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ABSTRACT
Local lore has long identi� ed an entrenched feature crossing Fort Morgan peninsula on Alabama’s
Gulf of Mexico coast (USA) as an ancient canoe canal, a folk identi� cation now con� rmed by archival,
artifactual, geochronological, geoarchaeological, and hydrological evidence. A 1.39 km canal (site
1BA709) linked two estuaries, Oyster Bay and Little Lagoon, connecting Mobile Bay to the Gulf of
Mexico late in the Middle Woodland period, ca.A.D. 600. Construction of such a large hydraulic
engineering feature by a non-agricultural, non-hierarchical society seems unusual but not
inconsistent with the sorts of monumental landscape alterations accomplished more routinely by
other Woodland populations in eastern North America. Although such canals certainly expedited
local travel, communication, and transport, their construction and use had broader social
rami� cations.

KEYWORDS
coastal; lidar; soil
stratigraphy; shell midden;
Middle Woodland; Alabama

Introduction

Canals implicated in agricultural intensi� cation have
� gured prominently in archaeological theory and practice
for at least a century. Whether designed for irrigation or
drainage, canals skillfully engineered for pre-industrial
water management have played signi� cant roles in the
development of many of the world’s hierarchically
organized agricultural societies (e.g., Dillehay, Eling, and
Rossen2005; Huckleberry, Caramanica, and Quilter2018;
Neely and Lancaster2019; Stoner et al.2021). Most canals
designed principally for navigation and transportation are
likewise attributable to complex hierarchical societies,
including several associated with the socially strati� ed,
non-agricultural Calusas of southern Florida, in southeast-
ern North America (Luer1989; Marquardt and Walker
2013; Thompson, Marquardt, and Walker2014; also see
Bond 2007; Ortlo� 2009; Sulas and Pikirayi2018).

Archaeologists have devoted far less attention to
canal-building and use by non-hierarchical, non-agricultural
societies. We discuss our observations of one such long-dis-
tance canoe canal on the Alabama coast of the Gulf of Mex-
ico created during the Porter phase of the late Middle
Woodland period, ca.A.D. 600, well prior to the earliest evi-
dence for cultivation of plant domesticates on the north-cen-
tral Gulf coast (Gremillion 2018, 36, 136; Price2008,
306–307). Establishing dates of construction and abandon-
ment of canoe canals has been problematic in this part of
the world. We present our approaches to canal dating, as
well as our interpretations of canal sediments, hydrology,
construction, and abandonment in the hope of raising
awareness of this rarely recognized form of hydraulic engin-
eering and monumentality.

Long-Distance Canoe Canals in Southeastern
North America

Transportation and communication throughout southeast-
ern Native North America depended for millennia upon
dugout canoe travel on the region’s waterways, documented
by oral and written accounts from the last� ve centuries and
by discoveries of hundreds of dugout canoes. Extensive sys-
tems of footpaths, recorded on maps and in travelers’ reports
(or modeled from settlement locations and terrain con-
straints), interconnected with water routes. The two sys-
tems—trails and rivers—complemented each other and
were so thoroughly intermeshed, with river fords and cross-
ings connecting land routes and overland portages linking
discontinuous waterways, as to form a single expansive sys-
tem of dry and wet paths (Carr2012, 100; Cobb and Ransley
2019; Duggins2019, 91; Rodning2003; Tanner2006).

One little-known element of these ancient networks is still
visible at a few places in southeastern North America. 19th
centuryA.D. archaeologists� rst documented canals created
centuries earlier, apparently to accommodate dugout canoe
tra� c (in contrast to canals for water control, storage, man-
agement, and drainage, all generally for agricultural pur-
poses, which are common in other parts of the world
[Ortlo� 2009; Sulas and Pikirayi2018]). However, recog-
nition of additional canoe canals and the roles they played
in Indigenous southeastern Native American transportation
and communication networks has been hampered by archae-
ologists’ general unfamiliarity with canoe canals and how
they worked.

One form of canoe canal found in southeastern North
America consists of relatively short (< 1 km long), intra-
community, sea-level channels found within large mound
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sites in coastal peninsular Florida. The Grand Canal that
bisects Mound Key (8LL2) and a similar community-cen-
tered great canal at Big Mound Key (8CH10), both on the
Gulf of Mexico coast, are the best-known canals of this
type (Cushing1896, 329–347; Marquardt and Walker2013,
847–857; Thompson et al.2020, 8375).

There is another distinct form of arti�cial waterway rep-
resented by at least six longer and more complex canals,
heretofore known only from Florida (Carr, Dickel, and Mas-
son 1995; Douglass1885; Luer 1989, 1998; Wheeler1995,
1998a, 1998b) (Figure 1). Each of these specialized canals
had a length exceeding 1 km, on a route engineered to enable
seasonal canoe travel from one body of water to another,
across a topographic divide meters higher than the canal’s
entrances.

While long canals share some design characteristics, they
di�er in their relationships to speci� c landscapes. Most are
inter-estuarine and coastal, although one connects bodies
of freshwater far inland. Some writers have suggested they
functioned as inter-village canals (Luer1989; Marquardt
and Walker2013, 881), but several exceptions lack contem-
poraneous settlements at both ends. All appear to traverse
watershed boundaries. However, in places along the Gulf
coast with sandy soils, where precipitation in�ltrates the
ground quickly and surface drainages are poorly developed,
most drainage and�ow occur subsurface, so topographic
divides do not, strictly speaking, delimit watersheds in
these environments. Consequently, terms such as inter-
watershed, inter-estuarine, and intra-coastal are inappropri-
ate as general descriptors. We refer to them simply as long-
distance canals (sensu Wheeler1998a, 15;2005, 4).

Canals have long been reported in Florida (Cushing1896,
342–348; Douglass1885; Kenworthy1883; Small1924, 83),
although scienti� c studies have appeared only recently. The
six Florida long-distance canoe canals include Walker’s
Canal (8WL344) in the Florida panhandle and the Pine
Island (8LL34), Naples (8CR59), Ortona (8GL4A/B), and

Cape Sable canals—Mud Lake (8MO32) and Snake Bight
(8MO29)—in southwestern Florida.

All six Florida canals connected substantial bodies of
water and crossed intervening landforms ranging from 2–
6 m above mean sea level (AMSL). None were dug deep
enough along their entire length to function as level-water
canals. Instead, each one depended for navigability on a sea-
sonallyhigh water table. They ranged from 1.2–6.9 km in
length, with beds 3.0–8.8 m wide and 0.6–2.4 m deep. Exca-
vations in four revealed canal beds with abruptly sloping
sides, two with�at bottoms and two with V-shaped central
channels. Luer and Wheeler (1997, 122–124) have argued
that sections of canals with steep gradients had dams and
impoundments at intervals to maintain enough water for
navigability, although this is still uncon� rmed by archaeol-
ogy. They described the Pine Island Canal as“an engineered
waterway… not a simple or casually dug‘ditch.’ Careful
planning went into its placement on the landscape and
intensive e�ort went into its construction and maintenance”
(Luer and Wheeler1997, 130). That assessment applies
equally to the Alabama example and to the other Florida
canals.

“Discovering” the Gulf Shores Long-Distance
Canoe Canal

Earliest documentation of an ancient canal on the Alabama
coast appeared in an 1828 report to Congress by Captain
Daniel Burch (Carter1958, 1042). General Thomas Jessup,
US Army Quartermaster General, had dispatched Burch
two years earlier to scout promising routes for road and
canal enhancements to transportation around the north-cen-
tral Gulf coast. To his surprise, Burch learned of a canal that
once linked Oyster Bay (then called Bay John), an estuary of
Mobile Bay, to Little Lagoon on the Gulf coast. A sketch map
appended to his report notes“Plain vestiges of an old canal”
crossing Fort Morgan peninsula (Figure 2).

Figure 1.Native American long-distance canals in Florida and Alabama, USA (D. Beebe, University of South Alabama).
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“This canal,” Burch informed Jessup,“has never to my
knowledge been spoken of before.” Because“old residents
of the Country” knew nothing of its origin, Burch guessed
it pre-dated“the present race of white Inhabitants” (Carter
1958, 1042), thereby acknowledging the mysterious canal’s
function and antiquity, without explicitly crediting Native
Americans with its construction.“The timber has grown
up in it as large as elsewhere,”Burch observed,“and where
it passed across the Black Jack Ridge, the sand has nearly
� lled it up, though it is very plain even there; in the Marsh
on the Margin of the Bay John, it is more plain; and in the
Hammock on the margin of the Lagoon it is some� ve or
six feet in depth” (Carter1958, 1042).

Antiquarian interest in the old canal included a story pub-
lished in a Spring Hill College student magazine in 1899,
with a photograph of the canal’s southern end looking
much as it does today (Villamil1899) (Figure 3A). In the
1930s, Walter B. Jones, Alabama’s State Geologist, also docu-
mented the canal (Jones1934, 1935), which he considered
“quite well preserved” at both extremities, in Oyster Bay

marsh to the north (Figure 3B) and at its intersection with
Little Lagoon to the south, although“drifting sands have
completely obliterated the middle portion” (Jones1939, 4).

Longtime residents of Gulf Shores recall how Fort Mor-
gan Road once crossed a feature known locally as the“Indian
Ditch,” until that section of canal was leveled by mid-20th
century road realignment. Since the 1950s, construction of
private homes and unimproved roads has further obscured
the canal’s path across the peninsula.

Field Investigations

Our study of the Gulf Shores canal began in 2017 at the
prompting of Gulf Shores resident Harry King, who has
long led e�orts to raise public awareness of the canal and
protect its remaining segments. From an estimated original
1.39 km length, only two segments are readily apparent: a
95 m long section at the canal’s southern end on Little
Lagoon and an inland segment 118 m long; the canal com-
prises site 1BA709. A 7 dm resolution digital elevation
model (8.2 cm vertical accuracy), constructed from 2017
lidar data, depicts those two segments of the canal, along
with an uncon� rmed northern segment leading into Oyster
Bay, and site 1BA61 on two small midden-topped relict
sand dunes, straddling the canal (Figure 4). Our � eldwork
has focused on the two well-preserved canal segments, pre-
sently 9 m wide (between outer berm edges) and up to 1 m
deep, and on site 1BA61. Investigations included a geophysi-
cal survey of the area between the two visible canal segments,
geoprobe coring, two hand-dug trenches across the canal,
and test excavations at 1BA61.

