




blinds, and associated structures (14, 15). Although other prey
species were certainly pursued by Late Paleoindian and Early
Archaic foragers, caribou would have represented the main prey
species given the environmental conditions on the AAR and
were likely the target for the constructed stone features. The
discovery of the Drop 45 Drive Lane and its associated arti-
facts, described here, provides unprecedented insight into
prehistoric hunting in the Great Lakes region during a poorly
known time period.

Results
The Drop 45 Drive Lane is the most complex hunting structure
identified to date in the Great Lakes region. It is located in 37 m of
water, 56 km southeast of Alpena, MI (Fig. 1A). The site lies on
a narrow (less than 2 km) southeast to northwest upward sloping
isthmus (Fig. 1B). This locality, comprising only 8 ha, has an un-
usually high density of confirmed hunting features, including at
least four V-shaped hunting blinds (14) and a rectangular con-
struction that, following ethnographic parallels, may represent
a meat cache (13). Down slope, acoustic imagery suggests the
presence of two long converging stone lines that narrow to a gap of
approximately 400 m just below the location of the hunting blinds.
The Drop 45 Drive Lane is located near the top of the slope,

but below the crest. It is bounded by a raised cobble pavement on
the west and a marsh to the east. The feature is constructed on
level limestone bedrock and is comprised of two parallel lines of
stones leading toward an effective cul-de-sac formed by the
natural cobble pavement (Fig. 2). The stone lane is 8 m wide and
30 m long. The drive lane has three associated circular hunting
blinds that are built into the stone lines and a series of perpen-
dicular flanking lines on its west side. To the northwest of the
drive lane and on top of the raised cobble feature are additional
stone alignments that may also have served as blinds and obstruc-
tions for corralling caribou. Further to the northwest is a low boggy

swale and beyond that a second crest, which is also populated
by a perpendicular arrangement of boulders. Taking all these
elements together, the total length of the area within which
caribou would have been ambushed is roughly 100 m in length
and 28 m wide (0.28 ha).
The interior of the drive lane is devoid of rocks and covered

with clean sand to a depth of approximately 6 cm overlaying the
limestone bedrock. Systematic sampling along the length of the
lane yielded a total of 11 chipped stone flakes (Fig. 3A). These
flakes exhibited sharp edges, and elements of standard flake
morphology and cultural manufacture such as platforms, bulbs
of percussion, and crushing. Seven flakes were located in the
southern opening of the drive lane, and two each were found in
two of the associated hunting blinds (Fig. 3B). An additional 17
test units along the drive lane did not yield culturally modified
material. This absence is significant because the constrained
spatial distribution of flakes underscores their cultural, as op-
posed to natural, production and deposition. The majority of the
flakes (n = 8) are gray-brown cherts common in the local De-
vonian Age Traverse Formation (16). The remaining three flakes
are an unnamed high-quality black and orange chert, which
similarly appears to have its origin in the local Traverse For-
mation. Given their size and morphology, the recovered flakes
do not appear to represent primary tool manufacture but rather
the expedient repair or maintenance of stone tools. The recovery
of artifacts in the immediate vicinity of caribou hunting struc-
tures is exceedingly rare at both historically and archaeologically
documented kill sites (11, 12). The discovery of 11 flakes, given
the limited sampling conducted, may suggest that tool mainte-
nance activity regularly occurred in this locality as hunters an-
ticipated the arrival of caribou herds.
In addition to the archaeological investigations, computer

simulation has been used to better understand the movement
of caribou and caribou hunters on the AAR. Drawing on the

Fig. 3. Stone tool debris from the Drop 45 Drive Lane. (A) Composite photograph showing the 11 chert flakes recovered from the Drop 45 Drive Lane. (B) The
location of archaeological tests on the Drop 45 Drive Lane superimposed on the acoustic image (Fig. 2B). Small white circles represent test locations that did
not generate identifiable archaeological debris. Large white circles with black centers represent locations that produced lithic debris. Black centers with
adjacent numerals indicate locations that generated multiple lithic remains. North is to the top of the image, and the red circular rings surrounding the
scanning sonar placement are incremented in units of 15 m.

O’Shea et al. PNAS | May 13, 2014 | vol. 111 | no. 19 | 6913

A
N
TH

RO
PO

LO
G
Y

D
ow

nl
oa

de
d 

at
 N

O
A

A
 C

E
N

T
R

A
L 

LI
B

R
A

R
Y

 o
n 

Ju
ly

 2
6,

 2
02

1 



environmental reconstruction and a detailed map produced from
side-scan and multibeam sonars, an agent-based simulation of
caribou herd movement across the AAR was developed (17, 18).
This simulation provided a level of social intelligence to the in-
dividual animals as they iteratively transited and learned the
landscape over time. A machine learning tool, Cultural Algo-
rithms, based on models of Cultural Evolution generated “hot
spots” representing areas that were likely to contain hunting
structures by using the caribou herd movement simulation data
and ethnographic information (19).
An important result of the simulation was the prediction that

there should be distinctive routes for the autumn and spring
migrations (Fig. 4). The simulation also highlighted two critical
choke points within the study area where all preferred migrations
routes for both seasons converge. Drop 45 is located at one of
these predicted choke points.
Although the computer simulation predicted seasonal patterns

of movement, the physical placement and orientation of hunting
structures provides an independent indicator for season of use
(14). Given the orientation of Drop 45, it would only have been
effective if the animals were moving in a northwesterly direction,
i.e., during the spring migration from modern day Ontario. Al-
though the majority of hunting structures on the AAR, as with
virtually all ethnographic cases, suggest that autumn was the pre-
ferred season for hunting (20–23), the spring orientation of Drop
45 coincides with the seasonal association of the one other complex

hunting structure located to date, the Funnel Drive (14). It is
noteworthy that the V-shaped hunting blinds that are located
upslope from Drop 45 are oriented to intercept animals moving to
the southeast in the autumn. This concentration of differing types
of hunting structures associated with alternative seasons of mi-
gration is consistent with the simulation’s prediction that the area
was a convergence point along different migration routes, where
the landform tended to compress the animals in both the spring
and autumn. This predictability and natural channeling of caribou
herds provided by the overall shape of the AAR landform and
the narrow width of this particular area would have been
highly significant to ancient hunters and no doubt led to the
proliferation of hunting structures at this location.

