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ABSTRACT  A major goal of both state and federal agricultural and environmental agencies in the United 

States is sustainable management of watersheds where agriculture is a dominant land use. Because 

watershed processes and conditions directly and indirectly affect soil, water, air, plants, animals, and 

humans, USDA NRCS encourages a watershed approach to management of agricultural operations in the 

United States. This requires a suite of approaches or practices that address natural resource concerns 

in uplands and stream corridors. Land clearing, leveling, draining, tilling, fertilizing, and harvesting 

together create prolonged perturbations manifested in the ecological and physical conditions of streams 

and rivers. Regardless of the cause of a problem in a watershed, its effect on aquatic habitats and their 

biological communities is dramatic. Physical damage due to channelization, erosion, sedimentation, and 

altered hydrological regimes coupled with ecological damage due to excessive nutrients, pesticide con-

tamination, and riparian clearing cumulatively diminish the quality of aquatic habitats and threaten their 

biological communities. In general, the primary goals for farmers and ranchers in agricultural watersheds 

are (a) control of non-point source pollutants such as nutrients, sediments, and pesticides, (b) adequate 

water supplies for crop and animal production, and (c) stream/river channel stability. As indicators of wa-

tershed conditions, aquatic species and their habitats play a pivotal role in how we manage watersheds, 

with the ultimate goal of sustaining water quality and ecological integrity. Conservation planning identi-

fies resource concerns within watersheds and what practices should be implemented to address them. 

If such practices are applied according to USDA standards, habitats will benefit as will the species that 

inhabit them. This paper examines the effects of NRCS-defined conservation practices used as conser-

vation measures for aquatic species and their habitats.
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Rivers and streams historically have served as 
sources for human development. The Tigris, 
Euphrates, and Nile Rivers were “cradles of 

civilization” because of the resources they offered. Riv-
ers and streams provided a seemingly endless supply of 
water, first for agricultural development and later for 
industrialization. As natural sculptors of landscapes, 
rivers and streams carved away mountains and up-
lands while annually renewing the fertility of croplands 
downstream. These valuable systems were not only 
conduits for water and sediments but also human set-
tlement, trade, and transportation. Rivers were the first 
highways, capable of transporting tremendous quanti-
ties of both raw materials as well as finished products. 
However, human waste products also became a pas-
senger on the world’s rivers (Knight et al. 1994).

While rivers and streams have great capacity to 
rapidly recover from anthropomorphic influences, 
this capacity is not without limits. Degradation of lo-
tic systems worldwide is pervasive. While some rivers 
and streams of the United States are still biologically 
diverse, many species are imperiled (Williams et al. 
1989, Williams et al. 1993, Ricciardi and Rasmus-
sen 1999, Warren et al. 2000). The causes of these 
declines are numerous and cumulative, including 
habitat and water quality degradation associated with 
erosion and sedimentation, watershed development, 
deforestation and subsequent agricultural or urban 
development and other human activities (Lenat 
and Crawford 1994, Allan et al. 1997, Harding et al. 
1998). Of all the large- to medium-sized rivers in the 
lower 48 states, only the Yellowstone River remains 
unregulated by dams or channelization (Gore 1985). 
According to the 1994 National Water Quality Inven-
tory of 617,000 miles of rivers and streams, only 56 
percent fully support their designated use of sup-
plying drinking water, supporting fish and wildlife, 
providing recreation, and supporting agriculture 
(FISRWG, 1998). Simon and Rinaldi (2000) reported 
that in the loess area of the midwestern United 
States, thousands of miles of unstable stream chan-
nels are undergoing system-wide channel-adjustment 
processes as a result of 1) modifications to drainage 
basins dating back to the turn of the 20th century, 
including land-clearing and poor soil-conservation 
practices, which caused the filling of stream channels, 
and, consequently, 2) direct, human modifications 
to stream channels such as dredging and straighten-

ing to improve drainage conditions and reduce the 
frequency of out-of-bank flows. 

