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Most research before 1960 into interactions among fluvial processes, resulting landforms, and vegetation
was descriptive. Since then, however, research has become more detailed and quantitative permitting
numerical modeling and applications including agricultural-erosion abatement and rehabilitation of altered
bottomlands. Although progress was largely observational, the empiricism increasingly yielded to objective
recognition of how vegetation interacts with and influences geomorphic process. A review of advances
relating fluvial processes and vegetation during the last 50 years centers on hydrologic reconstructions from
tree rings, plant indicators of flow- and flood-frequency parameters, hydrologic controls on plant species,
regulation of sediment movement by vegetation, vegetative controls on mass movement, and relations
between plant cover and sediment movement.
Extension of present studies of vegetation as a regulator of bottomland hydrologic and geomorphic processes
may become markedly more sophisticated and widespread than at present. Research emphases that are
likely to continue include vegetative considerations for erosion modeling, response of riparian-zone forests
to disturbance such as dams and water diversion, the effect of vegetation on channel and bottomland
dynamics, and rehabilitation of stream corridors. Research topics that presently are receiving attention are
the effect of woody vegetation on the roughness of stream corridors and, hence, processes of flood
conveyance and flood-plain sedimentation, the development of a theoretical basis for rehabilitation projects
as opposed to fully empirical approaches, the effect of invasive plant species on the dynamics of bottomland
vegetation, the quantification of below-surface biomass and related soil-stability factors for use in erosion-
predictionmodels, and the effect of impoundments on downstream narrowing of channels and accompanying
encroachment of vegetation.
Bottomland vegetation partially controls and is controlled by fluvial-geomorphic processes. The purposes of
this paper are to identify and review investigations that have related vegetation to bottomland features and
processes, to distinguish the present status of these investigations, and to anticipate future research into how
hydrologic and fluvial-geomorphic processes of bottomlands interact with vegetation.

Published by Elsevier B.V.

1. Introduction

The study of geomorphic processes is dependent on those
variables that control the processes, and vegetation is among the
controlling variables. This papermostly identifies and reviews some of
the numerous investigations that have considered vegetation to gain
an increased understanding of bottomland fluvial-geomorphic pro-
cesses. Recognizing that in earlier decades a gulf generally separated
the substantive study of physical and biological systems, we try to
distinguish a state-of-the-art for selected topics for what has been
termed by Viles (1988) as biogeomorphology— the study of relations
between biota and geomorphic form and process. The intent is to

anticipate how rewarding research into interactions between hydro-
logic and fluvial-geomorphic processes of bottomlands and the
vegetation that helps control them may progress.

Streamflow magnitude and variability, alluvial landforms, and
bottomland vegetation are intimately interrelated and, thus, are
fundamental components of riverine biophysical systems. Prior to
about 1960, the complexities caused by interacting variables generally
caused scientific investigations to focus on a specific part of these
systems, and to simplify studies, the controls that vegetation exerts on
and receives from fluvial processes were typically disregarded. Excep-
tions to this generalization included papers relating (1) vegetation
to fluvial processes (Hefley, 1937; Ware and Penfound, 1949), (2)
vegetation patterns to bottomland surfaces or elevation above a stream
channel (Shelford, 1954; Smith, 1957), and (3) vegetation to frequency
and duration of flooding (Hall and Smith, 1955; Wistendahl, 1958). An
explosion of research into fluvial-geomorphic processes in the 1950s
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and 1960s provided the necessary foundations for the effects of
vegetation to be considered (Bennett and Simon, 2004), and since
then, significant advances in biogeomorphology have been achieved.

Plant ecology developed as a discipline in the second half of the
19th century, but until about 1900 was largely restricted to plant
classifications or the compilation of species lists (Joyce, 1993;
Osterkamp and Hupp, 1996). Plant communities were considered
static functions of climate, and interpretation or recognition of the
effects of fluvial process was not considered. The period of emphasis
only on data collection ended when botany and plant ecology became
influenced by Darwinian thought, and later by equilibrium theory
(Osterkamp and Hupp, 1996). Field ecologists and geomorphologists
continue, of course, to emphasize data collection, but now the
integration of data into a research plan is better executed.

Darwinists Henry Cowles (1899, 1911) and Frederick Clements
(1909, 1916) revolutionized concepts of interactions between Earth-
surface processes and vegetation by introducing the model of plant
succession, the hypothesis that plant communities are explained in
terms of orderly change within the communities, not as functions of
environment. An alternative explanationwas offered by equilibrist H. A.
Gleason (1925, 1926), who stressed that for plants to survive in space
and time they must be adapted to local and current environmental
requirements. Robert McIntosh (1958, 1960) and other integrationists
proposed approaches to plant ecology that found common ground
between the opposing schools of Darwinism and equilibrium.

The tradition of data compilation that was established by botanists
over a century ago remains basic to the practice of plant ecology and
how vegetation affects and is controlled by fluvial-geomorphic
processes. Vegetation mapping, which must always be an underlying
tool for exploring plant/surface interactions, originally was based on
transect and quadrat data but now relies also on aerial photography
and related remotely-sensed imagery. Whether applied to vegetation
studies or to geomorphic investigations, the use of transects and
quadrats documents the presence or absence of species, height or
trunk diameter of trees, surface area covered by plants, the
characteristics of particular assemblages of species, or the size of
sediment particles.

2. Hydrologic controls on bottomland surfaces and vegetation

Detailed investigations on fluvial-geomorphic processes in the
1950s (e.g. Leopold and Maddock, 1953; Wolman, 1955; Hack, 1957;
Wolman and Leopold, 1957; Trask, 1959; Schumm, 1960; Wolman

and Miller, 1960) provided the foundation necessary to incorporate
issues of vegetation into the understanding of fluvial processes,
especially floods. A major breakthrough was the publication of USGS
Professional Papers 424-C (Sigafoos, 1961) and 485-A (Sigafoos,
1964). In the 1961 paper, Sigafoos reported distinctive vegetation
bands along the Potomac River near Washington, D. C. He related the
bands to inundation frequency and suggested that disturbance from
floods of differing magnitudes and frequencies were a plausible
explanation for the banding. A similar study by Everitt (1968) related
the regeneration patterns of cottonwoods (Populus spp.) to bottom-
land flood dynamics.

Two decades later detailed investigations along three streams of
northern Virginia, including the Potomac River, demonstrated that
alluvial bottomland surfaces along the streams support characteristic
assemblages of tree and shrub species and that each geomorphic
surface, with its specific plant community, also can be identified
uniquely in terms of flow and flood frequencies (Osterkamp and
Hupp, 1984; Hupp and Osterkamp, 1985). Depositional bars (DB,
Fig. 1) are in-channel features that typically are inundated by
discharges exceeding 40% flow duration and in northern Virginia
may have occasional seedlings of Salix nigra (black willow), Platanus
occidentalis (American sycamore), Populus deltoides (eastern cotton-
wood), or Alnus serrulata (smooth alder). The active-channel shelf of
perennial streams (AS, Fig. 1) typically corresponds to the stage of
mean discharge, usually 5 to 20% flow duration, and in northern
Virginia supports a riparian-zone forest that includes A. serrulata,
Cornus amomum (silky dogwood), Viburnum dentum (southern
arrowwood), and Physocarpus opulifolius (common ninebark).
Flood-plain levels (FP, Fig. 1) of perennial streams often correspond
to the stage of the mean-annual flood, a return period of about one to
three years; in northern Virginia the flood-plain is often distinguished
by tree stands that include Juglans nigra (black walnut), Liriodendron
tulipifera (tulip poplar), Viburnum acerifolium (mapleleaf viburnum),
and Carya cordiformis (bitternut hickory). Alluvial terraces (Tl and Tu,
Fig. 1) can occur through a range of elevations above stream level, are
inundated by discharges greater than the mean-annual flood, and in
northern Virginia support flood-intolerant species such as Carya
tomentosa (mockernut hickory) and C. glabra (pignut hickory), Sas-
safras albidum (sassafras), and Quercus prinus (chestnut oak)
(Osterkamp and Hupp, 1984; Hupp and Osterkamp, 1985).

Complementing the Virginia investigations, studies in North
America, Europe, New Zealand, and Japan also have related distribu-
tions of characteristic plant species to specific fluvial landforms and

Fig. 1. Block diagram showing alluvial surfaces of perennial streams of northern Virginia; from the lowest, the surfaces are CB, channel bed; DB, depositional bar; AB, active-channel
bank; AS, active-channel shelf; FB, flood-plain bank; FP, flood-plain; Tl, lower terrace; and Tu, upper terrace (from Osterkamp and Hupp, 1984).
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processes (Johnson et al., 1976; Décamps et al., 1988; Tabacchi et al.,
1990; 1998; Gregory, 1992; Naiman et al., 1993; Pautou and Arens,
1994; Marston et al., 1995; Bravard et al., 1997; Davies-Colley, 1997;
Hughes, 1997; Bendix and Hupp, 2000; Nakamura and Shin, 2001;
Gurnell and Petts, 2003). Although the various investigators acknowl-
edged that bottomland vegetation patterns are not solely dependent
on hydrologic processes, the relations can be used to infer flow
conditions where gauging-station or other hydrologic information is
lacking.

Vegetation–landform relations are useful also to determine the
stage of riparian-zone recovery following disturbance, such as
channelization or gravel extraction (Hupp, 1992; Hupp and Rinaldi,
2007). “Pioneer” plant communities may establish on recently formed
fluvial surfaces resulting from human-induced disturbance. These
surfaces then may support subsequent communities that reflect the
increasing stability and dominant geomorphic trends (channel
evolution); the sequential communities may be indicative of the
stage of recovery. Specific indicator communities were described by
Hupp (1992) for channelized streams in Tennessee and by Hupp and
Rinaldi (2007) for gravel-mine induced channel incision in Tuscany,
Italy.

Substantial progress has beenmade in the interpretation of channel
evolution through the use of conceptual models (Schumm et al., 1984;
Simon and Hupp, 1992; Surian and Rinaldi, 2003). These models imply
that a resiliancy exists in fluvial systems that may return the system to
dynamic equilibrium after alteration, human or otherwise. The Simon
and Hupp (1992) model includes general changes in the riparian
vegetation that are associatedwith channel evolution toward increased
stability after channelization. Research by Rinaldi (2003) supports the
generality of return to equilibrium, but shows that models developed
for fine-grained, low-gradient channels, such as that of Simon and
Hupp, may not be transferable among physically distinct regions with
differing long-term alteration histories.

2.1. Floods

Botanical evidence of floods includes (1) tree age, (2) corrasion
scars, (3) adventitious sprouts, and (4) ring anomalies. Many other
disturbances can yield these forms of evidence, and careful examina-
tion and replication are required to limit spurious interpretations.
Formative floods, ranging from long-duration flows along large, low-
gradient streams to flashy, high-magnitude discharges of high-
gradient streams, may be the most important extrinsic controls of
natural bottomland ecosystems. Thus, knowledge of floodmagnitudes
and frequency is of great utility to the study of fluvial geomorphology.
Times of past floods may be determined by tree-ring analyses of
woody vegetation on fluvial landforms, from scars and sprouts of
damaged stems (Sigafoos, 1964; Hupp, 1988), and from differences in
properties of wood anatomy related to flooding (Yanosky, 1982).

