Paleobiology, 31(2, Supplement), 2005, pp. 113-121

Stephen Jay Gould on species selection: 30 years of insight

Bruce S. Lieberman and Elisabeth S. Vrba

Abstract.—Stephen Jay Gould made impressive contributions to macroevolutionary theory; one of
the topics in this area that particularly interested him was how to define and recognize species
selection. Here we explore how and why Gould’s ideas on concepts related to species selection
evolved over 30 years, from the punctuated equilibria paper of 1972 to his ““Structure of Evolu-
tionary Theory”” magnum opus published in 2002. Throughout his career his ideas on species se-
lection shifted between three phases. Initially, Gould favored a definition of species selection that
was more descriptive. Later, he came to distinguish between species sorting, which he called spe-
cies selection in the broad sense, and true species selection, which is tied to the concept of species-
level aptations. Finally, he came to view species selection in a broader, more inclusive way, effec-
tively merging the two earlier viewpoints. His ideas on species selection changed over the years
because he was trying to square his views on complex concepts like adaptation, natural selection,
emergence, and the independence of macroevolutionary theory. Gould’s thoughts on species selec-
tion not only help to define the history of debate on the concept but also help set a course for the

future.
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Introduction

Stephen Jay Gould had a tremendous im-
pact on the fields of paleobiology and evolu-
tionary biology and some of his most impor-
tant contributions are in the area of macro-
evolutionary theory, which he helped build
into an exciting, vibrant research area. One of
the most contentious and interesting research
topics in macroevolution has been the levels of
selection debate, especially the role that spe-
cies selection played in shaping evolution.
Gould thought that this was a particularly sa-
lient topic, one to which he devoted much
thought and energy. Indeed, he “long regard-
ed species selection as the most challenging
and interesting of macroevolutionary phe-
nomena, and the most promising centerpiece
for macroevolutionary theory”” (Gould 2002:
p- 731), while admitting that “no other subject
in evolutionary theory has so engaged and
confused me, throughout my career, as the def-
inition and elucidation of species selection’”
(Gould 2002: p. 670). Although he was not the
first nor the only scientist to publish on this
topic, he did make important contributions.

Gould’s published scientific legacy pre-
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serves 30 years of engaging, insightful com-
mentary of relevance to species selection.
Here, we explore how and why Gould’s views
on this topic evolved, and their relevance for
understanding his scientific legacy. Although
over the years Gould’s opinion did change re-
garding the nature of species selection and
how to define it, he always understood the
complex scientific issues associated with the
levels of selection debate; his positional shifts
did not represent waffling but rather his at-
tempt to grapple with issues like adaptation,
natural selection, emergence, and the primacy
of macroevolutionary theory.

Punctuated Equilibrium and the Early
Development of a Macroevolutionary View
of Species Selection

Species selection, or at least the related
group selection concept, had been recognized
as a possible though not necessarily signifi-
cant evolutionary force by biologists midway
through the twentieth century (e.g., Fisher
1958; Wynne-Edwards 1962; Williams 1966).
The concept even sneaks into discussions in
Darwin’s writing (1859). It is safe to say, how-
ever, that the concept was not really legiti-
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mized until the development of the theory of
punctuated equilibrium by Eldredge (1971)
and Eldredge and Gould (1972); this repre-
sented a significant turning point for the for-
tunes of the species selection concept. Punc-
tuated equilibrium is a theory that has rele-
vance to many paleobiological topics. One as-
pect of its significance is that it emphasized
the reality of species (Eldredge 1979, 1985,
1989; Gould 1980, 1982a,b, 1990, 2002; Vrba
1980, 1984a, 1992); as documented by Eldredge
and Gould (1972) species had previously been
viewed as ephemeral entities. The theory of
punctuated equilibrium makes it possible to
individuate species in both space and time
(Eldredge 1979, 1982; Vrba 1980; Gould
1982a). Indeed, it was Ghiselin’s (1974) and es-
pecially Hull’s (1980) emphasis on the fact that
species were individuals that contributed in
an important way to discussions about species
selections (see also Hull 1988). Fixity and per-
manence, as opposed to evanescence, make it
easier to view species as objects that could be
selected (Lieberman 1995).

