Reports

Origin of Species in Geologic Time: Alternatives to the

Eldredge-Gould Model

Abstract. Formal statements of the Eldredge-Gould model, which proposes that new
species have originated almost wholly through evolution in small peripheral isolate popu-
lations, and the phyletic gradualism model, which proposes that new species have origi-
nated through phyletic evolution in large, widely distributed populations, clarify the rela-
tionship of these models as extremes in a spectrum of possibilities, and suggest alternative

models incorporating elements of both.

Eldredge and Gould (/) recently ad-
vanced the hypothesis that new species
have arisen, in almost all cases, by speci-
ation (splitting of lineages) through rapid
evolution in small peripheral isolate popu-
lations (2). [I have added the qualifying
phrase ““in almost all cases”; it does not
appear in the explicit statement of their hy-
pothesis (I, p. 96), but it is clear from sub-
sequent discussions that they do not rule
out the possibility of occasional, albeit
rare, origins through phyletic evolution in
ancestor-descendant populations of estab-
lished species.] Rapid evolution in small
peripheral isolates is widely held by biolo-
gists to be the principal means of speci-
ation (3), as Eldredge and Gould admit,
and it has been utilized in interpretations
of fossil populations in earlier works (4).
Still, Eldredge and Gould deserve credit
for introducing the hypothesis to the over-
whelming majority of English-speaking
paleontologists and calling attention to its
paleontologic implications.

Eldredge and Gould contrasted their hy-
pothesis with an alternative that they
termed phyletic gradualism (/, p. 89),
which is contrary but not contradictory to
it (so that while both hypotheses cannot be
true, both can be false). Phyletic gradu-
alism postulates that new species have aris-
en through slow evolution in ancestor-de-
scendant sequences of populations (phylet-
ic evolution); this involves large numbers,
usually the entire population, over all, or a
large part, of the ancestral species range.
Speciation is allowed (/, p. 94), although
the statement that the evolutionary change
usually involves the entire population im-
plies that it is rare; speciation in small pe-
ripheral isolate populations is ruled out. I
doubt that this hypothesis is as widely held
as Eldredge and Gould envisage; in partic-
ular, I think few paleontologists would
completely rule out the possibility of rapid
speciation in small peripheral isolates.

The relationships of the two hypotheses
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to one another and to alternatives are most
easily seen if they are stated formally. For
any two sets A and B, let A-B be the set
of elements belonging to both A and B,
AvB the set of elements belonging to A or
B or both, and ~A the set of all elements
not belonging to A. Further, let P(A,B) be
the probability of B given A, or the relative
frequency of occurrence of members of set
B within set A, using the notation of
Reichenbach (5); S the set of all the species
of sexually reproducing Metazoa which
have existed in geologic time (6); S; the set
of all species belonging to S which origi-
nated by speciation in small peripheral
isolate populations; and S + ~ S; the set of
all species belonging to S which did not
originate by speciation in small peripheral
isolate populations. The Eldredge-Gould
hypothesis may then be stated

P(S,S))=1-¢

where ¢ is some very small number (consid-
erably less than 0.1, say). And the hypothe-
sis of phyletic gradualism may be stated

P(S,~S,) = 1
which is equivalent to
PS,S) =0

Stanley states the Eldredge-Gould hy-
pothesis somewhat differently in terms of
the amount of change occurring during
phyletic evolution compared with that oc-
curring by speciation in small peripheral
isolates; that is, the effect of phyletic
change “‘is minor with most change occur-
ring in speciation events” (7, p. 646) and
gradual change within established species
“is generally slow and of minor con-
sequence relative to changes that fre-
quently occur in speciation events” (7, p.
648). I note that this phrasing of the hy-
pothesis may be similarly stated formally
as follows. Let C be the set of all small dis-
crete permanent character changes that
have occurred in the evolution of species of
sexually reproducing Metazoa (8) and C;

the set of all such changes which developed
through speciation in small peripheral iso-
late populations. Then the Eldredge-Gould
hypothesis is

P(C,C) =1«

and the hypothesis of phyletic gradualism
is

P(C,C)) =0

When stated as above, it is clear that the
two hypotheses are end members of a spec-
trum of possibilities

0<PS,S)<1
or
0 < P(C,C) <1

I suggest instead a more conservative hy-
pothesis or, more precisely, an infinite
family of hypotheses of the form

a<PSS)<b
or
a< P(CC)<b

where @ > 0 and b < | (and not negligibly
less as above; for example,a = 0.5 and b =
0.8).

Eldredge and Gould’s principal and
compelling point in favor of their hypothe-
sis is that homeostatic mechanisms resist
change in large well-established popu-
lations. Still, there must be a limit to this
stabilization. Consider two large isolates
of an initially continuously distributed
population on opposite sides of a major
barrier (for example, the Atlantic Ocean
for tropical forms), both of which remain
large and do not split further for say 10 to
20 million years. It is plausible that they
would not be able to interbreed if reunited;
indeed it seems at least conceivable that
such events happened frequently in geolog-
ic time. There appear to be well-docu-
mented reconstructions that postulate
gradually changing ancestor-descendant
sequences of very widely distributed spe-
cies; examples are the evolutionary
schemes inferred for species of Focoelia (9,
10) and Stricklandia sensu lato (10, 11),
brachiopod genera of the Silurian (~430 to
400 million years ago) which include spe-
cies that are widely distributed over much
of the globe.

