differentia- 
t ion suggests tha t  there are n o  significant 
genetic differences between bees and 
wasps with simple eusociality and their 
non-eusocial relatives. T h e  basic genetic 
architecture is nos t  likely to change only 
later, as complex nlorphological differentia- 
tion between colonv mernbers-caste-aris- 
es, better matching them to roles. This in- 
crease in complexity favors an  increase in 
gene number, following the pattern by which 
Drosophila has more than twice as many 
genes as yeast though otherwise these organ- 
isnls have similar constraints for develop- 
mental noise s~lppression. Termites and 
those aphids with sterile soldiers provide test 
comparisons for molecular sociobiologists of 
the future: do highly eusocial forms have 
more genes, and do they tend to be the same 
ones? Such q~lestions wo~lld be unaskable 
without the groundwork laid by such as 
Bourke and Franks. 
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