Punctuated equilibrium was also important
to the topic of species selection because it sug-
gested a revised ontology of trends, which are
one of the most significant paleontological
phenomena (Gould 1990). When Eldredge
and Gould (1972) focused on the nature of
trends in light of punctuated equilibrium,
they argued that evolutionary trends might
not be due to the gradual, anagenetic modifi-
cation of evolutionary lineages; instead,
trends would involve cladogenesis followed
by the differential success of species exhibit-
ing change in a particular direction. Stanley
(1975) expanded this notion. He argued that in
light of punctuated equilibrium the differen-
tial birth or death of groups of species should
be called species selection because it implied
the action of a process different from strict
natural selection: in Stanley’s (1975) concept,
species selection favors some clades of species
because their included organisms are better
adapted than other organisms in related
clades. In this view, trends produced by spe-
cies selection actually represent adaptive suc-
cess at the organism level. A similar concept
was subsequently used by others, including
Gould and Eldredge (1977), Stanley (1979),
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Gould (1980), and Arnold and Fristrup (1982).
Punctuated equilibrium triggered the devel-
opment of “an expanded hierarchical theory
(that) would not be Darwinism as strictly de-
fined, but it would capture, in abstract form,
the fundamental feature of Darwin’s vision—
direction of evolution by selection at each lev-
el” (Gould 1982a: p. 381).

Species Sorting and Species Selection

Sorting is a neutral description of differen-
tial birth and death. It contains no statement
about causes, and these could in fact range
from random drift to selection. In Table 1, the
subset of species sorting that is most relevant
to our discussion about species selection is
nonrandom sorting of heritable variation. We
further subdivide this into three categories.
Two of these are relatively clear-cut cases that
either do not, or do, represent species selec-
tion, respectively: (A) where the only selected
characters are those of organisms (although in
this and all other cases of sorting in sexual
species it is important to recognize that the
emergent species-level characters of reproduc-
tive systems are relevant to speciation and ex-
tinction); and (B2) where there are selected
characters that are indisputably emergent at
the species level. The middle ground, case B1,
has proved to be more difficult to interpret, as
we discuss below.

A brief history of the debate about species
selection and its definition starts with Stanley
(1975) and other treatments of species selec-
tion up to 1980 (Table 1: 1), and we list three
cases that have been descriptively termed spe-
cies selection. A contrasting view of these ear-
ly treatments was offered by Vrba (1980), who
distinguished between the effect hypothesis
of species sorting and true species selection.
Effect species sorting occurs when lineages
vary in aggregate organismal characters and
selective regimes, and that variation directly
effects, and explains, differences in speciation
and extinction rates. In this view (Vrba 1980,
1982), species selection can be invoked only
when true species-level characters interact
with the environment to produce species sort-
ing and trends (Table 1: 2).

In the ensuing debate there emerged a gen-
eral agreement that cases A and B2 need to be
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A history and classification of terminology applied to three modes of nonrandom species sorting, in-

volving heritable character differences among species and clades. The three modes differ in the kinds of species
characters, and therefore the processes, involved. The terms used by GOULD and others are in the body of the table:
SS = species selection; and EH = the effect hypothesis. The linkage between characters and terms used in cited
references was either argued explicitly (shown as entries without parentheses), or implied but not directly stated

(shown as entries in parentheses).

Heritable character differences among species influence species sorting
(namely, there is ““emergent species’ fitness”” sensu Lloyd and Gould 1993):

B. Species differ in characters emergent at the

species level:

A. Species differ in aggregate
characters (genotypes and

Authors phenotypes fixed in species)

B1. Degree of genetic/
phenotypic variability
of the species’ gene pool

B2. Population structure and
distribution within species

—_

. Eldredge and SS
GOULD 1972;
Stanley 1975,
1979; GOULD
and Eldredge
1977; GOULD
1980

