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nitely shape animals. By detailing
the relationship between patterns of
growth and evolutionary trends, he
justifies how factors that are intrin-
sic to the organism must play a role
in evolution. On the other hand, it
must be said that not all intrinsic
factors can be reduced to timing and
rate of growth and thatto do so is, in
some sense, to simplify our view of
organismal organization. That said,
McNamara has detailed a number of
engaging examples of heterochrony
for the reader to pursue. In the end,
as has been wisely pointed out, there
is no disputing against hobbyhorses.

TERRI A. WILLIAMS
Department of Zoology
University of Texas
Austin, TX 78712

BEYOND RECIPROCITY

Cooperation among Animals: An
Evolutionary Perspective. Lee Alan
Dugatkin. Oxford University Press,
NY, 1997. 216 pp., illus. $29.95
(ISBN 0-19-508622-8 paper).

Cooperation among Animals, by bi-
ologist Lee Alan Dugatkin, marks a
major step forward in our under-
standing of cooperative behavior. In
an engaging, honest, and self-effac-
ing style, Dugatkin summarizes the
history of research on cooperative
behavior in chapter 1, lays out a
“grand theory” of cooperation in
chapter 2, and then musters a prodi-
gious amount of data and examples
in fish, birds, mammals, and insects
in chapters 3-7 to support it (the
reference list, printed in small type,
is 38 pages long). Chapter 8 summa-
rizes the argument and presents pros-
pects for the future.

Dugatkin’s theory (see also Dugat-
kin 1997) is formulated in standard
game theory format and is called the
“cooperator’s dilemma.” It is an ex-
tension and expansion of the famous
“prisoner’s dilemma” to allow for
three additional types of cooperative
behavior in addition to the reciproc-
ity that is usually studied with the
prisoner’s dilemma: kin selection,
group selection, and byproduct mu-
tualism.

The common element is the use of
atwo-player payoff matrix that sum-
marizes the rewards (payoffs) to co-
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operative versus noncooperative be-
havior. The payoffs in the matrix are
R (the reward for mutual coopera-
tion), P (the payoff for mutual defec-
tion), T (the temptation to defect on
a cooperating partner), and S (the
sucker’s payoff for cooperating when
the partner defects). f T>R>P>§
and 2R > T + S, then the game is a
prisoner’s dilemma. Cooperation in
the prisoner’s dilemma can evolve
through reciprocity, but only if re-
peated encounters with the same in-
dividuals occur and if it is possible to
remember what the other individual
did during previous encounters
(Axelrod and Hamilton 1981, Axel-
rod 1984).

Although the prisoner’s dilemma
and reciprocity have received an enor-
mous amount of attention, the other
three forms of cooperation that
Dugatkin identifies have not. His
“cooperator’s dilemma” neatly gen-
eralizes the payoff matrix to allow
the payoffs to take on other values
and inequalities, and he notes the
conditions under which all four forms
of cooperation are likely to evolve.
For example if R > T > S > P, then
there is no “cost” to cooperate (be-
cause the reward for cooperation is
greater than the temptation to defect
or the payoff for mutual defection),
and mutual cooperation would be
the most attractive option, even in
single encounters. This situation
would be a case of byproduct mutu-
alism. Examples include group hunt-
ing (as in yellowtail mackerel and
Harris’ hawks) and allogrooming (as
in impala and chimps).

Byproduct mutualism may very
well be the most common and im-
portant path to cooperation, but it
has received only scant attention in
the literature. Theoretical work in
biology, Dugatkin notes, is heavily
skewed toward models of reciproc-
ity, and the huge literature about

cooperation in fields other than biol-
ogy (e.g., economics, political sci-
ence, and other social sciences) is
even more skewed. Why? asks
Dugatkin. One reason may be that
reciprocity, although a more diffi-
cult path to cooperation, requires
“scorekeeping,” a feature that may
appeal to human scorekeeping re-
searchers. Being the more difficult
path to explain, reciprocity may also
appeal to researchers’ sense of chal-
lenge. In any event, Dugatkin argues
for righting the imbalance and giv-
ing the other three paths to coopera-
tion their rightful due.

Thus, Dugatkin also explores the
conditions for kin selection and group
selection. Although the existence of
kin selection is widely accepted these
days, group selection has only re-
cently been revived after a period of
near total rejection (Wilson 1990,
Wilson and Sober 1994). This “new”
group selection is more accurately
referred to as “trait group selection.”
Group-selected behavior requires
broadening the scope of interactions
to include the indirect effects of an
individual’s behavior on the pro-
ductivity of its local subpopulation or
“trait group.” The difference between
this “new” group selection and “old”
group selection is that rather than
proposing the differential extinction
of whole subpopulations as the main
selection mechanism, it proposes dif-
ferential productivity between sub-
groups with different proportions of
cooperators and defectors. Coopera-
tion evolves when the increased pro-
ductivity of groups with many coop-
erators outweighs the within-group
benefit to being selfish (Dugatkin
and Reeve 1993).

The problem with all these theo-
retical arguments, as Dugatkin has-
tens to point out, is that actual mea-
surements of payoff matrices for use
in testing the theory are few and far
between. He acknowledges that most
of the examples that he is able to cite
are anecdotal at best and that “the
lack of data on payoff matrix entries
is often the first and strongest cri-
tique” (p. 165). He notes that
“Clements and Stephens’ (1995)
work on byproduct mutualism in
foraging blue jays is the only ex-
ample in this entire book in which
we know the exact values associated
with a game” (p. 165). Nevertheless,
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he notes that knowledge of inequali-
ties among the payoff matrix entries
is often sufficient to test the theory
and that work is progressing rapidly
in measuring payoffs, at least in con-
trolled experimental setups. Another
challenge for the future is to bring in
the spatial dimension of cooperative
behavior. For example, Nowak and
May (1992) have shown that coop-
eration can evolve in a spatial
prisoner’s dilemma even without reci-
procity.

In any event, our understanding
of cooperative behavior in animals is
progressing rapidly, and getting past
the hang-up on reciprocity should
help us to achieve a more balanced
and complete picture. If only aca-
demics could learn to cooperate as
well as the rest of the animal king-
dom apparently does, we might make
even faster progress.

ROBERT COSTANZA

Center for Environmental Science,
Biology Department, and Institute for
Ecological Economics

University of Maryland

Solomons, MD 20688-0038
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PUBLISHING NEWS

The Missouri Botanical Garden Press
recently published Flora of the Ven-
ezuelan Guayana: Caesalpiniaceae-

TJuly 1998

Ericaceae. Edited by Paul E. Berry,
Bruce K. Holst, and Kay Yatskievych,
this volume is the fourth in a set of
nine that is to be the first full scien-
tific account of the plants of this
botanically rich and geologically
ancient part of South America. Flora
of the Venezuelan Guayana is avail-
able for $67.95. To order, contact:
Missouri Botanical Garden, MGB
Press Orders, 4344 Shaw Blvd., St.
Louis, MO 63110; Tel: 314/577-
9534; fax: 314/577-9591; e-mail:
mgbpress@mobot.org; Web site:
http://www.mobot.org/MOBOT/
research/scipubs/title.html.
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