Because bottomlands are shifting mosaics of landforms adjacent to
stream channels (Bravard et al., 1986; Swanson et al., 1988) or
relatively predictable, largely linear arrays of landforms (Osterkamp
and Hupp, 1984; Hupp and Osterkamp, 1996), considerable variation
in hydrogeomorphic processes can occur over short distances and
even across a single surface such as a flood-plain. This complexity of
physical form and process leads to considerable diversity within the
plant communities occupying the bottomlands (Nilsson et al., 1989;
Naiman et al., 1993). Frequent disturbance by flows that may flood,
scour, or aggrade lowlands may be the principal fluvial-geomorphic
process causing high biodiversity in riparian ecosystems (Vannote
et al., 1980; Hupp and Osterkamp, 1985; 1996; Nilsson et al., 1989;
Gregory, 1992; Sharitz and Mitsch, 1993; Bornette et al., 1998; 2008;
Gurnell and Gregory, 1995; Hupp, 2000).

Inundation frequency and length (hydroperiod) produce discrete
vegetation patterns, the identification of which can aid in hydrologic
reconstruction (Osterkamp and Hupp, 1984). Variations in hydro-

period, sedimentation and erosion, and plant-adaptive strategies
largely explain observations of complex patterns of riparian-zone
distributions (Wharton et al., 1982; Leitman et al., 1984; Mitsch and
Gosselink, 1993, Sharitz and Mitsch, 1993). Specific patterns of
woody-species distribution and quantitative relations with water
level and sediment dynamics, however, remain incompletely under-
stood. For example, streamflow of varying magnitude and duration
and changes in sediment dynamics create new areas for plant
establishment such as point bars, ridge-and-swale features, and
sediment-size gradients across the flooded surfaces. These fluvial
processes are insufficiently understood to permit accurate prediction
at a site, but even less understood is the role of riparian vegetation in
affecting fluvial processes (Hupp and Osterkamp, 1996).

2.2. Vegetative response to floods

Biogeomorphic research of the last three decades also has
demonstrated that vegetation is a control of fluvial processes.
Osterkamp and Costa (1987) and Friedman et al. (1996a, 1996b)
related the establishment of riparian-zone plants [especially willows
(Salix spp.) and cottonwoods (Populus spp.)] following a catastrophic
flood along Plum Creek, a sand-bed stream south of Denver, Colorado,
to the stabilization of the depositional features. As the islands and bars
evolved toward flood-plain level, vegetation caused channel narrow-
ing, reduction in channel gradient, replenishment of flood-winnowed
fine-grained sediment, increased channel roughness, and reduced in-
channel conveyance capacity. Similarly, Johnson (2000) found that
seedling mortality of willow and cottonwood along the Platte River
in south-central Nebraska is dominated by pulses of streamflow
following summer thunderstorms and by winter river-bed changes
caused by movement of ice. At Plum Creek and the Platte River,
vegetation, especially willows and cottonwoods, was essential in
establishing or helping to cause biophysical adjustment to the variable
hydrologic and geomorphic processes that defined and determined its
ecological setting.

Disturbances, such as periodic flooding, play major roles in the
development of many vegetation patterns in alluvial bottomlands
(Johnson et al., 1985; Day et al., 1988; Kirkman and Sharitz, 1994) and
control some plant communities that persist in dynamic equilibrium
(e.g. Hack and Goodlett, 1960; Pickett, 1980; Osterkamp et al., 1995)
with no temporal loss of species compositional integrity. For wetland
forests along low-gradient streams, the tight relation between type of
vegetation and hydroperiod is well documented (Wharton et al.,
1982; Sharitz and Mitsch, 1993). Bottomland surfaces of moderate-
gradient streams of eastern North America, as indicated by the
hydrogeomorphic analyses of Osterkamp and Hupp (1984), Hupp and
Osterkamp (1985), and Bendix and Hupp (2000), typically develop
consistent and persistent linear fluvial landforms that are maintained
by predictable variation in discharge. Similar but sometimes less
extensively developed fluvial-landform patterns are common also in
other hydroclimatic environments (Hupp and Osterkamp, 1996;
Bendix and Hupp, 2000). Furthermore, these analyses suggest that
the overriding influence on the distributional patterns of species is the
frequency of inundation and the susceptibility of plants to destructive
flooding. Thus, the hydrogeomorphic processes operating on the
different landforms affect the plant patterns but not the landforms
themselves.

2.3. Moisture availability and depth to groundwater

Centuries of observations confirm correlation between phreato-
phytic vegetation and near-surface groundwater or perennial under-
flow beneath a channel bed, particularly in water-deficient areas,
but detailed data relating the level of groundwater saturation to
vegetation abundance are meager. Meinzer (1927), for example,
noted that mesquites (Prosopis spp.) can tap groundwater as deep as
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15 m. In-depth investigations into the control on phreatophytes by
groundwater levels were conducted by Culler (1970) for Tamarix
pentandra (saltcedar) and other pheatophytes, by McQueen and
Miller (1972) for saltcedar, willows, cottonwoods, andmesquites, and
also for saltcedar by Van Hylckama (1974). Results of these studies
showed that roots of T. pentandra can extend as deep as 10 m to
saturated groundwater (Van Hylckama, 1974), and that stands of
phreatophytes, particularly T. pentandra, can be quite dense in
lowlands, thereby slowing the velocity of flood flows, reducing
conveyance, increasing flood duration, and promoting sediment
deposition (Culler, 1970). Later, Harner and Stanford (2003) related
growth rates of bottomland cottonwood groves to interactions
between shallow groundwater and surface water.

In most humid areas such as eastern North America, the
availability of excess moisture and depth to groundwater help control
hyporheic-habitat diversity (Poole et al., 2006), but do not appear to
determine the position of bottomland trees. The investigation by
Osterkamp and Hupp (1984) in Virginia showed that J. nigra, for
example, is largely restricted to flood-plain surfaces, regardless of the
depth to groundwater. An extension of that study, however,
suggested that in the arid southwestern United States, depth to the
level of groundwater saturation strongly controls the occurrences of
woody phreatophytes (Hupp and Osterkamp, 1996).

As in areas of arid climate, moisture availability appears to be a
limiting factor for the distributions of riparian-zone plant species in
semiarid areas such as the Great Plains of North America (Friedman
and Lee, 2002). Phreatophytes, including species such as cotton-
woods, are sensitive to even small sustained declines in the level of
saturated groundwater (Scott et al., 1999). Moisture availability and
depth to saturation also may affect riparian-species distributions in
Mediterranean climates (e.g. Italy), where channel incision or rapid
narrowing has caused drainage of saturated alluvium and thus
lowered groundwater levels (Hupp and Rinaldi, 2007).

3. Formation and bioturbation of alluvial soils

An alluvial soil is a layered mixture of mineral and rock fragments
and particles that generally includes organic matter and weathering
products depending on soil age; it reflects the natural and human-
imposed hydrologic and geomorphic processes that have resulted in
its formation (Osterkamp, 2008). The fundamental importance of
vegetation to pedogenesis and soil-geomorphic research has been
recognized at least since the early 1940s (Jenny, 1941) but more
recently by Birkeland (1999) and by the USDA Agricultural Research
Service as components of its soil-loss models RUSLE2 (Widman, 2004)
and of the Water Erosion Prediction Project (WEPP). Where the
decomposition of fallen tree boles on alluvial surfaces, particularly
terraces, is rapid (e.g. Torres, 1994; Brown et al., 1998; Osterkamp et
al., 2006), addition of organic matter and the sequestration of carbon
in the uppermost soil horizons may be significant, thereby promoting
plant cover, pedogenesis, and protection from erosion during floods.

Root throw, a type of bioturbation, commonly occurs when
bottomland trees are toppled during flooding or by strong wind in
any part of a watershed, resulting in a disturbance by which a volume
of soil in the root ball of the previously standing tree is elevated to or
above the surface (Osterkamp, 2008). Although root throw is an
important pedogenic process, it also is a major determinant of small-
scale features of alluvial bottomlands and of the regeneration of
plants. Among these features are (1) pits where soil has been moved
upward by root throw and a new seed bankmay collect (Beatty, 1984;
Beatty and Stone, 1986), (2) corresponding mounds of sediment that
ultimately falls from the elevated root ball (Schaetzl et al., 1989;
Osterkamp et al., 2006; Gallaway et al., 2009), and (3) stacking of
large woody debris (LWD) against fallen trees during floods.
Especially at the time a tree is toppled by a flood, a pit becomes
vulnerable to intense erosion by the flood waters, thereby contrib-

uting to the micro-topography of bottomland surfaces. Similarly,
where large piles of LWD become stored behind toppled trees, or
those that remain standing, the resistance to flow may cause the
deposition of sand splays down flow from the obstructions (Oster-
kamp and Costa, 1987; Gabet et al., 2003).

In channels of streams draining forested areas, meandering,
avulsion, braiding, sediment deposition, and changes in morphology
may be affected by LWD (Keller and Swanson, 1979; Bilby and Ward,
1989; Robison and Beschta, 1990; Nakamura and Swanson, 1993;
Wood-Smith and Swanson, 1997; Piégay, 2003; Montgomery and
Piégay, 2003; Montgomery et al., 2003). Accumulations of LWD in
channels are related to disturbance history, forest type, successional
stage, decomposition rate, and channel size (Gurnell and Petts, 2003;
Montgomery et al., 2003; Moulin and Piégay, 2004) andmay armour a
channel locally but promote scour elsewhere. Thus, sediment may be
deposited at a site but a nearby pool may be eroded (Wood-Smith and
Swanson, 1997; Wallerstein, 2003; Wallerstein and Thorne, 2004).
Riparian-zone deforestation in the eastern United States has been
related to channel narrowing and reduction of ecosystem services
(Sweeney et al., 2004), whereas Trimble (1997) found that forested
stream banks of southwestern Wisconsin are less stable and less
effective at controlling bank erosion than are grass-covered banks.

Theoretical models of LWD loading have been developed for
several types of streams (Gregory et al., 1993; Braudrick and Grant,
2001) or for conceptual budgeting (Sobota et al., 2006). Although the
impact of LWD in many low-gradient systems is minor (Golladay et
al., 2007), the character and delivery of LWD may be an important
determinant of riparian-zone processes.

Riparian trees combined with beaver activity may effect poten-
tially profound fluvial-geomorphic alterations. Beaver damming to
create aquatic habitat also creates sediment-storage sites; studies in
Montana, Quebec, Virginia, and North Carolina indicate that individ-
ual ponds may store thousands of cubic meters of sediment (Naiman
et al., 1986; Butler andMalanson, 1994; D.E. Kroes, pers. com.).Where
ponds can develop fully, they may overlap, resulting in a meadow
complex where sediment and woody material from older dams are
buried by deposition of newly constructed dams (Ives, 1942). If wood
of old dams is buried, it forms barriers to future erosion and channel
migration (Ives, 1942; Bilby, 1984; D.E. Kroes, pers. com.).