2. Vrba 1980

3. GOULD 1982b

EH

?SS broad sense
?EH

“SS of”’ ?
EH EH

4. Sober 1984

5. Eldredge
1985; Gilinsky
1986; Jablonski
1986; Kitchell
et al. 1986;
Vrba and
GOULD 1986;
Doolittle 1987;
Werdelin 1987

6. Vrba 1989

7. GOULD 1990

EH

?SS broad sense

?EH

SS broad sense (“‘emergent
fitness SS”’)

SS

8. Lloyd and
GOULD 1993;
GOULD 2002

9. Lieberman
and Vrba
1995; this

paper

EH SS

(55)

(SS)
?SS broad sense
?EH

?SS broad sense

?EH

SS broad sense (“‘emergent
fitness SS”’)

(59)

(SS)
SS narrow sense

“SS for”
SS

SS
SS narrow sense

SS narrow sense (“‘emer-
gent character SS”)

SS

distinguished, although the terms proposed
for case A vary (Table 1: 3-9). Gould’s early in-
put in this debate was somewhat confusing.
On the one hand, he acknowledged the dis-
tinction between effect species sorting, which
is not based on species-level properties, and
species selection. He wrote, I strongly rec-
ommend that the term ’‘species selection’ be
confined to . . . selection among species based
on species-level properties. I shall present an
example of true species selection (p. 95) . ..."”
(Gould 1982b: 94). On the other hand, in the
same paper he coined the term ““species selec-
tion in the broad sense’” (our emphasis) and

implied its equivalence with effect species
sorting; further, his examples of “true species
selection,” namely ““‘species selection in the
narrow sense’’ (p. 95), included the case of or-
ganismal eurytopy and stenotopy for which
the effect hypothesis was originally illustrated
(Vrba 1980). Although Gould, and others, in
subsequent treatments during the 1980s ac-
cepted the conceptual and terminological dis-
tinction between effect species sorting and
species selection (Table 1: 5), a similar consen-
sus did not emerge on the intermediate case,
B1. For example, Vrba (1989: Table 2) grouped
case B1 with B2 as species selection, and dis-
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tinguished it from effect species sorting A (as
we do in this paper, Table 1: 6, 9). By contrast,
Lloyd and Gould (1993) and Gould (2002)
treated A and Bl as species selection in the
broad sense, and called it “emergent fitness
species selection” (Table 1: 8).

In spite of these differences, on the whole
the definition of the effect hypothesis led
many to conclude that examples of species se-
lection require emergent characters of species
(see citations after 1980 in Table 1; also see
Eldredge 1982, 1985, 1989; Vrba 1982, 1984a;
Vrba and Eldredge 1984; Lieberman and Vrba
1995). This emphasis on emergent characters
of species recognized the fundamental asso-
ciation between aptation and selection (Gould
and Vrba 1982; Vrba 1984a, 1989; Eldredge
1985, 1989; Lloyd and Gould 1993; Gould
2002). In order to invoke species selection
there must be a clade with a character that is
a species-level aptation (Lieberman 1995).

The boundaries of the domain of emergent
species characters, however, remain fuzzy.
There is scientific consensus that emergent
characters of species cannot be reduced to
characters of the component organisms, and
population size, structure, and distribution
are such characters (e.g., Eldredge and Salthe
1984; Vrba and Eldredge 1984; Jablonski 1986,
1987; Vrba 1989: Table 2). There is debate,
however, as to how simple differences in over-
all variability between species and clades
(case B1 in Table 1) relate to species sorting.

One of us has argued (and we both agree on
this) that ““emergent characters that are can-
didates for aptation [at the species level in-
clude] rate of variation production (by muta-
tion and recombination) [and] variation pat-
terns of the gene pool itself, provided they can
be transmitted to descendant species” (Vrba
1989: p. 131). Such characters can be signifi-
cant because related species and clades com-
monly differ in their degree of variability.
Most such differences are evanescent and ei-
ther are not passed on to descendant species
or have no causal bearing on species sorting.
If, however, there are genetically based differ-
ences in gene pool variability between species
and clades, and these differences persist for
millions of years, such differences may be
based on heritable among-organism dynam-
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ics, perhaps relating to sexual reproductive in-
teractions. These differences would qualify as
emergent, species-level characters; if they in-
fluenced species sorting they might be spe-
cies-level aptations, and then such a case
would involve species selection.

