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ENVIRONMENTAL VARIABILITY AND ITS
EFFECT ON HOMINID EVOLUTION

Richard Potts
(Department of Anthropology, National Museum of Natural History, Smithsonian Institution,
Washingion, DC 20560, U.S.A.)

Abstrgct

Early hominids have long been considered to have evolved in response to a
directional shift from forested to open habitats (e.g., woodland, savanna grassland,
glaciated terrain). Long—term paleoenvironmental records during the span of hominid
evolution, however, contradict the idea of a simple directional trend followed by

~ open—habitat stability. Rather, evidence from deep ocean cores, paleovegetation, and
paleolakes all suggest a high degree and erratic pace of environmental fluctuation. The
degree of fluctuation was higher during the period of hominid evolution than any ear-
lier time during the Cenozoic. Thus adaptation-to disparity, or to the conflicting de-

mands posed by natural selection, may provide a better explanation of hominid evolu-
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tion than adaptation to a single directional trend or stable environment. An example
from the Pleistocene of southern Kenya illustrates how species survival and change
may have been affected by environmental variability.

Key words Hominid evolution, Paleoecology, Savanna hypothesis, Environmental

variability, East Africa, Olorgesailic, Mammalian eyo]ution

Introduction

An increasing number of paleoanthropologists have focused their research on the
paleoecological dimension of human evolution. These researchers use the fossil record to inves-
tigate as directly as possible the conditions, or environmental contexts, of human ancestry. Ac-
cording to the paradigm established by Darwin (1859, 1871), external conditions have direct
impact on the adaptive strategies of organisms and the origin and longevity of species.
Palecanthropology is the application of this paradigm to human ancestors and related bipeds.

The purpose of this paper is to address the question: What exactly do we know about the
environmental conditions of human origins? In particular, what do we know about the effects of

natural selection on the hominids?

The Darwinian Paradigm in Paleoanthropology

Among scientists working in Africa, Europe, and western Asia, the prevailing view about
hominid adaptive evolution can be defined in two parts. First, directional environmental change -
was the overarching force involved in the origin and évolution of the Hominidae. Climatic cool-
ing, drying, and the development of open vegetation biomes were persistent during the late
Neogene and Quaternary. Vrba (1985, 1992; Vrba et al. 1989) has proposed that this directional
trend occurred in pulses rather than by continuous, gradual change. The pulses corresponded
with periods of speciation, extinction, and adaptive change in hominids and other large mam-
mals of the African savanna.

A second clement of the prevailing view stems from this progressive environmental shift:
Hominids became adapted to specific open—country habitats, particularly open woodland and
savanna in the tropical and subtropical latitudes, and cventually steppe, prairie, and glacial ter-
rain in temperate latitudes. Considerable scientific debate has focused on the specific
environmental setting (e.g., forest, woodland, or grassland) and specific niche (e.g., hunting,
scavenging, or plant gathering) of early hominids. This debate arises from an assumption that
hominids had a specific ancestral habitat — i.e., that hominids evolved in response to a rather
specific biome or set of adaptive conditions.

For the oldest period of hominid evolution, based in Africa, the prevailing paradigm can be
summarized as follows: With the spread of savanna, proto—hominids became more terrestrial.

The savanna habitat selected for much greater reliance on both tools and meat. At least one ear-
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ly hominid lineage responded strongly to these selective pressures, and in thi§ lineage, ground
living, tool use, and meat eating interacted to favor a dramatic increase in brain size (see Klein
1989: 180—182; Wolpoff 1980: 98—102; Pilbeam 1972).

This interpretation — the savanna hypothesis — was first developed by Darwin (1871) even
before there was any fossil evidence of horﬁinids, Oldowan stone tools, or early meat eating.
There is now, of course, an abundance of such evidence from Africa. According to this
paradigm, major events and changes in hominid adaptation were precipitated by the progressive
(if sporadic) change from warm, moist environments to cool, dry, and more open habitats.
When environmental change did occur, it had a consistent effect on the hominids. The
directional influence of natural sclection is indicated by the often—used terms “pressure” or
“forcing” , which indicate the consistent effect of the enviroqmental trend on adaptive change.
This understanding of natural sel‘ection is widely adopted by paleoanthropologists. According
to a popular text on hominid evolution, for example: “The rate of change due to selection is
ususally very small each generation, but smalil changes can have great results when they proceed
in the same direction for long periods of time” (Wolpoff, 1980: 22).

