curves reconstructed for dinosaurs are realistic, because
other types of curve might fit better, and few data at their
lower ends are currently available.

A third crucial question is how birds and their immedi-
ate dinosaurian relatives became small. Erickson [1], we
think, misstates our results [10,11] when he says: ‘It was
posited that selection favored reduced body size because it
enabled decreases in wing loading and improved power-to-
weight ratios.” Our general analysis of growth patterns in
dinosaurs showed that adult size and absolute growth rate
are usually correlated [12]. As bird ancestors became
miniaturized, they retained similar adult body proportions
as their larger ancestors. Once bird ancestors became
small, regardless of selection pressures, a geometrically
similar wing size at this smaller body size would have
automatically lowered wing loading, and thus increased
aerodynamic lift. Given the scaling of power requirements,
we implied that this consideration might be useful in
analyzing early flight evolution.

We agree on the potential value and use of bone histol-
ogy in fossil (and living) vertebrates to understanding the
growth strategies of extinct animals. However, the opening
chapters of this book are just being written.

Acknowledgments
We thank Randy Irmis and Drew Lee for reviewing a draft of this article.

References
1 Erickson, G.M. (2005) Assessing dinosaur growth patterns: a
microscopic revolution. Trends Ecol. Evol. 20, 677-684

TRENDS in Ecology and Evolution Vol.21 No.11 597

2 Padian, K. and Horner, J.R. (2004) Dinosaur physiology. In The
Dinosauria (2nd edn) (Weishampel, D.B. et al., eds), pp. 660-671,
University of California Press

3 Horner, J.R. and Padian, K. (2004) Age and growth dynamics of
Tyrannosaurus rex. Proc. R. Soc. B 271, 1875-1880

4 Castanet, J. et al. (1996) Expression de la dynamique de croissance
dans la structure de l'os périostique chez Anas platyrhynchos. C. R.
Acad. Sci. 319, 301-308

5 Horner, J.R. et al. (1999) Variation in dinosaur skeletochronology
indicators: implications for age assessment and physiology.
Paleobiology 25, 295-304

6 Horner, J.R. et al. (2000) Long bone histology of the hadrosaurid
dinosaur Maiasaura peeblesorum: growth dynamics and physiology
based on an ontogenetic series of skeletal elements. J. Vert. Paleontol.
20, 115-129

7 de Margerie, E. et al. (2004) Assessing a relationship between bone
microstructure and growth rate: a fluorescent labeling study in the
King Penguin chick (Aptenodytes patagonicus).<J. Exp Biol. 207, 869—-879

8 Erickson, G.M. et al. (2004) Gigantism and comparative life-history
parameters of tyrannosaurid dinosaurs. Nature 430, 772-775

9 Bybee, P.J. et al. (2006) Sizing the Jurassic theropod dinosaur
Allosaurus: assessing growth strategy and evolution of ontogenetic
scaling of limbs. J. Morphol. DOI: 10.1002/jmor.10406

10 de Ricqles, A. et al. (2001) The bone histology of basal birds in
phylogenetic and ontogenetic perspectives. In New Perspectives on
the Origin and Evolution of Birds (Gauthier, J.A. and Gall, L.F.,
eds), pp. 411-426, Special Publication, Peabody Museum of Natural
History

11 Padian, K. et al. (2001) Dinosaurian growth rates and bird origins.
Nature 412, 405412

12 Padian, K. et al. (2004) Growth in small dinosaurs and pterosaurs: the
evolution of archosaurian growth strategies. J. Vert. Paleontol. 24,
55-571

0169-5347/$ — see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tree.2006.08.005

What's wrong with inclusive fithess?

Jeffrey A. Fletcher'2, Martin Zwick?, Michael Doebeli® and David Sloan Wilson*

" Department of Zoology, University of British Columbia, Vancouver, BC V6T 1Z4, Canada

2Systems Science Ph.D. Program, Portland State University, Portland, OR 97207-0751, USA

3 Departments of Zoology and Mathematics, University of British Columbia, Vancouver, BC V6T 124, Canada
“Departments of Biology and Anthropology, Binghamton University, Binghamton, NY 13902-6000, USA

In a recent issue of TREE, Foster et al. [1] defend inclusive
fitness theory [2] from recent challenges [3,4]. The main
author of these challenges, E.O. Wilson, argues that inclu-
sive fitness (also called kin selection [5]) might not be the
main explanation for the evolution of altruism and eusoci-
ality. By contrast, Foster et al. claim not only that inclusive
fitness is the most prominent explanation for altruism, but
also that genetic ‘relatedness is always required for altru-
ism to evolve’ [1]. Here, we take issue with their claim
about genetic relatedness and place the debate in a larger
historical context.

The key finding of inclusive fitness theory is Hamilton’s
rule [2], which predicts that an altruistic trait will increase
in frequency when the inequality rb > c is satisfied. Here, b

Corresponding author: Fletcher, J.A. (fletcher@zoology.ubc.ca)
Available online 30 August 2006.

www.sciencedirect.com

is the average fitness benefit provided by the altruistic
behaviour and c is its average cost. The claim by Foster
et al. that genetic similarity between altruists and their
recipients is always required stems from the r term, which
is traditionally seen as a measure of relatedness, and
which obviously must be >0 to satisfy Hamilton’s rule.
Ironically, in the form of Hamilton’s rule [6] that is
required to address conditional traits such as eusocial
sterility, the ‘relatedness coefficient’, r, no longer depends
on kinship or genetic similarity, and the indirect fitness
concept of inclusive fitness theory is not used.