Geophysical survey thus far has not provided subsurface
evidence of the canal. The area between the two extant

Figure 2. “Plain vestiges of an old canal” connecting Bay John and Little
Lagoon (Burch1828, National Archives and Records Administration).

Figure 3.A) “Entrance to Indian Canal from Little Lagoon,” visible mid-frame
(Villamil1899, 71); B)“near the north terminus of the canal” in Oyster Bay
marsh, 1934 (photograph 3A-1909, Walter B. Jones Collection, University of Ala-
bama Museums, Tuscaloosa).

Figure 4. Digital elevation model illustrating visible canal depressions and
� eldwork locations (D. Beebe, University of South Alabama).
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canal segments is crisscrossed by modern buried utilities—
including a high-pressure gas pipeline and a sewer main ser-
ving the Little Lagoon community—that render magnetic
gradiometry ine�ective. A survey team from the University
of Mississippi’s Center for Archaeological Research, using a
GSSI SIR-3000 ground penetrating radar with 400 MHz
and 270 MHz antennas, easily detected radar anomalies
from the buried utility lines and the shallow shell midden
deposits in 1BA61 but failed to detect anomalies where sub-
sequent excavation pinpointed low-contrast soil-on-soil
canal features.

Two 1 m wide trenches have been hand excavated across
the canal. Trench 1 exposed a 9.5 m pro�le of the canal’s
interior segment, and Trench 2 uncovered the western
edge of the canal within site 1BA61, where the canal’s
remains have been truncated by the modern sewer main.

Canal Soils and Sediments

Geoarchaeological investigation focused on the two well-pre-
served canal segments. On-site� eld examination was fol-
lowed by laboratory analysis of sediment cores sampled
across the southern canal segment. Descriptions of sedimen-
tary deposits, buried soils and surfaces, and cultural horizons
follow standard terminology outlined by the Soil Science
Division Sta� (SSDS1993) and Birkeland (1999). Soil hor-
izon delineations follow SSDS (1993) nomenclature: A (sur-
face horizon), B (zone of illuviation), and C (unmodi� ed
sedimentary material).

Field investigation con� rmed the two segments are part of
a single linear feature, a canal. Morphological characteristics
(i.e., relative depth, angle of canal sides, linearity, and presence
of berms) are consistent within each segment and between
segments, although heavily weathered and densely vegetated
in places. Similarities in form within and between individual
segments are supported by stratigraphic examinations.

Sediment cores were taken from the southern canal seg-
ment at a point 80 m north of the canal mouth on Little

Lagoon (Supplemental Material 1). A Geoprobe hydraulic
corer, using 6.35 cm diameter acetate liners, reached depths
of 2.45 m below ground surface.Figure 5illustrates the soil
and sediment stratigraphy revealed in cores collected from
the canal’s western berm (Core 2) and across the canal bed
(Cores 3–5). Particle size analysis results are illustrated in
Figure 6.

At the base of the berm in Core 2 is a moderately devel-
oped soil horizon, 3Ab, formed within sand-rich subsoil
(horizon 3C). Grain size distribution within 3Ab and 3C is
dominated by� ne to coarse sand; a small increase in silt
within 3Ab represents soil formation in the sand-rich matrix.
Overlying horizon 3Ab is horizon 2C, a thin layer of mottled
dark grayish brown sand, the dark color and mottled nature
of which suggest that 2C represents redeposited soil removed
during construction of the canal and placed along the margin
to form the base of the berm.

Overlying 2C is horizon C, a massive layer of white sand
with grain size and color resembling the basal subsoil, hor-
izon 3C, and likely representing subsoil removed during
canal construction to form the berm. Although horizon C
is a massive layer with no internal strati� cation, grain size
distribution contains variable concentrations of� ne, med-
ium, and coarse sand corresponding to isolated peds of rede-
posited subsoil identi�ed throughout the sandy matrix of
horizon C. Preservation of intact yet disorganized subsoil
peds of varying stages of soil development, coupled with pla-
cement immediately outside the excavated feature atop a
buried surface, suggests horizon C is an anthropogenic mix
of subsoil collected at varying depths across the canal path
and not a natural (storm) deposit. The latter are massive
and coarse in terms of grain size, due to the high water vel-
ocity that characterizes storm events, and are unlikely to con-
tain complete peds of entrained deep subsoil (Brill et al.
2016). A well-developed A horizon and two mature subsoil
horizons, B1 and B2, formed at the surface of this sand
layer, consist predominantly of medium and coarse sand.
Silt concentration is relatively high in horizon A but

Figure 5.Southern canal segment stratigraphic cross-section from sediment cores (H. Cyr, GeoArch Solutions).
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decreases down the pro� le, representing natural soil for-
mation processes and long-term in situ weathering of the
redeposited subsoil making up horizon C.

Stratigraphies within Cores 3–5, collected within the
canal, are very similar. The basal stratum, horizon 7C, con-
sists of light gray sand with faint manganese and iron
oxide staining. Grain size distributions consist of� ne to
coarse sand comparable to the basal sand of berm Core
2. This suggests the basal sand in the canal cores represents
subsoil truncated by canal construction. Abruptly overlying
7C is a series of organic-rich peat deposits (horizons 4O,
5O, and 6O), separated by thin light gray sand layers, that
represent vegetation growth within the seasonally inundated
canal bottom, likely post-dating canal abandonment. Manga-
nese and iron oxide surface coatings indicate seasonal�uctu-
ations of the water table consistent with mesic soil
conditions. Grain size distributions within the peat layers
illustrate a sharp increase in silt and clay (both absent in
7C) consistent with mesic soil development. Fine to coarse
sand within the organic matrix and the interspersed sand
layers may represent sheetwash transport of coarse material
from the berm but may also re�ect introduction of wind-
blown or overwash sand during strong storm events.

The organic-rich peat horizons in the inundated canal
base are overlain by wet meadow soil, horizons 3Ab and
3Abw, consisting of black sand with weak subangular blocky
soil structure and a high concentration of silt consistent with
active soil development and surface vegetation. Up pro�le,
however, silt concentrations decrease as medium sand
increases. The change from active peat formation to weak
soil development may indicate reduction in soil moisture
over time. However, the di�use nature and increased grain
size suggest that horizons 3Ab and 3Abw represent cumulic
soil formation during a time of increased storm activity and
windblown or overwash deposition. Increased storm-driven
deposition would likely have disrupted vegetation commu-
nities growing in the inundated canal bottom. Accumulated

sediment would have raised the ground surface in the canal
above �uctuating water levels, e�ectively reducing soil
moisture.

Horizons 3Ab–4O–5O–5C together re�ect natural
in� lling and vegetation growth within the excavated canal
bed. Since the surface of horizon 3Ab in Cores 3, 4, and 5
approaches the pre-canal land surface, the accumulated
material likely re� ects disuse or abandonment of the canal.

Horizons 3Ab and 3Abw are overlain by a thick layer of
massive brown sand, horizon 2C. Grain size distribution
dominated by medium and coarse sand varies little across
the stratum, which strongly suggests storm-driven depo-
sition, not a water-borne deposit created by�ooding of the
tidal �at or water movement down the canal from the
interior to the lagoon. A clear boundary with the underlying
soil horizon, as well as internal similarity in texture, suggests
that horizon 2C marks a dramatic increase in the high-
energy storm activity initially responsible for cumulic hor-
izons 3Ab and 3Abw. Horizon 2C could represent a single
storm event or a series of high-energy storms, but absence
of internal strati� cation or buried soil horizons suggests
rapid deposition.

A weakly developed cumulic soil, horizon 2Abw, and a
thin organic-rich peat layer of dark gray loamy sand, horizon
2O, are preserved at the surface of the 2C sand-rich matrix.
Horizon 2Abw resembles horizon 3Abw and represents a
reduction in storm deposition. Grain size distribution, with
an increase in silt and very� ne sand and a decrease in med-
ium and coarse sand (the parent material), is consistent with
long-term surface stability and soil formation within a vege-
tated surface.

Horizon 2Abw, in Core 5 from the eastern edge of the
canal bed, has a slightly higher elevation than horizon 2O
in Cores 3 and 4 from deeper portions of the canal. With a
reduction in storm-driven deposition, low-lying portions of
the canal were likely seasonally inundated, while canal mar-
gins were relatively dry. Formation of these horizons may

Figure 6.Grain size distributions for Cores 2, 4, and 5. Vertical scale in meters below surface (H. Cyr, GeoArch Solutions).
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mark an increase in groundwater levels associated with a rise
in the nearby lagoon or simply a period of increased
precipitation.

Overlying horizons 2O and 2Abw is a thick layer of massive
gray sand, horizon C, consisting primarily of medium sand
with moderate amounts of silt, very� ne sand, and coarse
sand. Horizon C shares characteristics with horizon 2C and
likely represents an increase in sand deposition associated
with high-energy storm events. Although lacking internal
structure or buried soil horizons, the presence of silt within
the sand-rich matrix may represent brief periods of surface
stability associated with incipient soil development and veg-
etation growth undetectable in the stratigraphy. This suggests
that horizon C represents episodic storm-driven deposition
and not a single high-energy storm event. Formed at the sur-
face of horizon C are moderately developed soil and subsoil,
horizons A–B, both consisting of very dark grayish brown
to dark grayish brown sand with massive soil structure. Hor-
izons A and B represent soil formation within the modern
land surface, with grain size distributions resembling the
underlying parent material, horizon C, and minor increases
in silt and clay consistent with in situ soil weathering.

The modern surface soils above the canal bed, with imma-
ture soil structure and weakly developed subsoil horizons A–
B, are less developed than berm surface soils (horizons A–B1–
B2 in Core 2), which have mature soil structure and strati� ed
illuvial horizons. Soil forming at the berm surface is consider-
ably older (and, hence, the berm is older) than the soil form-
ing at the modern-day surface of the canal. The di� erence in
relative ages of the two soils supports an ancient origin for the
canal. If canal and berms were attributable to historically
recent construction, one would expect canal and berm to
exhibit similarly aged surface soil horizons, since both
would have developed within the past couple of centuries.