Discussion
Complex multielement structures such as Drop 45 not only
provide unambiguous evidence for intentional human con-
struction, they also provide important insight into the social
and economic organization of the ancient hunters that used
the AAR. The larger size and multiple parts of the complex
drive lanes would have necessitated a larger cooperating group
of individuals involved in the hunt. Although the smaller V-shaped
hunting blinds could be operated by very small family groups re-
lying on the natural shape of the landform to channel caribou
toward them, complex structures like Drop 45 that contain
multiple blinds and auxiliary structures to channel the animals
into the kill zone necessitated larger groups of hunters and
their families cooperating. In this sense, the complex drive
lanes bear a greater resemblance to the better known ter-
restrial jumps (e.g., refs. 24–30).
The Drop 45 discovery and other hunting features beneath

Lake Huron provide a testable model of seasonal organization of
prehistoric hunters. If increased hunting group size is coupled
with the season of use, the AAR structures can be seen to rep-
resent distinctive spring and autumn hunting strategies. In the
autumn, animals in prime condition were taken sequentially along
the AAR by small groups of hunters before moving into winter
camps. In contrast, spring hunting sees larger aggregations of
individuals cooperating in what are presumably larger kills.
The discovery of a 9,000-year-old caribou hunting structure

beneath modern Lake Huron offers a unique window into the
organization of prehistoric hunting for a time period that is very
poorly known from terrestrial sites in the Great Lakes region. It
further demonstrates that archaeological sites of great antiquity
are preserved underwater and that they have the potential to fill
important gaps in our understanding of the deep human past.

Materials and Methods
To discover sites within the AAR setting, a multilayered search strategy was
developed. An initial survey was conducted by using side-scan sonar within
two pilot search areas (Fig. S1), one a square 7.5 km to a side and the second
a square of 4.5 km per side. Subsequently, a partially overlapping area of
115 km2 was mapped by using multibeam sonar. Side-scan survey was con-
ducted by using a digital side-scan sonar unit (Imagenex), at a frequency of
330 kHz and a depth of 20 m, mapping overlapping swaths of roughly
200 m. Multibeam survey was conducted by using an R2Sonic 2024 multibeam
echo sounder with an F180 vessel attitude and position system. Targets of
interest were examined in more detail by using a remote operated vehicle
(ROV). The current work used an Outland 1000, equipped with UWL-500 LED
lights, UWC-360D dual high-definition video cameras (color and black and
white), and a manipulator. The ROV also carried a Tritech MicroNav100
tracking sonar to allow its location to be recorded in real time. Detailed
acoustic mapping of the Drop 45 Drive Lane and the Funnel Structure was
performed by using a Kongsberg MS1000 scanning sonar unit (model 1171),
supplemented by direct measurement by scuba-trained archaeologists.
Bottom sampling, in the form of hand core samples, grab samples, and
systematic tests, was similarly conducted by scuba-trained archaeologists.

Hand core samples were collected by pushing a 15 × 5 cm clear plastic tube
into the sediment. The cores were then transported to the laboratory where
they were split in half lengthwise and logged in detail. Grab sediment

Fig. 4. Predicted caribou migration patterns across the AAR. Figure con-
trasts the predicted autumn and spring patterns of caribou herd movement
across the central portion of the AAR. The contour interval is 5 m, which are
colored in the two focal research areas. The location of the Drop 45 Drive
Lane is marked in both representations.
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samples were collected by divers into a 100-mL plastic tube for particle size,
shape and material, organic and carbonate content, and microfossil (testate
amoebae, pollen) analysis. These samples were georeferenced by using a
marker placed at the sample location, and then the ROV’s locator was used
to obtain latitude and longitude of each sample. Systematic archaeological
sampling at Drop 45 was performed via the scraping of bottom sediments
down to bedrock (approximately 6 cm) within a 30 × 30 cm test unit at 3-m
intervals along test transects. Each sample was manually screened by using #
3 one-quarter–inch (6.3 mm) scientific sieves on the bottom. All sediments
collected in the sieve were bagged and labeled; samples were then dried
and investigated for larger lithics and organic materials in the laboratory.

The bulk sampleswere processed through 1-mm, and 250-, 106-, and 10-μm
sieves. Twenty milliliters of sample was left for bulk processing (grain size
and loss on ignition). Grain size was performed on untreated samples on a
Coulter LS 230 laser diffraction particle size analyzer. Sorting and sediment
type were determined by using the Gradistat program (31). The 1-mm sec-
tion was visually analyzed for lithic debris, charcoal, and fauna. The 250-μm

sample was randomly split into one-16th fractions, and 1,000 grains were
used for particle type and shape analysis under light microscope at 25×
magnification. The 10-μm sample was randomly split into one-eighth
fractions by using a wet splitter for testate amoebae analysis (32). Spe-
cies were identified following the methods outlined in Scott et al. (33),
and Kumar and Dalby (34) under light microscope at 80× magnification.
Assemblages were determined by Q-mode cluster analysis in the PAST
program (35).
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