The traditional paradigm is illustrated by attempts to define the specific habitat or niche of
carly toolmakers in East Africa. Several researchers have recently depicted this niche as a
scavenging adaptation situated in a wooded savanna habitat near water (Blumenschine 1987;
Cavallo and Blumenschine 1989). The assumption that hominid evolution was driven by a spe-
cific set of selective conditions is also evident in the writings of behavioral biologists, many of
whom ascribe current human behaviors to the consistent influence of an specific ancestral envi-
ronment (Barkow et al. 1992).

Pliocene and Pleistocene environmental data, however, contradict the ideas of a single,
directional trend and stable open biome where hominids lived. A somewhat different view of
hominid evolution may be outlined here, emphasizing the diversity of geographic locales, cli-
mates, and vegetational scttings, and variability in the conditions of natural selection over the

past 6 million years.

Late Cenozoic Environmental Records

Cenozoic trend: The overall environmenta} trend of the Cenozoic appears, at first, to pro-
vide strong support for the prevailing paradigm. Oxygen isotope values from deep-ocean cores,
for instance, indicatc global climatic cooling and increased glacial ice as the abundance of heavy
oxygen (O—18) increased over time (Fig. 1). This cooling trend implies increased aridity, and can

be seen from 50 Ma to the present.
The mammalian Cenozoic record shows an increasc in herbivore cheek—tooth volume (e.g.,

hypsodonty in artiodactyls and perissodactyls), repetitive increases in body size in various
herbivore lineages, and locomotor specializations (c.g., lengthening of distal limb boncs) — all of
which indicate progressively more open habitats, particularly the importance of a coarse, gritty

plant dict and long—distance movement (Janis and Damuth 1990). Thus the fossii secord cor-
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Figure 1. Compositc measurements of delta '*O of benthic foraminifera from deep ocean cores

spanning the past 70 million years (Raymo and Ruddiman 1992)

roborates the overall environmental drying and spread of
savanna, and demonstrates its impact on mammalian line-
ages.

Mio—PHocene: Consider, however, the past 6 million
years during which hominids evolved. Figure 1 indicates that
the composite, or average, change in the oxygen isotope ra-
tio during this time was progressive, approximately 1.5 to 2
parts per mil. Yet a more detailed look at the oxygen isotope'
data suggests that this time period was also characterized by
increased fluctuation in temperature and moisture.

According to ocean—core data studied by Stein and
Sarnthein (1984), ﬁuctuaﬁon in oxygen isotopes became
more marked near the end of the Miocene (Fig. 2). Repeated
oscillations of up to 1.0 parts per mil occurred between 6.0
and 4.6 Ma. These shifts in the oxygen isotope curve are
thought to reflect glacial advances and retreats in Antarctica,

which imply that global hydrological conditions were fluctua-

ting, as water repeatedly became locked up and released in po-

lar ice.

46

6.4

DELTA 0 - 18

MILLION YEARS

Figure 2. Benthic deita '*O

spanning 6.4 to 4.6 Ma, from
DSDP site 397(Stein and Sarn-
thein 1984)
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This was also the time of the Messinian salinity crisis, typically portrayed as a drying up of

the Mediterranean basin, This drying episode affected the moisture available to
circum—Mediterranean continents, including'Africa. The Mediterranean sequence of this period
actually shows a series of evaporite deposits, indicating drying interspersed with periods of
flooding of tlge basin. A sequence of dry—wet fluctuations occurred, not a single aridity event or
trend. ‘ '

Terrestrial records in Africa are currently quite scarce for this time period. It is tempting
nonetheless to link the unusual array of locomotor ' characteristics seen in the early
australopithecines to an ability to cope with variable environments — habitats with dense stands
of trees and habitats with very few. This hypothesis agrees well with the diversity of reconstruct-
ed habitats of early Australgpithecus — from forested to quite open (e.g., Leakey and Harris
1987; Andrews 1989; Johanson et al. 1982; WoldeGabriel et al.1994).

Late Pliocene: Vrba (1988) has drawn attention to a major episode of savanna expansion in

Africa about 2.5 Ma. This corresponds with a global change to a cooler, drier environment.

Delta O-18 Delta O_ 1 8
2.0 3.0 4.0 5.0
| | 3.0 4.0 5.0

2.0 ; 0.0 T

| = §
] = -

Million Years

1.5 F

Million Years

30

Figure 3. Benthic delta 'O spanning 3.0 t0 2.0 Ma,
from DSDP site 552A (Shackleton et al. 1984) 20 F

Figure 4. Composite record of benthic delta '*0O

fluctuations spanning the last 2.5 million years (see 2.5

Crowley and North 1991: 113)
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According to Vrba’s turnover—pulse idea, this time was marked by extinctions and new species
origins in the bovids and the hominids.