Like LWD, the presence of woody vegetation may affect fluvial
processes and the development of alluvial soils. Stems and roots may
impede the flow of water and increase resistance to erosion.
Protruding tree abutments, root crowns, and temporarily stabilized
subtending banks are common along eroding streams. These abut-
ments are testament to the erosion-resistant effects of streamside
trees and the effect on channel processes (Rutherford and Grove,
2004). Tree roots strengthen riparian surfaces and reinforce shallow
soils because of tensile strength (Thorne, 1990). The weight surcharge
on banks from woody plants, however, under some conditions may
adversely affect bank stability (Simon and Collison, 2002). Vegetation,
as whole plants, influences multithread channels by reducing flow in
small channels through increased roughness and by armoring banks
and exposed channel and point bars (Tal et al., 2004). The effects of
this type of channel control have been quantified (Gray and Barker,
2004) and modeled, permitting prediction of channel-change vulner-
ability (Smith, 2004). Plantings on banks are now a common
stabilization practice, although some studies suggest that increased
bank strength by roots has been overestimated (Pollen et al., 2004).

4. Vegetation and hydrologic reconstructions

Tree-ring dating to interpret geomorphic processes is a common
technique owing to several important papers including those of
Sigafoos (1964), Everitt (1968), Alestalo (1971), Helley and LaMarch
(1973), and Schweingruber (1988). An extensive review of tree-ring
dating is in Jacoby and Hornbeck (1987). Dendrogeomorphology
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(Shroder, 1978) has been used in a range of applications including
floods (Sigafoos, 1964; Yanosky, 1982; Hupp, 1988), flood-plain
deposition (Sigafoos, 1964; Hupp, 1988; Hupp and Bazemore, 1993),
and channel dynamics (Hupp, 1992; Friedman et al., 1996a; Scott
et al., 1997; Auble and Scott, 1998). Standard dendrochronological
techniques that incorporate the measurement of ring width to
interpret geomorphic processes may be quite useful, especially if
ancillary information is lacking.

Despite an inability to quantify relations among hydrology,
geomorphology, and vegetation, the striking presence of vegetation
zones across lowlands has tempted researchers to develop classifica-
tions of vegetation patterns (Kellison et al., 1998). Small differences in
elevation may lead to pronounced differences in hydroperiod and to
community composition (Mitsch and Gosselink, 1993). Thus, most
classifications infer that hydroperiod is the most influential factor in
controlling species patterns, most probably from anaerobic conditions
related to flooding (Wharton et al., 1982). Anaerobic respiration
within the roots of plants leads to toxic byproducts and limits water
and nutrient uptake (Hupp, 1992). Flood-tolerant plants have
developed physical and/or metabolic adaptations to withstand
inundation and anoxia (Wharton et al., 1982). The degree to which
individual species have adapted to anoxia-related stresses presum-
ably controls the striking changes in vegetation composition across
very short distances on many flood plains in lowland areas (Huffman
and Forsythe, 1981).

5. Flood-plain deposition and incision

Scour and clast sorting are limiting factors for vegetation
establishment on bottomland substrates. Erosion and channel cutoffs
may lead to long-term pools that support aquatic vegetation whereas
terrestrial vegetationmay be restricted to narrow ranges of sediment-
size. Because most woody plants must maintain actively absorbing
roots in the upper 15 cm of soil (Kramer and Kozlowski, 1979), only
species capable of rapid root growth along newly buried stems (e.g.
species of Salix and Populus) may occupy bottomlands affected by
frequent or thick sediment deposition or by rapid channel migration
along point bars (Hupp, 1988). If erosion removes all or part of the soil
in the root zone, trees will be killed or severely damaged.

5.1. Flood-plain deposition

Vertical accretion, the “slow” accumulation of overbank sediment
without appreciable later channelmigration, is the primary process by
which most lowland flood plains develop within the Coastal Plain
(Nanson and Croke, 1992; Middlekoop, 2002; Walling and He, 1998).
Discharges that occur less than 10% of the timemay be responsible for
50 to 90% of suspended-sediment transport in alluvial-river systems
(Meade, 1982). The flood plains may be inundated multiple times a
year, often for extended periods during winter and spring. With
minimal erosion caused by lateral migration and little remobilization
and export of flood-plain sediment, particulate storage in the Coastal
Plain can be decades or longer (Meade, 1982; Raymond and Bauer,
2001). Coastal Plain riverbanks are typically low and inundation often
extends across the entire flood-plain, significantly limiting flow
competence. Natural levees, typically sand, may form adjacent to
the channel by deposition of coarse suspended-load sediment
(Pizzuto, 1987; Hupp, 2000). Elevations typically vary no more than
a few meters within the flood plain, so small changes in flood stage or
groundwater level can greatly affect inundation frequency and
hydroperiod across large areas.

Aggradation along streams, natural ormodified, provides new sites
for plants to colonize and may initiate a series of vegetation stages
indicative of progressive changes in hydrogeomorphic conditions.
Dominance by pioneer species is explained by life-history character-
istics including a large seed crop, seeds that are effectively dispersed

by wind or water to suitable sites, rapid germination, and rapid shoot
and root development to withstand flooding or desiccation. Vegeta-
tion establishment increases hydraulic roughness, which facilitates
further sedimentation and ultimately changes initially unstable
surfaces into relatively stable sites, suitable for the later recruitment
of stable-site species (Hupp, 1992; Johnson, 1994; Friedman et al.,
1996a, 1996b). Along sand-bed streams, particularly braided channels
subject to winter freezing, redistribution of sediment by flow
variation and the effects of moving ice may have profound effects
on the mortality and regeneration of tree seedlings (Johnson, 1994)
(Fig. 2).

Along streams dominated by aggradation, extensive depositional
areas may be generated during each flood. Such flood plains are
common along streams of the southeastern U.S., where upstream
agricultural practices and channelization generate large amounts of
fine sediment (Bazemore et al., 1991; Hupp, 1992). Where channel
degradation (incision) occurs, large eroded zones may be generated
and the stream becomes decreasingly connected to its flood plain.
Such conditions are common along streams with regulated flow.

5.2. Incision, response to channel alteration, and modeling

Channel incision increases stream power, which actuates bed and
bank erosion and sediment transport (Schumm et al., 1984; Bravard
et al., 1997). In the upper parts of an incised-channel system, bank
failure and high rates of sediment transport typically occur, whereas
in lower reaches sediment may accumulate because of decreased
gradient, obstructions such as debris jams, and slow stream velocity.
LWD is often very effective at forming stable channel features that
may control stream hydraulics and the riparian-forest development
for decades to centuries (Abbe and Montgomery, 1996).

Aggradation in the lower reaches of a stream can cause simulta-
neous filling and widening of the channel, which is the characteristic
recovery process following channelization (Schumm et al., 1984;
Simon and Hupp, 1987). Increases in the rate of deposition in these
lower reaches, however, can also disrupt functional processes of
wetland systems (Happ et al., 1940; Brierley and Murn, 1997).
Examples of flood-plain alterations as a result of channelization
include: disturbed-surface and sub-surface hydrologic connectivity
(Shankman and Pugh, 1992; Tucci andHileman, 1992), altered rates of
sedimentation (Happ et al., 1940; Pierce and King, 2008), reduced

Fig. 2. Bar graph showing changes in elevation of vegetation plots on sand bars of the
Platte River, November, 1985 throughMay, 1986. River-bed restructuring was caused in
large part by ice moving in the river that resulted in nearly complete mortality (98%) of
a population of cottonwood and willow seedlings. The pre-winter plot elevations are
the heights of the white bars and the post-winter elevations are the heights of the black
bars; the difference between bar (i.e. the amount of black in a bar) is a measure of the
amount of sediment redistribution (Johnson, 1994).
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lateral channel migration that creates sloughs and oxbow lakes
(Shankman, 1993), loss of aquatic habitat (Hohensinner et al., 2004),
reduced growth and premature mortality of flood-plain tree species
(USDA, 1986), loss of plant-species diversity (Miller, 1990), and
changes in plant-species composition (Oswalt and King, 2005; Pierce
and King, 2007).

Channelization is a common procedure designed to control
flooding and drain wetlands. The practice affects nearly all hydro-
geomorphic forms and processes within, upstream, and downstream
of the channelized reach and has led to degradation and erosion on
the channel bed and banks until a new quasi-equilibrium is attained
and channel-bed aggradation begins (Simon and Hupp, 1992). The
riparian environment is likewise severely affected, particularly on the
channel banks but also on the adjacent flood-plain (Hupp, 1992).
Many streams in the Central Plains and the southeastern Coastal Plain
of the U. S. are channelized, which has severely affected fluvial-
geomorphic processes at multiple spatial and temporal scales
upstream and downstream of the reaches and along tributaries
(Simon and Hupp, 1987; Shankman, 1993).

A cycle, of erosion, accretion, and return to equilibrium, that is
based largely on observations of modified stream channels in west
Tennessee and incorporates vegetation is described in a six-stage
model (Fig. 3) of geomorphic processes. The erosional phase of the
cycle often removes all woody vegetation. Late in this phase refugia
occur in protected areas, usually downstream of slump blocks from
mass movement on the banks (Hupp, 1992). These refugia offer
enough stability for ruderal riparian vegetation to establish (Fig. 3),
but upland species especially tolerant of erosive conditions (Rhus
glabra (staghorn sumac), Ulmus alata (winged elm), Gleditsia
tricanthos (honey locust), and Robinia pseudoacacia (black locust))
may occur high on the banks. During the highly aggradational phase of
the cycle, species found in refugia of the late erosional phase (S. nigra,
Betula nigra (river birch), Acer saccharinum (silver maple), Acer
negundo (boxelder), P. deltoids, and P. occidentalis) are tolerant of
high rates of sediment accretion and become dominant. A two-fold
increase in percent occurrence has been observed for most species
and a nearly four-fold decrease occurs in un-vegetated sites in the
aggradational phase (Fig. 3); excepting a small percent of R. glabra,
the erosional indicator species are lacking (Simon and Hupp, 1987,
1992; Hupp, 1992).

6. Sediment transport and vegetation

Flood plains and other riparian-zone features contain important
locations for the storage of fluvial sediment, and knowledge of the
channel processes that move and store sediment in bottomlands is
basic to understanding watershed function (Phillips, 1989; Steiger
et al., 2005; Hupp et al., 2008). Although the literature contains many
references to buffering (the trapping of sediment and nutrients from
upland flow by riparian zones), few papers have addressed the
trapping and retention of sediment from flood flows by bottomlands
(Noe and Hupp, 2009). Many Coastal Plain riparian areas are the last
fresh-water sites for significant storage of riverine sediment (Hupp,
2000), although a study by Walter and Merritts (2008) suggests that
prior to European settlement little sediment, but much organic
carbon, was stored on wetlands bordering many of these streams.
Along with mineral sediment, substantial amounts of nutrients (P, N)
and organic material (C) now may be stored (Noe and Hupp, 2009).
Worldwide, bottomlands of large rivers may be important areas for
carbon sequestration (Raymond and Bauer, 2001).

6.1. Channel change and bottomland dynamics and functions

Many investigators, too numerous to cite, during the last century
and before have reported results of studies examining rates of lateral
channel movement, meander migration, an accompanying change in

channel gradient, cut banks, and point-bar development. In recent
decades many of the studies, also too numerous to warrant detailed
review here, have described changes in riparian-zone vegetation from
processes such as meander movement and avulsion. Conversely, a
smaller number of studies (e.g. Gran and Paola, 2001; McBride et al.,
2007) have addressed the question of how riparian-zone vegetation
influences channel processes. In part because of the economic
importance of irrigated bottomlands as an agricultural resource,
investigations of the last 30 years or more into tillage practices and
the use of fertilizers and herbicides have focused on the long-term
effects of agricultural practices on soil chemistry, soil structure,
infiltration characteristics, runoff, soil erodibility, and the crops and
native vegetation supported by the soils.