Cores 2–5 provide a canal cross-section that enables an
estimate of the canal’s original vertical dimensions in that
location near its southern mouth (seeFigure 5). Using hor-
izon 3Ab within Core 2 as the pre-canal land surface, approxi-
mately 80 cm of sandy soil was excavated to create the canal.
The berm stood approximately 2 m above the original ground
surface in that spot. Note the surface of horizon 3Ab/3Abw is
approximately 1.2 m below present-day mean sea level, indi-
cating the e�ective extent of sea level rise since canal con-
struction. Since cessation of use, the canal in this location
has in� lled with approximately 2.4 m of sediment.

Soil stratigraphy observed in Trench 1, excavated across
the inland canal segment (Figure 7), exhibited the same
characteristics seen in the sediment cores taken from the
southern canal segment. Builders of the canal dug into the
sand-rich tan surface soil (Pre-Canal A Horizon) and piled
that topsoil along the canal’s margins to create a low berm
(Berm A), redeposited A horizon. As they dug deeper, they
created a second berm layer (Berm B) consisting entirely of
subsoil sand. Although one might suppose Berm B resulted
from seasonal cleaning of the canal bed, the massive nature
of the layer and its similarity to the deeper subsoil argue
for its origin (at least at this location) during initial canal
construction, not from canal maintenance. While the nature
of the berm in this canal transect and the unconformity of
the in� lling sediments above the canal base seen in Cores 3
and 4 argue against canal maintenance after construction,
these few observations are insu� cient to discount continued
maintenance on a feature more than a kilometer in length.

Wet meadow soil eventually formed from plant growth
in the seasonally inundated canal bed, probably after
canal abandonment. Above the wet meadow soil is a thin
layer of sand that could have originated from the berm,
transported downslope as sheetwash (overland�ow) during
periods of extreme rainfall or as overwash deposit (Over-
wash Storm Deposit A) from a major hurricane. Overlying
both the berm sand and the sand atop the wet meadow soil
within the canal is a thicker layer of white sand resulting
from overwash (Overwash Storm Deposit B). In the mem-
ory of lifelong residents, this location 0.35 km inland from
Little Lagoon has never been overtopped by storm surge;
these storm deposits atop the inland canal segment rep-
resent exceptional storm events, such as Liu and Fearn
(1993) documented in cores from nearby Lake Shelby
that fall into the canal’s timeframe: one ca. 1400B.P. and
another ca. 800B.P.

Dating Canal Construction and Abandonment

A small suite of AMS radiocarbon dates (Table 1) is available
from the Gulf Shores canal and site 1BA61, a shell midden
occupying relict sand dunes on each side of the canal near
its southern end. Ceramics from 1BA61 are classi� ed as
Santa Rosa series (including Franklin Plain, Alligator Bayou
Stamped, Basin Bayou Stamped, and Swift Creek Compli-
cated Stamped), contemporary with the Marksville series to
the west and the Swift Creek series to the east, and assigned
to the late Porter phase of the late Middle Woodland period.
Plash Island (1BA134), the largest Middle Woodland village
site in the area, at the entrance to Oyster Bay 2.5 km north
of the canal, has late Porter phase features with a pooled
radiocarbon range ofCAL A.D. 574–642 (Price2008, 14,
127–128, 155–156). Residents of Plash Island were likely
responsible for both the canal and site 1BA61, which func-
tioned as a� sh and shell� sh processing camp (Reitz et al.
2021, 150). Recovery of two small sherds of Franklin Plain
pottery from the base of the canal bed in Trench 2, next to
the western portion of site 1BA61, provided additional con� r-
mation of a Porter phase date of canal construction and use.

Three nearly identical radiocarbon dates—two from
1BA61 and one from the canal—place both site and canal
late in the Porter phase of the late Middle Woodland period,
CAL A.D. 576–650 (seeFigures 7, 8). The samples from Zone
7 and the base of the midden at 1BA61 date inception of

Figure 7.Eastern end of Trench 1,south pro� le, inland canal segment strati-
graphy and locations of OSL samples (abbreviated with the last two digits; see
Table 2); heavy dashed line indicates canal surface (S. Mattics, University of
South Alabama).
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midden accumulation. An Archaic-period carbonized nut-
shell from the upper stratum at 1BA61 is out of stratigraphic
sequence and cannot be in primary depositional context.
Zooarchaeological analysis of the shells from this small mid-
den, atop two relict dunes, give every indication that the site
served as a shell� sh and� shing processing camp; there is no
evidence for redeposition of older midden for construction
purposes. We suspect the carbonized nutshell derives from
elsewhere, perhaps carried onto the shell midden in mud
clinging to harvested oyster valves.

The late Middle Woodland sample from the canal con-
sisted of wood charcoal taken from the base of the canal
berm. Since the sample derived from the surface of the
pre-canal A horizon, it provides a terminus post quem, a
date after which the canal was constructed. Since forest clear-
ance must have preceded canal construction, we suspect this
charcoal resulted from� re-assisted clearing. Paleoecological
literature on Indigenous uses of� re for landscape modi� -
cation in southeastern North America documents analogous
pre-contact forest clearance, such as for gardens and� elds, as
well as preparatory burning of pre-mound construction sur-
faces as early as the Late Archaic (Mehta2019; Sherwood and
Kidder 2011, 74,� g. 4).

A carbonized wood sample from the Gulf Shores canal’s
wet meadow soil yielded another Late Archaic date, far
older than the canal. Both incongruous radiocarbon samples
are out of stratigraphic sequence and re�ect a dynamic
depositional environment subject to anthropogenic sediment
transport and high-energy storm events. A source for both
Archaic plant samples could be a submerged Archaic occu-
pation site in Little Lagoon, immediately south of the
canal. There are no terrestrial archaeological sites predating
4100B.P. on the Alabama coast (Holmes and Trickey1974,
122; Morgan2016, 135), due to coastal subsidence and sea
level rise, but sites are likely present along drowned tribu-
taries, such as Little Lagoon.

The challenge of dating the canal’s abandonment led us to
collect� ve sand samples from the Trench 1 canal pro�le (see
Figure 7) for optically stimulated luminescence (OSL) analy-
sis at the Netherlands Centre for Luminescence Dating,
Wageningen University. Luminescence analyses were con-
ducted following standard procedures to isolate and measure
quartz sand (see Chamberlain et al.2020and Supplemental
Material 2 for analytical details).

Summary OSL ages are presented inTable 2. Errors indi-
cate 1-sigma (68%) uncertainty, including all systematic and
random uncertainties in both paleodose and dose rate esti-
mation. Results indicate two sets of deposits: older material
underlying the canal returned ages in the 1-sigma range of
4.13–6.39 kya (4370–2110B.C.); younger material associated
with canal construction and in� lling returned ages in the
1-sigma range of 1.92–3.04 kya (1020B.C.– A.D. 100).

Samples NCL-7420053 and NCL-7420046, from soil
identi� ed as“Pre-Canal A Horizon,” are among the oldest,
with OSL ages that agree within 2-sigma uncertainty.
Sample NCL-7420047, from the wet meadow soil deposit
in the canal bed, also dates within this range, which is
implausible for the date of canal abandonment. We suspect
slumping on the sides of the canal delivered A horizon
sediments to the canal bed without opportunity for light
exposure. In other words, sample NCL-7420047 also dates
pre-canal natural deposits. A weighted mean of those
three oldest samples gives an age of 5.26 ± 0.28 kya
(3520–2960B.C.), a credible date for local Holocene relict
dune ridge formation (Bellais et al.2020) and consistent
with our soils interpretation. The canal thus represents
human modi� cation of a relatively stable and mature
coastal landform, which suggests that canal-building was
not just a minor component of ongoing natural change
in the coastal landscape. Rather, Indigenous people made
a primary contribution to shaping their surroundings
during the interval of canal construction, underscoring

Table 1.Radiocarbon-dated samples from the Gulf Shores canal (1BA709) and site 1BA61.

Site Lab Number Site Context Material

l4C ± � Yrs
B.P.

� 13C
‰

CAL B.C./ A.D. Yrs ±
2�*

1BA709 Beta-464662 Trench 1, base of berm, redeposited A horizon Wood charcoal 1440 ± 30 -27.3CAL A.D. 576–654
UGAMS-

38549
Trench 1, post-canal wet meadow soil Wood charcoal 4290 ± 25 -24.63 3003–2926CAL B.C.

1BA61 UGAMS-
37838

FS62, Zone 3 (40–53 cm below surface) Carbonized hickory (Caryasp.)
nutshell

5520 ± 25 -25.38 4445–4406CAL B.C.

UGAMS-
37839

FS66, Zone 7 (96–136 cm below surface) Carbonized hickory (Caryasp.)
nutshell

1440 ± 20 -25.88 CAL A.D. 594–650

UGAMS-
37840

FS68, base of midden (136–150 cm below
surface)

Carbonized hickory (Caryasp.)
nutshell

1440 ± 20 -27.12 CAL A.D. 594–650

*Calibrated with IntCal20 (Reimer et al.2020) using OxCal v. 4.4 (Bronk Ramsey2009)

Figure 8.1BA61, composite north pro� le of Units 1–2 (4 m wide) with stratigraphic locations of radiocarbon samples (abbreviated with the last two digits; see
Table 1) from shell midden deposits (G. Waselkov, University of South Alabama).
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the signi� cance of canal-building as an early form of land-
scape reformation in Native North America.

The berm sand sample (NCL-7420052) returned a lumi-
nescence age of 2.72 ± 0.32 kya (1020–380 B.C.), which
ought to correspond to canal construction. The initial
storm deposit (NCL-7420049) provides a canal abandonment
age of 2.16 ± 0.24 kya (380B.C.– A.D. 100), which is younger
than the berm sand, as anticipated. However, both dates are
far (> 500 yr) older than the radiocarbon assay from beneath
the berm and the AMS dates from site 1BA61 that straddles
the canal near its southern end. As with the wet meadow
OSL result, we again suspect incomplete resetting (hetero-
geneous bleaching) of these OSL signals prior to deposition.
Perhaps canal construction happened rapidly enough to
limit sunlight exposure. Certainly, the rapid and chaotic
depositional conditions present during stochastic overwash
events, such as hurricanes, are known to be less than ideal
for resetting OSL dates (Brill and Tamura2020, 715–717).