As Wilson and Hélldobler point out [4], traits for eusocial
sterility must be phenotypically plastic. For such condi-
tional behaviours, Queller [6] showed that r needs to be
calculated using the assortment between the genotype of
each individual and the phenotype (i.e. behaviours) of those
with whom they interact. Queller’s more general version of
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Hamilton’s rule does not measure genetic similarity and it is
thus not fundamental to Hamilton’s rule [7]. Genetic simi-
larity is just one way to create the necessary degree of
genotype—phenotype assortment. Queller’s version also cal-
culates the average direct fitness benefits to carriers. This
highlights the phenotypic effect that colony-level adapta-
tions (e.g. sterile workers) [3,4,8] have on selection among
reproductive individuals (e.g. queens), rather than on the
indirect fitness of sterile workers themselves.

In the traditional view of inclusive fitness, rb measures
the indirect fitness of an average altruist via its enhance-
ment of direct fitness to its relatives. Alternatively, and
more simply, Hamilton’s rule can be interpreted in terms of
the direct fitness of carriers of the altruistic genotype of
interest, where rb measures how much the personal repro-
duction of an average carrier is enhanced by help from
others, related or not. Although these alternative fitness
accounting methods can yield the same result, the direct
fitness approach used by Queller is more general; for
example, it enables one to analyse interspecific mutual-
isms [7]. A preference for the indirect fitness accounting
method (which requires genetic similarity) does not imply
that genetic similarity is actually required either by
Hamilton’s rule or as a causal mechanism in the evolution
of altruism and eusociality in general [9].

The debate between Foster et al. and Wilson and Holldo-
bler must also be viewed in its historical context [8,10].
Foster et al. list several ‘fallacies’ in their Table 1 as though
these are simple mistakes that anyone should be able to
avoid, when, in fact, they were discovered only after decades
of research. There was a time when kin selection was
regarded as an alternative to group selection, when 3/4
relatedness was thought to be the primary explanation of
eusociality, when r meant genealogical relatedness, when
the focus on r obscured the importance of ecological factors
(encompassed by b and c¢), and so on. One by one, the
predictions that appeared to issue from kin selection theory
failed, leading to an expanded form in which ‘relatedness’ (")
can now be positive even in randomly formed groups.

Although we are not necessarily endorsing all their argu-
ments, Wilson and Holldobler’s most important claim is that
colony-level selection is necessary and sufficient to explain
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the evolution of eusociality. This was the explanation that
historically preceded kin selection theory, which Hamilton’s
focus on genetic relatedness appeared to replace. Colony-
level selection for eusociality is made possible by colony-
level adaptations that produce sufficient assortment
between the genotype of reproductives and the phenotypic
help from non-reproductives. The efficiency of these adapta-
tions in delivering fitness benefits to reproductives matters,
whereas the degree of relatedness to non-reproductives does
not. This assortment produces heritable phenotypic varia-
tion at the colony level, which depends on genetic variation
among colonies, but the amount of genetic variation need not
be exceptional and can even be random, just as random
genetic variation among individuals can be sufficient for
individual-level selection. The expanded version of ‘kin
selection’ described by Foster et al. is correct only insofar
as it converges upon the theory that it appeared to replace.

Acknowledgements
We thank Ingi Agnarsson and Sally Otto for helpful comments on a draft
of this article.

References
1 Foster, K.R. et al. (2006) Kin selection is the key to altruism. Trends
Ecol. Evol. 21, 57-60
2 Hamilton, W.D. (1964) The genetical evolution of social behavior I and
II. J. Theor. Biol. 7, 1-52
3 Wilson, E.O. (2005) Kin Selection as the key to altruism: its rise and
fall. Social Res. 72, 159-168
4 Wilson, E.O. and Hélldobler, B. (2005) Eusociality: origin and
consequences. Proc. Natl. Acad. Sci. U. S. A. 102, 13367-13371
5 Maynard Smith, J. (1964) Group selection and kin selection. Nature
201, 1145-1147
Queller, D.C. (1985) Kinship, reciprocity and synergism in the
evolution of social behaviour. Nature 318, 366-367
7 Fletcher, J.A. and Zwick, M. (2006) Unifying the theories of inclusive
fitness and reciprocal altruism. Am. Nat. 168, 252-262
8 Boomsma, J.J. and Franks, N.R. (2006) Social insects: from selfish
genes to self organisation and beyond. Trends Ecol. Evol. 21, 303-308
Fletcher, J.A. and Doebeli, M. (2006) How altruism evolves: assortment
and synergy. J. Evol. Biol. 19, 1389-1393
10 Sober, E. and Wilson, D.S. (1998) Unto Others, The Evolution and
Psychology of Unselfish Behavior. Harvard University Press

[}

©

0169-5347/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tree.2006.08.008

Free journals for developing countries

The WHO and six medical journal publishers have launched the Health InterNetwork Access to
Research Initiative, which enables nearly 70 of the world’s poorest countries to gain free access
to biomedical literature through the internet.

The science publishers, Blackwell, Elsevier, Harcourt Worldwide STM group, Wolters Kluwer
International Health and Science, Springer-Verlag and John Wiley, were approached by the WHO
and the British Medical Journal in 2001. Initially, more than 1500 journals were made available for

free or at significantly reduced prices to universities, medical schools, and research and public
institutions in developing countries. In 2002, 22 additional publishers joined, and more than 2000
journals are now available. Currently more than 70 publishers are participating in the program.

Gro Harlem Brundtland, the former director-general of the WHO, said that this initiative was
"perhaps the biggest step ever taken towards reducing the health information gap between rich
and poor countries".

For more information, visit www.who.int/hinari

www.sciencedirect.com


http://dx.doi.org/10.1016/j.tree.2006.08.008

	What’s wrong with inclusive fitness?
	Acknowledgements
	References