Similar research has been minimal for naturally vegetated
bottomlands, whether in temperate climatic zones or in the tropics,
which have roughly half of the global forested area (UNESCO, 1978).
An exception, however, is the work of Frangi and Lugo (1985), who
made detailed measurements of the carbon, phosphorus, and water
cycles, and related ecosystem characteristics of a subtropical flood-

Fig. 3. Diagram of six-stage channel evolution model of Simon and Hupp (1987).
Degradation, channel incision begins in stage 3 and continues in stage 4 with associated
channel widening; widening continues in stage 5 but the channel bottom aggrades.
Stream initially reacts through vertical processes (arrows) after channelization, then
vertical and lateral processes operate ending with a shift to lateral process domination
and mild aggradation (adapted from Hupp, 1992).
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plain forest in northeastern Puerto Rico. Results indicated that
frequent flooding (partly from hurricanes), poor soil aeration,
consistent and abundant rainfall, and typically high humidity largely
controlled hydrologic processes of the palm-dominated flood-plain
forest. Abundant data on above-ground and below-ground biomass
demonstrated that rapid rates of plant growth and leaf and stem
decay have pronounced effects on soil and water chemistry of the
flood-plain and of the runoff entering the drainage network.

6.2. Vegetation and water erosion

The use of vegetation to minimize erosion and soil loss has been a
goal of soil scientists for many decades. Among the controls of soil
loss, natural and applied, are plant (leaf) cover, which reduces erosion
potential by rainsplash impact, and vegetation roughness and soil
cohesion because of roots, which help protect soil surfaces from
erosion by runoff (Cook, 1936).

Progress on the ability to estimate the magnitude and collective
effects of below-ground biomass, fungi, and microorganisms has been
slow and may represent another near-term research emphasis. Most,
if not all, erosion models require an estimate of erodibility, an
expression of the susceptibility of a soil surface to the erosion process.
These models are constructed to evaluate the ability of macro-plants
to cover and protect the soil from particle detachment and
entrainment by moving water, but they inadequately describe the
ability of micro-vegetation and organic components of the soil to bind
soil particles and inhibit erosion by surface runoff.

7. Stream-corridor rehabilitation

Many stream corridors, especially in populated settings, have been
altered in manners now considered controversial, and much effort
and money have been expended with limited success to reverse the
previously applied modifications to landforms and riparian-zone
vegetation. Guidelines suggesting considerations, procedures, and
precautions to rehabilitate altered bottomlands are summarized by
Briggs (1996). Emphasis is on the acquisition of detailed, data-based
knowledge of those fluvial-geomorphic processes that determine
alluvial surfaces and vegetation patterns on those surfaces as a pre-
requisite to a rational project design. Fundamental to the develop-
ment of a well constructed project design is the recognition that
interactive hydrologic and vegetative processes determine fluvial
landforms; the landforms are not determinants of process. An
objective, therefore, is to understand how observations of altered
watershed dynamics, considered in a context of geomorphic adjust-
ment, complex response, thresholds, and equifinality (Osterkamp,
2008), can lead to a credible rehabilitation project.

Important knowledge accumulated from many attempts to
achieve riparian-zone recovery centers on current habitat conditions,
the extent of decline, and the causes for ecosystem degradation (Van
Haveren and Jackson, 1986; Briggs et al., 1994). Recent activity in
stream-corridor rehabilitation has focused on evaluating site condi-
tions as a means to understand why ecological decline has occurred,
but information on drainage-basin processes is essential if success is
to be likely (Briggs and Osterkamp, 2003).

Suggested components of implementing a rehabilitation project
include the development of an understanding of how and why
changes have occurred, the development of a plan with broadly based
backing, and construction of a well defined technical program (Briggs,
1996). Guidelines for such a program, for example, were offered by
Scatena (1990) for riparian-zone forests of the Luquillo Mountains of
Puerto Rico. Much of the program, both for application and post-
rehabilitation phases, can be designed in response to inquiries of how
a watershed has changed, what processes have caused the changes,
and what the desired effects of a rehabilitation program should be. A
well constructed rehabilitation plan may require the recognition that

an observed set of channel characteristics can occur through a variety
of basin processes, and thus site-specific conditions do not specify the
processes that yield them.

8. Bottomlands of regulated streams

Most major U.S. rivers have become regulated by the construction
of large dams and reservoirs and the bottomland forests of those
rivers are especially affected by the alterations to flow regime. The
changes in flow regime and reduction of peak discharges caused by
regulation have resulted in changes in channel and bottomland
dynamics and alteration of riparian-zone vegetation (Stanford et al.,
1996; Stanford and Ward, 2001; Hauer and Lorand, 2004). Detailed
analyses of vegetation changes that have occurred as functions of time
and distance downstream from a dam have been reported, among
others, by Johnson (1994) for the Platte River in central Nebraska, by
Richter et al. (1996) for the lower Roanoke River in North Carolina, by
Scott et al. (1997) for the Missouri River in Montana, by Marston et al.
(2005) for the Snake River in Grand Teton National Park, and
regionally for the Great Plains by Friedman et al. (1998). The
complexity of riparian-forest response to river regulation was
demonstrated regionally for the Great Plains by Friedman et al.
(1998), who related stream regulation and consequent channel
narrowing along braided streams to increased rates of pioneer-tree
establishment along formerly meandering channels in the southern
Great Plains. Conversely, rates of reproduction of woody riparian
pioneer species declined owing to reduced rates of channel migration
along formerly meandering channels in the northern Great Plains.
Channel incision downstream from dams is common along some
alluvial streams, which can lead to extensive bank erosion and nearly
complete removal of bank vegetation; large amounts of suspended-
sediment also may be generated and deposited on down-valley flood
plains (Hupp et al., 2009).

Precipitous declines in the regeneration of pioneer cottonwood
and willow forests downstream from dams along the upper Missouri
River were forecast by Johnson et al. (1976) because of a major
reduction in the rate of river meandering. The altered hydrology also
was cited as affecting the growth rates and population structure of
later successional bottomland trees including A. negundo, Ulmus
americana, and Fraxinus pennsylvanica. In a later study, however,
Johnson (2000) reported increases in cottonwood forests on flood-
plain areas of Colorado and Nebraska following dam construction.
These two studies show that geomorphological differences can lead to
opposite responses of riparian-zone vegetation to river regulation.

The middle Snake River, southwestern Idaho, is a stream of low
discharge variability that is reduced also by pronounced regulation.
Transect data and GIS mapping were used to demonstrate that
vegetation growing on channel islands and on alluvial surfaces along
the river is well adapted to the stable discharges. Systematic changes
in species composition are evident as vertical, horizontal, and
longitudinal gradients along and normal to the river channel (Johnson
et al., 1995; Osterkamp et al., 2001). Fig. 4, adapted from Johnson et al.
(1995), illustrates the differences in vegetation zones observed on
channel islands of upstream reaches (A–C) of the middle Snake River,
which has unusually stable discharge owing to the combined effects of
low natural variability and flow regulation, and on lower reaches of
the middle Snake River (C–E), which has higher flow variability
largely because of tributary inflows. Presumably because flows
exceeding mean discharge along the lower reaches attain stages up
to about a meter higher than do discharges of comparable flow
frequency in the upper reaches, the vegetation zones on island sides
also exhibit a meter of offset (Fig. 4).

In recent years digital channel-dynamics models have been
developed to describe geomorphic effects and vegetation response to
altered hydrologic regimen. These models (i.e. Larsen and Greco, 2002;
Larsen et al., 2007) are designed to permit stream-corridor specialists to
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restore hydrologic function to dammed rivers. The work of Larsen and
his colleagues is designed particularly for planning habitat recovery and
conservation of degraded bottomlands of large, meandering rivers
without causing conflict with imposed infrastructure.

9. Glimpses of the future

Future research to relate fluvial processes and vegetation cannot
be confidently predicted, but it can be anticipated. Among the topics
that seem likely to warrant attention in the near-term are the
interactive effects that vegetation and soil genesis exert on each other,
the influence of flow regime on bottomland biota, the effects of
invasive exotic plant species on native plant communities, and the
effects of possible climate change.

9.1. Future research

Rich potential appears to exist for innovative research for variable
spatial and temporal scales at the interface between soil-geomorphic
processes and plant ecology. The composite role of fine roots, fungi,
microorganisms, mineral secretions of plants (phytoliths), and
decomposing plant material to affect soil genesis is well established,
but quantification of the process relative to different ecological
conditions is poorly understood, especially for the time required. At a
micro-scale, these inputs to pedogenesis, soil chemistry and compo-
sition, and soil erodibility by different plant species are largely
unknown and not considered by erosion models. Sparse data,
regardless of climate, watershed position, or land use, until recently
have precluded an ability to evaluate rates of erosion. Affecting the
erosion are the growth and decay of root material and the extents to
which variable densities of root biomass expedite infiltration of
precipitation or promote bioturbation. In consequence of sparse data,
particle detachment and sediment discharge also have been inade-
quately explored (Osterkamp and Friedman, 1997).

Nearly half of the controls of infiltration dynamics, probably
mostly plant related, on bottomland surfaces are not included in
present conceptual or numerical models. Thus, an agenda to develop
models to estimate the rates and effects of pedogenesis seems very
likely in the near-term. With a similar objective but for a larger areal
scale, the potential for rainfall simulation to investigate the effects of
individual plant species on runoff following rainfall and flooding in
lowlands appears significant. The development of improved field
methods to quantify the effect of below-surface vegetation and
vegetation byproducts may be essential to meet this objective.

Research leading to an improved understanding of relations
between flow regime and habitat for lotic and riparian-zone
organisms may require integrated studies of ecology and sediment
transport. Many native fish, such as salmon, in western rivers of North

America need a narrow range of particle sizes for spawning (Stanford
et al., 2006), and specific bottomland features such as open back-
channels for rearing of young fish (Milhous, 1996; Van Steeter and
Pitlick, 1998; Osmundson et al., 2002). Many riparian-zone plants
reproduce only on moist, recently deposited sediment, but these
species are also subject to removal by flows that mobilize sediment of
underlying surfaces (Scott et al., 1996). Predicting effects of flow
alteration on aquatic and riparian communities, therefore, requires
integration of models of ecology and sediment transport at scales
ranging from a gravel bar to an entire river. High flows, for example,
are essential for maintaining bottomland features such as sand bars as
well as populations of many native lotic and riparian-zone species
(Scott et al., 1996). Prescription of high flows for a managed river,
however, requires a broad understanding of the effects of varying the
seasonal timing, duration, magnitude, and frequency of the flows
(Stanford et al., 1996; Stanford and Ward, 2001). Similarly, under-
standing the biological effects of contaminated sediment introduced
to rivers by mining or other land use activities will require detailed
information on sediment transport and the patterns of abundance and
sensitivity to toxicity of the affected organisms.

Exotic shrubs, especially saltcedar (Tamarix spp.) and Russian olive
(Elaegnus augustifloia), are altering riparian habitat, sediment trans-
port, and bottomland geometry of many streams in semiarid areas of
North America (Burkham, 1972; Graf, 1978). Although abundances of
these exotics vary greatly from one bottomland to another, the factors
controlling susceptibility to colonization are poorly known. Never-
theless, it is apparent that the spread of these exotic species has been
favored by factors related to water development including increased
salinity, decreased flood magnitudes, and changes in flood timing.
Detailed knowledge of these factors may allow water mangers to
control populations of these species by adjusting the flow regime.