The most problematic case relevant to the
definition of species selection is when differ-
ences in levels of organismal variability cause
species sorting involving differential extinc-
tion in one of two sister groups. Take, for ex-
ample, two sister clades, X and Y, where the
species in X have, as a species-level character,
monomorphism in one or more habitat-related
characters; further, and as a result, clade X has
a higher extinction rate during times of cli-
matic change. By contrast, the species-level
polymorphism in these characters in the spe-
cies of clade Y decreases their extinction prob-
ability during times of climatic change. (This
example is actually not far fetched. Brooks
[2002] argued that high genetically based var-
iability within populations of some guppy fish
has dampened speciation rate in these line-
ages in spite of a history of environmental
change.) One might be tempted to conclude in
this case that differing organismal characters
and selection regimes led to effect species
sorting. However, because of the presence of
an emergent, heritable character associated
with high variability in the species of clade Y,
there is heritable, nonrandom species sorting,
and this qualifies as species selection. Al-
though we currently lean toward an interpre-
tation of species selection in our hypothetical
case, we expect that the study of the origin and
long-term maintenance of organismal vari-
ability in species, and its macroevolutionary
consequences, will result in expansion and
sharpening of this concept.

Lloyd and Gould (1993) and Gould (2002)
also concluded that if the degree of variability
within species promotes species sorting, this
would act as a species aptation and qualify as
a case of species selection; however, they ar-
rived at this conclusion in a different way.
They did not consider or even require that
such characters be emergent at the species lev-
el. Rather, they argued that such sorting in-
volves “emergent fitness”” at the species level,
and that this is sufficient to qualify as “’species
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selection in the broad sense.” We partly di-
verge from them in this interpretation and ar-
gue that in sexual species a/l nonrandom spe-
cies sorting that is caused by heritable varia-
tion, including effect species sorting, involves
emergent fitness. This is because the emergent
fitness in effect species sorting arises as an in-
cidental effect of the interaction of organismal
selection with the boundaries imposed by
closed gene pools.

In summary, the changes in the use of the
term ““species selection” (Table 1) are based on
the fact that Eldredge and Gould (1972), and
Stanley (1975) in more detail, had identified a
legitimate and important pattern that had
long been ignored by evolutionary biologists;
however, this pattern, species sorting, did not
necessarily imply that species were actually
being selected (Vrba 1980; Eldredge 1982;
Gould 1982b; Vrba and Gould 1986; Lieber-
man and Vrba 1995). Some of the cases that
had been classified as species selection by
Stanley (1975, 1979), Gould (1980), and Ar-
nold and Fristrup (1982) but that no longer de-
served such an appellation (Vrba 1980; Eld-
redge 1982) under the revised concept includ-
ed trends caused by effects related to the di-
rection of speciation, and differences in
speciation and extinction rates that could be
explained by the action of natural selection
(Vrba 1980). An example of the latter includes
diversity dynamics in two clades of African
antelopes, the Aepycerotini and Alcelaphini,
that were produced by the effect hypothesis
rather than by species selection (Vrba 1984b,
1987).