In sum, three radiocarbon dates on the canal berm and
base levels of an associated shell� sh and � sh processing
campsite provide a terminus post quem for canal construc-
tion of CAL A.D. 576–650, sometime within that date range
late in the Porter phase of the late Middle Woodland period.
Additional radiocarbon and OSL dates pose various interpre-
tive challenges, similar to those encountered at the Florida
long-distance canals (as discussed below). Length of canal
use and date of abandonment remain uncertain.

Hydrologic Function of the Gulf Shores Canal

Researchers studying long-distance canals in Florida, none of
which are sea level canals, have argued that their use for
canoe tra� c depended on seasonally high water tables
(Luer 1989, 107; Luer and Wheeler1997, 119). Determining
the feasibility of canoe tra� c via a canal that crosses a topo-
graphic divide depends on assessments of several key

environmental factors: the location’s hydrogeology, hydrol-
ogy, and precipitation patterns.

Shallow hydrogeology in this coastal region is character-
ized by a sur� cial (6–20 m thick) Beach Sand aquifer consist-
ing of coarse-grained quartzose sands and silts with locally
interbedded clays (Chandler, Moore, and Gillett1985).
Rapid in� ltration through these sandy soils precludes surface
runo�, and no de� ned surface drainage network exists in the
Little Lagoon area. The Beach Sand aquifer is responsive to
temporal changes in precipitation, recharge, submarine
groundwater discharge, and evapotranspiration. The water
table � uctuates from 1.2 m below ground surface during
periods of high precipitation and recharge to as low as 5 m
below ground surface during dry periods (Murgulet and
Tick 2016). Along the Gulf coast, groundwater is lost
through evapotranspiration, which peaks in late summer,
and submarine groundwater discharge, which peaks in late
winter (Beebe and Lowery2018; Montiel et al.2019).

To investigate the hydrologic function of the Gulf Shores
canal, we took advantage of the serendipitous presence of a
shallow groundwater monitoring well located adjacent to
the Gulf Shores canal and between the two visible canal seg-
ments (seeFigure 4; Liefer et al.2009). Groundwater depth at
the monitoring well was recorded by automated electronic
pressure transducers (see Supplemental Material 3). Water
table elevation data from one calendar year (June 21, 2018
to June 20, 2019) permitted derivation of empirical cumulat-
ive distribution functions (ECDFs) at annual, seasonal, and
monthly time scales to investigate water depths in the two
canal segments and infer canal navigability.

Over the calendar year, water table elevations in the well
ranged between 1.88 and 2.64 m AMSL, with minimum
elevation on October 24, 2018 and maximum on December
28, 2018 (Figure 9). At a place with average annual precipi-
tation exceeding 165 cm (Robinson, Moreland, and Clark
1996), groundwater monitoring well data con� rm that the

Table 2.Summary of OSL Dating Results.

NCL Sample Code Sample Depth (m) Paleodose (Gy) Dose Rate (Gy/ka) Age Relative to 2020 (ka) Age (B.C./A.D.)

NCL-7420052 0.40 1.64 ± 0.18 0.60 ± 0.02 2.72 ± 0.32 1020–380B.C.
NCL-7420049 0.55 1.37 ± 0.14 0.63 ± 0.03 2.16 ± 0.24 380B.C.–A.D. 100
NCL-7420047 0.65 3.42 ± 0.18 0.66 ± 0.03 5.20 ± 0.39 3570–2790B.C.
NCL-7420046 0.70 4.03 ± 0.32 0.69 ± 0.04 5.83 ± 0.56 4370–3250B.C.
NCL-7420053 0.75 3.08 ± 0.33 0.66 ± 0.03 4.67 ± 0.54 3190–2110B.C.

Figure 9.Water table elevations in the Gulf Shores groundwater monitoring well (D. Beebe, University of South Alabama).
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water table is especially responsive to precipitation events.
Several slow-moving, rain-bearing cold fronts contributed
to generally higher water table elevations in cooler months,
while dry periods of no precipitation contributed to lower
water table elevations from late spring through early fall.

To be clear, this canal and the others known from south-
eastern North America are unlike irrigation canals from the
pre-contact American Southwest, which had clay (or clay-
lined) beds to hold and convey water. Because the berm
and bottom soils of the Gulf Shores canal largely consist of
� ne to coarse sand (seeFigures 5, 6) with e� cient drainage
and limited potential for water pooling, depression storage
of precipitation is unlikely to have provided su� cient canal
�ooding for navigation, which, instead, would have
depended on a seasonally high water table in the canal bed.

Comparisons between water table elevations at the moni-
toring well and surveyed canal bottom elevations reveal
periods when the canal segments were submerged and
demonstrate the feasibility of dugout canoe navigation. The
surveyed canal bottom elevation in Trench 2, adjacent to
site 1BA61, was 0.88 m AMSL, approximately 1 m below
the minimum water table elevation measured at the nearby
monitoring well during the calendar year. Groundwater in
the vicinity of the well and surveyed canal segments�ows
southward towards Little Lagoon where submarine ground-
water discharge is known to occur (Su et al.2014). Therefore,
the water table decreases in elevation towards Little Lagoon
and is presumably lower at 1BA61 than in the well (Liu,
Rich, and Zheng2008). A simple linear interpolation
between minimum water table elevation in the well and the
surface water elevation of Little Lagoon (0 m AMSL) suggests
that the canal bottom at 1BA61 remained more than 0.5 m
below the water table all year.

To assess canal navigability, we also need to estimate
canoe draft. Although no Middle Woodland dugout canoes
survive in the region,� ve Mississippian dugouts have been
found in southwestern Alabama and southeastern Missis-
sippi with gunwale heights ranging from 0.30–0.45 m (Fuller
1992). These heights are comparable to heights of 33
Archaic, Late Woodland, and Mississippian dugout canoes
from Florida (Hartmann 1996, 127, 137, 155, 172).

According to one study of modern West African dugout
canoes, fully loaded dugouts minimally have a 1:2 ratio
between freeboard and draft (Ambrose et al.2001). This
suggests 0.20–0.30 m drafts for the� ve local Mississippian
examples at full loads. Of course, modern notions of a full
load for a dugout may di�er from ancient ones, and the Mis-
sissippian canoes recovered locally may not have been
designed for canal navigation. If we conservatively posit a
minimum navigable water depth of 0.20 m to match the pre-
sumed draft requirements of Woodland period dugouts, the
southern canal segment held su� cient water for navigation,
regardless of the time of year. The same can be presumed for
the northernmost segment of the canal, which Jones (1934,
1939) observed in the wetland marsh bordering Oyster Bay.

The surveyed bottom elevation of the inland canal seg-
ment was 2.18 m AMSL. Although much higher than the
surveyed canal bottom elevation adjacent to site 1BA61
(0.88 m AMSL), this still falls within the range of water
table elevations measured in the monitoring well (1.88 and
2.64 m AMSL). Comparisons between the annual water
table elevation ECDFs, inland canal bottom elevation, and
safe navigation elevation (0.20 m above the canal bottom)
reveal that water table elevation for the inland portion of
the canal exceeded canal bottom elevation 61% of the year
and safe navigation elevation 15% of the year (Figure 10).
Seasonal ECDFs indicate that winter was most likely to sup-
port navigation, with water table elevation exceeding canal
bottom elevation 100% of the time and safe navigation
elevation 38% of the time. All four seasons had periods
when water table elevation exceeded canal bottom elevation,
although navigation feasibility was much lower in summer,
fall, and spring, when water table elevation exceeded safe
navigation elevation 5%, 18%, and 0% of the time, respect-
ively. These results therefore suggest the central canal seg-
ment was rarely useable except during cooler months when
water table elevations were high.

Our comparisons of the inland segment do not consider
the water table’s slope toward Little Lagoon. Since the inland
canalsegment is located near the topographic divide between
Little Lagoon and Oyster Bay, we expect water table
elevations in that canal segment to be higher than the

Figure 10.Water table elevation ECDFs, indicating feasibility of canal navigability by season (D. Beebe, University of South Alabama).
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water table elevations observed in our monitoring well to the
south. However, a simple linear extrapolation of the water
table elevation is not feasible here, because the water table
elevation slope should decrease toward the divide. In any
event, our estimations for canal submergence and navigation
are conservative, yet still demonstrate the feasibility of seaso-
nal canoe navigation.

These comparisons assume that water table elevations
today are re�ective of water table elevations in the late
Middle Woodland period. However, there have been sub-
sequent regional hydrologic and oceanographic changes,
some natural and some anthropogenic in origin, including
an increase in relative sea level rise, hydrologic modi�cation
of surface water bodies, and ongoing groundwater extraction
from the aquifer system.

The estimated rate of relative sea level rise attributed to
eustasy (and minimally to regional subsidence) in the
northern Gulf of Mexico from 2000CAL B.C.–CAL A.D.
1850 ranges from 0.4–0.6 mm a-1 (Milliken, Anderson,
and Rodriguez2008; Minzoni et al. 2020). Recently, the
rate of relative sea level rise has increased to approximately
4.1 mm a-1 according to tidal gauge records since 1966.
Long-term and recent sea level increase since the late
Middle Woodland period accounts at least partially for
submergence of the canal’s northernmost segment in the
Oyster Bay marsh and for the presence of the pre-canal
ground surface 1.2 m below mean sea level near the canal’s
southern terminus at Little Lagoon, as observed in Core
2. This increase in relative sea level also contributes to an
increase in coastal water table elevation, an e�ect known
as groundwater shoaling (Befus et al.2020). Conservatively
estimating water table elevation during the late Middle
Woodland period at (maximally) 120 cm below the pre-
sent-day level, the inland segment of the canal would not
allow navigation, or even reach below water table elevation.
However, this estimate assumes that rising relative sea level
was not accompanied by any hydrologic responses to
heightened water table elevation (May2020). With
increased relative sea level and groundwater shoaling
comes a decrease in aquifer recharge, leading to some nega-
tive feedback to water table elevation increase. For example,
as the sea invades inland during relative sea level rise, the
area of exposed land to support groundwater recharge
decreases. Furthermore, groundwater shoaling causes the
water table to approach the land surface in low-lying
coastal areas, decreasing capacity for in� ltration and
groundwater recharge and instead increasing saturation
excess runo� (Nuttle and Portnoy1992). These hydrologic
responses to groundwater shoaling limit the water table
elevation increase to less than the relative sea level rise.

