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The illegal ivory trade recently intensified to the highest levels ever
reported. Policing this trafficking has been hampered by the
inability to reliably determine geographic origin of contraband
ivory. Ivory can be smuggled across multiple international borders
and along numerous trade routes, making poaching hotspots and
potential trade routes difficult to identify. This fluidity also makes
it difficult to refute a country’s denial of poaching problems. We
extend an innovative DNA assignment method to determine the
geographic origin(s) of large elephant ivory seizures. A Voronoi
tessellation method is used that utilizes genetic similarities across
tusks to simultaneously infer the origin of multiple samples that
could have one or more common origin(s). We show that this joint
analysis performs better than sample-by-sample methods in as-
signing sample clusters of known origin. The joint method is then
used to infer the geographic origin of the largest ivory seizure since
the 1989 ivory trade ban. Wildlife authorities initially suspected
that this ivory came from multiple locations across forest and
savanna Africa. However, we show that the ivory was entirely
from savanna elephants, most probably originating from a narrow
east-to-west band of southern Africa, centered on Zambia. These
findings enabled law enforcement to focus their investigation to a
smaller area and fewer trade routes and led to changes within the
Zambian government to improve antipoaching efforts. Such out-
comes demonstrate the potential of genetic analyses to help
combat the expanding wildlife trade by identifying origin(s) of
large seizures of contraband ivory. Broader applications to wildlife
trade are discussed.

African elephant � forensics � Loxodonta africana � DNA assignments �
poaching

The illegal trade in elephant ivory has once again escalated to
the devastating levels that occurred before the 1989 Con-

vention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES) ivory trade ban (1–5). Between
August 2005 and August 2006, there have been 12 major seizures
of African elephant ivory being shipped to the Far East, totaling
23,461 kg, plus 91 unweighed tusks. Most of this ivory was
deemed to be from freshly killed elephants (B.C., unpublished
observation). It is commonly assumed that customs intercepts
10% of all contraband (e.g., drugs, weapons, pirated compact
discs). We conservatively assume that this percentage is also the
case for ivory; most enforcement agencies do not ‘‘target’’ ivory
as they do drugs or weapons, and technological advances (such
as drug scanners and detection dogs) do not help with intercep-
tion of contraband ivory. Thus, the above 23,461 kg should
correspond to 234,610 kg of smuggled ivory from �23,000
elephants killed this past year. Knowing the origin of ivory in
such large seizures enhances understanding of where elephants
are being slaughtered and routes by which the contraband ivory
is smuggled. Law-enforcement efforts could be fruitfully focused
with such information. It also creates accountability that com-
pels nations to be more responsive to poaching in their country.

We previously described a method to infer the geographic origin
of individual samples of African elephant DNA (6). Here, we
extend the approach to multiple samples and apply this method
to infer the origin of the largest seizure of contraband ivory since
the 1989 ivory trade ban (the second largest seizure in the entire
history of the trade).

In late June 2002, an investigative team consisting of officers
from the Zambia Wildlife Authority, the Lusaka Agreement
Task Force, and the Anti-Corruption Bureau of Malawi uncov-
ered vital information concerning the shipment of a 20-ft
container packed with �6.5 tons of contraband elephant ivory in
Malawi, destined for the Far East. (Based on the above assump-
tions, this would have resulted from poaching of between 3,000
and 6,500 elephants.) The container had been shipped via South
Africa to Singapore, where it was seized later that month. The
seizure contained 532 tusks of widely diverse sizes and weights.
The average weight of tusks was �11 kg, substantially larger than
the average tusk in the current ivory trade. The seizure also
contained 42,120 ‘‘hankos,’’ believed to have been manufactured
in Malawi. Hankos are round ivory cylinders, �6.5 cm in length
and 1.5–2 cm in diameter, cut from the solid portion of the tusk.
Some Asian communities carve their personal seal on the end of
these cylinders to be used as a prestigious stamp (7). The hankos
alone in this shipment were worth an estimated $8.4 million
(U.S.), and represented �20% of Japan’s annual hanko trade
(B.C., unpublished observation). The enormous size of this
consignment indicates the existence of an elaborate network in
the Far East that is capable, with a single delivery, to receive and
launder tens of thousands of hankos and hundreds of tusks into
existing legal markets.

Investigative work revealed that the ivory had been carried
from Zambia into Malawi in small lots, before shipping, but it
was unknown whether the ivory came from Zambian elephants.
Our analysis tested two broad competing hypotheses for the
origin of the seized ivory:

Hypothesis 1. The ivory originated from within, or in close
proximity to, Zambia and/or Malawi, the original shipping
locale. This hypothesis would require minimal preshipment
transport (smuggling), but the size of the seizure would suggest
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