Figure 3 shows, however, that this period was also marked by widened variance in oxygen
isotope values rather than by a single directional shift. For the first time in the Cenozoic, the
isotopic fluctuation reached as much as 1.5 parts per mil. Indeed, the latest oxygen isotope data
indicate that this wide oscillation began at least 2.8 Ma. Vrba and colleagues are now using 2.8
million as the start of the supposed drying episode. I would suggest, however, that this “event”
reflects a rise in the amplitude of oscillation, i.e., the onset of large, periodic reversals in the

overall environmental trend.

TIME PMG CLIMATE INDEX

10°Y 0 100 200 30 400
0 L1
100 —_
200
T
500
600
700
800
\
900

Figure 5. Plestocene climatic variation in Macedonia (Tenaghi Phillipon pcat bog) based on a cli-
mate index (CI) of oak, pine, and total tree pollen counts. A high CI indicates forest, a low CI indicates
open steppe. Compiled by Kukla (1989) based on work of Wijmstra and colleagues (sece references in

Kukla 1989)
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Ouaternary: Compare the composite isotope curve (Fig. 1) with the detailed curve (Fig. 4}
for the past 2.5 million years. The overall trend is made up of large, recurrent fluctuations.
Oscillation involved the first Cenozoic episodes of isotopic change of nearly 2 parts per mil, evi-
dent over the last 500,000 years.

The best terrestrial records from this time period corroborate the importance of climatic
fluctuation. The remarkable loess sequence of China documents not just the advent of glacial
conditions, but also the oscillation between dry, open environments of wind—blown silt and
moist, wooded environments, represented by soils. Study of the loess sequence in north—central
China indicatz_'.s a repetitive change between cold steppe and warm forest habitats (e.g., Kukla
1987).

One of the best records of fossil polien for the past 1.0 m.y. comes from the Tenaghi
Phillipon peat bog in Macedonia (see Kukla 1989). Change in the pollen composition of the bog
are shown in Figure 5 as a climate index, representing variation between closed forest and
treeless steppe.

The Olorgesailie locality (southern
Kenya rift valley) provides one of the Years Ago
most precisely—dated records in Africa
of environmental change, fossil mam- 500,000
mals, and early human artifacts (Isaac
1977; Potts 1989, 1994; Deino and 600,000
Potts 1990). This locality preserves a
sequence of diatomite lake beds, 700,000
paleosols, and volcanic ash deposits
from 1.2 to 0.049 Ma. Diatoms from

800,000

the ancient lake deposits have been stu-
died (Owen and Renaut 1981). Com-

_ : © . 900,000
bined with our new “Ar/ “Ar dates,
the diatoms and lithologies indicate
large—scale fluctuations in lake size and 1 Million
depth (Fig. 6). Tectonic activity was re- Shallow b
sponsible for some of this variability, Lake Lake
but moist—dry cycles indicative of cli-
matic instability were also involved.

Our research at Olorgesailie is in ac- Figure 6. Olorgesailie lake depth curve based on
cord with the best environmental records diatoms (Owen and Renaut 1981) and lithologies,
available from the temperate latitudes between ca. 1.0 and 0.5 Ma (Deino and Potts 1990).
over the past 1 m.y., and indicates a sur- P, C, and G indicate the stratigraphic position of
prising degree of environmental variabili- widespread palcosols, carbonates, and gravels,

ty. Attention has been paid by Foley(1987)  whick interrupt the sequence of lake deposits
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and others to seasonal variability, but the largest variations greatly exceeded the seasonal range.
Climatic shifts, tectonic activity, and nearly volcanic eruptions were involved in altering the
water, plant, and animal resources on the Olorgesailie landscape over a much longer time frame.
These variations in terrain and ecological setting were experienced by hominid toolmakers and

other organisms, and, I suggest, had an strong influence on their evolutionary history.

Explaining Adaptive Change in Hominids

Direct investigation of past environments does not indicate a consistent trend. Periodic
movement, contraction, and expansion of resources must have caused shifts in the strength and
direction of natural selection — i.e., in the relative costs and benefits of alternative adaptive
strategies. I suggest that these disparities in the conditions of natural selection over time had a
more important effect on the success of Pleistocene lincages of large mammals, including
hominids, than did any single type of habitat or environment trend.