River and stream corridors are dynamic ecosys-
tems that function across different spatial scales over 
time. Most rivers interact at various times and loca-
tions with agricultural operations. River and stream 
ecosystems provide a number of landscape functions, 
including transport of materials such as sediments, 
large wood and storm runoff, transfer of energy, 
cycling of nutrients, and distribution or redistribu-
tion of plants and animals. Although agricultural 
watersheds are controlled and restricted by human 
manipulation, they depend on the same underlying 
processes and therefore they function in the same 
ecological framework as natural ecosystems. Agricul-
tural watersheds are superficially simple in that crops 
are typically a monoculture grown in parallel rows, 
soils are homogeneously broken and mixed through 
tillage, and landscape grade has been uniformly 
smoothed. This apparent simplicity belies the com-
plex interactions between soil, crops, beneficial and 
pest flora and fauna, agrochemicals, weather, and 
adjacent non-cultivated lands and receiving bodies of 
water. Because of the often close association of farm-
ing operations within river and stream ecosystems, 
agriculture has the opportunity to strongly influence 
whether aquatic ecosystems can effectively perform 
their myriad functions. 

Conservation practices may improve or protect the 
ability of rivers and streams to function in a number 
of ways. Conservation practices, which may be either 
agronomic or physical measures, may prevent an 
agricultural operation from interfering with stream 
ecosystem function (such as reducing sediments in 
runoff or protecting stream banks from failing) or 
directly restore that function (such as improving 
stream habitat). Ecological response to watershed 
management practices may be detected in three 
major areasstream and riparian/floodplain habi-
tat, water quality and quantity, and biota. Due to 
the complexity of aquatic ecosystems, no single area 
will provide a true measure of ecological changes in 
a watershed. For example, changes in habitat may 
be immediately detectable, while biological response 
to perturbations may take longer to become evident. 
Although quicker to detect, habitat changes may or 
may not indicate an ecological problem. Moderately 
disturbed habitats are often the most productive and 
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have higher species diversities, which may or may not 
indicate good ecological conditions. In general, water 
quality is useful in detecting acute problems. Water 
quality monitoring can easily detect dissolved oxygen 
concentrations that fall below the threshold to sup-
port aquatic life; however, many species of aquatic 
life are adapted to survive short-term declines in 
water quality (Cooper and Knight 1990b). 

Effects of Conservation Practices on  
River and Stream Biota

This paper compiles available literature that describes 
fish and wildlife response to USDA conservation 
practices applied directly or indirectly to river and 
stream systems. While USDA Farm Bill programs 
offer increasingly attractive financial incentives to 
farmers and ranchers for conservation of aquatic 
resources, the degree to which aquatic 
habitat restorative actions are implemented 
and monitored for effectiveness at local 
scales is challenging to report and evaluate. 
This is apparent by the poor rate at which 
completed restoration projects have been 
evaluated (Bernhardt et al. 2005). This lack 
of evaluation is a result of limited dollars al-
located for such efforts. Monitoring designs 
are necessarily intricate and expensive to 
implement due to the ecologically complex 
nature of stream, river, floodplain, and up-
land processes. Stream project evaluations 
are more prevalent in the “gray literature” 
and case files of USDA field offices, some of 
which are referenced in this document. 

The success of restoration actions target-
ed to improve habitats for aquatic species 
is also difficult to evaluate because effects 
can be manifested by physical, biological, 
and chemical responses at multiple scales 
and time periods of catchments and their 
biological communities (Minns et al. 1996, 
Lammert and Allan 1999, Fitzpatrick et al. 
2001, Vondracek et al. 2005). Moreover, 
suites of practices installed either sporadi-
cally or strategically in a watershed will dif-
ferentially influence the breadth and timing 
of response of stream or wetland species 

and their physical habitats. Thus correlations be-
tween a specific practice and the ecological response 
of an organism or its habitat are not easily discerned. 
These limitations aside, recent studies that focus on 
the effects of agricultural practices on conservation 
of aquatic species and their habitats are beginning to 
be reported and offer insights into which of these are 
effective at arresting the decline in aquatic species in 
North America. In most cases, management practices 
that retain or improve connections among ecological 
processes and/or different aquatic habitats contrib-
ute to the quality of those habitats and the well-being 
of the aquatic species that inhabit them. 