In addition, recent anthropogenic modi�cations to the
hydrology surrounding the canal have altered groundwater
hydrology and likely a�ected water table elevation. Modern
commercial, agricultural, and residential development in
the region has brought increased demand for water
resources, especially fresh groundwater. Irrigation and dom-
estic water supply wells extract groundwater east and west of
the canal; increasing reliance on groundwater has resulted in
saltwater intrusion and water table elevation declines in the
subsurface aquifer system (Liu, Rich, and Zheng2008). Con-
struction in 1934 of the Intracoastal Waterway, which bisects
the northern end of Oyster Bay, created a major groundwater
sink in the region, increased saltwater intrusion, and

separated the sur� cial aquifer surrounding the canal from
upland groundwater recharge (Murgulet and Tick2016).

Furthermore, stabilization in 1981 of an inlet connecting
Little Lagoon to the Gulf of Mexico permanently� xed the
lagoon’s surface water elevation to sea level. Prior to that
engineered intervention, Little Lagoon functioned as a
coastal dune lake and cycled through periods of intermittent
connection to the Gulf of Mexico as natural inlets opened
temporarily following storm events, then closed due to
in� lling from coastal processes (Bellais et al.2020; Gibson,
Campbell, and Kennedy2009). As a coastal dune lake, sur-
face water elevations rose during periods of closure and
caused groundwater shoaling. In the summer of 2010, the
stabilized inlet was temporarily� lled with sand for two
months to prevent oil spilling from the Deepwater Horizon
o�shore well from entering Little Lagoon (Su et al.2014).
During those two months, surface water elevation in the
Lagoon rose by approximately 20 cm and groundwater dis-
charge decreased, indicating increased storage in the sur�cial
aquifer and a rise in water table elevation. The net e�ect of
these changes, natural and anthropogenic, is di� cult to
resolve. However, seasonal trends should remain consistent,
as the hydrology of the area and water table elevations in the
region are largely governed by the balance of rate of evapo-
transpiration, which peaks in summer and is lowest in
winter.

Luer and Wheeler (1997) reached a similar conclusion
about Florida long-distance canals: a narrow seasonal win-
dow of navigability would have seriously limited their utility.
As they pointed out, this conclusion rests on the assumption
that these canals were simply open channels that allowed
groundwater to �ow unimpeded to their ends, leaving
water levels in the middle portions of canals too low to sup-
port canoe tra� c for most of each year. They argued, instead,
that inland sections of canals, especially sections with steep
gradients, must have been impounded by dams to maintain
water su� cient for navigability (Luer and Wheeler1997,
117–119; Luer1998, 33; Wheeler1998b, 177–178; 2005,
16–17). Luer and Wheeler have pointed to“in�ection points
or anomalies” in the Pine Island, Naples, and Walker’s canals
—discontinuities in otherwise straight canal courses—as evi-
dence for the existence of dams. Those in�ection points
coincide with changes in canal slope, locations where a
dam would e�ectively impound water in a steeply-sloped
canal section that otherwise would hold little or no water
in the dry season (Luer and Wheeler1997, 122–124, 127;
Wheeler1998b).

To date, no canal dams have been con� rmed by archaeol-
ogy, but several 19th centuryA.D. observers noted upright
posts visible in the Naples and Pine Island canals (Kolianos
and Weisman2005, 102; Luer1998, 35, n. 8; Wheeler
2005, 16–17). In 1895, Frank Hamilton Cushing remarked
on “remains of posts or small logs”at a channel junction
of the Pine Island Canal,“which seemed to be fragments of
piles… they were certainly arti�cial” (Kolianos and Weis-
man 2005, 66 [quote], 249, n. 34).

Dams would have been essential to maximize water
elevation year-round in the Gulf Shores canal. Without
them, groundwater would run to the lowest elevation water-
bodies, Little Lagoon and Oyster Bay, and the canal would
have lowered the proximal water table. An open-ended
canal would function like a horizontal well, a conduit draining
groundwater to the sea. Without impoundments, there would
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at � rst be some tidal exchange and scouring in parts of the
canal and shoaling in others. The modern local analogue is Lit-
tle Lagoon Pass, which is constantly� lling with sand. Dams
would have limited shoaling at the canal mouths, which other-
wise would have necessitated routine clearing.

In the currently traceable portion of the Gulf Shores canal,
there is one discontinuity in the canal’s path that may corre-
spond to a dam location. From its southern mouth at Little
Lagoon, the canal followed a north-south course as far
north as Fort Morgan Road, where our Trench 2 intercepted
a remnant of the canal between the two midden-covered
sand dunes comprising site 1BA61. The canal’s inland seg-
ment, by contrast, follows a northwest-southeast course.
Extending the course of the inland segment on a southeast
bearing intersects with the north-south segment approxi-
mately at Trench 2. If a dam interrupted the canal at that
abrupt turn in its course, evidence of a water control struc-
ture may still exist in this vicinity.

Implications of the Gulf Shores Canal Study

Con� rmation of the Gulf Shores feature as a long-distance
canoe canal expands the small corpus of known examples
in southeastern North America to seven and raises a ques-
tion: are ancient canoe canals more numerous and more
widely distributed than previously thought? Perhaps others
will be found (e.g., Bigelow1853, 191) if we look beyond
their apparent epicenter in southwestern Florida. And what
more can be learned about the few known examples?

Prior radiocarbon dating of samples from Florida canals,
all from canal beds and therefore presumably post-dating
canal use, yielded a wide timespan, from 1880 ± 50 years
B.P. (CAL A.D. 23–250, 295–310) at Ortona (Carr, Zamanillo,
and Pepe2002, 16–21) to 590 ± 40 yearsB.P. (CAL A.D. 1300–
1420) at Snake Bight (Ferik2003, 58–60). We opted not to
radiocarbon date uncarbonized organics in the Gulf Shores
canal’s “wet meadow soil,” because such near-surface con-
texts routinely yield misleadingly young radiocarbon dates
due to intrusion of visually indistinguishable recent rootlets
(e.g., Shore, Bartley, and Harkness1995). And, as we have
seen, a canal bed can contain overwash deposited materials
unrelated to, and potentially much older than, the canal.
Some of the radiocarbon dates from Florida canals probably
re�ect such errors.

We can con� dently place construction of the Gulf Shores
canal at ca.A.D. 600, based on calibrated AMS dating of the
canal and an adjacent contemporaneous midden site and sup-
ported by a well-established ceramic sequence for the north-
ern Gulf coast region. Given the uncertain construction
dates of the Florida canals, resolving the origin of the Gulf
Shores canal to late in the Middle Woodland period suggests
it may be the oldest canoe canal in North America. However,
we suspect several of the Florida canals are roughly contem-
porary with the Gulf Shores example (and there are much
older conceptual precursors, such as the ca. 800B.C. Great Cir-
cle ditch at Fort Center; Thompson and Pluckhahn2012). Our
study o� ers some methodological improvements for future
canal studies, including reanalyses of the Florida canals. For
instance, radiocarbon dating of charcoal sealed beneath
canal berms is a more e� ective way to date canal construction
than attempting to date canal bed sediments of uncertain ori-
gin and age. The colossal task of clearing vegetation from a
long canal’s proposed course through a forested environment

surely involved use of� re, followed soon afterwards by burial
of freshly burned organics beneath berms.

Detailed analyses of canal sediments and hydrologic func-
tion are useful complementary approaches for understand-
ing canal structure and navigability. The Gulf Shores
canal’s utility (like that of the Florida canals) appears to
have been strictly seasonal, reliably navigable only during
wet winter months. That is, unless dams were deployed to
slow out�ow and extend a canal’s utility into other seasons.
The presence of dams on long-distance canals remains
hypothetical.

We wonder if the two measured bottom elevations of the
Gulf Shores canal re�ect seasonal lows for the water table
during the late Middle Woodland period. Digging through
saturated sands would have been exceedingly di� cult, as
we learned when our trench excavations extended beneath
the present water table. To maximize canal bed depth, initial
digging to the water table presumably occurred during a dry
season, summer or fall (when conditions for burning would
also have been ideal). In other words, maybe seasonality lim-
ited canal construction options, as well as navigation. The
canal’s soil pro� les (seeFigures 5, 7) provide some support
for dry season construction in the absence of soft sediment
deformation at the base of the berm and possibly at the
base of the canal itself. Relatively dry sediment was excavated
and piled along the margin of the canal during initial
construction.

Determining a canal’s length of use and date of abandon-
ment remains challenging, with no obvious means to resolve
the problem. The Gulf Shores canal, in any case, may not
have seen extended use. After sand was dug and piled rapidly
en masse to form canal berms, there is no evidence of further
berm accretion (albeit from our limited views of a long canal),
such as one might expect if sediments accumulating in the
canal bed were periodically cleaned out and added to berm
tops. We tentatively propose two alternatives: either this
canal was so well designed that it needed little to no mainten-
ance or its use-life was brief. In the absence of supporting evi-
dence, we question arguments positing centuries-long use of
the structurally similar Florida canals (Luer1989; Luer and
Wheeler2001; Marquardt and Walker2013, 884–886).

To what purposes did the late Middle Woodland popu-
lation put the Gulf Shores canal? Residents of the largest con-
temporary village in the area, Plash Island (1BA134), could
have used it to access small camps on Little Lagoon (includ-
ing 1BA61) to harvest and process high-salinity� sh and
shell� sh, smoking and drying meat for transport to the vil-
lage. Analysis of invertebrate biomass from 1BA61—28.2%
from hard clam (Mercenaria mercenaria), 18.7% variable
coquina (Donax variabilis), 11.9% marsh periwinkle (Littor-
ina irrorata), 11.2% ribbed mussel (Geukensia demissa), and
7.3% Eastern oyster (Crassostrea virginica)—suggestshow
Little Lagoon’s diverse habitat could have complemented
dietary contributions from Plash Island’s immediate locale,
where oysters supplied 79.3% of the invertebrate biomass.
Seasonality data from Plash Island reveal 70% of oysters
were intensely harvested in the winter, when the canal was
certainly navigable (Reitz et al.2021, 140, 149, supp. table 5).

