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Over the past two and a half decades, new 

techniques for studying climate change, 

applied especially to deep-sea drill core 

records, have driven the development of 

environmental forcing hypotheses of human 

evolution. These hypotheses link specific 

climate transitions in the Neogene (23 to 2 

million years ago) or changes in Neogene 

climate variability to events in hominin phys-

ical and adaptive evolution and species 

diversification [e.g., Vrba, 1988; Potts, 1996; 

Bobe and Behrensmeyer, 2004]. 

Key developments in hominin evolution, 

and especially in the human genus Homo 

with its unique array of behavioral charac-

teristics, may be tied to specific climate 

‘events’ or to the increase or decrease in 

climate variability in particular time inter-

vals. The key forcing factors might include 

the stepwise aridification of Africa during 

the late Pliocene and early Pleistocene 

(about 3 to 1.5 million years ago), or changes 

in the variability of climate (and the food 

and water resources affected by the new 

climate regime) driven by changes in the 

Earth’s orbital precession, obliquity, and 

eccentricity, (Milankovich insolation forcing) 

or millennial-scale climate fluctuations. 

Simultaneously, there has been a tremen-

dous growth in interest in documenting cli-

mate change in those regions of the world 

where major events in human evolution 

occurred. This interest has been spurred by 

efforts to complement the paleoanthropo-

logical record [e.g., Cerling, 1992; Quade et 

al., 2004] and, more broadly, to understand 

climate dynamics in the tropics [e.g., deMen-

ocal, 1995]. 

The convergent interests of geologists, 

paleoanthropologists, archaeologists, and 

paleoclimatologists, coupled with recent 

developments in the acquisition of long drill 

cores from Lakes Malawi and Bosumtwi in 

tropical Africa, formed the backdrop for a 

recent workshop on paleoclimates and 

human evolution. Workshop participants 

gathered to consider current knowledge of 

the relationship between human evolution 

and Neogene climate history and to chart 

promising directions for future research and 

interdisciplinary collaborations in this rap-

idly developing field.

Linking Deep Sea and Lake Cores 

to Evolutionary History 

Workshop participants debated the chal-

lenges to understanding the role of climate 

in human evolution. Although correlation of 

events cannot demonstrate causation, com-

parative temporal analyses of paleoclimate 

versus hominin and other vertebrate fossil 

records are at least a first step in researching 

this linkage, and several researchers presented 

such data. 

Workshop participants recognized that fun-

damental difficulties exist in integrating data 

derived from very different sources, as these 

data represent very different temporal and 

spatial scales of resolution and completeness. 

In particular, discussion focused on how to 

better use environmental history data that are 

appropriately scaled to the hypotheses being 

evaluated [e.g. Behrensmeyer, 2006]. 

Drill core records from the deep sea cur-

rently provide the most temporally complete 

record of environmental variability in East 

Africa during the Neogene; this record 

shows some striking correlations with major 

episodes of hominin and other mammalian 

evolution [deMenocal, 2004]. Marine records 

indicate that African climate has been influ-

enced by a combination of high-latitude 

teleconnections (~100-kiloyear glacial/inter-

glacial cyles), variability in tropical insola-

tion (driven by the precession cycle), sea 

surface temperatures [e.g., Schefuss et al., 

2003], and monsoon intensity. Drying cycles 

apparently became larger and longer after 

2.8, 1.7, and 1.0 million years ago (Ma), fol-

lowing the predominant orbital beats of 

global climate variability. 

New drill core records from African lakes 

and the promise of identifying future drill 

sites provide an exciting opportunity to 

address this scaling problem by opening up 

new combinations of spatial/temporal reso-

lution and stratigraphic continuity during 

key intervals in human evolution, confer-

ence participants noted. Potential targets 

might be situated in existing lakes, in the 

depocenters of ancient lake basins, or even 

in the outcrop belts where hominin fossils 

and artifacts have been recovered. Tropical 

lakes, with their long-recognized sensitivity 

to subtle changes in precipitation/evapora-

tion ratios, and their frequent accumulation 

of annually varved deposits, are ideal for 

producing such records [e.g., Johnson et al., 

2002; Scholz et al., 2005].

