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ABSTRACT

MacArthur and Wilson’s equilibrium theory
revolutionized the field of island biogeography
and, to a large degree, ecology as well. The
theory, which quickly became the ruling para-
digm of island biogeography, has changed little
over the past three decades. It has not kept pace
with relevant theory and our growing appreci-
ation for the complexity of nature, especially with
empirical findings that species diversity on many
islands: 1) is not in equilibrium; 2) is influenced
by differences in speciation, colonization, and
extinction among taxa; and 3) is influenced by

differences among islands in characteristics other
than area and isolation. The discipline of biogeo-
graphy, itself, is in a state of disequilibrium. We
may again be about to witness another para-
digm shift, which will see the replacement of
MacArthur and Wilson’s theory. Wherever this
shift may take us, we are confident that the
next generation of biogeographers will still look
to islands for insights into the forces that shape
biological diversity.
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HISTORICAL PERSPECTIVE

The perspective of this overview comes from our
several decades of experience in biogeography.
Indeed, the senior author was a graduate student
at the University of Michigan in the mid-1960s
when Larry Slobodkin received a book manu-
script from Robert MacArthur and Ed Wilson.
The first page was messy. There were three titles:
first, The Theory of Biogeography, crossed out;
second, The Theory of Biogeography: I Islands,
also crossed out; and finally The Theory of Island
Biogeography. This says volumes about the bold
thinking of MacArthur and Wilson, and their
deliberate attempt to transform biogeography from
a discipline tied to descriptive taxonomy to one
based on modern ecological and evolutionary
theory. MacArthur and Wilson’s book, published
in 1967 under the last of the above titles, was
viewed as revolutionary. Eugene Munroe’s earlier

publication of virtually the same theory (Munroe,
1948, 1953; see Brown & Lomolino, 1989) had
been ignored by a scientific community not yet
ready for such radical thoughts. MacArthur and
Wilson’s ideas had an immediate and controver-
sial impact. They were viewed with scepticism by
many systematisists, who constituted the biogeo-
graphic establishment of the day. But they were
eagerly embraced by many young evolutionary
ecologists, ourselves included. At least in the shorter
term, the latter group prevailed. MacArthur and
Wilson’s elegantly simple conceptual framework
was the dominant influence on theoretical and
empirical biogeography for the next three decades.
Only in the last few years has this influence
begun to wane.

Most great ideas in science do not endure
forever as laws or principles. Instead, they serve
as stepping stones to newer theories and better
understanding of the workings of nature. This is
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likely to be the role of MacArthur and Wilson’s
theory. Its many shortcomings have finally become
apparent. Some of these, such as the nonequi-
librial nature of land bridge islands and other
historically interconnected insular systems, were
pointed out decades ago (e.g. Brown, 1971; Dia-
mond, 1972; Barbour & Brown, 1974; Heaney,
1986), but interpreted by the majority of biogeo-
graphers as ‘exceptions which prove the rule’ rather
than fundamental challenges to the theory. But the
number of cases which could not adequately be
explained continued to mount. Now, there are
too many complications, exceptions, and violated
assumptions to ignore. This is the common theme
of the papers in this special feature.

Enormous advances in phylogenetic recon-
struction have breathed new life into historical
biogeography, and forged new ties between bio-
geography and systematics. Initially, the emerging
‘phylogeography’ appeared to supply a missing
historical dimension for patterns of endemism at
the scale of continents, rather than to challenge
the equilibrium theory at the smaller scale of
islands and other insular habitats. When phylo-
geographers turned their attention to islands,
however, they found strong and widespread influ-
ences of past geological and evolutionary events.
Phylogenetic analyses revealed that some lineages
had long histories in an archipelago, and that
the origin of species on an island was often due
to some combination of colonization from other
islands and speciation within the archipelago —
and even within an island. Examples are pro-
vided by the excellent recent work on Hawaii (e.g.
Wagner & Funk, 1995) and the Philippines (e.g.
Heaney, 1986, 2000; see also contributions in
Berry, 1983; Grant, 1998).

