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Reply to Brook et al: No empirical evidence for
human overkill of megafauna in Sahul
We welcome comments by Brook et al. (1),
supporters of human-driven models, on our
review of the role of climate in Pleistocene
faunal extinctions in Sahul (Pleistocene
Australia–New Guinea) (2). In response, we
begin on a point of agreement: the fossil
fauna record on which our respective ar-
guments are based is sparse, although our
understanding of Pleistocene environmental
conditions is improving (3–5). However, we
also flag a basic point of difference. Unlike
Brook et al., who focus on the ∼50 extinct
Australian species (an artificial distinction be-
cause Australia was part of the larger land-
mass Sahul) and the 50 ka since human
arrival, we consider the bigger picture, and
the 88 large taxa that disappeared from Sahul
from ∼450 ka.
We interpret the record as a result of

climate-driven losses. Since Miocene times,
the Earth has experienced cooling conditions
that became more pronounced in the Plio-
cene, whereas climatic inconstancy was a dis-
tinct feature of the middle-late Pleistocene
(5). This is not speculation, as Brook et al.
state, but long-established fact. Glacial–inter-
glacial cycles of the middle-late Pleistocene
undeniably became more extreme, arguably
since Marine Isotope Stage (MIS)16 (∼650
ka), but clearly since ∼450 ka (5). Of the 88
taxa now extinct in Sahul, 34 are unknown
from deposits younger than ∼450–400 ka, an
additional 16 disappear by ∼130 ka, and an-
other 24 are absent from deposits <50 ka,
leaving only 8–14 species clearly present
when humans arrived. An increasing body
of evidence suggests that the period leading
up to the last glacial maximum (LGM; MIS4
and MIS3) was characterized by marked cli-
matic variability (4, 5). The most parsimoni-
ous interpretation of these data is that the

extinction process unfolded over multiple
glacial cycles, with most now-extinct taxa
gone before human arrival and subsequent
extinctions occurring against a backdrop of
significant climate change. Our climate-based
argument is not dependent on each of the
most recent glacial–interglacial cycles being
more extreme or that the last was necessarily
the most severe, although support grows for
this contention (3, 6).
The human-driven scenario offered by

Brook et al. invites the reader to first assume
that all now-extinct megafauna were present
at 50 ka, despite a complete lack of evidence
for many since ∼400–450 ka and for most
since ∼130 ka. Brook et al. assert that this can
be explained as an as yet empirically undem-
onstrated statistical anomaly.
Reliance on a priori assumptions aside,

a further fundamental shortcoming of their
model is the failure to demonstrate any
association/interaction of humans with
megafauna. We recognize that Brook et al.
believe that Cuddie Springs and other sites
with late-surviving megafauna are controver-
sial. However, Cuddie Springs represents the
only Australian site with evidence of humans
and megafauna in the same place at the same
time. If rejected, then there is no direct
evidence that people ever encountered any
of the vertebrates they purportedly drove to
extinction. Furthermore, the number of spe-
cies accepted as overlapping with humans
falls from 8–14 to 4. In the absence of em-
pirical evidence for human–megafauna inter-
action, Brook et al. rely on tenuous proxy
data and computer modeling to bolster their
arguments (see references in ref. 2).
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