Management actions to address aquatic habitats 
and their species vary according to the overall condi-
tions of the sites where they are employed. While 
site-specific actions may improve bank stability 
along a reach of stream, a suite of practices designed 
to minimize soil erosion, conserve vegetation along 

Table 1. National Conservation Practice Standards Relevant to 
Aquatic Species and their Habitats

Practice Name Practice Code

Channel Bank Vegetation 322

Clearing & Snagging 326

Dam, Diversion Dam 402/348

Fence/Use Exlusion 382/472

Filter Strip 393

Fish Passage 396

Fish Pond Management 399

Forest Stand Improvement 666

Grade Stabilization Structure 410

Grassed Waterway 412

Irrigation Water Management/Structure for Water Control 449/587

Nutrient Management 590

Pond 378

Prescribed Forestry 409

Prescribed Grazing 528

No-till Residue Management 329

Riparian Herbaceous Cover 390

Shallow Water Management for Wildlife 646

Streambank and Shoreline Protection 580

Stream Crossing 578

Stream Habitat Improvement and Management 395

Wetland Enhancement 659



86 The Wildlife Society  Technical Review 07–1 September 2007

streams, and maintain ecological processes over a 
broader landscape are likely to improve water qual-
ity and aquatic habitats not only at a site but also 
throughout a larger portion of the watershed.

While not all-inclusive, this work is an attempt to 
provide pertinent information currently available. 
Documented effects are grouped by NRCS defined 
conservation practices listed in Table 1. Many con-
servation practices either serve multiple purposes, 
or due to their design and location on the landscape, 
have benefits beyond their original design consid-
erations. Use Exclusion, for example, may be rec-
ommended to prevent bank erosion resulting from 
animal trampling; however, water quality may also be 
improved when animal waste is prevented from en-
tering a stream, thus providing a secondary benefit. 
Furthermore, the distinction between one practice 
and another may be subtle; for example, diversions, 
grade control structures and dams all incorporate 
structures to impound water to some degree, with 
consequent responses by aquatic species.

The following paragraphs summarize major 
findings in the literature regarding the documented 
effects of the major conservation practices affecting 
stream habitats and associated aquatic biota.

Channel Bank Vegetation

There are a number of conservation practices devel-
oped to improve streambank condition and function 
(i.e., stability, habitat for wildlife, filtering capacity, 
shading of stream), including riparian buffer prac-
tices (see below). When implemented in concert 
with stabilization measures and considerations for 
aquatic species, this practice indirectly benefits 
aquatic habitat conditions (Sedell and Beschta 1991, 
Sweeney 1993, Washington Department of Fish and 
Wildlife 2003). Bank vegetation provides additional 
roughness to dissipate energy along streambanks 
or lakeshores while improving habitat and water 
quality by providing shade and plant material to the 
stream. A study by Shields and Gray (1992) of the 
Sacramento River near Elkhorn, California, sug-
gests that allowing woody shrubs and small trees to 
be planted on levees would provide environmental 
benefits and would enhance structural integrity 
without the hazards such as wind throwing associ-
ated with large trees. 

Clearing and Snagging

Clearing river and stream channels of wood and wood 
debris reduces hydraulic resistance and thus contrib-
utes to lowering the risks of flood flows. Logs, limbs, 
branches, leaves, and other debris transported during 
flooding often become lodged against bridges, hy-
draulic structures, and vegetation, particularly in and 
near overbank areas (Dudley et al. 1998). This prac-
tice helps prevent accumulations of in-channel wood 
that can deflect flows toward streambanks, resulting 
in bank erosion. While these objectives are beneficial 
for maintaining stable banks and minimizing flood-
ing, they also result in a homogeneous channel that 
lacks habitat complexity important to aquatic species. 
Large wood, woody debris, and leaf litter are essential 
sources of carbon for stream ecosystems (Malanson 
and Kupfer 1993). While wood and debris removal may 
reduce channel and bank erosion by reducing debris-
induced scour, experimental removal of wood from a 
small, gravel-bed stream in a forested basin resulted in 
dramatic redistribution of bed sediment and changes in 
bed topography (Bilby 1984, Shields and Smith 1992, 
Smith et al. 1993, USDA Natural Resources Conserva-
tion Service 2001). Removal of woody debris changed 
the primary flow path, thereby altering the size and 
location of bars and pools and causing local bank 
erosion and channel widening (Shields and Nunnally 
1984, Smith et al. 1993). In a study of coarse woody 
debris removal on streams damaged by the eruption of 
Mount St. Helens, Lisle (1995) found total debris re-
moval from selected stream reaches caused additional 
scour and coarsening of the bed surface compared with 
segments with no or partial debris removal. Total wood 
debris removal caused pools to become shallower, and 
in segments of low sinuosity, decreased the frequency 
of major pools. Habitat complexity decreased after total 
debris removal, as indicated by a decrease in the stan-
dard deviation of residual depth and an increase in the 
size of substrate patches. Myers and Swanson (1996) 
also found that pool quantity and quality decreased on 
streams subjected to coarse woody debris removal. 