The concept of a biota in a contemporary
equilibrium between colonization and extinction
was also challenged by new finds of fossils.
Soon after publishing their 1967 monograph,
MacArthur and Wilson, as well as Hamilton et al.
(1964), Hamilton & Armstrong (1965), Diamond
(1969, 1972), and many others, reported that
the model accurately predicted contemporary
patterns of bird species richness and turnover
as a function of island area and isolation. The
explanatory power of these two variables and,
by implication, the equilibrium paradigm, was
dealt a serious blow by the discovery of fossils
showing that oceanic islands had harboured many

more species only a few centuries ago (e.g. Olson
& James, 1982a, b, 1984; Steadman, 1989, 1995),
before aboriginal colonists initiated a wave of
extinction that has continued right up to the
present. Fossils of other groups paint a similar
picture of insular faunas far from equilibrium,
with recent immigration either inadequate to
compensate for past episodes of anthropogenic
extinction or supplying exotic invaders which
are greatly increasing species richness.

These and other studies have cast doubt on
the fundamental assumptions of MacArthur and
Wilson’s theory:

» species are essentially identical, and islands
are identical except for the critical variables of
area and spatial isolation;

» immigration and extinction are independent,
opposing forces, with extinction affected only by
island area and immigration only by isolation;

» and, perhaps most critically, rates of immigra-
tion and extinction are sufficiently high that
contemporary patterns of species richness and
composition result from a dynamic equilibrium
between these opposing rates.

A large body of work (e.g. see Brown &
Lomolino, 1998, pp. 411-423; Lomolino, 1984,
1986, 1993, 2000a; Fox & Fox, 2000) shows
clearly that the differences among both species
and islands (in characteristics other than area and
isolation) really matter. Species differ in their
ecological interactions with other organisms
and their abiotic environment. These differences
affect the assembly of insular biotas by influ-
encing the capacity to disperse across different
kinds of barriers, and to establish and persist on
islands with different abiotic conditions and spe-
cies composition. In addition to area and isolation,
characteristics of islands that affect species divers-
ity and composition include the influence of
currents, ice formation, human transport, and
other factors which affect the permeability of
barriers, and habitat heterogeneity, disturbance
regimes and the presence of humans and other
interacting organisms, which affect both the estab-
lishment of colonists and the persistence of
natives. The rescue effect, a major influence on
island biogeography and underlying metapopu-
lation dynamics (e.g. Brown & Kodric-Brown,
1977; Lomolino, 1986; Gilpin & Hanski, 1991)
shows that immigration and extinction cannot
be regarded as independent processes.
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The most fundamental idea in MacArthur and
Wilson’s theory, that species diversity on an island
represents a dynamic equilibrium between contem-
porary rates of immigration and extinction, is
clearly contradicted by phylogenetic and fossil
evidence of a long, pervasive legacy of history on
the diversity and composition of most insular
lineages (see above). Even the relatively recent
development of the fauna and flora of Krakatau
following its eruption in 1883, once interpreted
as exemplifying the rapid re-establishment of
equilibrium (e.g. MacArthur & Wilson, 1967;
Brown, 1971; Brown & Gibson, 1983), has since
been shown to have a complex history due to
nonequilibrial processes (e.g. episodic extinctions
associated with severe storms and tectonic activity;
see Whittaker et al., 1989; Thornton et al., 1990;
Bush & Whittaker, 1991; Whittaker, 1995, 1998,
2000; Thornton, 1996; Ward & Thornton, 2000).

