few years. It is evident that more thor-
ough, intensive, and long-term studies
are needed to confirm and extend the
generalities presented in these and other
recent papers on shorebirds.

A recurring topic in these volumes is
what regulates shorebird numbers, par-
ticularly the relative importance of
events occurring in the breeding areas
versus those in migration or in winter. In
a comprehensive and insightful review of
shorebird population dynamics, Evans
and Pienkowski conclude that regulation
per se may in fact not occur, shorebird
populations being held in check largely
by climatic events operating in the
breeding and especially in the wintering
areas. Puttick in her consideration of
winter feeding behavior assumes that
winter food is limiting for shorebirds, but
she wisely concludes with a plea for
experimental tests of this assumption.
Goss-Custard demonstrates that, even
though wintering shorebirds spend con-
siderable time foraging and have a poten-
tial impact on the abundance of their
winter food, their mortality in winter
may be relatively low. I think any con-
clusions regarding limiting factors are
premature, especially considering that
there is not even one shorebird popula-
tion for which natality, mortality, and
other demographic features have been
critically assessed. Yet this remains a
crucial question that must be addressed
before appropriate management or con-
servation strategies, such as those dis-
cussed in these volumes by Senner and
Howe, can be established. Evaluations
of the importance of migratory stopover
and winter areas in the population
dynamics of shorebirds are particularly
needed, because these estuaries and
coastlines are being imminently threat-
ened by development.

Another major topic covered in these
two volumes is shorebird social systems.
Shorebirds, which include such groups
as the sandpipers, plovers, snipe, phala-
ropes, and other relatively long-legged
“‘waders,”’ exhibit an impressive array
of ecological and behavioral traits mak-
ing them excellent subjects for examina-
tion and testing of many aspects of be-
havioral, ecological, and evolutionary
theory. Particularly noteworthy contri-
butions on this topic are Oring and
Lank’s consideration of the relationship
between dispersal and social structure
and its evolutionary implications and
Walter’s thought-provoking review of
hypotheses concerning limitations on
clutch size and the evolution of parental
behavior. Lenington concludes from a
theoretical approach that polyandry may
best be explained as the outcome of a
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historical process, but she provides little
new insight into the evolutionary or eco-
logical factors promoting such process-
es. Miller presents the most comprehen-
sive review to date of shorebird etholo-
gy, pointing out the lack of good compar-
ative data, especially on the functions of
communication signals. Finally, using an
optimization approach, Myers lucidly
discusses the spacing patterns exhibited
by wintering shorebirds and points to the
need for consideration of why individ-
uals within species vary in their spacing
patterns at different times and places.

Other papers in these two volumes
review shorebirds as marine animals
(Burger), abiotic factors affecting mi-
grant shorebirds (Burger), and antipreda-
tor behavior (Gochfeld). Also, Morrison
presents selected results of the extensive
Canadian surveys, which provide much
new information on shorebird migratory
stopovers and wintering areas in the
Western Hemisphere.

Overall, I was impressed by the thor-
oughness of the reviews and by the quali-
ty of ideas presented in these papers. By
examining the link between theory and
existing data, they quickly bring the
reader to the frontier of the subject,
elucidate the questions that need an-
swering, and in many cases suggest ap-
proaches to providing the answers.

RicHARD T. HOLMES
Department of Biological Sciences,
Dartmouth College,
Hanover, New Hampshire 03755

Modes of Reproduction

Fish Reproduction. Strategies and Tactics. G.
W. Ports and R. J. WootToN, Eds. Academ-
ic Press, Orlando, Fla., 1984. xiv, 410 pp.,
illus. $49. From a symposium, Plymouth,
England, July 1982.

A large proportion of the major recent
advances in our understanding of evolu-
tionary processes have come from the
study of species with unusual and even
bizarre (to a tetrapod chauvinist) meth-
ods of reproduction. Haplodiploidy in
the social insects is one of the most
obvious cases.

Though there appear to be no haplodip-
loid fishes, this group, with over 20,000
species, exhibits an extraordinarily
broad range of reproductive modes. The
diversity of sex allocation patterns alone
rivals that of plants. Fishes exhibit gono-
chorism, both kinds of sequential her-
maphroditism (protogyny and pro-
tandry), simultaneous hermaphroditism,
androdioecy, and two kinds of partheno-

genesis. In gonochores, both autosomal
and heterogametic sex determination oc-
cur. Fertilization is external in most spe-
cies, but internal fertilization occurs in
several groups. Though most fishes
abandon eggs after spawning, a wide
variety of male and female parental care
patterns occur, including guarding,
mouth brooding, incubation in brood
pouches, and various stages of vivipari-
ty. The range of mating systems is enor-
mous, from mass spawning to haremic
and lek-like assemblages to long-term
monogamy (including the bizarre male
parasitism seen in ceratioid angler fish-
es). Current evidence indicates that most
of these reproductive modes have
evolved several times independently.

It is surprising, given the potential this
diversity offers for investigating evolu-
tionary processes, that there have been
few attempts to provide a general syn-
thesis of reproductive patterns in fishes.
The classic Modes of Reproduction in
Fishes, by C. M. Breder, Jr., and D. E.
Rosen (Natural History Press, 1966), has
been enormously useful, but it is largely
a compendium of references.

Though not itself constituting a syn-
thesis, Fish Reproduction is a step in the
right direction. The book is a collection
of papers from an international sympo-
sium held by the Fisheries Society of
Great Britain. Given the subject and
format, it is not surprising that the range
of both topics covered and usefulness of
papers is large. The topics covered in-
clude life history models, sex reversal,
the genetics of sex determination, paren-
tal care, timing of reproduction, progen-
esis in deep sea fishes, reproduction in
estuarine fishes and in particular taxo-
nomic groups, and the significance of
reproductive ecology for fisheries. Both
reviews and original research papers are
included, though almost all papers report
some original work. The papers are gen-
erally too short to provide thorough re-
views, and they are not generally aimed
at defining or illuminating current issues
of critical importance. Two exceptions
are a discussion of life history models by
S. C. Stearns and R. E. Crandall and a
report on alternative reproductive strate-
gies in fishes by M. R. Gross. The main
usefulness of the book is in giving the
biologist interested in fish reproduction a
good feeling for the diversity of ap-
proaches and topics in the area and in
providing an introduction to the current
literature. Its bibliographic usefulness is
seriously compromised by the exclusion
of titles from the listings of citations,
however. There are also some important
omissions among topics covered. There
is no coverage of internal fertilization or

SCIENCE, VOL. 227




viviparity, and there are only two papers
(out of 20 in all) on tropical fishes. Fur-
thermore, the international representa-
tion is not well balanced: there are 15
British authors, five Canadians, and four
Americans. Nonetheless, the volume is
unique in bringing together interesting
discussions of so many different aspects
~ of fish reproduction.

Eric A. FISCHER
Department of Psychology,
University of Washington,
Seattle 98195
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