A wide variety of modeling development is sure to have a large
impact on biogeomorphic research. As examples, new breakthroughs
describing the effect of vegetation on soil loss seem assured, and the
technology of stream-corridor rehabilitation almost certainly will profit
by the development of new models describing channel dynamics of
regulated streams (Larsen and Greco, 2002; Larsen et al., 2007). The
study, design, and implementation of engineered habitats, whether in
channels or other parts of bottomlands, are likely to be important
applied activities in coming years and decades (Johnson, 2002).

These potentials for future directions of research in biogeomor-
phology are examples of numerous possibilities, and the extent to
which productive research might be accomplished cannot be
fathomed without scientists exploring together what those possibil-
ities may be. Many of the current research problems cannot be
constrained by the standardly accepted boundaries of disciplines as
generally defined, and cooperative efforts may be needed to continue
to yield significant results.

Fig. 4. Diagram of middle Snake River island banks comparing vegetation zones above river level for upstream reaches A–C and downstream reaches C–E (Osterkamp et al., 2001;
modified from Johnson et al., 1995).
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9.2. Effects of climate change

Owing to the complexity of interactions between ecosystems and
climatic fluctuations, responses to recent climatic disturbances of
alluvial landforms and the vegetation that they support have received
little study. Even for short time scales, changes in near-surface soil
horizons resulting from the combined effects of drought and high-
magnitude storms can be noteworthy (Beard et al., 2005). For longer
time scales, the effects may be more integrated but likely will be of
greater magnitude.

Flood plains in lowland areas may sequester substantial amounts
of organic material from autochthonous and allochthonous sources.
Recent studies have shown that coastal lowlands may be important
sinks for carbon (Ludwig, 2001; Raymond and Bauer, 2001) and
associated nutrients (Noe and Hupp, 2005). Hupp et al. (2008) found
that the central Atchafalaya River Basin, with the largest contiguously
forested flood-plain in North America, conservatively may trap
5 million Mg of sediment annually, of which over 500,000 Mg are
organic material. Investigation of lowland fluvial systems, such as the
Atchafalaya River Basin, may be critical for our understanding of
global cycling, which in turn has direct implications for nutrient
processing, marine “dead zones”, and global climate change.

Recent models predicting decadal-scale climate change suggest a
trend of slight warming and increased winter precipitation in most
parts of North America, with the greatest changes or impacts in the
water-deficient Southwest (Kerr, 2008). The impact may be least
along more moist coastal areas of the mid-Atlantic U.S. In the
southwestern U.S. and northwestern Mexico, where the greatest
changes in effective precipitation seem likely, large change in fluvial-
geomorphic processes and related vegetation can be anticipated.
Several recent studies in the southwestern U.S. already have
documented severe mortality of conifers, such as Pinus edulis, in
response to drought and consequent insect infestations (Allen and
Breshears, 1998; Breshears et al., 2005), and the likely increases in
hillslope erosion caused by the die-offs in turn will strongly affect
fluxes of runoff and sediment to alluvial bottomlands. Several
monitoring programs, such as a National Phenology Network
(Betancourt et al., 2007), have been established to identify and
evaluate these possible changes and it seems highly likely that as the
effects of climate change become more apparent to governmental
leaders and the general public, funding for research will increase.

10. Summary and conclusions

Riparian-vegetation patterns and fluvial landforms and processes
are closely integrated along most perennial streams. In temperate
fluvial systems, water, either through streamflow conditions or
groundwater availability, is themost proximal control of distributional
patterns of perennial riparian plants. Riparian-zone vegetation also
may affect strongly rates of erosion and of sediment deposition, and
may be integral in the stability of fluvial surfaces. This is particularly
evident in streams disturbed by human alteration, which can lead to
channel incision and narrowing. Our analyses show that the riparian-
vegetation patterns, even along highly altered streams, identify
present and ongoing fluvial forms and processes and simultaneously
reflect stages of channel evolution following alteration.

The community organization and dynamics of vegetation in
bottomlands are strongly governed by fluvial-geomorphic processes
and landforms created andmaintained by variable fluxes of water and
sediment. Similarly, bottomland vegetation affects fluvial-geomor-
phic processes and landforms. The likelihood of a species vigorously
growing on an alluvial surface depends on (1) the suitability of the
surface for germination and establishment (ecesis), and (2) the
ambient environmental site conditions that permit persistence at
least until reproductive age (e.g. Grubb, 1977; Zimmermann and
Thom, 1982; Hupp and Osterkamp, 1996; Hupp and Bornette, 2003;

Pike and Scatena, 2008). Thus, plants as indicators of landforms
provide considerable information about hydrogeomorphic conditions
because the distributional patterns reflect specific disturbance
regimes and therefore tolerance for biotic interactions under prevail-
ing stress levels.

Separating factors that simultaneously influence vegetation
patterns and geomorphic processes is difficult because most are
interdependent, and consistent definitions of landform and process
often are lacking within geomorphology and particularly between the
geomorphic and plant-ecological sciences. Where conformity occurs
between sciences it is usually in the common belief that hydrologic
processes control most aspects of fluvial-bottomland ecosystems.
Indeed, only hydrologic characteristics provide independent para-
meters consistent on all perennial streams.

Acknowledgements

Two late colleagues and friends, John Hack and Bob Sigafoos,
provided considerable inspiration and insight to both of us, and, as
shown above, their seminal works provide us all with a firm scientific
foundation. We thank Bertrand Moulin for helping us prepare our
discussions of large woody debris. Among contemporary friends and
collaborators, whose cutting-edge work and input to this effort are
also recognized by the citations above, are Mark Briggs, Andrew
Simon, Carter Johnson, Michael Scott, Jonathan Friedman, and Fred
Scatena. Their help and that of many other fine scientists–too
numerous to list here but in many cases recognized by citations
above–is deeply appreciated.

References

Abbe, T.B., Montgomery, D.R., 1996. Large woody debris jams, channel hydraulics and
habitat formation in large rivers. Regulated Rivers: Research and Management 12,
201–221.

Alestalo, J., 1971. Dendrochronological interpretation of geomorphic process. Fennia
105, 1–140.

Allen, C.D., Breshears, D.D., 1998. Drought-induced shift of a forest-woodland ecotone:
rapid landscape response to climate variation. Proceedings of the National
Academy of Sciences 95, 14839–14842.

Auble, G.T., Scott, M.L., 1998. Fluvial disturbance patches and cottonwood recruitment
along the upper Missouri River, Montana. Wetlands 18, 546–556.

Bazemore, D.E., Hupp, C.R., Diehl, T.M., 1991. Wetland sediment deposition and
vegetation patterns near selected highway crossings in West Tennessee. U.S. Geol.
Surv.Water-Resour. Inv. Rept. 91–4106. 282 pp.

Beard, K.A., Vogt, K.A., Vogt, D.J., Scatena, F.N., Covich, A.P., Sigurdardottir, R., Siccama,
T.G., Crowl, T.A., 2005. Structural and functional responses of a subtropical forest
to 10 years of hurricanes and droughts. Ecological Monographs 75, 345–361.

Beatty, S.W., 1984. Influence of microtopography and canopy species on spatial
patterns of forest understory plants. Ecology 64, 1406–1419.

Beatty, S.W., Stone, E.L., 1986. The variety of soil microsites created by treefalls.
Canadian Journal of Forestry Research 16, 539–548.

Bendix, J., Hupp, C.R., 2000. Hydrologic and geomorphic impacts on riparian plant
communities. Hydrological Processes 14, 2977–2990.

Bennett, S.J. Simon, A. (Eds.), Riparian Vegetation and Fluvial Geomorphology. AGU
Water Sci. Appl. 8. American Geophysical Union, Washington, DC.

Betancourt, J.L., Schwartz, M.D., Breshears, D.D., Brewer, C.A., Frazer, G., Gross, J.E.,
Mazer, S.J., Reed, B.C., Wilson, B.E., 2007. Evolving plans for the USA National
Phenology Network. Eos 88, 19.

Bilby, R.E., 1984. Removal of woody debris may affect stream channel stability. Journal
of Forestry 82, 609–613.

Bilby, R.E., Ward, J.W., 1989. Changes in characteristics and function of woody debris
with increasing size of stream in western Washington. Transactions of the
American Fisheries Society 118, 368–378.

Birkeland, P.W., 1999. Soils and Geomorphology, 3rd Edition. Oxford University Press,
New York.

Bornette, G., Amoros, C., Lamouroux, N., 1998. Aquatic plant diversity in riverine
wetlands: the role of connectivity. Freshwater Biology 39, 267–283.

Bornette, G., Tabacchi, E., Hupp, C.R., Puijalon, S., Rostan, J.C., 2008. A model of plant
strategies in fluvial hydrosystems. Freshwater Biology 53, 1692–1705.

Braudrick, C.A., Grant, G.E., 2001. Transport and deposition of large woody debris in
streams: a flume experiment: Geomorphology 41, 263–283.

Bravard, J.P., Amoros, C., Pautou, G.C., 1986. Impact of civil engineering works on the
successions of communities in a fluvial system. Oikos 47, 92–111.

Bravard, J.P., Amoros, C., Pautou, G.C., Bornette, G., Bournaud, M., Creuzé des Châtelliers,
M., Gilbert, J., Peiry, J.L., Perrin, J.F., Tachet, H., 1997. Stream incision in Southeast
France: morphological phenomena and impacts upon biocenoses. Regulated Rivers
13, 75–90.

282 W.R. Osterkamp, C.R. Hupp / Geomorphology 116 (2010) 274–285



Author's personal copy

Breshears, D.D., Cobb, N.S., Rich, P.M., Price, K.P., Allen, C.D., Balice, R.G., Romme, W.H.,
Kastens, J.H., Floyd, M.L., Belnap, J., Anderson, J.J., Myers, O.B., Meyer, C.W., 2005.
Regional vegetation die-off in response to global-change-type drought. Proceed-
ings of the National Academy of Sciences 102 (42), 15144–15148.

Brierley, G.J., Murn, C.P., 1997. European impacts on downstream sediment transfer
and bank erosion in Cobargo catchment, New South Wales, Australia. Catena 31,
119–136.

Briggs, M.K., 1996. Riparian Ecosystem Recovery in Arid Lands. The University of
Arizona Press, Tucson, Arizona. 159 pp.

Briggs, M.K., Osterkamp,W.R., 2003. Developing recovery plans for riparian ecosystems.
Southwest Hydrology 2 (3), 18–19.

Briggs, M.K., Roundy, B.A., Shaw, W.S., 1994. Trial and error: assessing the effectiveness of
riparian revegetation in Arizona. Restoration and Management News 12, 160–167.

Brown, P.M., Shepperd, W.D., Mata, S.A., McClain, D.L., 1998. Longevity of windthrown
logs in a subalpine forest of central Colorado. Canadian Journal of Forest Research
28, 932–936.

Burkham, D.E., 1972. Changes of the Gila River in Safford Valley, Arizona, 1846–1970.
U.S. Geol. Surv. Prof. Pap. 655-G. 24 pp.