Just as important, the equilibrium theory,
now over three decades old, has not kept pace
with the continuing advances in ecological the-
ory and our greater appreciation for the com-
plexity of nature. Modern biogeographers now
look beyond relatively simple, equilibrial explana-
tions for species-area and species-isolation rela-
tionships to address a diversity of patterns in
community assembly and evolution — patterns
that likely derive from the complex interactions
of processes operating across a broad range of
temporal and spatial scales. In retrospect, it
seems ironic that MacArthur and Wilson’s revolu-
tionary theory was conceptually more limited than
Wilson’s earlier theory on taxon cycles (Wilson,
1961) and that it would never address one of
MacArthur’s most fundamental subjects —
alternative assemblages of species (MacArthur,
1972; Diamond, 1975). We can add to this a
long list of other patterns in community assembly
and evolution that have remained well beyond the
conceptual envelope of the equilibrium theory
(patterns well-known to MacArthur and Wilson
when they developed their theory): exclusive
distributions of species such as ‘checkerboards’
(Wilson, 1961; Diamond, 1975), nestedness of
insular communities (Darlington, 1957; Wilson,
1961; Patterson & Atmar, 1986), density com-
pensation (Crowell, 1962), evolutionary trends
in body size of insular vertebrates (Foster, 1963,
1964; Lomolino, 1985; Brown & Lomolino, 1998),
shifts in reproductive biology and growth form

of insular plants (Darwin, 1859; Carlquist, 1965,
1974; Barrett, 1998), flightlessness of insular birds
and insects (Darwin, 1859; Darlington, 1943;
Roff, 1990; McNab, 1994a, b), biogeographic
correlates of endemism (Wilson, 1961; Diamond,
1980; Heaney, 2000) and the ecological, geo-
graphical and evolutionary shifts hypothes-
ized to be associated with the taxon cycle
(Wilson, 1961; Ricklefs & Cox, 1972; Rough-
garden et al., 1989).

FUTURE PROSPECTS

The above arguments, along with those pre-
sented in the papers of this special feature all
illustrate deep conceptual and empirical prob-
lems with MacArthur and Wilson’s equilibrium
theory. These problems are fundamental. They
go beyond a small number of exceptions that
can readily be explained as ‘proving the rule’
or incorporated into the general framework by
making small changes. In our opinion, the prob-
lems point to critical flaws in MacArthur and
Wilson’s basic concept of insular biotas in equi-
librium between contemporary rates of immigra-
tion and extinction. A new theoretical framework
is required. One of us has begun to develop
such an alternative: a species-based theory of
island biogeography (Lomolino, 1986; 2000b). This
formulation focuses on the importance of dif-
ferences among species (and also implicitly, on
differences among islands) in determining the
assembly of insular biotas, and the resulting
patterns of species richness and composition.
This model is much less revolutionary than
MacArthur and Wilson’s original theory. Yet, it
seeks to preserve some of their most valuable
insights, especially the observation that insular
biotas reflect the interplay between recurrent
immigration and extinction events, but not neces-
sarily an equilibrium between these processes.
Elsewhere in this special feature, both Whittaker
(2000) and Lomolino (2000a) present broad,
conceptual frameworks for island biogeography.
By aiming to be more realistic and more gen-
eral than MacArthur and Wilson’s theory,
such efforts might aspire to be stepping stones
toward better understanding and new para-
digms. Whether they will eventually be seen as
having played such a role, will be for history to
determine.
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What does seem clear is that the discipline of
biogeography is again, as in the 1960s and 1970s,
in transition and ferment. The simple old para-
digms are not holding up. This is true not only
of MacArthur and Wilson’s equilibrium theory,
but also of the vicariance approach that sought
to use phylogenetic reconstructions of lineages
to interpret the histories of regions and their
biotas (e.g. Rosen et al., 1979; Nelson & Platnick,
1981; Humphries & Parenti, 1986; Brown &
Lomolino, 1998). For example, the phylogenies of
several lineages inhabiting the Hawaiian Islands
show not just one highly concordant pattern as
predicted by vicariance theory, but a diversity
of relationships reflecting differences in colon-
ization sequences and ecological requirements
among the clades, and differences in barriers to
dispersal and modes of speciation within and
among islands (Wagner & Funk, 1995; Brown
& Lomolino, 1998). The papers in this special
feature are symptomatic of the discipline as a
whole.