Another challenge discussed during the 

workshop is to link reconstructed changes 

in paleoclimate to the patterns observed in 

fossil bones and stone tools. Part of this 

involves assessing which behaviors and ana-

tomical traits make sense as evolutionary 

responses to changing climate and habitat. 

Conference participants discussed how 

changes in diet, evidenced from hominin jaw 

or dental evolution within a species of hom-

inin, might suggest a particular directional 

shift in vegetation cover and/or climate over 

the time or in the geographic range of the 

species in question. Participants also showed 

that microscopic patterns of wear on fossil 

teeth related to different types of food con-

sumed could provide evidence that, among 

early hominins, selective pressures favored 

generalists capable of falling back on less 

preferred foods during arid intervals, when 

preferred food types were scarce. 

In addition, conference attendees showed 

that skeletal differences between humans living 

under different climatic regimes are evident 

even between modern populations of Homo 

sapiens. Similar climate response arguments 

may help in the understanding of major tran-

sitions between Austalopithecus and Homo, 

between species of Homo, or even within 

those hominin species such as A. afarensis 

that have a rich and long fossil record [Wood 

and Richmond, 2000]. Given the limited spe-

cies diversity of hominins today (n = 1), mod-

els linking skeletal or size differences both 

within and between species and sexes to cli-

mate or vegetation differences in other types 

of modern mammals, especially primates can 

also be developed.  

Defining Time Intervals for Study and 

Subjects for Interdisciplinary Research

There was a consensus among workshop 

participants that improved climate recon-

structions for Africa and the hominin expan-

sion corridors in Eurasia are an immediate, 

pressing goal. With continuous African conti-

nental drill core records, researchers now 

can test ideas linking cultural innovation 

and human dispersal with the timing of spe-

cific climate events (e.g., wetter periods or 

periods of greater or lesser climate variability). 

In Eurasia, where regional climate recon-

structions for the middle to late Pleistocene 

transition are more broadly available, this 

approach has already paid off in a better 

understanding of the differences in habitat 

and climate range between modern H. sapi-

ens and Neanderthals. 
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LCROSS most likely will crash the upper 

stage of the launch rocket into Shackleton 

Crater, according to Daniel Andrews, proj-

ect manager at NASA Ames Research Cen-

ter, Moffett Field, Calif. The 2000-kilogram 

impactor will hit the Moon at a velocity of 

about 2.5 kilometers per second, kicking 

up a plume of debris more than 48 kilome-

ters high, he said. The LCROSS satellite will 

then fly through the plume searching for 

water before it also crashes into the Moon, 

he said. 

Scott Horowitz, associate administrator 

for NASA’s Exploration Systems Mission 

Directorate, said that the plume also would 

be viewed by the LRO and space-based 

assets, as well as by telescopes on Earth.

—SARAH ZIELINSKI, Staff Writer
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Planetary Sciences

June Clevy, University of Idaho, Moscow, 

Relationship between topography and the 

eastern equatorial hydrogen signal on Mars.

Timothy H. McConnochie, Cornell Uni-

versity, Ithaca, N.Y., THEMIS-VIS measurements 

of the altitude and velocity of clouds in the 

Martian mesosphere.

Seismology

Gregory Bensen, University of Colorado, 

Boulder, Extending ambient noise surface 

wave tomography to continental scales: 

Application across the United States.

Kate H. Chen, National Cheng Kung Uni-

versity, Tainan, Taiwan, Earthquake triggering 

along a segmented creeping fault: 1951 ML7.3 

Hualien-Taitung earthquake sequence in 

eastern Taiwan. 

Gordon Emore, Purdue University, West 

Lafayette, Ind., Recovering absolute seismic 

displacements through combined use of 1 Hz 

GPS and strong motion accelerometers.

Adam Fischer, University of Southern 

California, Los Angeles, A closer look at high 

frequency bursts observed during the 1999 

Chi-Chi, Taiwan earthquake.