Butler, D.R., Malanson, G.P., 1994. Sedimentation rates and patterns in beaver ponds in a
mountain environment. Geomorphology 13, 255–269.

Clements, F.E., 1909. Darwin's influence upon plant geography and ecology. American
Naturalist 43, 143–151.

Clements, F.E., 1916. Plant Succession: An Analysis of the Development of Vegetation.
Carnegie Institution of Washington, Washington D.C. Publication No. 242.

Cook, H.L., 1936. The nature and controlling variables of the water erosion process. Soil
Science Society of American Journal 1, 60–64.

Cowles, H.C., 1899. The ecological relations of the vegetation of the sand dunes of Lake
Michigan. Botanical Gazette 27, 95–117, 167–202, 281–308, 361–391.

Cowles, H.C., 1911. The causes of vegetative cycles. Botanical Gazette 51, 161–183.
Culler, R.C., 1970. Objectives, methods, and environment — Gila River Phreatophyte

Project, Graham County, Arizona. U.S. Geol. Surv. Prof. Pap., 655-A. 25 pp.
Davies-Colley, R.J., 1997. Stream channels are narrower in pasture than in forest. New

Zealand Journal of Marine and Freshwater Research Abstracts 31 (5), 599–608.
Day, R.T., Keddy, P.A., McNeill, J., 1988. Fertility and disturbance gradients: a summary

model for riverine marsh vegetation. Ecology 69, 1044–1054.
Décamps, H., Fortuné, M., Gazelle, F., Pautou, G.C., 1988. Historical influence of man on

the riparian dynamics of a fluvial landscape. Landscape Ecology 1, 163–173.
Everitt, B.L., 1968. Use of the cottonwood in an investigation of the recent history of a

flood plain. American Journal of Science 266, 417–439.
Frangi, J.L., Lugo, A.E., 1985. Ecosystem dynamics of a subtropical floodplain forest.

Ecological Monographs 55 (3), 351–369.
Friedman, J.M., Lee, V.J., 2002. Extreme floods, channel change, and riparian forests

along ephemeral streams. Ecological Monographs 72, 409–425.
Friedman, J.M., Osterkamp, W.R., Lewis Jr., W.M., 1996a. The role of vegetation and bed-

level fluctuations in the process of channel narrowing. Geomorphology 14,
341–351.

Friedman, J.M., Osterkamp, W.R., Lewis Jr., W.M., 1996b. Channel narrowing and
vegetation development following a Great Plains flood. Ecology 77, 341–351.

Friedman, J.M., Osterkamp, W.R., Scott, M.L., Auble, G.T., 1998. Downstream effects of
dams: regional patterns in the Great Plains. Wetlands 18, 619–633.

Gabet, E.J., Reichman, O.J., Seabloom, E.W., 2003. The effects of bioturbation on soil
processes and sediment transport. Annual Review of Earth and Planetary Sciences
31, 249–273.

Gallaway, J.M., Martin, Y.E., Johnson, E.A., 2009. Root throw in the Canadian Rocky
Mountains: field and modeling investigations of controls on sediment transport
rates. Earth Surface Processes and Landforms 34 (9), 1255–1269.

Gleason, H.A., 1925. Species and area. Ecology 6, 66–74.
Gleason, H.A., 1926. The individualistic concept of the plant association. Bulletin of the

Torrey Botanical Club 4, 41–49.
Golladay, S.W., Battle, J.M., Palik, B.J., 2007. Large wood debris recruitment on differing

riparian landforms along a gulf Coastal Plain (USA) stream: a comparison of large
floods and average flows. River Research and Applications 23, 391–405.

Graf, W.L., 1978. Fluvial adjustments to the spread of tamarisk in the Colorado Plateau
region. Bulletin of the Geological Society of America 89, 1491–1501.

Gran, K., Paola, C., 2001. Riparian vegetation controls on braided stream dynamics.
Water Resources Research 37 (12), 3275–3283.

Gray, D.H., Barker, D., 2004. Root–soil mechanics and interactions. In: Bennett, S.J.,
Simon, A. (Eds.), Riparian Vegetation and Fluvial Geomorphology: AGU, Water
Science and Application, vol. 8, pp. 113–123.

Gregory, K.J., 1992. Vegetation and river channel processes. In: Boon, P.J., Calow, P.,
Petts, G.E. (Eds.), River Conservation andManagement. Wiley & Co., Chichester, UK,
pp. 255–269.

Gregory, K.J., Davis, R.J., Tooth, S., 1993. Spatial distribution of coarse woody debris
dams in the Lymington Basin, Hampshire, UK. Geomorphology 6, 207–224.

Grubb, P.J., 1977. The maintenance of species-richness in plant communities: the
importance of the regeneration niche. Biological Review 52, 107–145.

Gurnell, A.M., Gregory, K.J., 1995. Interactions between semi-natural vegetation and
hydrogeomorphological processes. Geomorphology 13, 49–69.

Gurnell, A.M., Petts, G.E., 2003. Island dominated landscapes of large floodplain rivers: a
European perspective. Freshwater Biology 47, 581–600.

Hack, J.T., 1957. Studies of longitudinal stream profiles in Virginia and Maryland. U.S.
Geol. Surv. Prof. Pap. 294-B, pp. 45–97.

Hack, J.T., Goodlett, J.C., 1960. Geomorphology and forest ecology of a mountain region
in the central Appalachians. U.S. Geol. Surv. Prof. Pap, vol. 347. 66 pp.

Hall, T.F., Smith, G.E., 1955. Effects of flooding onwoody plants, West Sandy Dewatering
Project, Kentucky Reservoir. Journal of Forestry 53, 281–285.

Happ, S., Rittenhouse, G., Dobson, G., 1940. Some principles of accelerated stream and
valley sedimentation. U.S. Dept. Agric, Technical Bulletin. 695.

Harner, M.J., Stanford, J.A., 2003. Differences in cottonwood growth between a losing
and gaining reach of an alluvial flood plain. Ecology 84 (6), 1453–1458.

Hauer, F.R., Lorand, M.S., 2004. River regulation, decline of ecological resources, and
potential for restoration in a semi-arid lands river in the western USA. Aquatic
Science 66, 1–14.

Hefley, H.M., 1937. Ecological studies of the South Canadian River floodplain in
Cleveland County, Oklahoma. Ecological Monographs 7, 345–402.

Helley, E.J., LaMarch Jr, V.C., 1973. Historic flood information for northernCalifornia
streams from geological and botanical evidence. U.S. Geol. Surv. Prof. Pap. 485-E,
pp. 1–16.

Hohensinner, S., Habersack, H., Jungwirth, M., Zauner, G., 2004. Reconstruction of the
characteristics of a natural alluvial river-floodplain system and hydromophological
changes following human modifications: the Danube River (1812–1991). River
Research and Applications 20, 25–41.

Huffman, R.R., Forsythe, S.W., 1981. Bottomland hardwood forest communities
and their relation to anerobic soil conditions. In: Clark, J.R., Benforado, J. (Eds.),
Wetlands of Bottomland Hardwoods. Elsevier Scientific Publications Co.,
New York, pp. 187–196.

Hughes, F.M.R., 1997. Floodplain biogeomorphology. Progress in Physical Geography
21, 501–529.

Hupp, C.R., 1988. Plant ecological aspects of flood geomorphology and paleoflood
history. In: Baker, V.R., Kochel, R.C., Patton, P.C. (Eds.), Flood Geomorphology. John
Wiley & Sons, New York, pp. 335–356.

Hupp, C.R., 1992. Riparian vegetation recovery following stream channelization: a
geomorphic perspective. Ecology 73, 1209–1226.

Hupp, C.R., 2000. Hydrology, geomorphology, and vegetation of Coastal Plain rivers in
the southeastern United States. Hydrological Processes 14, 2991–3010.

Hupp, C.R., Bazemore, D.E., 1993. Spatial and temporal aspects of sediment deposition
in West Tennessee forested wetlands. Journal of Hydrology 41, 179–196.

Hupp, C.R., Bornette, G., 2003. Vegetation, fluvial processes, and landforms in temperate
areas. In: Kondolf, M., Piégay, H. (Eds.), Tools in Geomorphology. John Wiley and
Sons, Chichester, UK, pp. 269–288.

Hupp, C.R., Demas, C.R., Kroes, D.E., Day, R.H., Doyle, T.W., 2008. Recent sedimentation
patterns within the central Atchafalaya Basin, Louisiana. Wetlands 28, 125–140.

Hupp, C.R., Osterkamp, W.R., 1985. Bottomland vegetation distributions along Passage
Creek, Virginia, in relation to fluvial landforms. Ecology 66, 670–681.

Hupp, C.R., Osterkamp, W.R., 1996. Riparian vegetation and fluvial geomorphic
processes. Geomorphology 14, 277–295.

Hupp, C.R., Rinaldi, M., 2007. Riparian vegetation patterns and diversity in relation to
fluvial landforms and channel evolution along selected rivers of Tuscany (central
Italy). Annals of the Association of American Geographers 97, 12–30.

Hupp, C.R., Schenk, E.R., Richter, J.M., Peet, R.K., Townsend, P.A., 2009. Bank erosion
along the dam-regulated lower Roanoke River, North Carolina. Geological Society
of America Special Paper 451, 97–108.

Ives, R.L., 1942. The beaver meadow complex. Journal of Geomorphology 5, 191–203.
Jacoby, G.C., Hornbeck, J.W. (Eds.), 1987. Proceedings of the International Symposium

on Ecological Aspects of Tree-Ring Analysis. U.S. Dept. of Energy Publications CONF
8608144, Washington, D.C. 716 pp.

Jenny, H., 1941. Factors of Soil Formation. McGraw-Hill, New York. 281 pp.
Johnson, W.B., Sasser, C.E., Gosselink, J.G., 1985. Succession of vegetation in an evolving

river delta, Atchafalaya Bay, Louisiana. Journal of Ecology 73, 973–986.
Johnson, W.C., 1994. Woodland expansion in the Platte River, Nebraska: patterns and

causes. Ecological Monographs 64, 45–84.
Johnson, W.C., 2000. Tree recruitment and survival in rivers: influence of hydrological

processes. Hydrological Processes 14, 3051–3074.
Johnson, W.C., 2002. Riparian vegetation diversity along regulated rivers: contribution

of novel and relict habitats. Freshwater Biology (Special Issue) 47, 749–760.
Johnson, W.C., Burgess, R.L., Keammerer, W.R., 1976. Forest overstory vegetation and

environment on theMissouri Riverfloodplain inNorthDakota. EcologicalMonographs
46, 59–84.

Johnson, W.C., Dixon, M.D., Simons, R., Jenson, S., Larson, K., 1995. Mapping the
response of riparian vegetation to possible flow reductions in the Snake River,
Idaho. Geomorphology 13, 159–173.

Joyce, L.A., 1993. The life cycle of the range condition concept. Journal of Range
Management 46, 132–138.

Keller, E.A., Swanson, F.J., 1979. Effects of large organic debris on channel form and
fluvial process. Earth Surface Processes and Landforms 4 (4), 361–380.

Kellison, R.C., Young, M.J., Braham, R.R., Jones, E.J., 1998. Major alluvial floodplains. In:
Messina, M.G., Conner, W.H. (Eds.), Southern Forested Wetlands. Ecology and
Management. Lewis Publishers, New York, pp. 291–323.