Stanley (7) proposed several critical
tests, involving the fossil record, to eval-
uate the Eldredge-Gould hypothesis
against phyletic gradualism. Yet, even if
the latter hypothesis

PS,S;) =00r P(C,C))=0
does fail his tests, the alternative
0<PSS)<1-¢
or
0<PCCH<1-¢
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does not. His argument is analogous to a
defense of laissez-faire capitalism by
saying ‘‘but surely you don’t prefer Maoist
communism’’; this enthymematic argu-
ment is not valid even if laissez-faire capi-
talism is eminently desirable.

Paleontologists will never be in a posi-
tion to decide which of these hypotheses is
correct, although we may be able to rule
out extreme hypotheses such as phyletic
gradualism and its counterpart P(S,S;) = |
[or P(C,C,) = 1], an extreme version of the
Eldredge-Gould hypothesis, by providing
counterexamples. The frequency at which
we might expect new species to originate
by gradual changes in ancestor-descendant
sequences of large established populations
over geologic time must be determined, if
it is determined at all, by population genet-
icists.

CHARLES W. HARPER, JR.

School of Geology and Geophysics,
University of Oklahoma,
Norman 73069
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Paleomagnetic Excursions as Magnetostratigraphic

Horizons: A Cautionary Note

Abstract. Sediments from certain environments with high rates of deposition are not
remagnetized after they have been deformed. The paleomagnetic signature from a zone
of deformation can be misinterpreted as evidence for globally coherent fluctuations in the

earth’s magnetic field.

Recent paleomagnetic studies of sedi-
ments from environments with high rates
of deposition have provided evidence that,
at one or more times during the past
50,000 years, the earth’s magnetic field
may have exhibited large-scale fluctua-
tions in direction. In view of the lack of a
standard terminology, I shall use the term
‘“‘paleomagnetic excursion” to designate
this anomalous behavior. Several investi-
gators (1, 2) have proposed that paleomag-
netic excursions record synchronous,
worldwide geomagnetic phenomena and
therefore represent important magneto-
stratigraphic horizons that could be used
as chronological markers in many areas of
late Pleistocene research, including sedi-
mentology, archeology, climatology, pa-
leontology, and palynology.

However, despite many studies (3), the
nature of the paleomagnetic excursions re-
mains uncertain. In particular, proposed

Fig. 1. (a) Vertical cross section showing the lo-
cation of samples from a fold in varved sedi-
ment. The shaded portion represents the winter
(clay) layer; the unshaded portion represents the
summer (silt) layer. (b) Remanent magnetic di-
rections of samples plotted on a stereographic
projection. Samples were demagnetized in a
350-oersted alternating field.

paleomagnetic excursions do not yet satis-
fy the requirements of internal consistency
within a given sedimentary basin as well as
spatial and temporal consistency on a
global scale. In this report I will briefly re-
view these inconsistencies and then provide
field evidence that demonstrates that at
least some anomalous paleomagnetic re-
sults may be explained in terms of other
processes.

The geomagnetic field is generated by a
dynamo within the earth’s core. If paleo-
magnetic excursions represent geomagnet-
ic phenomena, they must arise from insta-
bility in the fluid motions of the core. In
this case magnetic potential theory re-
quires that paleomagnetic excursions have
a coherent variation on a scale of at least
several hundred to a thousand kilometers.
We expect therefore that evidence for a
paleomagnetic excursion should be inter-
nally consistent within sedimentary basins
the size of lakes or small seas. Most anom-
alous paleomagnetic directions represent
the results of a study of a single piston core
from a given sedimentary basin. When
multiple cores have been taken, the results
have not always been internally consistent.
For example, of 15 cores taken from the
Gulf of Mexico (4), only eight appeared to
record the excursion. More importantly,
the magnetic signature, that is, the precise
variation of declination and inclination,
varied markedly from core to core.

Difficulties are also encountered when
paleomagnetic excursions are examined
for spatial consistency on a global scale. A
set of paleomagnetic anomalies from
northern and central Europe, eastern Can-
ada, the Gulf of Mexico, and New Zea-
land, with dates clustering around 12,500
years before the present (B.P.), has been
interpreted as a global geomagnetic fluc-
tuation and has been named the Gothen-
burg flip (I). However, the event is appar-
ently not recorded in sedimentary se-
quences of the same age in southern Eu-
rope (J), the Mediterranean Sea (6), and
western North America (7).

Finally, there is a lack of temporal con-
sistency in the ages of paleomagnetic ex-
cursions. In addition to the cluster of dates
around 12,500 B.P., other excursions have
been reported in the intervals 15,000 to
20,000 years B.P. (8), 24,000 to 25,000
years B.P. (9), 28,000 to 30,000 years B.P.
(10), and 38,000 to 40,000 years B.P. (I1).
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