The importance of in-stream large wood as a 
component of stream habitat in forested ecosystems 
is well-documented (Gregory et al. 2003). As such, 
the practice of clearing and snagging is not without 
controversy and should be used with serious consid-
eration for aquatic species of concern.
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Dam/Diversion Dam

It is estimated that more than 60 percent of the fresh-
water flowing to the world’s oceans is blocked by some 
40,000 large dams (>15 meters high), and more than 
800,000 smaller ones (Petts 1984). Negative effects 
of large and small dams on aquatic fauna relate to 
creating barriers to migration (Bramblett and White 
2001 Morrow et al. 1998, Helfrich et al. 1999, Neraas 
and Spruell 2001, Zigler et al. 2004), which disrupt 
spawning and rearing of fish, modify population 
structure, and create slow water habitat unsuitable for 
many native stream/river species (Ligon et al. 1995, 
Brouder 2001, Marchetti and Moyle 2001, Dean et al. 
2002, Schrank and Rahel 2004, Tiemann et al. 2004). 
Impoundment of rivers by dams has been implicated 
as one of the leading causes of native mussel declines 
(Williams et al. 1993). Small impoundments gener-
ated by dams are implicated in the demise of some 
native prairie fishes (Mammoliti 2002).

Of broader significance, dam construction and 
maintenance dramatically alter the hydrological re-
gime of streams and rivers, which in turn affects ripar-
ian-floodplain processes, aquatic community dynamics 
and structure, flood-pulse regimes important to many 
native aquatic species, and geomorphic conditions of 
stream/river channels that contribute to the dynamic 
complexity of stream and riparian habitats (Rood and 
Mahoney 1990, Bergstedt and Bergersen 1997). As 
such, use of this conservation practice should take into 
account the effects of dams on watersheds as a whole, 
and more specifically the migratory needs of aquatic 
species. Solutions to the problems dams present to 
aquatic species include the construction of fish ladders 
or elevators, trapping and transporting fish around 
the dam, or removal of the dam (see section on Fish 
Passage). These features do not, however, mitigate the 
effects of dam construction on riverine processes.

Positive effects of dams on aquatic species include 
creation of lake habitats suitable for recreational angling, 
increased processing of nutrients and agrichemicals such 
as pesticides and trapping of sediments (Dendy 1974, 
Griffin 1979, Dendy and Cooper 1984, Dendy et al. 1984, 
Bowie and Mutchler 1986, Cooper and Knight 1990a, 
Cooper and Knight 1991). Additionally, dams constructed 
with low flow releases that may sustain instream flows 
in first-order tributary streams during dry periods of the 
year (Cullum and Cooper 2001).

As dams age, consideration must be given to the 
consequences of decommissioning dams to water 
quality and downstream ecology (Smith et al. 2000, 
Bednarek 2001, Doyle et al. 2003).

Restored stream channel in Montana. (Photo by K. Boyer, USDA NRCS)

Streambank stabilization with stream barbs and riparian re-vegetation in 
Oregon. (Photo by K. Boyer, USDA NRCS)

Example of streambank erosion in Missouri. (Photo courtesy of 
USDA NRCS)
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Fence/Use Exclusion