What is not so clear is where the current
trends are heading. Does the future hold the
promise of developing and testing theories that
may apply across a broad range of taxonomic
groups, types of ecosystems, and geographical
regions? Or does it hold the less exciting pro-
spect of entering another stage of descriptive
science, in which each situation is treated as a
special case? Lacking a crystal ball, we can
only note that currently the discipline of bio-
geography itself is far from equilibrium. Its
present unsteady state reflects not only the
inadequacy of the traditional approaches and
theories, but also, so far, the absence of accepted
alternative frameworks to supply theoretical and
empirical direction. In the past, as MacArthur
and Wilson’s changing titles imply, biogeo-
graphers often looked to islands for inspiration.
While islands may not be such simple systems
as MacArthur and Wilson’s theory envisaged,
they still represent some of nature’s most invalu-
able experiments. They are replicated systems,
which typically have limited biological diversities,
relatively well-understood histories, and only moder-
ate environmental complexities. Islands will con-
tinue to offer invaluable insights into how earth
history, phylogenetic history, and contemporary
and past environments have interacted to shape
biodiversity.

ACKNOWLEDGMENTS

We have thoroughly enjoyed and benefited
from stimulating discussions with Barry Fox,
Lawrence Heaney, Michael Kaspari, Dawn
Kaufman, Timothy Lowrey, Michael Moulton,
David Perault, Dov Sax, and Gregory Smith.

REFERENCES

Barbour, C.D. & Brown, JH. (1974) Fish species
diversity in lakes. American Naturalist, 108, 473—
489.

Barrett, S.C.H. (1998) The reproductive biology
and genetics of island plants. Evolution on
islands (ed. by PR. Grant), pp. 18-34. Oxford
University Press, New York.

Berry, R.J. (1983) Evolution in the Galapagos
Islands. Academic Press, New York.

Brown, JH. (1971) Mammals on mountaintops:
nonequilibrium insular biogeography. American
Naturalist, 105, 467—-478.

Brown, JH. & Gibson, A.C. (1983) Biogeography,
p- 643. Mosby, St. Louis, MO.

Brown, JH. & Kodric-Brown, A. (1977) Turnover
rates in insular biogeography: effect of immigra-
tion on extinction. Ecology, 58, 445-449.

Brown, JH. & Lomolino, M.V. (1989) On the
nature of scientific revolutions: independent
discovery of the equilibrium theory of island
biogeography. Ecology, 70, 1954-1957.

Brown, JH. & Lomolino, M.V. (1998) Biogeo-
graphy. 2nd edn, p. 692. Sinauer Associates,
Sunderland, MA.

Bush, M.B. & Whittaker, R.J. (1991) Non-equi-
libration in island theory of Krakatau. Journal
of Biogeography, 18, 341-356.

Carlquist, S. (1965) Island life, p. 451. Natural
History Press, New York.

Carlquist, S. (1974) Island biology, p. 660. Columbia
University Press, New York.

Crowell, K.L. (1962) Reduced interspecific com-
petition among the birds of Bermuda. Ecology,
43, 75-88.

Darlington, P.J. Jr (1943) Caribidae of mountains
and islands: data on the evolution of isolated
faunas, and on atrophy of wings. Ecological
Monographs, 13, 37-61.

Darlington, PJ. Jr (1957) Zoogeography: the geo-
graphical distribution of animals. John Wiley &
Sons, New York.

Darwin, C. (1859) On the origin of species by means
of natural selection or the preservation of favoured
races in the struggle for life. John Murray, London.

Diamond, J.M. (1969) Avifauna equilibria and spe-
cies turnover rates on the Channel Islands of
California. Proceedings of the National Academy
of Science, USA, 64, 57-63.

© 2000 Blackwell Science Ltd, Global Ecology & Biogeography, 9, 87-92



Concluding remarks 91

Diamond, J.M. (1972) Biogeographic kinetics: estima-
tion of relaxation times for avifaunas of South-
west Pacific islands. Proceedings of the National
Academy of Science, USA, 69, 3199-3203.