Still, in the literature to date there may be
several examples of species selection based on
population structure and distribution (in the
narrow sense sensu Gould 2002; B2 in Table 1);
and we expect that many more will be found
in the future as the number of macroevolu-
tionary analyses increases and analytical
methods improve. Some of the cases docu-
mented by Hansen (1978), Gilinsky (1981,
1986), Jablonski and Lutz (1983), and Jablonski
(1986) may be included as examples. The mere
existence, however, of an emergent population
or species-level character does not necessarily
prove the operation of species selection (Lie-
berman et al. 1993; Lieberman and Vrba 1995).
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For example, Hansen (1978), Jablonski and
Lutz (1983), and others have documented how
in gastropods a non-planktonic larval type
produces a population structure that favors
population fragmentation and speciation.
They predicted that through time the number
of species with a non-planktonic larval type
will increase relative to the number of species
with a planktonic larval type not because the
organisms in these species were more fit but
rather because they were more likely to spe-
ciate (Gould 1982b, 2002). In one group of gas-
tropods, the turritellids, the number of species
with a non-planktonic larval type does in-
crease through the Cenozoic relative to the
number of species with a planktonic larval
type. However, phylogenetic analysis suggest-
ed that the primary reason for the trend in the
turritellids was not species selection but in-
stead the repeated conversion of planktonic to
non-planktonic species with absent or mini-
mal reversion (Lieberman et al. 1993; Lieber-
man 1995). Instead, mechanisms involving ei-
ther development, called cell-lineage drive
(Lieberman et al. 1993; Lieberman 1995) using
Buss’s (1987) ideas on germ-line sequestration,
or organismal adaptation (Strathmann 1978),
seemed implicated. Therefore, at least some of
the trend pattern in the turritellids is compat-
ible with species sorting, but the trend was not
caused by species selection (Lieberman and
Vrba 1995).

The distinction between species selection
and other forms of species sorting, and be-
tween different kinds of species selection, is
worth considering in greater detail because
Gould (1982b) argued that ““the inevitable
confusion between (species selection in the)
broad and narrow sense is most unfortunate
especially since the existence of true group se-
lection in some (but not all) trends is an im-
portant component of our (Gould and Eldred-
ge’s 1977) argument for the independence of
macroevolution” (Gould 1982b: p. 94). We
partly disagree with this interpretation: the
independence of macroevolution is affirmed
not only by species selection but also by other
processes such as effect sorting among species
(Vrba 1980: p. 81). (We here agree with Gran-
tham’s [1995: p. 309] conclusion on the effect
hypothesis as illustrated by African mammal
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clades in Vrba 1984b, 1987: ““The species-level
sorting is merely an incidental effect of organ-
ismic selection. Although Vrba’s explanation
does not introduce a higher-level process, 1
would maintain that this explanation is not re-
ducible.””) Our view is more in line with
Gould’s recognition that ““the key issue for the
independence of macroevolution is not wheth-
er species selection operates in all trends (it
does not), but whether the necessity, under
punctuated equilibrium, of regarding trends
as a higher-level sorting of species implies a
new level in a hierarchy of evolutionary expla-
nation”” (Gould 1982b: p. 94). Thus, Gould
agreed that it was important to recognize spe-
cies selection as a special type of species sort-
ing, and the mere existence of species sorting,
the pattern emphasized by Stanley (1975), was
enough to justify the importance of macroevo-
lutionary theory. Macroevolution is given ex-
panded meaning by punctuated equilibrium,
which is a theory more about species and their
reality and individuality (sensu Hull 1980)
than about speciation (Lieberman 1995).

In the middle and late 1980s Gould’s views
on species selection restricted the term to
what he called species selection in the strong
sense, and he used a definition requiring the
presence of characters emergent at the species
level that interacted with the environment to
produce differential speciation rates (i.e., the
definition of Vrba 1980, 1984a, 1989; and Eld-
redge 1982, 1985). As we shall see, however,
Gould came to feel that this definition differed
from how natural selection was defined. We
do not agree with his revised interpretation.
Traditionally, natural selection was always ac-
knowledged to involve the interaction be-
tween the environment and genetically based
phenotypes—namely, emergent characters of
organisms—with fitness consequences emer-
gent at the organismal level. Gould felt that
the emergent character definition unnecessar-
ily constrained the purview of macroevolu-
tion, making it a field more about document-
ing patterns of species sorting than identify-
ing novel examples of species selection.
(Again, we differ because we suspect the do-
main of species selection [as circumscribed by
cases Bl and B2 in Table 1] is large; there re-
mains the challenge of distinguishing be-
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tween the various causal processes of species
sorting irrespective of the terminology used.)
By 1990 Gould had come to ““vacillate between
a strict definition (of species selection) based
on emergent characters and a more inclusive
construction” (Gould 1990: p. 19) (Table 1: 7),
and three years later he had come to embrace
the more inclusive construction (Table 1: 8).