Kerr, R.A., 2008. Climate change hot spots mapped across the United States. Science
321, 909.

Kirkman, L.K., Sharitz, R.R., 1994. Vegetation disturbance and maintenance of diversity
in intermittently flooded carolina bays in south Carolina. Ecological Applications
41, 177–188.

Kramer, P.J., Kozlowski, T.T., 1979. Physiology of Woody Plants. Academic Press, New
York. 642 pp.

Larsen, E.W., Greco, S.E., 2002. Modeling channel management impacts on river
migration: a case study of Woodson Bridge State Recreation Area, Sacramento
River, California, USA. Environmental Management 30 (2), 209–224.

Larsen, E.W., Girvetz, E.H., Fremier, A.K., 2007. Landscape level planning in alluvial
riparian floodplain ecosystems: using geomorphic modeling to avoid conflicts
between human infrastructure and habitat conservation. Landscape Urban
Planning 79, 338–346.

283W.R. Osterkamp, C.R. Hupp / Geomorphology 116 (2010) 274–285



Author's personal copy

Leitman, H.M., Sohm, J.E., Franklin, M.A., 1984. Wetland hydrology and tree distribution
of the Apalachicola River flood plain. Florida. U.S. Geol. Surv. Water-Supply Pap.
2196. 104 pp.

Leopold, L.B., Maddock Jr., Thomas, 1953. The hydraulic geometry of stream channels
and some physiographic implications. U.S. Geol. Surv. Prof. Pap. 252. 57 pp.

Ludwig, W., 2001. The age of river carbon. Nature 409, 466–467.
Marston, R.A., Girel, J., Pautou, G.C., Piégay, H., Bravard, J.-P., Arneson, C., 1995. Channel

metoamorphosis, floodplain disturbance, and vegetation development, Ain River,
France. Geomorphology 13, 121–131.

Marston, R.A., Mills, J.D., Wrazien, D.R., Bassett, B., Splinter, D.K., 2005. Effects of Jackson
Lake Dam on the Snake River and its floodplain, Grand Teton National Park,
Wyoming, USA. Geomorphology 71, 79–98.

McBride, M., Hession, W.C., Rizzo, D.M., Thompson, D.M., 2007. The influence of riparian
vegetation on near-bank turbulence: a flume experiment. Earth Surface Processes
and Landforms 32, 2019–2037.

McIntosh, R.P., 1958. Plant communities. Science 128, 115–120.
McIntosh, R.P., 1960. Natural order and communities. Biologist 42, 55–62.
McQueen, I.S., Miller, R.F., 1972. Soil-moisture and energy relationships associated

with riparian vegetation near San Carlos, Arizona. U.S. Geol. Surv. Prof. Pap. 655-E.
51 pp.

Meade, R.H., 1982. Sources, sinks, and storage of river sediment in the Atlantic
drainages of the United States. Journal of Geology 30, 235–252.

Meinzer, O.E., 1927. Plants as indicators of ground water. U.S. Geol. Surv. Water-Supply
Pap. 577. 95 pp.

Middlekoop, H., 2002. Reconstructing floodplain sedimentation rates from heavy metal
profiles by inverse modelling. Hydrological Processes 16, 46–64.

Milhous, R.T., 1996. Modeling of instream flow needs: the link between sediment and
aquatic habitat. In: LeClerc, M., Capra, H., Valintin, S., Boudreault, A., Cote, Y. (Eds.),
Ecohydraulics: Proceedings of the 2nd International Symposium on Habitat
Hydraulics. INRS-Eau, Saint-Foy, Quebec, Canada, pp. A319–A330.

Miller, N.A., 1990. Effects of permanent flooding on bottomland hardwoods and
implications for water management in the Forked Deer River floodplain. Castanea
55, 106–112.

Mitsch,W.J., Gosselink, J.G., 1993. Wetlands2nd ed. Van Nostrand Reinhold Co, New York.
Montgomery, D.R., Collins, B.D., Buffington, J.M., Abbe, T.B., 2003. Geomorphic effects of

wood in rivers. American Fisheries Society Symposium 37, 21–47.
Montgomery, D.R., Piégay, H., 2003. Wood in rivers: interactions with channel

morphology and processes. Geomorphology 51 (1–3), 1–5.
Moulin, B., Piégay, H., 2004. Characteristics and temporal variability of LWD trapped in a

reservoir on the Rhône River: implications for river basin management. River
Research and Applications 19, 1–19.

Naiman, R.J., Décamps, H., Pollock, M., 1993. The role of riparian corridors in
maintaining regional diversity. Ecological Applications 3, 209–212.

Naiman, R.J., Melillo, J.M., Hobbie, J.E., 1986. Ecosystem alteration of Boreal forest
streams by beaver (Castor canadensis). Ecology 67, 1254–1269.

Nakamura, F., Shin, N., 2001. The downstream effects of dams on the regeneration of
riparian tree species in northern Japan. In: Dorava, J.M., Montgomery, D.R., Palcsak,
B.B., Fitzpatrick, F.A. (Eds.), Geomorphic Processes and Riverine Habitat. AGU,
Water Sci. Appl, vol., 4, pp. 173–181.

Nakamura, F., Swanson, F.J., 1993. Effects of coarse debris on morphology and sediment
storage of a mountain stream system in western Oregon. Earth Surface Processes
Landforms 18, 43–61.

Nanson, G.C., Croke, J.C., 1992. A genetic classification of floodplains. Geomorphology 4,
459–486.

Nilsson, C., Grelsson, G., Johansson, M., Sperens, U., 1989. Patterns of plants species
richness along riverbanks. Ecology 70, 77–84.

Noe, G.B., Hupp, C.R., 2005. Carbon, nitrogen, and phosphorus accumulation in floodplains
of Atlantic Coastal Plain rivers, USA. Ecological Applications 15, 1178–1190.

Noe, G.B., Hupp, C.R., 2009. Retention of riverine sediment and nutrient loads by Coastal
Plain floodplains. Ecosystems 12, 728–746.

Osmundson, D.B., Ryel, R.J., Lamarra, V.L., Pitlick, J., 2002. Flow-sediment–biota
relations: implications for river regulation effects on native fish abundance.
Ecological Applications 12 (6), 1719–1739.

Osterkamp, W.R., 2008. Annotated definitions of selected geomorphic terms, and
related terms of hydrology, sedimentology, soil science, climatology, and ecology.
U.S. Geol. Surv. Open-file Rept. 2008-1217. 49 pp.

Osterkamp, W.R., Costa, J.E., 1987. Changes accompanying an extraordinary flood on a
sand-bed stream. In: Mayer, L., Nash, D. (Eds.), Catastrophic Flooding. Allen and
Unwin, Boston, MA, pp. 201–223.

Osterkamp, W.R., Friedman, J.M., 1997. Research considerations for biogeomorphology.
Proceedings, U.S. Geol. Surv. Sediment Workshop, February 4–7, 1997, Reston, VA.
5 pp.

Osterkamp, W.R., Hupp, C.R., 1984. Geomorphic and vegetative characteristics along
three northern Virginia streams. Bulletin of the Geological Society of America 95,
1093–1101.

Osterkamp, W.R., Hupp, C.R., 1996. Chapter 17, The evolution of geomorphology,
ecology, and other composite sciences. In: Thorn, C., Rhoads, B. (Eds.), The Scientific
Nature of Geomorphology. John Wiley & Sons Ltd., New York, pp. 414–441.

Osterkamp, W.R., Hupp, C.R., Schening, M.R., 1995. Little River revisited —thirty-five
years after Hack and Goodlett. Geomorphology 13, 1–20.

Osterkamp, W.R., Johnson, W.C., Dixon, M.D., 2001. Biophysical gradients related to
channel islands, middle Snake River, Idaho. In: Dorava, J., Palcsak, B., Fitzpatrick, F.,
Montgomery, D. (Eds.), Geomorphic Processes and Riverine Habitat. Am. Geophys.
Un, Washington, D.C., pp. 73–83.

Osterkamp, W.R., Toy, T.J., Lenart, M.T., 2006. Development of partial rock veneers by
root throw in a subalpine setting. Earth Surface Processes Landforms 31, 1–14.

Oswalt, S.N., King, S.L., 2005. Channelization and floodplain forests: impacts of
accelerated sedimentation and valley plug formation on floodplain forests of the
Middle Fork Forked Deer River, Tennessee, USA. Forest Ecology and Management
215, 69–83.

Pautou, G.C., Arens, M.-F., 1994. Theoretical habitat templates, species traits, and
species richness: floodplain vegetation in the Upper Rhône River. Freshwater
Biology 31, 507–522.

Phillips, J.D., 1989. Fluvial sediment storage in wetlands. Water Resources Bulletin 25,
867–873.

Pickett, S.T.A., 1980. Non-equilibrium coexistence of plants. Bulletin of the Torrey
Botanical Club 107, 238–248.

Piégay, H., 2003. Dynamics of wood in large rivers. American Fisheries Society
Symposium 37, 109–133.

Pierce, A.R., King, S.L., 2007. The effects of flooding and sedimentation on seed
germination of two bottomland hardwood tree species. Wetlands 27, 588–594.

Pierce, A.R., King, S.L., 2008. Spatial dynamics of overbank sedimentation in floodplain
systems. Geomorphology 100, 256–268.

Pike,A.S., Scatena, F.N., 2008.Defininga bankfull analog for tropicalmontane streamsusing
riparian features, In: Pike, A.S., Longitudinal patterns in stream channel geomorphol-
ogy and aquatic habitat in the Luquillo Mountains of Puerto Rico. Unpublished Ph.D.
Dissertation, University of Pennylvania, Philadelphia, PA. pp. 31–87.

Pizzuto, J.E., 1987. Sediment diffusion during overbank flows. Sedimentology 34,
301–317.

Pollen, N., Simon, A., Collison, A., 2004. Advances in assessing the mechanical and
hydrologic effects of riparian vegetation on streambank stability. In: Bennett, S.J.,
Simon, A. (Eds.), Riparian Vegetation and Fluvial Geomorphology: AGU, Water Sci.
Appl, vol. 8, pp. 125–139.

Poole, G.C., Stanford, J.A., Running, S.W., Frissell, C.A., 2006. Multiscale geomorphic
drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic
habitat diversity. Journal of the North American Benthological Society 25 (2),
288–303.

Raymond, P.A., Bauer, J.E., 2001. Riverine export of aged terrestrial organic matter to the
North Atlantic Ocean. Nature 409, 497–500.

Richter, B.D., Baumgartner, J.V., Powell, J., Braun, D.P., 1996. A method for assessing
hydrologic alteration within ecosystems. Conservation Biology 10, 1163–1174.

Rinaldi, M., 2003. Recent channel adjustments in alluvial rivers of Tuscany, central Italy.
Earth Surface Processes and Landforms 28, 587–608.

Robison, E.G., Beschta, R.L., 1990. Coarse woody debris and channel morphology
interactions for undisturbed streams in southeast Alaska, USA. Earth Surface
Processes and Landforms 15, 149–156.

Rutherford, I.D., Grove, J.R., 2004. The influence of trees on stream bank erosion:
evidence from root-plate abutments. In: Bennett, S.J., Simon, A. (Eds.), Riparian
Vegetation and Fluvial Geomorphology: AGU, Water Science Applications, vol. 8,
pp. 141–152.