Increased environmental fluctuation since the Miocene presented new problems to organ-
isms with regard to tracking food and water resources pertinent to survival and reproductive
success. The persistence of a gene pools (or lincages) would have been promoted in two Qays:
(1) greater mobility or dispersal capabilities, enabling populations to track the movement of
habitats, and (2) increased versatility in behavior and ecological interaction, enabling popula-
tions to endure new environmental regimes. .

Large mammals besides hominids also faced environmental fluctuation. Pleistocene line-
ages of the southern Kenya rift valley provide insight into how they fared. About 40% of the
large mammal species from the early Pleistocene of Olorgesailie are now extinct, and there is a
similarity among those which met their demise. The Pleistocene fauna of Olorgesailiec was typi-
fied by a suite of large—bodied grazing specialists, including elephants, zebras, pigs, hippopota-
mus, and monkeys (Fig. 7). These large grazers were numerically dominant during the early and
middle Pleistocene of southern Kenya, even more abundant than the bovids. Compared with its
living relative (Equus grevyl:), the extinct zebra Equus oldowayensis was larger and had an ex-
panded incisor row and enlargcd cheek teeth used in cropping and processing grass. The extinct
elephant Elephas recki also possessed specialized molars for dealing with coarse, fibrous grass.
The size and dental specializations of all of thc\dominant herbivores are indicative of a strong
‘commitment to a grazing diet, yet each of these species became extinct in the southern Kenya
rift between 600 and 330 ka (Potts and Deino 1995). By comparison, the surviving relatives in
each of these taxonomic groups possess a relatively diverse dietary strategy or the ability to mi-
grate long distances to obtain food or water. '

The pattern of differential extinction and survival in the southern Kenya rift suggests that
those lineages that evolved a broadened response to periodic change in critical resources were
eventually favored. The lineagés that became extinct were ones apparently well matched to the

overall drying frend and open savanna vegetation (grasses). These species dominated early in
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the Pleistocene, but became less competitive in mid—Pleistocene contexts when environmental

fluctuation again intensified.

Elephas recki

Kolpochoerus majus
Metridiochoerus hopwoodi

Hippopotamus gorgops

4 l ‘ Equus oldowayensis

Theropithecus oswaldi

Figure 7. The dominant large—bodied grazing herbivores of East Africa

during the Middle Pleistocene

The large herbivores of East Africa offer a potential clue about evolutionary change in
Pleistocene hominids. The prevailing paradigm does not explain very well certain key aspects of
modern human adaptation, such as increased behavioral flexibility and diversity, long—distance
mobility of populations, and increased ability to buffer environmental disturbances. These fea-
tures of modern human ecology do not seem to be easily explained as a result of adaptation to a
single directional environmental change. An emphasis on environmental variability, however,
provides a more enlightening explanation. I propose that populations adapted to long—term
environmental variability, not just seasonal habitat diversity, were favored over those preferring
a single type of environment. In other words, the success of hominid populations ultimately de-

pended on how well they coped with disparities in the long~term conditions of natural selection.
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Conclusion

1. Repeated habitat alteration during hominid evolution suggests that there is no single
“best” environmental analogue or reconstruction of early hominid habitat. It is also misleading
to portray the environment of early hominids as a stable, unvarying state.

2. Fluctuations in habitats and resources may have driven natural seiection (Potts 1994).
Piiocene and Quaternary environmental records lead us to focus on variability in selective condi-
tions. By adopting ecological Vvariability :;s a critical factor in the origin of hominid behaviors,
we may significantly revise the way natural selection is construed to have operated. We may
think of it not simply as selection “pressure” or as adaptation to 2 particular environment, but
rather as a response to habitat and resouréc variability from place to place and over time. This
outiook is rather different from the existing paradigm of a single consistent effect of natural se-
icction.

3. This outlook widens the scope of paleoanthropological comparison. Researchers stu-
4ving environments, fauna, and archeological evidence of hominid behavior have tended to
work on separate continents without much comparison. The new paradigm outlined here im-
plies that the more appropriate aim is to establish the range of conditions under which hominid
populations lived and persisted over time. The ecological conditions of hominid evolution can
be learned by comparing long sequences of environments encompassing the entire geographic
range of hominids. Collaborative research among scientists working in Asia, Africa, and Europe

wil! enable the appropriate comparisons to be made.
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