Species Selection and Emergent Fitness

The shift in Gould’s thoughts on species se-
lection was first thoroughly documented in a
paper by Lloyd and Gould (1993) where the
concept of emergent fitness was introduced
(Table 1). This they distinguished from the
more narrowly circumscribed species selec-
tion in the strict sense, which they referred to
as the emergent character definition. They ar-
gued that under the emergent fitness defini-
tion a character emergent at the species level
is no longer required; instead, some differen-
tial pattern of speciation or extinction rates is
necessary, and this would have to be correlat-
ed with a trait emergent at any hierarchical
level. This emergent fitness definition greatly
expands the amount of evolution that would
be due to species selection. Still included
would be the emergent character type of spe-
cies selection, but also other examples that had
been treated as nonselective species sorting by
Vrba (1980, 1984) and Vrba and Gould (1986)
would now qualify as valid examples of spe-
cies selection (Table 1: 8). Further, Lloyd and
Gould (1993) argued that species-level vari-
ability, a character that they did not necessar-
ily believe was emergent at the species level, is
crucial to the expanded vision of the emergent
fitness criterion of species selection. Lloyd and
Gould (1993) postulated that variability with-
in species might be heritable and could pro-
mote extinction resistance; conceivably, such
characters might also promote increased spe-
ciation rates, though Lloyd and Gould (1993)
did not discuss this.

Gould (2002) offered three reasons that mo-
tivated his development of, and preference for,
the emergent fitness concept of species selec-
tion as opposed to the emergent character ap-
proach. Although we do not necessarily agree
with him, they are the following: (1) he be-
lieved that the emergent fitness definition is
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more in line with the way selection is identi-
fied at the organism level; (2) he felt that the
emergent character approach limits species
selection to a small number of cases (he con-
sidered that only category B2 in Table 1 qual-
ifies; as noted above, Vrba’s [1989] emergent
character concept and our present one is ac-
tually more inclusive); and (3) he felt that con-
vincingly demonstrating that characters are
truly emergent at the species level is problem-
atic. At least two crucial issues are raised by
Lloyd and Gould’s (1993) and Gould’s (2002)
emergent fitness approach: the concept of ad-
aptation or exaptation and its relationship to
species selection, and how to treat characters
such as species-level variability.

Adaptation and Exaptation at the Species Lev-
el—As defined by Gould and Vrba (1982) ad-
aptations are characters that are currently en-
hancing fitness and that were constructed by
natural selection to function in that particular
role; thus, their selection context has not var-
ied historically. By contrast, exaptations are
characters that now perform a current func-
tion that is subject to selection, but they ini-
tially either were not shaped by selection at all
or were shaped by selection for a different
role. Lloyd and Gould (1993) and Gould (2002)
argued that whereas the emergent character
approach to studying species selection re-
quires the identification of adaptations at the
species level that interact with the environ-
ment and produce differential survival (ex-
tinction) and especially differential birth (spe-
ciation) rates, the emergent fitness approach
only requires the identification of exaptations
of species that arise at the organismal level
and pass upwards as effects to the species lev-
el. We do not, however, see this as a valid dis-
tinction between the strict and broad species
selection concepts. As argued by Vrba (1989:
pp- 135-136), when using the strict concept of
species selection, most species aptations are
likely to be exaptations, while true species ad-
aptations, if they exist at all, must be much rar-
er.

Species-Level Variability and Species Selec-
tion.—The primary example that Lloyd and
Gould (1993) and Gould (2002) invoked to
demonstrate a case of their version of species
selection involved two hypothetical species:
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one with little variation that is well adapted to
a particular narrow environment, and another
with abundant variation that is moderately
adapted to several environments. If there is an
environmental perturbation, it is the second
more poorly adapted, variable species that is
most likely to survive, whereas the better
adapted but less variable species is more likely
to go extinct. Lloyd and Gould (1993) argued
that this example represents emergent fitness
without emergent species properties. Their ex-
ample is closely related to the one we de-
scribed above of sister taxa X and Y, differing
in levels of organismal variability and there-
fore in extinction rate, which we explored
above as a case of species selection. In dis-
cussing this variability-based example of
“emergent fitness species selection,” Gould
concluded that ““Vrba’s solution ... requires

. that we interpret such cases as upward
causation from the traditional organismal lev-
el ... [consistent with the] ‘effect hypothe-
sis”” (Gould 2002: p. 658; see also Lloyd and
Gould 1993). However, this is erroneous and
based on a misunderstanding of Vrba (1989),
who included ““variation patterns of the gene
pool itself, provided they can be transmitted
to descendant species” (p. 131) as emergent
species characters relevant to species selection.