There were also long-distance coastal mobility impli-
cations to a 1.39 km canal. Access to Little Lagoon via the
canal opened an extensive sheltered water path through
marshes, coastal dune lakes, and back bay estuaries to Pensa-
cola Bay and points east, enabling canoers to parallel the
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coast and avoid Gulf waters at least as far as Choctawhatchee
Bay (location of Walker’s Canal). Closer to home, the canal
made circumnavigation of the 30 km long Fort Morgan
Peninsula unnecessary, thereby avoiding long and poten-
tially dangerous canoe voyages in the open waters of Mobile
Bay and the Gulf of Mexico. Indeed, the same weather fronts
that raise the peninsula’s water table elevation in the winter
also bring high surf conditions in the Gulf of Mexico and
Mobile Bay.

In the northern Gulf of Mexico, sea conditions are largely
controlled by regional winds from passing storm fronts.
During winter months, when the canal was most likely to
be navigable, strong cross-shore (north or south) winds
associated with passing cold fronts produce dangerous con-
ditions in open waters (Figure 11). Cold fronts, which pass
through the region about every six days, generate strong
southerly winds (> 8 m/s) and o� shore swell in the days pre-
ceding frontal passage and strong northerly winds and
inshore chop in the days afterward. Mean wave height in
the Gulf of Mexico is highest in the winter because of these
frequent storms (Appendini et al.2014). The waters o�
Fort Morgan are especially perilous during the winter when
o� shore swells interact with inshore chop and tidal currents.

Northerly winds following frontal passage also result in
lowered surface water levels in Mobile Bay and connected
tidal waterbodies, including Oyster Bay. North winds� ush
water through the mouth of Mobile Bay towards the Gulf
of Mexico, resulting in a lowered tide base (Huang and Li
2017). This winter e� ect is most noticeable during the day
because the astronomical tide here is phase-locked, with
low tide occurring predominately during the day. In the
days following frontal passages, when strong north winds
limit open water voyage and� shing, lowered water levels pro-
vide easy daytime access to the benthos, including oysters and
other shell� sh (Hadden et al.2022). Because Little Lagoon
lacked a stabilized inlet to the Gulf of Mexico, it was less sus-
ceptible to� ushing events and provided more stable� shing
opportunities. Furthermore, the small size and shallow depths
of Little Lagoon limit wind fetch and wave height.

Discussion and Conclusions

Since most of the archaeological literature on canals focuses
on their applications to water management for agricultural
intensi�cation or long-distance transport by hierarchical

societies, the potential of the Gulf Shores canal to diversify
and intensify the subsistence and political economies of the
local (non-agricultural and non-hierarchical) Middle Wood-
land community is an important observation. However,
would such practical or utilitarian purposes have been
su� cient to justify the major e�ort required to modify the
landscape at this scale? Labor required to accomplish canal
construction may well have exceeded the capacity of
immediately adjacent communities, and the long-term
canal maintenance costs posited by others would have
entailed enduring social obligations and interdependencies
(Marquardt et al. 2022; Thompson 2016). However, we
should consider whether the impressive size and complexity
of canals may have led us to assume long use lives and con-
tinuing maintenance costs, implications for which we have
little or no supporting evidence. Finding a method to deter-
mine their lengths of use remains an important goal.

Building long-distance canoe canals, whatever their func-
tion, constituted monumental construction. Recent studies
de� ne monumentality primarily as the outcome of large-
scale community work projects that entailed architectural
and engineering challenges with“attention to symbolic and
ritual meaning” (Rosenswig and Burger2012, 7; Scarre
2011, 17; Sherwood and Kidder2011, 69 [quote], 71).
Measured simply by volume of displaced soil, long-distance
canals easily rivaled the largest mound structures of pre-con-
tact southeastern North America (Blitz and Livingood2004;
Marquardt and Walker2013, 880–881). With an estimated
10,000 m3 of soils displaced during construction (based on
a length of 1.39 km and average bed dimensions of 6 m
wide and 1.2 m deep) through a blackjack oak forest, the
Gulf Shores canal quali� es as a monumental structure by
that standard. Canal-building permanently altered landscapes
by creating new channels, bounded by tall earthen berms,
with beds broad enough and deep enough to accommodate
dugout canoe tra� c. These were some of the most dramatic
landscape modi� cations of their age. All of them presumably
expedited movements of goods and people, but by their
design, layout, construction, maintenance, and use, these
canals also altered the relationship between land and water.

Although goods and people no doubt transited the Gulf
Shores canal, this extraordinary landscape feature challenged
normalcy. Through immense community e�ort, Indigenous
people of the northern Gulf coast created their own river (cf.
Brophy 2000, 66). Certainly, the engineering acumen

Figure 11.Wind roses prepared using data from the NOAA Fort Morgan, AL Station (8734673, 2008–2021). Winter cold fronts produce strong (> 8 m/s) cross-shore
winds and hazardous conditions for open water navigation. Winds and sea conditions are more favorable for open water navigation during the warmer months,
except during infrequent tropical cyclonic activity (D. Beebe, University of South Alabama).
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essential to create a functioning canal rivaled that which
informed mound construction. Although space does not per-
mit development of this idea here, there are also many
reasons to believe that earthmoving by Indigenous south-
eastern North Americans to create a“river” and earthmoving
to build a mound involved comparable deliberations about
Native cosmologies (Pauketat2014; Scarre2011). Given
Native southeasterners’ complex beliefs in the purifying
power of streams, constructing a new stream must have
been undertaken with great care and respect (e.g., Hudson
1976, 324–325; Jackson2013, 229, n. 15).

If we view a long-distance canal as a path (albeit, on
water) bounded by a pair of linear earthworks, the Middle
Woodland societies of eastern North America created
many similar monumental pathways. The famous parallel
embankments of the Ohio Hopewell“roads” from several
centuries earlier echo in the double linear embankments of
the Belle Glade II sites of south-central Florida, dating to
A.D. 200–800, and similar features at Mount Royal and
other St. Johns II sites in northeastern Florida, dating to
A.D. 900–1250 (Ashley2005, 281; Lawres2017, 655–656;
Thompson and Pluckhahn2012, 61). A fundamental com-
plementarity of earth paths and water paths suggested by
these varied Middle Woodland and later structures remained
implicit in maps drawn by Native southeastern cartographers
as recently as the 18th centuryA.D., in which portrayals of
rivers and trails are indistinguishable, identically represented
by an interconnected maze of double lines (Waselkov2006,

439–444, 481–484) (Figure 12). The impressive long-distance
canoe canals of the southeast are but one manifestation of the
web of paths that interconnected Indigenous peoples of the
Gulf coast with places near and far.

Acknowledgments

This work was supported in part by the City of Gulf Shores, Alabama,
USA. We thank Harry King for encouraging canal research and preser-
vation; landowners Aubrey Fulford and family, and Dennis Hat� eld;
Mayor Robert Craft and Grant Brown, Gulf Shores, Alabama; Gulf
State Park sta� ; Steven Harris and Tony Boudreaux, Center for Archae-
ological Research, University of Mississippi; archival researchers Von-
nie Zullo and Curry Weber; Jakob Wallinga, Tony Reimann, Alice
Versendaal, and Erna Voskuilen, Netherlands Centre for Luminescence
Dating; Sarah Mattics, for assistance with� gure preparation; and, the
many skillful volunteers who participated in� eld and laboratory
work on this project, particularly the late Brian Axsmith and the late
Richard S. Fuller.

Data Availability Statement

Data available on request from the Center for Archaeological Studies,
6052 USA Drive South, University of South Alabama, Mobile, 36688.

Disclosure Statement

The authors report there are no competing interests to declare.

Notes on Contributors

Gregory A. Waselkov(Ph.D. 1982, University of North Carolina, Cha-
pel Hill) is professor emeritus of anthropology and former director of
the Center for Archaeological Studies at the University of South Ala-
bama, USA. His research interests include coastal shell middens and
zooarchaeology, French colonialism, and Indigenous-settler inter-
actions primarily in southeastern North America.https://orcid.org/
0000-0002-0791-4062.

Donald A. (Alex) Beebe(Ph.D. 2013, Clemson University) is an associ-
ate professor of geology at the Department of Earth Sciences, University
of South Alabama, USA. Beebe’s research interests and specialties
include groundwater-surface water interactions, hydrogeology, coastal
hydrology, and submarine groundwater discharge. His research is heav-
ily focused on hydrological and environmental responses to land use
and land cover changes in the northern coast of the Gulf of Mexico, a
place he has called home for over thirty years.https://orcid.org/0000-
0003-4637-1408.

Howard Cyr (M.Sc. 2005, Northern Arizona University) is principal
geoarchaeologist with GeoArch Solutions and former director of the
University of Tennessee’s Laboratory of Environmental Archaeology.
Cyr’s research interests focus on geoarchaeological and geophysical
analysis to better understand the e� ects of environmental change and
landscape stability on human settlement patterns and land use.
https://orcid.org/0000-0002-3439-3469.

Elizabeth (Liz) L. Chamberlain(Ph.D. 2017, Tulane University) is an
assistant professor at Wageningen University, Netherlands. Her
research focuses on coasts, deltas, and human-landscape dynamics.
She specializes in the technique of luminescence dating and its appli-
cation to sedimentary systems including the Mississippi Delta (USA),
Ganges-Brahmaputra Delta (Bangladesh), Rhine-Meuse Delta (Nether-
lands), and coastal valleys of arid northern Peru.https://orcid.org/0000-
0002-3870-5060.