Yoshihiro Kaneko, California Institute of 

Technology, Pasadena, Modeling aftershock 

rates using simulations of spontaneous 

earthquake nucleation on rate and state 

faults.

Zack Lawrence, University of Memphis, 

Tennessee, Investigating amplitude dependent 

sediment properties using a vibroseis truck 

and a micro-array of accelerometers.

Jimin Lee, Binghamton University, New 

York, Earthquake site effect modeling in sedi-

mentary basins using IBEM-FMM.

Diego Mercerat, Laboratoire de Sismolo-

gie, Institut de Physique du Globe de Paris, 

France, Triangular spectral element simula-

tion of 2D elastic wave propagation using 

unstructured triangular grids.

Meredith Nettles, Harvard University, 

Cambridge, Mass., Inference of upper-mantle 

density structure from seismic velocities.

Tarje Nissen-Meyer, Princeton University, 

New Jersey, 3-D global seismic wavefields 

computed using 2-D spectral-elements: A 

basis for exact sensitivity kernels.

Ruth Plets, University of Southampton, 

National Oceanography Centre, Southamp-

ton, U.K., 3-D reconstruction of a shallow 

archaeological site from high resolution 

acoustic imagery: A case study.

Tectonophysics

Graham Baines, University of Wyoming, 

Laramie, Time-averaged rate of detachment 

There was also a consensus concerning 

the need for interdisciplinary research on 

key time intervals. These are intervals when 

there are both data supporting extremely 

important evolutionary events and the 

potential to obtain much more highly 

resolved climate records than we have at 

present. Three intervals stood out as note-

worthy for future intensive, integrative study:

• 3.0–2.4 Ma: Onset of 41-kiloyear glacial 

cycles in Arabian Sea dust records, origin of 

stone tools and the genus Homo, evidence of 

faunal change in East Africa

• 2.0–1.5 Ma: Evolution of H. erectus, 

expansion of Homo out of Africa, evidence 

for expansion of grassland habitats 

• 0.4–0.05 Ma: Diversification of Homo, ori-

gin of anatomically modern humans, begin-

ning of Middle Stone Age and major transi-

tion in stone tool and other technological 

innovations, dispersal of modern humans out 

of Africa. 

In taking a time-slice approach, the chal-

lenge for the paleoclimate/human evolution 

community will be to better integrate out-

crop, marine, and lake core data and model-

ing results, in order to reconcile their very 

different temporal and spatial scales and res-

olutions. Conference participants agreed that 

a research consortium of like-minded scien-

tists could provide an umbrella of symposia, 

databases, and Web sites or publications to 

promote such an effort. It would also 

sharpen the focus on where improved cli-

mate records might be obtained on the con-

tinents, specifically through scientific drilling 

technology.  Such records might come from 

a range of possible targets, from drilling 

existing fossil/artifact outcrop sites in order 

to sample unweathered strata, to drilling 

depocenters near such sites for more com-

plete records, to drilling extremely long con-

tinental records in areas such as Lake Tang-

anyika in central Africa, where a continuous 

record of the span of human evolution 

might be obtained. 

Regardless of the approach, the workshop 

made clear that this is only the beginning of 

what promises to be an exciting time for col-

laborative efforts to understand the climatic 

context in which our species and our close 

relatives evolved.

Paleoclimates and Human Evolution:  A 

Workshop on Integrating Continental Drilling 

Research with Paleoanthropology and Other 

Geological Records, held 17–20 November 

2005 at the Smithsonian’s Conservation and 

Research Center in Front Royal, Va., was 

sponsored by the U.S National Science Foun-

dation; the Smithsonian Institution’s National 

Museum of Natural History’s Human Origins 

Program; and the Drilling, Observation and 

Sampling of the Earth’s Continental Crust 

(DOSECC) Inc.  Additional workshop infor-

mation can be found at http://www.geo.ari-

zona.edu/web/Human

EvolutionWorkshop/
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Outstanding Student Papers, 2005 Fall Meeting 

The following members received Outstanding Student Paper Awards at the 2005 Fall Meeting 

in San Francisco, Calif. 
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