Use exclusion is most often employed to prevent 
livestock use from causing bank and channel erosion 
as they cross a stream or enter to drink. Myers and 
Swanson (1996) found that bank stability, defined 
as the lack of apparent bank erosion or deposition, 
decreased on steams where banks were grazed by 
livestock. Overhanging banks are important fish habi-
tat, and grazing of banks was implicated in loss of fish 
habitat in western U.S. streams (Duff 1977, Marcuson 
1977). Use exclusion has also been shown to improve 
water quality by preventing livestock wastes from 
contaminating steams (Line et al. 2000). Few studies 
have addressed direct effects of use exclusion meth-
ods on aquatic flora and fauna. Trout abundance was 
found to be higher in Sheep Creek, Colorado, after 
cattle were excluded (Stuber 1985). Benthic macro-
invertebrates less tolerant of poor water quality were 
more abundant in streams with exclosures, although 
the study design did not rule out other factors that 
may have led to the same result (Rinne 1988). In New 
Zealand, the types of aquatic insects in small streams 
with exclosures were different from those without ex-
closures, where riparian vegetation damage resulted 
in decreased shading and increased bank erosion 
(Quinn et al. 1992). In other studies, riparian vegeta-
tion condition improved subsequent to fencing cattle 
out of previously damaged areas (Schulz and Leini-
nger 1990, Kauffman et al. 2004). 

Filter Strips

Filter strips are installed on cropland and pastures to 
minimize the amount of chemicals, nutrients, or sedi-
ments in runoff to surface waters such as streams. 
Studies have validated the effectiveness of filter strips 
in improving the quality of surface waters (Lenat 
1984, Dillaha et al. 1989, Lim et al. 1998, Krutz et al. 
2005). Care must be taken to design filter strips in 
concert with riparian areas to avoid development of 
concentrated flows (Schultz et al. 1995a). 

Fish Passage 

Dams, culverts, and other barriers present fish and 
other aquatic species with a wide range of challenges 
including blocking dispersal or migration, as well as 

changes in flow rates, water velocity, depth of spawn-
ing habitat, water temperature, predator-prey rela-
tionships, and food supplies. Fish passage facilities 
have been used in the United States since the 1930s; 
however, extensive research on fish passage did not 
begin until the 1950s (Ebel 1985). Literature on fish 
passage structures ranges from studies of design 
criteria (Eicher 1982, Moffitt et al. 1982, White 1982, 
Bunt et al. 1999) to usage and efficiency (Downing et 
al. 2001). Successful designs take into consideration 
optimal velocities to accommodate fish swimming 
abilities, light conditions, placements of entrances 
and exits, and use of air jet sounds and lights to guide 
fish through the structures (Ebel 1985). 

Additional passage research has examined the 
ability of riverine fishes to migrate through large 
impoundments (Trefethen and Sutherland 1968). 
Raleigh and Ebel (1968) found that mortality of 
juvenile salmonids significantly increased for fish 
passing through impounded rivers. While early fish 
passage research focused primarily on large riverine 
systems, Anderson and Bryant (1980) provide an 
annotated bibliography of fish passage associated 
with road crossings. In agricultural systems, instal-
lation of fish passage structures such as fish ladders 
or culverts, which simulate stream substrates and 
velocities, is important for reconnecting different 
types of habitats used by fish during their life history 
stages. Studies in the Pacific Northwest demonstrate 
the value of reconnecting migratory routes and their 
habitats for anadromous salmonids (Scully et al. 
1990, Beamer et al. 1998, Pess et al. 1998). Simply 
maintaining physical connectivity between intermit-
tent stream channels used as drainage ditches and 
main-stem rivers has been shown to increase the 
amount of winter habitat for native fish, benthic in-
vertebrates, and amphibian species in the grass seed 
farms of the Willamette Valley of Oregon (Colvin 
2006). Similarly, maintaining open drains on agri-
cultural lands in Ontario provides fish habitat for fish 
assemblages identical to nearby streams (Stammler 
et al. in press). 

Dam removal is a viable option, albeit not with-
out controversy, for restoring riverine habitats and 
reconnecting different habitat types. In the Pacific 
Northwest and New England, where anadromous 
salmon, steelhead, lamprey, shad, and herring utilize 
all or part of entire river systems to complete their 
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life cycles, dam removal is often the focus of stream 
restoration projects. Inland fish communities also 
require well-connected habitats to pass between habi-
tats that change seasonally or provide elements for 
specific life-history stages. Dam removal is a relative-
ly new practice and thus the effects on downstream 
habitats have not yet been widely addressed. Poten-
tial problems with sediment transport, contaminated 
deposits, and interim water quality are of concern, as 
are the economic impacts. Sethi et al. (2004) found 
that while benefits of dam removal included fish 
passage and restoration of lotic habitats in a former 
millpond, the mussel community downstream of the 
project was impacted by sediments freed when the 
dam was breached. Kanehl et al. (1997) evaluated 
the removal of a low-head dam and determined that 
both stream habitat and desired fish assemblage were 
improved by the action. Stanley et al. (2002) detected 
no negative effect on aquatic macroinvertebrates as a 
result of dam removal.

