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ABSTRACT. The turnover-pulse hypothesis is discussed more fully
than previously (Vrba, 1985), and compared to the Red Queen’s hypoth-
esis and the prediction of constant extinction (Van Valen, 1973), and to
the modified Red Queen’s hypothesis with outcomes of either steady or
stationary states (Stenseth and Maynard Smith, 1984). The turnover-
gulse hypothesis dpostulates (1) that consgleciﬁc organisms interact with

oth physical and biotic components of the species-specific habitat that
may extend across differing ecosystems, and (2) that physical change is
the initiator of biotic changes and of pulses of species turnover. Under
the two Red Queen models, interactions among organisms of different
species present in each particular ecosystem drive evolution, specia-
tion, and extinction. The logical connection between Red Queen ecosys-
temic processes and predictions of speciations and extinctions has not
been consistently argued. One problem arises because single species
commonly occur across different ecosystems such that their popula-
tions have different ecological histories, and most changes in species
composition in ecosystems do not correspond to changes in genealogi-
cal species turnover. A second problem concerns how speciation and
extinction are defined relative to phylolgleny: For instance, Van Valen’s
Red Queen model implies phylogenies that include substantial “pseudo-
speciation” and “pseudo-extinction,” subsumed by him under specia-
tion and extinction respectively. To the extent that such pseudo-events
are present, the proposal that Red Queen evolution predicts constant
extinction, namely that “rate of species extinction is independent of
species duration,” does not make sense. Constant extinction in the
survivorship sense can result from evolution under several other mod-
els.

. INTRODUCTION

Evolution can be viewed at different time scales, two of which are of
particular relevance here: the ecological time scale of organismal interac-
tions with the environment and of population change, and the macroevo-
lutionary time scale of speciations, extinctions, and trends. John Ostrom’s
analyses of dinosaurs and birds have added greatly to the understanding
of how functional morphology in ecological time might link to long-term
trends (Ostrom, 1966) and of how rare key innovations such as bird flight
(Ostrom, 1976) can evolve. This paper, about predictions for the fossil
record that arise from different notions of ecological process, is offered as
a tribute to him.

The broadest prediction of this kind was Darwin’s (1859) that the
fossil record should reflect the phylogenetic connection of all life forms
because they have evolved. Since the 1970’s, the intellectual chase after
more specific hypotheses and predictions has accelerated, together with
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the realization that the flow from hypothesis to prediction and test is
potentially in two directions: Models generated by ecologists and geneti-
cists can be tested by paleontological patterns. In return, the fossil record
can prompt hypotheses that are testable by population biologists. As
Roughgarden (1973; also Gould, 1980) argued, it is likely that paleontol-
ogists could be the first to discover causal mechanisms with long time
constants.

The papers on punctuated equilibria and phyletic gradualism (EI-
dredge and Gould, 1972) and on the Red Queen’s hypothesis (Van
Valen, 1973) were seminal in precipitating new debates on this subject.
While each has had both supporters and detractors, they have undeni-
ably put new life into the search for such interdisciplinary theory. In this
paper I compare two contrasting developments from these sources. On
the one hand, I will discuss various theoretical elements related to the"
“Turnover-Pulse Hypothesis” (Vrba, 1982, 1985). On the other, I will
comment on the Red Queen, and on related notions like the “Law of
Constant Extinction,” and the “Red Queen Steady State” and “Stationary”
Models (Stenseth and Maynard Smith, 1984).

To establish a context for these comparisons, I first refer to three
topics: (1) species concepts, (2) the physical environmental context of
species; and (3) distinctions between views of physical and biotic causes of
macroevolution and between predictions for patterns in phylogenies and
in ecosystems.

SPECIES, SPECIATION, AND EXTINCTION
Speciation and extinction are invoked in all predictions for paleonto-
logical patterns. What processes one chooses to subsume under these
labels is less important than that the meanings are clearly stated and
consistently used in a given debate. Thus, I introduce my arguments by
stating what I mean when I use these terms with reference to the
phylogenetic trees in figure 1.

V)

A. B. C. D.

Fig. 1(A) Extinction of A with speciation of new species B and C; (B) speciation of new
species E with persistence (Dy) of ancestral species D; (C) species F becomes extinct close in
time to speciation of G; (D) phyletic evolution from H; to Hy, which I do not call extinction
of Hy, or speciation of Hy. Species B, C, D, E, G, and H become terminally extinct.
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An extensive comparison of four different species concepts (Vrba, in
press a) led me to conclude the following. Among the kinds of organismal
groupings that deserve theoretical distinction are the minimally-
diagnostic clade (what Cracraft, 1983, and others call the Phylogenetic
Species, see Glossary p. 444) and the biparental sexual system (Pater-
son’s, 1982, 1985, Recognition Species, see Glossary). By the term species
I mean the Recognition Species, which fulfills the criteria of complex
system status, unique habitat specificity, and irreversible lineage branch-
ing (Vrba, in press a).

Thus, species are here restricted to sexually reproducing entities,
and speciation to a lineage splitting event as in figure 1A to C, in which in
principle a species may end or may continue to exist after giving rise to a
daughter species (figure 1B: speciation of E with persistance of ancestral
species D1-D2). I exclude the gradual evolution of a whole species
without lineage splitting (“pseudo-speciation,” H1 to H2 in fig. 1D),
which I term phyletic evolution. In Vrba (in press a) I discussed applica-
tion to the fossil record of the different species concepts, all of which
entail problems of assumption and estimation. I concluded that the
majority of sexual fossil taxa, the characters of which have sufficient
temporal stability that those taxa find their way into a cladogram as
Phylogenetic Species, are also Recognition Species. In fact, proponents of
the differing concepts approach the fossil record very similarly, by
postulating as separate species all autapomorphic taxa (like taxa B, C, E,
G, in fig. 1). The set of Recognition Species additionally includes fossil
taxa exhibiting stable, discrete, plesiomorphic character combinations
(ancestral taxa A, D1-D2, F, in fig. 1, called Metaspecies under the
Phylogenetic Species concept, De Queiroz and Donoghue, 1990). Under
either concept one can specify the minimum number of lineage-splitting
events using cladistic analysis. Under none of the concepts will separate
species that are sibling in their hard parts be detected.