Diamond, JM. (1975) Assembly of species com-
munities. In Ecology and evolution of commu-
nities (ed. by M.L. Cody & J.M. Diamond),
pp. 342-444. Belknap Press, Cambridge, MA.

Diamond, JM. (1980) Patchy distributions of
tropical birds. In Conservation biology (ed. by
M. Soule & B. Wilcox), pp. 57-74, Sinauer
Associates, Sunderland, MA.

Foster, J.B. (1963) The evolution of native land
mammals of the Queen Charlotte Islands and the
problem of insularity. PhD Dissertation, Univer-
sity of British Columbia, Vancouver.

Foster, J.B. (1964) Evolution of mammals on islands.
Nature, 202, 234-235.

Fox, B.J. & Fox, M.D. (2000) Factors determining
mammal species richness on habitat islands and
isolates: habitat diversity, disturbance species inter-
actions and guild assembly rules. Global Ecology
& Biogeography, 9, 19-37.

Gilpin, M.E. & Hanski, I. (1991) Metapopulation
dynamics: empirical and theoretical investigations.
Cambridge University Press, Cambridge.

Grant, PR. (ed.) (1998) Evolution on Islands, p. 334.
Oxford University Press, New York.

Hamilton, T.H. & Armstrong, N.E. (1965) Envir-
onmental determination of insular variation in
bird species abundance in the Gulf of Guinea.
Nature, 207, 148-151.

Hamilton, T.H., Barth, R.H. Jr & Rubinoff, I.
(1964) The environmental control of insular
variation in bird species abundance. Proceedings
of the National Academy of Science, USA, 52,
132-140.

Heaney, L.R. (1986) Biogeography of Mammals
in SE Asia: estimates of rates of colonization,
extinction, and speciation. Biological Journal of
Linnean Society, 28, 127-165.

Heaney, L.R. (2000) Dynamic disequilibrium: a
long-term, large-scale perspective on the equilib-
rium model of island biogeography. Global Eco-
logy & Biogeography, 9, 59-74.

Humphries, C.J. & Parenti, L.R. (1986) Cladistic
biogeography. Clarendon Press, Oxford.

Lomolino, M.V. (1984) Immigrant selection, predat-
ory exclusion and the distributions of Microtus
pennsylvanicus and Blarina brevicauda on islands.
American Naturalist, 123, 468—-483.

Lomolino, M.V. (1985) Body size of mammals on
islands: the island rule re-examined. American
Naturalist, 125, 310-316.

Lomolino, M.V. (1986) Mammalian community
structure on islands: immigration, extinction and
interactive effects. Biological Journal of Linnean
Society, 28, 1-21.

Lomolino, M.V. (1993) Winter filtering, immigrant

selection and species composition of insular mam-
mals of Lake Huron. Ecography, 16, 24-30.

Lomolino, M.V. (2000a) A call for a new para-
digm of island biogeography. Global Ecology &
Biogeography, 9, 1-6.

Lomolino, M.V. (2000b) A species-based theory of
insular zoogeography. Global Ecology & Biogeo-
graphy, 9, 39-58.

MacArthur, R.H. & Wilson, E.O. (1967) The theory
of island biogeography, p. 203. Monographs in
Population Biology, no. 1. Princeton University
Press, Princeton, New Jersey.

MacArthur, R.H. (1972) Geographical ecology. Harper
and Row, New York.

McNab, B.K. (1994a) Energy conservation and the
evolution of flightlessness in birds. American
Naturalist, 144, 628—642.

McNab, B.K. (1994b) Resource use and the survival
of land and freshwater vertebrates on oceanic islands.
American Naturalist, 144, 643—-660.

Munroe, E.G. (1948) The geographical distribution
of butterflies in the West Indies. PhD Disserta-
tion. Cornell University, Ithaca, New York.

Munroe, E.G. (1953) The size of island faunas. In
Proceedings of the 7th Pacific Science Congress,
IV. Zoology. Whitcome and Tombs, Aukland, New
Zealand, pp. 52-53.