Fish Pond Management

Ponds managed to raise fish for non-commercial uses 
provide aquatic habitat for aquatic insects, waterfowl, 
and possibly amphibians. The location of the pond dic-
tates the precautions managers should take to protect 
receiving waters in the catchment from a potential in-
troduction of an exotic species or fish disease, should 
the pond overflow or breach. Introductions of non- 
native fish species are a significant threat to the native 
aquatic biodiversity of watersheds (Fuller et al. 1999).

Forest Stand Improvement

This practice has applications in the management of 
riparian forest buffers. When the forestry objectives 
are to improve or maintain the number of trees avail-
able for recruitment to the stream channel for stream 
habitat, models and prescriptions are available to 
meet this objective (Berg 1995). For a review of specif-
ic riparian forest stand improvement considerations 
relevant to stream habitats, see Boyer et al. (2003).

Grade Stabilization Structure

This practice has been used for several decades to 
control the grade and head cutting in natural or artifi-

cial channels. Grade control structures may be de-
signed to stop or minimize head cutting both within 
river and stream channels as well as at the edge of 
fields where gully formation is a concern. Grade 
stabilization structures typically consist of a low 
dam, weir or berm constructed of earth, stone riprap, 
corrugated metal, concrete, or treated lumber (Abt 
et al. 1991, Jones 1992, Becker and Foster 1993, Rice 
and Kadavy 1998). Additionally, rock chute channels 
are occasionally used as grade control, embankment 
overtopping, and energy flow dissipation structures 
(Ferro 2000). Water either passes over the structure 
and into an armored basin typically with an energy 
dissipation structure or into a pipe in front of the 
dam where it is discharged downstream. Grade sta-
bilization structures modify in-channel flow regimes 
and thus the effects of these structures on stream 
species can be similar to those documented for low-
grade dams (see above section on dams). 

In degraded systems, pools associated with these 
structures have been compared with naturally occur-
ring scour holes. Cooper and Knight (1987a) found 
that grade control pools supported a higher percent-
age of lentic game species than did natural scours. 
This was attributed to the more stable, self-cleaning 
nature of grade control pools. In habitat-limited 
streams such as those affected by channel incision 
and bank failure where depths are limited, grade 
control structures can provide stable pool habitat 
(Cooper and Knight 1987b, Knight and Cooper 1991). 
Shields et al. (2002) established minimum size crite-
ria for habitat benefits.

Smiley et al. (1998b) documented fish use of 
habitat created both above and below field level 
grade control structures. These structures are de-
signed to control gully formation where fields drain 
into deeply incised stream channels. Low dams and 
L-shaped pipes are constructed and installed along 
the top of the stream bank to divert water from 
field runoff through the pipe to the stream channel 
rather than over the bank. Depending upon their 
design and local conditions, field level grade control 
structures may be constructed either with or without 
small impoundments. These temporary or shallow 
pools of field level grade control structures have 
been shown to provide important transient aquatic 
habitats, particularly in stream reaches that have 
lost stream channel flood plain interactions due to 
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channel incision (Cooper et al. 1996a, Smiley et al. 
1997, Smiley et al. 1998a). Knight and Cooper (1995) 
and Knight et al. (1997a) documented water quality 
improvements in larger field level control structure 
pools where water residence time was sufficient to 
allow sediment to deposit and nutrients and pesti-
cides to be processed.

Grassed Waterway

As is the case with filter strips, grassed waterways are 
used to minimize the amount of sediments, chemicals, 
and nutrients from cropland and pastureland. Recent 
studies validate their efficacy (Fiener and Auerswald 
2003), and indirect benefits to aquatic habitats and 
their species are likely. These include minimizing sed-
iment delivery from surface water run-off to stream 
habitats and protecting water quality. 

Pond

Farm ponds are usually constructed to provide water 
for livestock or for aquatic habitats. Livestock ponds 
in some areas of the country are referred to as dug-
outs and they are often constructed in the floodplain 
of stream channels or in the stream channels them-
selves. Recent studies evaluated the effects of these 
ponds or dugouts on native prairie fishes in South 
Dakota. Researchers determined that if dugouts were 
constructed out of the stream channel, but within 
the floodplain, they provided important off-channel 
refuge habitat for Topeka shiners (Notropis topeka) 
(Thomson et al. 2005). 