Extinction includes terminal extinction and also the cases where the
undiverged parental populations die out when one (G in fig. 1C) or more
(A and B in fig. 1A) daughter populations speciate. My use of the term
extinction excludes “phyletic extinction,” or “pseudo-extinction,” as of
H1 as it gives rise to H2 in figure 1D..

Paleontological predictions from these species concepts, as well as
p0551ble ways to distinguish in the fossil record between the different
cases in figure 1, between first records that represent local speciation and
immigration, and between last records that represent species extinction
and local “extinction,” are explored in Vrba (1985, in press a, in press b).
The difficulty of distinguishing these cases in the fossil record does not
obviate the need to separate them in principle. If different meanings of
these terms are used, different predictions of the temporal distribution of
“speciation” and “extinction” events may result from one and the same
evolutionary model, as I show below. ¢
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PALEOENVIRONMENTAL CONTEXT OF SPECIES

Recent paleoclimatic data have strong implications for how we
visualize the fates of species and ecosystems through long time as we
think about evolutionary hypotheses. Only during the past 10 to 15 yrs
has a coherent picture of global changes begun to emerge, at least for the
Cainozoic, and especially for the Plio-Pleistocene. The time has come to
incorporate such information into macroevolutionary theory.

Milankouvitch climatic cycles and longer-term climatic shifts.—It is now
generally accepted that the Earth’s paleoclimate has cycled periodically
between global cooling and warming, although not always accompanied
by polar ice changes such as during the Pleistocene. Three dominant
astronomically-caused cycles, the Milankovitch cycles, have been docu-
mented: one of ~ 100 kyr periodicity, and two shorter cycles of ~41 kyr
and 23 kyr periodicities (Berger and others, 1984; Broecker and Denton,
1990). The best evidence for these cycles, from the Plio-Pleistocene,
shows that they were accompanied not only by large-scale expansion and
retreat of ice at the poles (Hays, Imbrie, and Shackleton, 1976; Shackle-
ton and others, 1984; Denton, 1985) but also by major climatic and
community changes, both in marine and land ecosystems including the
terrestrial tropics (see review in Vrba, 1992). These cycles, in some form,
must have accompanied the entire history of Life (see Olsen, 1984, for
Triassic; and Park and Herbert, 1987, for Cretaceous evidence). So far we
have data only for small parts of the fossil record. These show that, over
longer periods (one to several million years apart) there were major
changes in the mean and mode of these cycles and in the amount of polar
ice, apparently due to tectonism.

'The Milankovitch climatic changes were large (at least for some past
periods and areas) relative to the habitat-adaptations of most extant
species (Vrba, 1992). And the less frequent changes in cyclic mean and
mode must have been even more strongly-felt by the biota. Figure 2
shows three possible responses of species through one climatic cycle. (1)
Species can persist without branching, with little distribution change (a)
or with distribution vicariance (Glossary) and/or shifting (b, c). (2)
Species can become extinct (d) by “vicariating to nothing.” (3) Speciation
can occur (e, f, g). All distribution movements (shrinkage by vicariance,
expansion, and shifting), speciation, and extinction result in species
turnover in particular areas. To emphasize that the three turnover
responses of species are closely related by a common causal principle,
they may be compared to the three faces of the Hindu Triad of deities:
the passive response, distribution change without macroevolution, corre-
sponds to Vishnu the Preserver, extinction to Siva the Destroyer, and
speciation to Brahma the Creator. These components, how they associate
with each other and with genealogy through long time, feature in the
predictions of many macroevolutionary hypotheses. Let us consider
more closely the passive responses, to which I collectively refer as
“distribution drift.”
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Fig. 2. Alternative responses of species and their distributions to environmental change.

Drifting geographic distributions of persistant species.—The climate cy-
cled over much shorter time scales than most recorded species’ dura-
tions. For instance, climatic and vegetation changes on land swept back
and forth over continents with periodicity about Y4th of the duration
time of the average terrestrial mammal species (about 2 my, from
observation of the African record; see also Stanley, 1979). Average species
durations in many other groups were much longer (Stanley, 1979). How
did these species manage to survive as long as they did?

A literature search suggests the following: Most known species
survived many climatic cycles, while maintaining habitat-fidelity and
largely unchanged fossil morphologies, by the passive response of geo-
graphic shifting and vicariance of their distributions (review in Vrba,
1992). For plants from all continents there is strong evidence, such as
Huntley and Webb’s (1989) data for North American tree populations in
the Late Quaternary, Hooghiemstra’s (1984) for tropical South America
3.5 to 0 my, and Dupont and Hooghiemstra’s (1989) for Northwest
Africa. There are also many examples in marine communities (Howard,
1985) and in terrestrial animals (see Coope, 1979, for beetles; Sutcliffe,
1985, for European mammals; Martin and Sneed, 1989, for North
American mammals; review in Vrba, 1992). The emerging, general
pattern shows northern distribution limits of most modern taxa in the
northern hemisphere farther north during past warmer periods and
farther south during glac1als

Changes in species’ ecological associations through time.—According to
some of these results (Howard, 1985), large proportions of the two same
communities drifted over geography together. But we should expect that
to some extent the ecological associations of taxa were different in the’






