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Natural Streams and the Legacy
of Water-Powered Mills
Robert C. Walter*† and Dorothy J. Merritts*†

Gravel-bedded streams are thought to have a characteristic meandering form bordered by a self-
formed, fine-grained floodplain. This ideal guides a multibillion-dollar stream restoration industry.
We have mapped and dated many of the deposits along mid-Atlantic streams that formed the basis
for this widely accepted model. These data, as well as historical maps and records, show instead
that before European settlement, the streams were small anabranching channels within extensive
vegetated wetlands that accumulated little sediment but stored substantial organic carbon.
Subsequently, 1 to 5 meters of slackwater sedimentation, behind tens of thousands of 17th- to
19th-century milldams, buried the presettlement wetlands with fine sediment. These findings show
that most floodplains along mid-Atlantic streams are actually fill terraces, and historically incised
channels are not natural archetypes for meandering streams.

The meandering gravel-bedded stream bor-
dered by a self-formed, fine-grained flood-
plain emerged as the characteristic river

form based on pioneering studies in mid-Atlantic
and western streams of the United States (1–4).
Today, this ideal—of alternating pools and riffles
along sinuous channels with gravel point bars
and fine-grained overbank floodplain deposits—
guides a multibillion-dollar stream restoration in-
dustry (5, 6). Many streams in the low-relief,
tectonically inactive mid-Atlantic Piedmont of the
United States are deeply incised, with steep erod-
ing banks, and carry anomalously high amounts
of suspended sediment (7). Fine-grained deposits
bordering many eastern streams are thicker than
would be expected from just their recent flood
deposits (1, 3). These Holocene deposits typical-
ly form broad surfaces, referred to as the “valley

flat,” that were interpreted as floodplains formed
by a combination of migrating, meandering stream
channels and overbank deposition of silts and
clays (1, 3, 8). The geometry of single-channel
meandering streams has been viewed as the result
of self-adjusting hydraulic variables in response
to changing discharge and sediment load, and
agriculture and urbanization have been cited
widely as the causes of recent aggradation and
degradation (1, 3, 4, 8–10). This pattern of stream
development and morphology has been con-
sidered as typical of streams and rivers in stable
landscapes.

We observe that crests of breached, historic
milldams merge with valley-flat surfaces and
that most modern streams are incised deeply
below this surface. This observation led us to
hypothesize that a rapid, regional transformation
of stream valleys had occurred in eastern North
America, from widespread aggradation as a re-
sult of damming (base-level rise) to subsequent
incision and bank erosion due to dam breaching
(base-level fall). We propose that valley sedimen-
tation not only resulted from accelerated hillslope
erosion caused by deforestation and agricultural

development (8, 11) but also was coupled with
widespread valley-bottom damming for water
power, after European settlement, from the late
17th century through the early 20th century.
Damming was essential to the extensive trapping
of sediment in broad valley flats that correspond
to reservoir surfaces.

We test this hypothesis by examining the fol-
lowing lines of evidence: (i) historical accounts
of widespread, intensive water-powered milling
that impacted most first- to third-order streams
in the mid-Atlantic region; (ii) historical maps
showing multiple dams and ponds, and our ob-
servations in the field and from light detection
and ranging (LIDAR) data of aggradation in
these ponds that caused sedimentation upstream
into tributaries and swales; (iii) historical, geo-
logical, and geochemical data showing rapid
sedimentation in valley bottoms during the pe-
riod of early land clearing; (iv) field observations
and remote-sensing data, including LIDAR,
showing that downstream-thickening wedges of
sediment grade to milldam heights and, hence,
that dams produced temporary, higher base
levels; and (v) field observations and laboratory
data showing that the morphologies and func-
tions of presettlement streams were substantially
different from those of modern streams. We re-
visited the same streams and specific reaches
used in early studies that pioneered modern flu-
vial geomorphology, including fundamental ideas
regarding meander migration, floodplain forma-
tion, hydraulic geometry, and fluvial response to
land clearing. These streams include the Brandy-
wine River (in Pennsylvania and Delaware) and
Seneca Creek, Watts Branch, and Western Run
(in Maryland) (1–4, 8, 9, 11), all of which lie
within the Piedmont physiographic province
of the mid-Atlantic region. In all, we studied
Piedmont streams in 20 watersheds throughout
Pennsylvania and Maryland (drainage areas
from 11 to 1230 km2; fig. S1).

Milldam history. Dam building for water
power in the eastern United States began in the
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