Other studies in the Midwest have indicated that 
with proper management, farm ponds help sustain 
amphibian populations in landscapes where natural 
wetland habitat is rare and where livestock access 
to the pond is limited and no fish are planted in the 
pond (Knutson et al. 2003). 

Prescribed Grazing

Grazing management regimes influence both upland 
and aquatic habitats. Recent studies demonstrate 
how grazing management can contribute to the 
ecological connections between riparian and aquatic 
habitats. Riparian vegetation structure influences 
the terrestrial insect community. By altering graz-

ing management regimes to favor vegetation where 
terrestrial insects thrive, fish benefit from seasonally 
important food sources derived from riparian zones. 
Grazing regimes that allow cattle to graze for only 
short durations increase terrestrial insect production. 
This has recently been shown to be strongly correlat-
ed to fish condition and survival on Wyoming ranch-
lands (Saunders 2006, Saunders and Fausch 2006). 

Riparian Forest Buffer

Riparian areas play an important role in all land-
scapes, serving as ecotones or transitional habitats. 
Ecotones support a greater diversity of plants and an-
imals because they bridge two different ecosystems. 
Hald (2002) assessed the impact of agricultural land 
use of the bordering neighbor fields on the botanical 
quality of the vegetation of stream border ecotones. 
While the importance of ecotones has been well docu-
mented in ecological research, little work has focused 
on the effects of field borders on riparian habitats 
and stream ecosystems, particularly in the United 
States. Riparian and floodplain forests are important 
components of stream corridor systems and their 
watersheds. Riparian forests are major sources of 
in-stream wood that is an important structural com-
ponent of habitat for fish and other aquatic species 
(Bilby and Likens 1980, Angermeier and Karr 1984, 
Benke et al. 1985, Bilby and Ward 1991, Flebbe and 
Dolloff 1995, Beechie and Sibley 1997, Cederholm et 
al. 1997reviewed in Boyer et al. 2003, Vesely and 
McComb 2002, Dolloff and Warren 2003, Zalewski 
et al. 2003, Shirley 2004). Effects of riparian forest 
buffers on water quality are well documented (Low-
rance et al. 2000). Riparian forests protect stream 
banks from erosion, thereby reducing sediment loads 
(Neary et al. 1993, Sheridan et al. 1999), and help 
process nutrients (Lowrance et al. 1995, Hubbard and 
Lowrance 1997, Hubbard et al. 1998, Snyder et al. 
1998, Meding et al. 2001) and pesticides (Hubbard 
and Lowrance 1994, Lowrance et al. 1997). Schultz 
et al. (1995b) and Schultz (1996) demonstrated how 
riparian buffer systems may be incorporated or 
integrated into cropping systems in such a way as to 
improve runoff water quality and improve fish and 
wildlife habitat concurrently. 

Because of the complexity of the interactions 
between riparian forests and streams and rivers, 
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it is difficult at best to identify direct relationships 
between riparian forests and aquatic species. It is 
well documented that riparian ecotones are among 
the most biologically diverse habitats known. As dis-
cussed in other sections of this manuscript, riparian 
forest buffers affect river and stream ecosystems by 
providing shade, cover, bank stability, and alloch-
thonous materials essential to system productivity 
(Wallace et al. 1997). Curry et al. (2002) showed that 
the thermal regimes in streambed substrates used 
by brook trout (Salvelinus fontinalis) were signifi-
cantly impacted by harvest of riparian forest buf-
fers. Oelbermann and Gordon (2000) documented 
the quantity and quality of autumnal litterfall into 
an agricultural stream that had undergone riparian 
forest restoration. Wider buffers provided litterfall 
with higher levels of essential nutrients. Kiffney et 
al. (2003) demonstrated the importance of riparian 
buffers in forest streams to periphyton and aquatic 
macroinvertebrate production. Kondolf and Curry 
(1984) and Robertson and Augspurger (1999) also 
demonstrated that geomorphic processes related to 
river planform promote spatially complex but pre-
dictable patterns of primary riparian forest succes-
sion. Studies in Minnesota further support the impor-
tance of riparian corridor conservation/restoration 
to aquatic species because it contributes to in-stream 
habitat and geomorphic features at multiple scales of 
catchments (Stauffer et al. 2000, Blann et al. 2002, 
Talmage et al. 2002). 

