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Riparian ecosystems, located at the interface of ter-
restrial and aquatic systems, are often given special
attention by scientists for their high biodiversity and
biological activity (Naiman et al., 1993; Naiman and
Decamps, 1997) and significant role in nutrient and
energy flux (McClain et al., 2003). Riparian ecosys-
tems are known to buffer environmental impacts and
contribute to the maintenance of water quality (Low-
rance et al., 1997). For example, riparian zones can
intercept, filter, and process anthropogenic nitrogen
inputs (Lowrance et al., 1984; Peterjohn and Correll,
1984; Mayer et al., 2007), attenuate phosphorus
(Hoffmann et al., 2009), capture sediments (Liu et al.,
2008), reduce urban noise (Harris, 1985), and moder-
ate stream temperature (Wilkerson et al., 2006), func-
tions that are especially important in the face of
global climate change and continued land use devel-
opment. Their position in the landscape and linear
pathways create critical corridors for animal migra-
tion and movement (Hagar, 1999). Thus, riparian
areas provide critical ecosystem services that support
society and economies (Millennium Ecosystem Assess-
ment, 2005) and are, therefore, essential to human
health and well-being. In many regions such as urban
and suburban centers, riparian areas remain the last

intact ecosystems to provide parks and green space
(Groffman et al., 2003). Ultimately, riparian ecosys-
tems are immeasurably valuable. The continual loss
of riparian zones represents a loss of ecosystem ser-
vices (Sweeney et al., 2004). The proliferation of man-
agement initiatives for riparian buffers demonstrates
a need for sound, quantitative science on riparian
ecosystem function and the results of conservation
and restoration actions. The contents of this special
issue are intended to help inform management deci-
sions that support the values and services riparian
ecosystems provide.

The 10 papers in this collection were solicited from
research scientists and others who participated in the
American Water Resources Association summer spe-
cialty conference titled ‘‘Riparian Ecosystems & Buf-
fers: Working at the Water’s Edge,’’ held in Virginia
Beach, Virginia, June 30-July 2, 2008. The approxi-
mately 330 conference attendees participated in an
interdisciplinary forum with over 120 speakers in 36
technical sessions. Keynote speakers included Brian
Richter of the Nature Conservancy, James Karr of
the University of Washington, Bernard Sweeney
of the Stroud Water Research Center, and Emily
Bernhardt of Duke University who spoke on issues
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ranging from the importance of buffers to water sup-
plies and people, the evolution of riparian science,
the significance of biological communities to the
maintenance of water quality, and the effectiveness
of river restoration, respectively. Closing remarks by
Mark Walbridge of the United States (U.S.) Agricul-
tural Research Service and W. Tayloe Murphy,
former Virginia State Senator and Secretary of Envi-
ronment, highlighted future research and sociopoliti-
cal challenges to conservation and stewardship of
riparian areas, respectively. A predecessor to this
meeting was the May 2008 issue of Water Resources
IMPACT which was dedicated entirely to the topic of
riparian ecosystems and buffers and to the complex
interrelated issues of riparian ecosystem science, pol-
icy, restoration, and management.

The papers in this special issue of JAWRA are a
culmination of the 2008 conference presentations and
associated discussions and are intended to advance
our understanding of the structure and function of
riparian ecosystems. This issue incorporates select
papers from the summer conference in one of four
overlapping categories: (1) riparian ecosystems as
corridors, (2) nutrient processing at the landscape
scale, (3) riparian buffer function, and (4) modeling
and monitoring techniques.

RIPARIAN ECOSYSTEMS AS CORRIDORS

In the first paper, Opperman et al. (2010) explains
that riverine floodplains have high ecological value,
but that most have been severely altered and remain
vulnerable to future development. Floodplain conser-
vation efforts frequently face scientific, technical, and
socioeconomic challenges. The authors propose a con-
ceptual model that integrates the components of an
ecologically functional floodplain, then present case
studies from three rivers in California’s Central Val-
ley to illustrate the application of the model. Through
definition of critical floodplain elements and pro-
cesses, the authors provide an ecological framework
that can inform political, social, and economic
discussions regarding floodplain restoration and
conservation.

A primary strategy for restoring watershed-scale
ecological processes is the protection of river corridors
and their associated ecosystem functions. Therefore,
successful river corridor management requires an
understanding of how fluvial processes have been
modified by channel management activities and land
use change. Kline and Cahoon (2010) describe a
method being used in Vermont for developing river
corridor protection and restoration plans based on

stream geomorphic assessment data. The authors
found that three quarters of stream reaches evalu-
ated in Vermont were undergoing channel evolution
processes, lacked access to floodplains during floods,
and, consequently, provided limited ecological ser-
vices. Therefore, protection and restoration of river
corridors by the Vermont Agency of Natural
Resources relies on a strategy of reconnecting flood-
plains and reestablishing critical fluvial processes.

