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Abstract. The Pleistocene-Holocene boundary, between 13-9 ka, seems to be one of the
most informative times with regard to our understanding of rapid evolution in response
to climatic change. This was a time of great faunal revolution for large mammals in
particular, with tremendous distributional changes, rapid evolution, extinctions, and
radical changes in community structure. At the time of the break-up of the Mammoth
Steppe, the arid steppe which dominated from Alaska to England, some northern large
mammals, like woolly mammoth, suffered from the reduction of solid footing and
disappearing arid grasses and forbes. Other species, like moose, were favored by the
climatic amelioration resulting in greater forestation and wetlands. These two species are
emblematic of the conflicting repercussions of changing climates. The role of new human
colonists moving into the north at this same time complicates our assessment of these
climatic-mammalian interactions but new radiocarbon dates of moose and mammoth
suggest that the interaction between humans and large mammals, while significant, was
not the chief causal agent of the faunal revolution at this critical Pleistocene-Holocene
transition.
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I. INTRODUCTION

The Pleistocene has been a tumultuous time in earth history, greatly affecting mam-
malian evolution, especially in the Holarctic. The essentials of appearance, physiology,
and behavior of each mammalian species today can best be seen as an Ice Age legacy.
Mammalian distributions, local faunal compositions, as well as recent extinction patterns
are also best understood in terms of the climatic setting of the late Pleistocene. While that
is a truism, the Holocene climate has also exerted its effects on mammalian evolution. In
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this paper I will briefly review some ideas relating to the faunal events which occurred at
the juncture of the Pleistocene with the Holocene.

Though not necessarily the most important faunal event in the Quaternary, nor the most
dramatic, this associated climatic shift and faunal repercussion about 13-9 ka (centering
around 12 ka) occur at a time which has the greatest meaning to humans and it is also a
time for which we have most data because of its recency. I will focus especially on the
northern Eurasian effects and the repercussions of these climatic changes for the Western
Hemisphere. I have selected two large mammal species to differentiate between human
impact and the effects of climatic change: the wide-spread Holarctic woolly mammoth,
Mammuthus primigenius, which drastically decreased its geographic range at the begin-
ning of the Holocene and ultimately became extinct, and moose, Alces alces, an insigni-
ficant Pleistocene species which expanded and flourished, extending its range into
northern Asia and North America for the first time.

Ultimately, the climatic changes around 12 ka were extra-terrestrial in origin, relating
to the perturbations of sun-earth relationships by the orbital geometry of Saturn and J upiter.
Over the first half of the Quaternary the major climatic patterns were dominated by the
obliquity contribution, cycles of around 40,000 thousand years in duration, but about 0.7
ma climatic influences shifted toward a dominance of orbital eccentricity, that is, cycles
of around 100 thousand years in duration. At the beginning of the Holocene, the earth
began to experience a reduced eccentricity (which will continue until about 25,000 years
into the future). This extreme circularity of the orbit during the Holocene is unique for the
late Pleistocene, and I would argue that the climatic changes during the Holocene are very
different from those which occurred in the slope into other recent Interglacials or
Interstadials. It is important to note that the climatic perturbations from the 12 ka event
were not limited to simple insolation changes, rather the repercussions secondarily
diverted ocean currents and atmospheric circulation patterns, which had local effects far
beyond the calculated changes in insolation value. The northern part of the globe,
especially Eurasia, has been disproportionately affected by these eccentricity cycles,
creating a quite different climatic and biotic environment during most of the Pleistocene
than exists today, which I tried to capture in the concept of the Mammoth Steppe (GUTHRIE
1990a).

In earlier papers (GUTHRIE 1982, 1984a, 1984b, 1990a,b), I discussed the climatic
forces across Eurasia which shifted the evolutionary balance in many Pleistocene ungu-
lates (artiodactyls particularly) allowing them to become hypermorphic (large in body size
with huge social organs such as horns and antlers). These climatic events seem to be an
overall shift in the availability and digestibility of high quality forage during the growth
season. More nutrients were available for body growth for a prolonged season. It seems
that the more "plant-hostile" climate during most of the Pleistocene resulted in a carbon-
nutrient balance shift toward a nutrient enrichment of plant tissue. One of the important
forces behind this shift was the reduced summer cloud cover across the north which
decreased net moisture input, increased evaporation and reduced snow cover lengthening
the ungulate growth season. These climatic changes favored more arid forbes and grasses,
low in antiherbivory compounds, which are the plants to which most grazers are adapted.
Grazing caecalid perissodactyls and proboscidians (mammoths, rhinos, and equids) were
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affected somewhat differently by these changes, though even among those forms, hyper-
morphic growth was produced by mid-Pleistocene climatic conditions across Eurasia.