Scatena, F.N., 1990. Selection of riparian buffer zones in humid tropical steeplands. Int.
Assoc. Hydrol. Sci. Publ, vol. 92, pp. 328–337.

Schaetzl, R.J., Johnson, D.L., Burns, S.F., Small, T.W., 1989. Tree uprooting: a review of
terminology, process, and environmental implications. Canadian Journal of Forest
Research 19, 1–11.

Schumm, S.A., 1960. The shape of alluvial channels in relation to sediment type. U.S.
Geol. Surv. Prof. Pap. 352-B. 30 pp.

Schumm, S.A., Harvey, M.D., Watson, C.C., 1984. Incised Channels — Morphology,
Dynamics, and Controls. Water Resources Publications, Littleton, CO. 200 pp.

Schweingruber, F.H., 1988. Tree Rings: Basics and Applications of Dendrochronology.
Kluwer Academic Publishers, Boston, MA. 292 pp.

Scott, M.L., Auble, G.T., Friedman, J.M., 1997. Flood dependency of cottonwood
establishment along the Missouri River, Montana, USA. Ecological Applications 7,
677–690.

Scott, M.L., Friedman, J.M., Auble, G.T., 1996. Fluvial process and the establishment of
bottomland trees. Geomorphology 14, 327–339.

Scott, M.L., Shafroth, P.B., Auble, G.T., 1999. Responses of riparian cottonwoods to
alluvial water table declines. Environmental Management 23 (3), 347–358.

Shankman, D., 1993. Channel migration and vegetation patterns in the Southeastern
Coastal Plain. Conservation Biology 7, 176–183.

Shankman, D., Pugh, T.B., 1992. Discharge response to channelization for a Coastal Plain
stream. Wetlands 12, 157–162.

Sharitz, R.R., Mitsch, W.J., 1993. Southern floodplain forests. In: Martin, W.G., Boyce,
S.G., Echternacht (Eds.), Biodiversity of the Southeastern United States Lowland
Terrestrial Communities. John Wiley and Sons, Inc, New York, pp. 311–372.

Shelford, V.E., 1954. Some lowerMississippi valley flood plain biotic communities: their
age and elevation. Ecology 35, 126–142.

Shroder Jr., J.F., 1978. Dendrogeomorphological analysis of mass movement of Table
Cliffs Plateau, Utah. Quaternary Research 9, 168–185.

Sigafoos, R.S., 1961. Vegetation in relation to flood frequency near Washington, D. C. U.
S. Geol. Surv. Prof. Pap. 424-C, pp. 248–249.

Sigafoos, R.S., 1964. Botanical evidence of floods and flood-plain deposition. U.S. Geol.
Surv. Prof. Pap. 485-A, p. 35.

Simon, A., Hupp, C.R., 1987. Geomorphic and vegetative recovery processes along
modified Tennessee streams: an interdisciplinary approach to disturbed fluvial
systems. International Association of Hydrogic Sciences 167, 251–262.

Simon, A., Hupp, C.R., 1992. Geomorphic and vegetative recovery along modified
stream channels of west Tennessee. U.S. Geol. Surv. Open-File Rept. 91-502,
Nashville, TN. 142 pp.

Simon, A., Collison, A.J.C., 2002. Quantifying the mechanical and hydrologic effects of
riparian vegetation on streambank stability. Earth Surface Processes and Landforms
27, 527–546.

284 W.R. Osterkamp, C.R. Hupp / Geomorphology 116 (2010) 274–285



Author's personal copy

Smith, J.D., 2004. The role of riparian shrubs in preventing floodplain unraveling along
the Clark Fork of the Columbia River in the Deer Lodge Valley, Montana. In: Bennett,
S.J., Simon, A. (Eds.), Riparian Vegetation and Fluvial Geomorphology: AGU, Water
Sci. Appl., vol. 8, pp. 71–85.

Smith, J.H.G., 1957. Some factors indicative of site quality for black cottonwood (Populus
trichocarpa Torr. & Gray). Journal of Foresty 55, 578–580.

Sobota, D.J., Gregory, S.V., Van Sickle, J., 2006. Riparian tree fall directionality and
modeling large wood recruitment to streams. Canadian Journal of Forest Research
36, 1243–1254.

Stanford, J.A., Frissell, C.A., Coutant, C.C., 2006. The status of freshwater habitats. In:
Williams, R.N. (Ed.), Return to the River: Restoring Salmon to the Columbia River.
Elsevier Academic Press, Amsterdam, pp. 173–248.

Stanford, J.A., Ward, J.V., Liss, W.J., Frissell, C.A., Williams, R.N., Lichatowich, J.A.,
Coutant, C.C., 1996. A general protocol for restoration of regulated rivers. Regulated
Rivers and Management 12, 391–413.

Stanford, J.A., Ward, J.V., 2001. Revisting the serial discontinuity concept. Regulated
Rivers and Management 17, 303–310.

Steiger, J., Tabacchi, S.E., Dufour, D.S., Corenblit, D., Peiry, J.-L., 2005. Hydrogeomorphic
processes affecting riparian habitat within alluvial channel-floodplain river
systems: a review for the temperate zone. River Research and Applications 21,
719–737.

Surian, N., Rinaldi, M., 2003. Morphological response to river engineering and
management in alluvial channels in Italy. Geomorphology 50, 307–326.

Swanson, F.J., Kratz, T.K., Caine, N., Woodmansee, R.G., 1988. Landform effects on
ecosystem patterns and processes. BioScience 38, 92–98.

Sweeney, B.W., Bott, T.L., Jackson, J.K., Kaplan, L.A., Newbold, J.D., Standley, L.J., Hession,
W.C., Horwitz, R.J., 2004. Riparian deforestation, stream norrowing, and loss of
streamecosystemservices. Proceedings of theNational Academyof Sciences101 (39),
14132–14137.

Tabacchi, E., Correll, R., Pinay, G., Planty-Tabacchi, A.M., Wissmar, R.C., 1998.
Development, maintenance, and the role of riparian vegetation in the river
landscape. Freshwater Biology 40, 497–516.

Tabacchi, E., Planty-Tabacchi, A.-M., Décamps, O., 1990. Continuity and discontinuity of
the riparian vegetation along a fluvial corridor. Landscape Ecology 5, 9–20.

Tal, M., Gran, K., Murray, A.B., Paola, C., Hicks, D.M., 2004. Riparian vegetation as a
primary control on channel characteristics in multi-thread rivers. In: Bennett, S.J.,
Simon, A. (Eds.), Riparian Vegetation and Fluvial Geomorphology, vol. 8. AGU,
Water Sci. Appl, pp. 43–58.

Thorne, C.R., 1990. Effects of vegetation on riverbank erosion and stability. In: Thornes,
J.B. (Ed.), Vegetation and Erosion. John Wiley and Sons, Ltd., Chichester, UK,
pp. 125–144.

Torres, J.A., 1994. Wood decomposition of Cyrilla racemiflora in a tropical montane
Forest Biotropica 26, 124–140.

Trask, P.D., 1959. Effect of grain size on strength for mixtures of clay, sand, and water.
Bulletin of the Geological Society of America 70, 569–579.

Trimble, S.W., 1997. Stream channel erosion and change resulting from riparian forests.
Geology 25 (5), 467–469.

Tucci, P., Hileman, G.E., 1992. Potential effects of dredging the South Fork Obion River
on ground-water levels near Sidonia, Weakley County, Tennessee. U.S. Geol. Surv.
Water-Resour. Inv. Rept, pp. 90–4041. 12 pp.

UNESCO, 1978. Tropical Forest Ecosystems. United Nations Environmental Program/
Food and Agriculture Organization, Paris, France.

USDA, 1986. Sediment transport analysis report, Hatchie River Basin special study,
Tennessee and Mississippi. U.S. Department of Agriculture, Soil Conservation
Service. 17 pp.

Van Haveren, B.P., Jackson, W.L., 1986. Concepts in stream riparian rehabilitation.
Proceedings of Wildlife Management Institute 51st North American Wildlife and
Natural Resources Conference, Reno, NV, pp. 1–18.

Van Hylckama, T.E.A., 1974. Water use by saltcedar as measured by the water budget
method. U.S. Geol. Surv. Prof. Pap, vol. 491, p. 30.

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell, J.R., Cushing, C.E., 1980. The river
continuum concept. Canadian Journal of Fisheries and Aquatic Sciences. 37,
130–137.

Van Steeter, M.M., Pitlick, J., 1998. Geomorphology and endangered fish habitats of the
upper Colorado River, 1. Historic changes in streamflow, sediment load, and
channel morphology. Water Resources Research 34 (2), 287–302.

Viles, H.A., 1988. Cyanobacterial and other biological influences on terrestrial limestone
weathering on Aldabra: implications for landform development. Bulletin of the
Biological Society of Washington 8, 5–13.

Wallerstein, N.P., 2003. Dynamic model for construction scour caused by large woody
debris. Earth Surface Processes and Landforms 28, 49–68.

Wallerstein, N.P., Thorne, C.R., 2004. Influence of large woody debris on morphological
evolution of incised, sand-bed channels. Geomorphology 57, 53–73.

Walling, D.E., He, Q., 1998. The spatial variability of overbank sedimentation on river
floodplains. Geomorphology 24, 209–223.

Walter, R.C., Merritts, D.J., 2008. Natural streams and the legacy of water-powered
mills. Science 319, 299–304.

Ware, G.H., Penfound, W.T., 1949. The vegetation of the lower levels of the floodplain of
the South Canadian river in central Oklahoma. Ecology 30, 478–484.

Wharton, C.H., Kitchens, W.M., Pendleton, E.C., Sipe, T.W., 1982. The ecology of
bottomland hardwood swamps of the Southeast — a community profile. U.S. Fish
and Wildlife Service Technical Report, FWS/OBS/81-37, pp. 1–33.

Widman, Norm, 2004. RUSLE2 — Instructions and User Guide: USDA Natural Resources
Conservation Service. Columbus, OH. 27 pp.

Wistendahl, W.A., 1958. The flood plain of the Raritan River, New Jersey. Ecological
Monographs 28, 129–153.

Wolman, M.G., 1955. The natural channel of Brandywine Creek, Pennsylvania. U.S. Geol.
Surv. Prof. Pap, vol. 271, p. 50.

Wolman, M.G., Leopold, L.B., 1957. River flood plains: some observations on their
formations. U.S. Geol. Surv. Prof. Pap. 282-B, pp. 87–109.

Wolman, M.G., Miller, J.P., 1960. Magnitude and frequency of forces in geomorphic
processes. Journal of Geology 68, 54–74.

Wood-Smith, R.D., Swanson, F.J., 1997. The influence of large woody debris on forest
stream geomorphology. In: Wang, S.S.Y., Langendoen, E.J., Shields, F.D. (Eds.),
Management of Landscapes Disturbed by Channel Incision. University of
Mississippi, Oxford, Mississippi, pp. 133–138.

Yanosky, T.M., 1982. Effects of flooding upon woody vegetation along parts of the
Potomac River flood plain. U.S. Geol. Surv. Prof. Pap, vol. 1206. 21 pp.

Zimmermann, R.C., Thom, B.G., 1982. Physiographic plant geography. Progress in
Physical Geography 6, 45–59.

285W.R. Osterkamp, C.R. Hupp / Geomorphology 116 (2010) 274–285