NUTRIENT PROCESSING AT
THE LANDSCAPE SCALE

Watson et al. (2010) evaluated the important rela-
tionship of watershed land use to the structure of
riparian zones and the subsequent ability of riparian
ecosystems to function as nitrogen sinks. Riparian
sites in New England in agricultural, suburban, and
forested watersheds provided the authors with a
diverse set of conditions for quantification of ground-
water denitrification, water table dynamics, and dis-
tribution of soil organic material. Their findings
highlight the significant differences and variability of
denitrification rates and water table dynamics where
irrigated agriculture and suburban development
replace forested conditions.

Speiran (2010) addresses the issue of groundwater
flow and its impact on water quality in riparian for-
ests. Recently, there has been increasing awareness
of the role of groundwater in riparian ecosystems.
Understanding how nutrients and energy are pro-
cessed in the groundwater is key to quantify nutrient
reduction in riparian buffers. Speiran presents
results from field studies and groundwater flow mod-
els of hypothetical aquifer systems that demonstrate
how groundwater flow paths influence nitrogen flux
beneath riparian corridors. Physical and geological
attributes of the riparian zone dictate groundwater
discharge, recharge, and evapotranspiration. In turn,
these hydrological processes influence subsurface
biogeochemical processes such as nitrogen transfor-
mations.

Dosskey et al. (2010) offer a review of research lit-
erature and characterize the processes and variability
of riparian vegetation effects on streamwater quality.
The authors describe the role that riparian vegetation
has in protecting streams from pollutants through
direct uptake and other functions such as the provi-
sion of organic matter to soils and channels. Riparian
vegetation has multiple benefits for stream ecosys-
tems; however, nutrient reduction by vegetation has
not been clearly defined. The lack of consistent
results between studies of various riparian vegetative
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covers implies that species variability and site condi-
tions are more important than gross vegetation types.
Their analysis suggests that water quality improve-
ment depends on the type of pollutant, the processes
that act on it, site conditions, and the extent of pollu-
tant attenuation. From a management perspective,
having information to guide riparian restoration is
essential to successful project implementation.

Vidon et al. (2010) present an ambitious review of
the literature on the ‘‘hot’’ subject of hot moments
and hot spots in riparian zones. These terms refer to
the spatial and temporal variability of pollutant
removal in riparian zones due to the heterogeneity of
biogeochemical and hydrological processes regulating
contaminant movement. Understanding the mecha-
nisms of this heterogeneity is critical in developing
effective means of employing riparian zones as buf-
fers for attenuating pollutants such as phosphorus,
nitrogen, pesticides, and mercury.

RIPARIAN BUFFER FUNCTION

Newbold et al. (2010) provide a detailed look at the
water quality and hydrologic conditions of a stream
and reforested riparian area in Pennsylvania over
the 15-year period of vegetation establishment and
growth. Long-term case studies of this kind are rare
and this information provides a valuable look at the
dynamics of nutrient processing over time in a field
example.

Throughout the agricultural region of the Ameri-
can Midwest, riparian conservation buffers are rec-
ommended to reduce nonpoint source pollution of
adjacent streams. Knight et al. (2010) compare the
buffering capacity of narrow, naturally occurring
riparian forests with and without planted grass filters
in three northeast Missouri watersheds. They docu-
ment the fate of concentrated flow paths (CFPs) that
originated in crop fields – then served as conduits for
runoff and sediment – through different buffer types.
They found that wider remnant forests with adjacent
grass buffers dispersed or buffered the CRPs, while
narrower remnant forests were frequently breached,
and suggest ways to potentially enhance the effective-
ness of natural remnant forests.

MODELING AND MONITORING TECHNIQUES

The ability of buffers to moderate stream tempera-
ture through shading is important for maintaining

spawning habitat for fish and for reducing nuisance
algal growth. DeWalle (2010) presents an elegant
model of light attenuation in riparian buffers, basing
his analysis on how buffer height, width, and light
transmission through vegetation can ultimately
reduce solar radiation reaching streams.

Claggett et al. (2010) discuss the state-of-the art in
remote sensing of riparian forest cover. Obtaining
accurate estimates of canopy cover is a key first step
in managing forested riparian ecosystems. The monu-
mental task of making such estimates on a regional
basis is dependent upon calculating cover from satel-
lite and aerial imagery. These authors used a strati-
fied random sampling approach to increase spatial
resolution and improve estimates of forest cover
change over time. Their approach represents a means
of verifying small and meaningful changes in forest
cover that will be critical for assessing riparian buffer
restoration goals regionally.
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