Cold arid Pleistocene conditions across the north placed energy limitations on plant
growth. Plants with limited moisture and reduced temperature are unable to reach
maximum growth, and as a result, characteristically have less energy (fiber-carbohydrate)
in relation to nutrients. Also, atmospheric CO2 was reduced during much of the cold-dry
episodes, perhaps further shifting the balance toward the nutrient end of the equation. Less
atmospheric CO2 limits energy available to plants and means that plants grow less than
their maximum potential. The CO2 levels during full glacial were 180 ppm compared to
over 300 ppm for the Holocene. The Pleistocene growth conditions of colder winters with
reduced snow cover and cooler, windier summers without tree-cover add to energetic
stress on plants. With these stresses on maximum growth, plants tend to not only cut back
quantitatively on energy devoted to fiber-carbohydrate growth, but also do so qualitatively
by allocating less to anti-herbivore defenses. This results in more digestible and more
nutritious forage, for herbivore species adapted to those particular diets (MATTSON 1980;
BRYANT et al 1983).

With thinly spread plant biomass and intense winter bottlenecks on the Mammoth
Steppe, the carrying capacity of large mammals was reduced to medium-to-low levels
meaning that each plant was less likely to be grazed during summer. Because most defense
compounds are relatively energetically expensive, plants respond to long-term reduction
in grazing with a reduction of anti-herbivory defenses. In sum, Pleistocene climates across
northern Eurasia provided growth season resources which were more digestible and higher
in nutrients for individual grazers, than at present. For every bite, the grazer gets more
nutrients and as a result there seems to have been a shift to a more hypermorphic optimum.

While some mammals like mammoth, Mammuthus and bison, Bison thrive on this high
quality arid grassland, some browsing ungulates, like roe deer, Capreolus and moose,
Alces, are more adversely affected by these conditions. At around 12 ka, with the slide
toward the Holocene, these norms were reversed. Instead, the general trend was a
hypomorphic shift, decreased body size and reduced body decoration and social weaponry,
for example, in animals like bison, Bison and red deer, Cervus. This paper is about a few
evolutionary features which accompanied the climatic change at that time resulting from
the break-up of the Mammoth Steppe.

[I. THE UNIQUE FAUNAL REVOLUTION OF 12000 YEARS AGO

One of the main difficulties presented by any attempt to analyze the climate-faunal
interactions at the Pleistocene-Holocene boundary is the complicating factor of the
exploding human numbers and their ecological influence (see MARTIN & KLEIN 1984).
Among those influences is the haunting possibility that people were directly responsible
for the megafaunal extinctions. Although this remains a possibility, it does not seem to
explain the other accompanying faunal perturbations: (1) rapid and extensive distribu-
tional changes, (2) changes in community structure of new associations and arrangements,
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(3) extremely rapid evolution within mammalian species (see GUTHRIE 1990b for a
review).

Further complicating the separation of human and climatic influences on the biota,
there seems to be an almost exact timing coincidence of human expansion and climatic
shifts, presumably because the climatic-vegetational changes promoted human coloniza-
tion and expansion at 12 ka. So, better and better dates themselves may not necessarily
resolve the issue on such things as pinpointing the causes of the late Pleistocene megafau-
nal extinctions, though the pattern of these dates may. The nature and timing of human
entry into North America is a major issue in New World prehistory. It is indeed a critical
issue because of its implications for related matters in linguistics, evolutionary change,
ecology, cultural adaptability, and faunal extinctions (see MARTIN & KLEIN 1984).
Despite the presence of considerable data, this controversy still rages and has shown no
sign of resolution. Whether there were people in North America who preceded the
spectacular Clovis explosion shortly before 11 ka is a puzzle, but whatever the answer to
that question, it is agreed that there was little detectable human impact on biota or
landscape until Clovis times. One line of thought argues that the spread of Clovis traditions
represents an actual colonization event and not simply a spreading technology. Yet, good
technological precursors to Clovis occur in Alaskan sites a few hundred years prior to the
appearance of Clovis in the mid-continent (HOFFECKER et al. 1993), and only few very
controversial archaeological sites in Alaska-Yukon date prior to 12 ka, so it seems logical
that "Protoclovis" colonization of North America came from the Old World through
Alaska at the end of the last glaciation. This pattern is a view accepted by the majority of
Quaternary researchers, but not all (e. g. STANFORD 1991).

Remember that direct dating of human bones from the wave of first colonizers is near
impossible because virtually no human bones have been found from this time range. We
must instead date archaeological sites, the trace fossils — and this is where potential
problems arise. Experience has shown that it is sometimes difficult to associate sound
dates with sound artifacts. This is the source of a very real problem. Not only can
archaeological sites sometimes be difficult to date, they may also be disturbed so that the
wrong date is obtained. Also, it is often difficult to identify an artifact with assurance
outside the proper context of a site. Sometimes correct identification is even insufficient,
for example, in the north where frozen mammoth ivory is so abundant. Later peoples
sometimes used this old ivory for ornamentation or tools — making reliable dates on
acceptable artifacts misleading. There does seem to be a pattern of solid unquestionable
dates in North America slightly after 12 ka. Those prior to that time all are problematic
and controversial.

Despite the dramatic climatic and vegetational disruption at 12 ka, virtually no large
mammals colonized North America from Asia. Humans have been considered unique in
being the only species of large mammal to invade Siberia, cross the land bridge into Alaska,
and on into continental North America at the end of the last glacial. However, emerging
data in the last few years has shown that there is one exception to that statement, moose.
Moose seem to have followed this same route into the New World at about the same time,
and it would seem that its expansion in that same direction as humans was both restrained
and encouraged by some of the same vegetational and ecological changes.