Jayur Madhusudan Mehta(Ph.D. 2015, Tulane University) is assistant
professor of anthropology at Florida State University, specializing in the
study of Native North Americans, human-environmental relationships,
and consequences of French and Spanish colonization in the Gulf
South. He currently leads the“Evergreen Plantation Archaeological
Survey,” a households-driven study of the lives of free and enslaved
people of color, and“Resilience in the Ancient Gulf South,” an interdis-
ciplinary investigation of delta formation, hunter-gatherer settlement

Figure 12.“Nations Friendly and Hostile to the Chickasaws,” a French re-draw-
ing of a map on deerskin by Chickasaw headman Mingo Ouma, with overland
paths and the Alabama River (R) both represented by double lines (F3/290/12,
1737, Collection Moreau de Saint Méry, Archives nationales d’outre-mer,
France).

498 G. A. WASELKOV ET AL.



dynamics, and monumentality in the Mississippi River delta.https://
orcid.org/0000-0001-8312-7928.

Erin S. Nelson(Ph.D. 2016, University of North Carolina, Chapel Hill)
is assistant professor of anthropology at the University of South Ala-
bama. Nelson’s research examines the material remains of foodways,
monumental and domestic architecture, and the organization of space
to understand how past people negotiated issues of kinship, group iden-
tity, leadership, and worldview in the context of their communities. She
works primarily in the American South.https://orcid.org/0000-0001-
6167-9203.

ORCID

Gregory A. Waselkov http://orcid.org/0000-0002-0791-4062
Donald A. Beebe http://orcid.org/0000-0003-4637-1408
Howard Cyr http://orcid.org/0000-0002-3439-3469
Elizabeth L. Chamberlain http://orcid.org/0000-0002-3870-5060
Jayur Madhusudan Mehta http://orcid.org/0000-0001-8312-7928
Erin S. Nelson http://orcid.org/0000-0001-6167-9203

References

Ambrose, E. E., R. E. K. Udolisa, B. B. Solarin, and P. E. Lebo.2001.
“Technological Status and Development Prospects of Small-Scale
Fishing Crafts in Nigerian Coastal Water.” Proceedings of the 14th
Annual Conference of the Fisheries Society of Nigeria, 1998, 139–
144. Ibadan, Nigeria.

Appendini, C. M., A. Torres-Freyermuth, P. Salles, J. López-González,
and E. Tonatiuh Mendoza.2014. “Wave Climate and Trends for
the Gulf of Mexico: A 30-Yr Wave Hindcast.” Journal of Climate
27: 1619–1632.

Ashley, K. H.2005. “Archaeological Overview of Mt. Royal.” Florida
Anthropologist58 (3–4): 265–286.

Beebe, D. A., and B. A. Lowery.2018. “Seawater Recirculation Drives
Groundwater Nutrient Loading from a Developed Estuary
Shoreline with On-Site Wastewater Treatment Systems: Mobile
Bay, USA.” Environmental Earth Sciences77 (10): 1–16.

Befus, K. M., P. L. Barnard, D. J. Hoover, J. A. Finzi Hart, and C. I. Voss.
2020. “Increasing Threat of Coastal Groundwater Hazards from Sea-
Level Rise in California.” Nature Climate Change10: 946–952.

Bellais, K., S. Barber, D. A. Beebe, and M. W. Clark.2020. “Lake or
Estuary? Sedimentary and Benthic Foraminiferal Characterization
of a Gulf of Mexico Coastal Dune Lake.” Gulf and Caribbean
Research31 (1): SC46–SC52.

Bigelow, A.1853. “Observations on Some Mounds on the Tensaw
River.” American Journal of Science and Arts15 (44): 186–192.

Birkeland, P. W.1999. Soils and Geomorphology. New York: Oxford
University Press.

Blitz, J. H., and P. Livingood.2004. “Sociopolitical Implications of
Mississippian Mound Volume.” American Antiquity69 (2): 291–301.

Bond, J.2007. “Canal Construction in the Early Middle Ages: An
Introductory Review.” In Waterways and Canal-Building in
Medieval England, edited by J. Blair, 153–206. Oxford: Oxford
University Press.

Brill, D., S. M. May, M. Engel, M. Reyes, A. Pint, S. Opitz, M. Dierick, L.
A. Gonzalo, S. Esser, and H. Brückner.2016. “Typhoon Haiyan’s
Sedimentary Record in Coastal Environments of the Philippines
and Its Palaeotempestological Implications.” Natural Hazards and
Earth System Sciences16: 2799–2822.

Brill, D., and T. Tamura.2020. “Optically Stimulated Luminescence
Dating of Tsunami and Storm Deposits.” In Geological Records of
Tsunamis and Other Extreme Waves, edited by M. Engel, 705–727.
Amsterdam, Netherlands: Elsevier.

Bronk Ramsey, C.2009. “Bayesian Analysis of Radiocarbon Dates.”
Radiocarbon51: 337–360.

Brophy, K.2000. “Water Coincidence? Cursus Monuments and Rivers.”
In Neolithic Orkney in Its European Context, edited by A. Ritchie,
59–70. Cambridge: McDonald Institute for Archaeological Research.

Burch, Captain D. E.1828. Sketch of the Country Between Pensacola
Bay and Mobile Bay, March 10th, 1828. Alabama Map 95, Record
Group 92, Cartographic and Architectural Section, National
Archives and Records Administration, Washington, DC.

Carr, R. S.2012. Digging Miami. Gainesville: University of Florida Press.

Carr, R. S., D. Dickel, and M. Masson.1995. “Archaeological
Investigations at the Ortona Earthworks and Mounds.” Florida
Anthropologist48: 227–263.

Carr, R. S., J. Zamanillo, and J. Pepe.2002. “Archaeological Pro� ling
and Radiocarbon Dating of the Ortona Canal (8GL4), Glades
County, Florida.” Florida Anthropologist55: 3–22.

Carter,C. E.1958. The Territorial Papers of the United States, vol. 23,
The Territory of Florida, 1824–1828. Washington, DC: National
Archives.

Chamberlain, E. L., J. Mehta, T. Reimann, and J. Wallinga.2020. “A
Geoarchaeological Perspective on the Challenges and Trajectories
of Mississippi Delta Communities.” Geomorphology360: 107–132.

Chandler, R. V., J. D. Moore, and B. Gillett.1985. “Ground-Water
Chemistry and Salt-Water Encroachment, Southern Baldwin
County, Alabama.” Geological Survey of Alabama Bulletin126),
Tuscaloosa.

Cobb, H., and J. Ransley.2019. “Moving Beyond the‘Scape’ to Being in
the (Watery) World, Wherever.” In At Home on the Waves, edited by
T. King, and G. Robinson, 16-33. New York: Berghahn.

Cushing, F. H.1896. “Exploration of Ancient Key Dwellers’ Remains on
the Gulf Coast of Florida.” Proceedings of the American Philosophical
Society35 (153): 329–448.

Dillehay, T. D., H. H. Eling, Jr, and J. Rossen.2005. “Preceramic
Irrigation Canals in the Peruvian Andes.” Proceedings of the
National Academy of Sciences102 (47): 17241–17244.

Douglass, A. E.1885. “Ancient Canals on the South-West Coast of
Florida.” American Antiquarian and Oriental Journal7: 277–285.

Duggins, J. B.2019. “Canoe Caching at Transit Points.”In Iconography
and Wetsite Archaeology of Florida’s Watery Realms, edited by R.
Wheeler, and J. Ostapkowicz, 82–110. Gainesville: University Press
of Florida.

Ferik, C. A. 2003. “The Canals at Cape Sable.” MA thesis, Florida
Atlantic University, Boca Raton.

Fuller, R. S.1992. “Mississippian Canoes in the Deep South: Examples
from Mississippi and Alabama.” Report on � le, Center for
Archaeological Studies, University of South Alabama, Mobile.

Gibson, G., J. Campbell, and L. Kennedy.2009. “Fifty-One Years of
Shoreline Change at Little Lagoon.” Southeastern Geographer49:
67–83.

Gremillion, K. J.2018. Food Production in Native North America: An
Archaeological Perspective. Washington, DC: Society for American
Archaeology Press.

Hadden, C. S., G. A. Waselkov, E. J. Reitz, and C. F. T. Andrus.2022.
“Temporality of Fishery Taskscapes on the North-Central Gulf of
Mexico Coast (USA) During the Middle/Late Woodland Period
(A.D. 325–1040).” Journal of Anthropological Archaeology67, in press.

Hartmann, M. J. 1996. “The Development of Watercraft in the
Prehistoric Southeastern United States.” PhD diss., Texas A&M
University, College Station.

Holmes, N. H., Jr., and E. B. Trickey.1974. “Late Holocene Sea-Level
Oscillations in Mobile Bay.”American Antiquity39: 122–124.

Huang, W., and C. Li.2017. “Cold Front Driven Flows: Through
Multiple Inlets of Lake Pontchartrain Estuary.”Journal of
Geophysical Research: Oceans122: 8627–8645.

Huckleberry, G., A. Caramanica, and J. Quilter.2018. “Dating the
Ascope Canal System.” Journal of Field Archaeology43 (1): 17–30.

Hudson, C.1976. The Southeastern Indians. Knoxville: University of
Tennessee Press.

Jackson, J. B.2013. Yuchi Folklore. Norman: University of Oklahoma
Press.

Jones, W. B.1934. Field Notes, December 5–9. Walter B. Jones
Collection, Library, Geological Survey of Alabama. Tuscaloosa.

Jones, W. B.1935. “Alabama.” In “Archaeological Field Work in North
America During 1934,” edited by C. E. Guthe.American Antiquity1:
47–48.

Jones, W. B.1939. “Indian Engineering.” Montgomery Advertiser,
December 18: 4. Montgomery, Alabama.

Kenworthy, C. J.1883. “Ancient Canals in Florida.” Annual Report,
Smithsonian Institution, 1881, 631–635. Washington, DC.

Kolianos, P. E., and B. R. Weisman, eds.2005. The Lost Florida
Manuscript of Frank Hamilton Cushing. Gainesville: University
Press of Florida.

Lawres, N. R.2017. “Materializing Ontology in Monumental Form:
Engaging the Ontological in the Okeechobee Basin, Florida.”
Journal of Anthropological Research73: 647–694.