Whatever one calls this example identified
by Lloyd and Gould (1993) and Gould (2002),
it is clear that it involves a type of pattern that
cannot be explained by recourse to the tradi-
tional neo-Darwinian world view that pre-
vailed before the development of punctuated
equilibrium and the demonstration of the sta-
bility, reality, and individuality of species (see
Hull 1980, 1988). Their hypothetical example
involving species-level variability cannot be
explained by natural selection operating in a
world where species are evanescent. To un-
derstand it, organisms must instead be
viewed in the context of species; Lloyd and
Gould have presented a classic example of
nonselective species sorting. Their example
demonstrates how the existence of species can
powerfully shape the course of the evolution-
ary process. Although we disagree with Lloyd
and Gould (1993) and Gould (2002) in the par-
ticulars about their definition of species selec-
tion, preferring the concept Gould embraced
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earlier (e.g., Vrba and Gould 1986), we share
strong concordance with them that species
provide the fundamental context-dependence
for organisms that influences patterns and
processes in the history of life. Even if selec-
tion never operated above the level of individ-
ual organisms (which we do not believe), still,
the geometry of evolution will be very differ-
ent if species are real and relatively stable en-
tities, compared with a world where species
are not real and stable through time (Lieber-
man and Vrba 1995).

Conclusions

The issues that Stephen Jay Gould raised
throughout his career regarding the preva-
lence and nature of species selection are in-
sightful and important. Indeed, this topic,
along with the related topic that species are
real entities, stable for most of their history,
which derives from his and Eldredge’s theory
of punctuated equilibrium, permeates many
of his scientific writings. His work in this area
helped develop macroevolutionary theory and
expand current visions of evolutionary biolo-
gy. He did this not by focusing primarily on
the complex adaptations that organisms pos-
sess. Although a legitimate area of research,
this has been thoroughly explored by Darwin
and others (and also considered by Gould in
many of his publications). Instead, with this
work Gould focused on the related and equal-
ly interesting issue of what promotes trends
within clades whose organisms possess these
adaptations, and how clades wax and wane
over geological time. The latter issues are pri-
marily within the direct purview of paleon-
tology. The emphasis on the stability of spe-
cies provided by punctuated equilibrium sug-
gests that characters that increase organismic
fitness do not necessarily enhance speciation
or prevent extinction, and that an important
part of evolutionary theory is the causes and
consequences of species sorting (Eldredge
1979, 1982; Vrba 1980; Gould 1982b, 2002). In
effect, then, the discontinuity of species in
space championed by Dobzhansky (1937) and
Mayr (1942), and also their stability through
time, first championed by Eldredge (1971) and
Eldredge and Gould (1972), implied that the
causes for how adaptive diversity is distrib-
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uted within and among clades might reside
not simply at the organismic level (mediated
by natural selection) but also at the species
level (species sorting and species selection).
Future debates in macroevolutionary theory
will continue to address the nature and vari-
ous causes of species sorting. In any event, it
is clear that Stephen Jay Gould was at the van-
guard of many macroevolutionary topics and
helped define not only the present but also the
future of the debate about the nature of mac-
roevolutionary theory in general and species
selection in particular. In closing, it is worth
recognizing that one topic that Gould cham-
pioned throughout his career (e.g., Gould
1989, 1996, 2002) was contingency, for ““in con-
tingency lies the power of each person ... to
make a difference ... spelling ... vast im-
provement”” (Gould 2002: p. 1346). This prin-
ciple of contingency, and the impact a single
person can have on a scientific field, is won-
derfully illustrated by Stephen Jay Gould’s
contributions to paleobiology.
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