Nelson, G.J. & Platnick, N. (1981) Systematics and
biogeography: cladistics and vicariance, p. 567.
Columbia University Press, New York.

Olson, S.L. & James, H.F. (1982a) Fossil birds
from the Hawaiian Islands: evidence for whole-
sale extinction by man before Western contact.
Science, 217, 633-635.

Olson, S.L. & James, H.F. (1982b) Promodromus
of the fossil avifauna of the Hawaiian islands.
Smithsonian Contributions to Zoology, no. 365.
Smithsonian Institution Press, Washington, DC.

Olson, S.L. & James, H.F. (1984) The role of Poly-
nesians in the extinction of the avifauna of the
Hawaiian Islands. Quarternary Extinctions (ed. by
P.S. Martin & R.G. Klein), pp. 768-780. Univer-
sity of Arizona Press, Tucson, Arizona.

Patterson, B.D. & Atmar, W. (1986) Nested sub-
sets and the structure of insular mammalian
faunas and archipelagoes. Biological Journal of
Linnean Society, 28, 65-82.

Ricklefs, R.E. & Cox, G.W. (1972) Taxon cycles in
the West Indian avifauna. American Naturalist,
106, 195-219.

Roff, D.A. (1990) The evolution of flightlessness in
insects. Ecological Monographs, 60, 389—-421.

Rosen, D.E., Nelson, G. & Patterson, C. (1979)
Foreword. In Phylogenetic systematics 3rd edn
(ed. by W. Hennig). University of Illinois Press,
Urbana, pp. vii—xiii.

Roughgarden, J., May, R.M. & Levin, S.A. (1989)
Perspectives in ecological theory, p. 394. Princeton
University Press, Princeton, New Jersey.

© 2000 Blackwell Science Ltd, Global Ecology & Biogeography, 9, 87-92



92 J. H. Brown and M. V. Lomolino

Steadman, D.W. (1989) Extinction of birds in eastern
Polynesia: a review of the record, and compar-
isons with other Pacific islands groups. Journal of
Archaeological Science, 16, 177-205.

Steadman, D.W. (1995) Prehistoric extinctions of
Pacific island birds: biodiversity meets zooar-
chaeology. Science, 267, 123-1131.

Thornton, I.W.B. (1996) Krakatau — the destruction
and reassembly of an island ecosystem, p. 346. Har-
vard University Press, Cambridge, Massachusetts.

Thornton, I.W.B., Zann, R.A. & Stephenson, D.G.
(1990) Colonization of the Krakatau Islands by
land birds, and the approach to an equilibrium
number of species. Philosophical Transactions of
the Royal Society of London, B 328, 55-93.

Wagner, W.L. & Funk, V.A., eds. (1995) Hawaiian
biogeography: evolution on a hot spot archipelago,
p. 467. Smithsonian Institution Press, Washington,
DC.

Ward, S.A. & Thornton, I.W.B. (2000) Chance and
determinism in the development of isolated com-
munities. Global Ecology & Biogeography, 9, 7-18.

Whittaker, R.J. (1995) Disturbed island ecology.
Trends in Ecology and Evolution, 10, 421-425.

Whittaker, R.J. (1998) Island biogeography: ecology,
evolution and conservation, p. 285. Oxford Univer-
sity Press, Oxford.

Whittaker, R.J. (2000) Scale, succession and com-
plexity in island biogeography: are we asking the
right questions? Global Ecology & Biogeography,
9, 75-85.

Whittaker, R.J., Bush, M.B. & Richards, K. (1989)
Plant recolonization and vegetation succession
on the Krakatau Islands, Indonesia. Ecological
Monographs, 59, 59-123.

Wilson, E.O. (1961) The nature of the taxon cycle
in the Melanesian ant fauna. American Naturalist,
95, 169-193.

© 2000 Blackwell Science Ltd, Global Ecology & Biogeography, 9, 87-92