JOURNAL OF FIELD ARCHAEOLOGY 499



Liefer, J. D., H. L. MacIntyre, L. Novoveská, W. L. Smith, and C. P.
Dorsey.2009. “Temporal and Spatial Variability inPseudo-Nitzschia
spp. in Alabama Coastal Waters.” Harmful Algae8: 706–714.

Liu, K., and M. L. Fearn.1993. “Lake-Sediment Record of Late
Holocene Hurricane Activities from Coastal Alabama.” Geology21
(9): 793–796.

Liu, J., K. Rich, and C. Zheng.2008. “Sustainability Analysis of
Groundwater Resources in a Coastal Aquifer, Alabama.”
Environmental Geology54: 43–52.

Luer, G. M.1989. “Calusa Canals in Southwestern Florida: Routes of
Tribute and Exchange.” Florida Anthropologist42: 89–130.

Luer, G. M.1998. “The Naples Canal.” Florida Anthropologist51: 15–24.
Luer, G. M., and R. J. Wheeler.1997. “How the Pine Island Canal

Worked: Topography, Hydraulics, and Engineering.” Florida
Anthropologist50: 115–131.

Luer, G. M., and R. J. Wheeler.2001. “An Experiment at Dating the Pine
Island Canal.” Florida Anthropologist54: 87–89.

Marquardt, W. H., and K. J. Walker.2013. “The Pineland Site
Complex.” In The Archaeology of Pineland: A Coastal Southwest
Florida Site Complex, A.D. 50–1710, edited by W. Marquardt, and
K. Walker, 793–920. Gainesville: University of Florida.

Marquardt, W. H., K. J. Walker, V. D. Thompson, M. Savarese, A. D.
Roberts Thompson, and L. A. Newsom.2022. “Episodic
Complexityand the Emergence of a Coastal Kingdom.”Journal of
Anthropological Archaeology65: 101364.

May, C. 2020. “Rising Groundwater and Sea-Level Rise.” Nature
Climate Change10 (1): 889–890.

Mehta, J. M.2019. “Mound Building and Summit Architecture at the
Carson Site.” North American Archaeologist40 (2): 67–98.

Milliken, K. T., J. B. Anderson, and A. B. Rodriguez.2008. “A New
Composite Holocene Sea-Level Curve for the Northern Gulf of
Mexico.” Geological Society of America Special Paper443 (1): 1–11.

Minzoni, R. T., L. E. Parker, D. J. Wallace, W. J. Lambert, E. A. Elliott,
C. F. T. Andrus, and A. A. Lehrmann.2020. “A 7000-Year Record of
Floods and Ecological Feedbacks in Weeks Bay, Alabama, USA.”
Science of the Total Environment743), Article 140052.

Montiel, D., A. Lamore, J. Stewart, and N. Dimova.2019. “Is Submarine
Groundwater Discharge (SGD) Important for the Historical Fish
Kills and Harmful Algal Bloom Events of Mobile Bay?” Estuaries
and Coasts42: 470–493.

Morgan, D. W.2016. “Archaeology—Arrival to AD 1550.”In A State of
Knowledge of the Natural, Cultural, and Economic Resources of the
Greater Mobile-Tensaw River Area, edited by G. Waselkov, C.
Andrus, and G. Plumb, 131–139. Fort Collins, Colorado: National
Park Service.

Murgulet, D., and G. R. Tick.2016. “E� ect of Variable-Density
Groundwater Flow on Nitrate Flux to Coastal Waters.”
Hydrological Processes30: 302–319.

Neely, J. A., and D. Lancaster.2019.“The Bajada Canalsof the Sa�ordBasin,
Southeastern Arizona.” Journal of Field Archaeology44(1): 52–69.

Nuttle, W. K., and J. W. Portnoy.1992. “E� ect of Rising Sea Level on
Runo� and Groundwater Discharge to Coastal Ecosystems.”
Estuarine, Coastal and Shelf Science34: 203–212.

Ortlo� , C. R. 2009. Water Engineering in the Ancient World.
Cambridge: Cambridge University Press.

Pauketat, T. R.2014. “From Memorials to Imaginaries in the
Monumentality of Ancient North America.” In Approaching
Monumentality in Archaeology, edited by J. Osborne, 431–446.
Albany: State University of New York Press.

Price, S. E., ed.2008. Phase III Archaeology at Plash Island,
Archaeological Site 1BA134, in Baldwin County, Alabama. Mobile:
Center for Archaeological Studies, University of South Alabama.

Reimer, P., W. Austin, E. Bard, A. Bayliss, P. Blackwell, C. Bronk
Ramsey, M. Butzin, H. Cheng, R. Edwards, M. Friedrich, P.
Grootes, T. Guilderson, I. Hajdas, T. Heaton, A. Hogg, K. Hughen,
B. Kromer, S. Manning, R. Muscheler, J. Palmer, C. Pearson, J. van
der Plicht, R. Reimer, D. Richards, E. Scott, J. Southon, C. Turney,
L. Wacker, F. Adolphi, U. Büntgen, M. Capano, S. Fahrni, A.
Fogtmann-Schulz, R. Friedrich, P. Köhler, S. Kudsk, F. Miyake, J.
Olsen, F. Reinig, M. Sakamoto, A. Sookdeo, and S. Talamo.2020.
“The IntCal20 Northern Hemisphere Radiocarbon Age Calibration
Curve (0–55 cal kBP).”Radiocarbon62: 725–757.

Reitz, E. A., C. S. Hadden, G. A. Waselkov, and C. F. T. Andrus.2021.
“Woodland-Period Fisheries on the North-Central Coast of the Gulf
of Mexico.” Southeastern Archaeology40: 135–155.

Robinson, J. L., R. S. Moreland, and A. E. Clark.1996. Ground-Water
Resources Data for Baldwin County, Alabama. US Geological
Survey Open-File Report 96-487. Alabama: Montgomery.

Rodning, C. B.2003. “Water Travel and Mississippian Settlement at
Bottle Creek.” In Bottle Creek: A Pensacola Culture Site in South
Alabama, edited by I. W. Brown, 194–204. Tuscaloosa: University
of Alabama Press.

Rosenswig, R. M., and R. L. Burger.2012. “ConsideringEarly New
World Monumentality.” In Early New World Monumentality, edited
by R. Burger, and R. Rosenswig, 3–22. Gainesville: University Press
of Florida.

Scarre, C.2011. “Monumentality.” In The Oxford Handbook of the
Archaeology of Ritual and Religion, 9–23. Oxford: Oxford
University Press.

Sherwood, S. C., and T. R. Kidder.2011. “The DaVincis of Dirt:
Geoarchaeological Perspective on Native American Mound
Building in the Mississippi River Basin.” Journal of Anthropological
Archaeology30: 69–87.

Shore, J. S., D. D. Bartley, and D. D. Harkness.1995. “Problems
Encountered with the14C Dating of Peat.” Quaternary Science
Reviews14: 373–383.

Small, J. K.1924. “The Land Where Spring Meets Autumn.” Journal of
the New York Botanical Garden25: 53–94.

SSDS (Soil Science Division Sta� ). 1993. Soil Survey Manual. Handbook
18. Washington, DC: US Department of Agriculture.

Stoner, W. D., B. L. Stark, A. VanDerwarker, and K. R. Urquhart.2021.
“Between Land and Water: Hydraulic Engineering in the Tlalixcoyan
Basin, Veracruz, Mexico.” Journal of Anthropological Archaeology61:
101264.

Su, N., W. C. Burnett, H. L. MacIntyre, J. D. Liefer, R. N. Peterson, and
R. Viso.2014. “Natural Radon and Radium Isotopes for Assessing
Groundwater Discharge Into Little Lagoon.” Estuaries and Coasts
37: 893–910.

Sulas, F., and I. Pikirayi, eds.2018. Water and Society from Ancient
Times to the Present. Oxford: Routledge.

Tanner, H. H.2006. “The Land and Water Communication Systems of
the Southeastern Indians.” In Powhatan’s Mantle: Indians in the
Colonial Southeast, edited by G. Waselkov, P. Wood, and T.
Hatley, 27–42. Lincoln: University of Nebraska Press.

Thompson, V. D.2016. “Finding Resilience in Ritual and History in the
Lake Okeechobee Basin.” In Beyond Collapse, edited by R. Faulseit,
313–341. Carbondale: Southern Illinois University Press.

Thompson, V. D., W. H. Marquardt, M. Savarese, K. J. Walker, L. A.
Newsom, I. Lulewicz, N. R. Lawres, A. D. Roberts Thompson, A.
R. Bacon, and C. A. Walser.2020. “Ancient Engineering of Fish
Capture and Storage in Southwest Florida.” Proceedings of the
National Academy of Sciences117: 8374–8381.

Thompson, V. D., W. H. Marquardt, and K. J. Walker.2014. “A Remote
SensingPerspective on Shoreline Modi� cation, Canal Construction
and Household Trajectories at Pineland Along Florida’s
Southwestern Gulf Coast.”Archaeological Prospection21: 59–73.

Thompson, V. D., and T. J. Pluckhahn.2012. “Monumentalization and
Ritual Landscape at Fort Center in the Lake Okeechobee Basin of
South Florida.” Journal of Anthropological Archaeology31: 49–65.

Villamil, L. 1899. “Round Bon Secours Bay.”Spring Hill Review1:
71–73.

Waselkov, G. A.2006. “Indian Maps of the Colonial Southeast.” In
Powhatan’s Mantle: Indians in the Colonial Southeast, Revised ed,
edited by G. Waselkov, P. Wood, and T. Hatley, 435–502. Lincoln:
University of Nebraska Press.

Wheeler, R. J.1995. “The Ortona Canals: Aboriginal Canal Hydraulics
and Engineering.” Florida Anthropologist48: 265–281.

Wheeler, R. J.1998a. “Aboriginal Canoe Canals of Cape Sable.”Florida
Anthropologist51: 15–24.

Wheeler, R. J.1998b.“Walker’s Canal: An Aboriginal Canal in the
Florida Panhandle.” Southeastern Archaeology17: 174–181.

Wheeler, R. J.2005. Mud Lake Canal National Historic Landmark
Nomination. Washington, DC: National Historic Landmarks
Survey, National Park Service.

500 G. A. WASELKOV ET AL.


	Abstract
	Introduction