Riparian Herbaceous Cover

Effects of riparian herbaceous cover on terrestrial 
wildlife and birds are well documented and covered 
in depth elsewhere (Anderson, et al. 1979, Rubino 
et al. 2002, Blank et al. 2003, and Crawford et al. 
2004). Riparian herbaceous buffers tend to have 
indirect effects on aquatic organisms by affecting 
channel morphology and erosion control, and as a 
source of organic materials. Forestation of ripar-
ian areas has long been promoted to restore stream 
ecosystems degraded by agriculture in central North 
America. Although trees and shrubs in the riparian 
zone can provide many benefits to streams, grassy or 
herbaceous riparian vegetation can also provide ben-
efits and may be more appropriate in some situations. 
Lyons et al. (2000) reviewed some of the positive and 

negative implications of grassy versus wooded ripar-
ian zones and discussed potential management out-
comes. When compared with wooded areas, grassy 
riparian areas result in stream reaches with different 
patterns of bank stability, erosion, channel morphol-
ogy, cover for fish, terrestrial runoff, hydrology, water 
temperature, organic matter inputs, primary produc-
tion, aquatic macroinvertebrates, and fish. 

Shallow Water Management for Wildlife

Shallow water management for wildlife primar-
ily affects upland game and waterfowl (Maul et al. 
1997, Maul and Cooper 1998, 2000, Elphick and 
Oring 2003). Shallow water management such as 
that created by flash board risers may affect stream 
or river fauna indirectly by improving water quality 
(Verry 1985, Knight et al. 1997b) or providing refuge 
for riverine species during seasonally high flows (see 
Wetland Enhancement).

Streambank and Shoreline Protection

 Stream banks and shorelines are valuable habitat 
features to fish and invertebrates (Newman 1956, 
Wickham 1967, Butler and Hawthorne 1968, Blades 
and Vincent 1969, Chapman and Bjornn 1969, Lewis 
1969). For example, Hunt (1971) found a direct rela-
tionship between bank cover and the trout-carrying 
capacity of streams. Giger (1973) demonstrated that 
stream banks form shallow water refugia, allowing 
fish to rest in areas of lower water velocity. 

In some regions of the United States, streambank 
erosion is the number one source of sediments in 
rivers and streams (Grissinger et al. 1981). Stream-
banks and shorelines may be protected by a number 
of methods including bank shaping, board fences, 
bank revetments, stone toe, bank paving, spur dikes 
or groins, and bendway weirs (Galeone 1977, David-
son-Arnott and Keizer 1982, Pennington et al. 1985, 
and Johnson 2003). Some methods employing living 
materials include the planting of dormant willow 
posts, branch packing, brush mattresses, coconut 
fiber roll, joint plantings, live cribwalls, live stake, 
live fascines or gabions, and stiff grasses while other 
methods use dead or dormant plant material such as 
root wads and tree revetments (Sherman 1989, Evans 
et al. 1992, Siefken 1992, Geyer et al. 2000, Shields et 
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al. 1995a, Shields et al. 2000b). An appendix of bank 
protection methods may be found in FISRWG (1998). 
Modest changes in design can turn bank erosion 
control measures into habitat improvement. Modifi-
cation of existing structures with additional stone or 
wood structure may improve habitat or contribute to 
rehabilitation or restoration of habitat (Shields et al. 
1992, Shields et al. 1993, Shields et al. 1995a, Shields 
et al. 1997, Shields et al. 2000a). 

Effects of stream bank protection on fish and mac-
roinvertebrates have been documented for some spe-
cific practices such as lateral stone paving, spur dikes, 
bendway weirs, and chevron weirs (Knight and Coo-
per 1991, Knight et al. 1997a, Shields et al. 2000b). 
Knight and Cooper (1991) reported that stone spur 
dikes provided better habitat as indicated by large 
and more species-diverse catches when compared 
with unprotected banks and banks armored with 
stone toe and stone paving. Often, a combination of 
hard structures such as stream barbs with revegeta-
tion of the streambanks provides protection while 
enhancing riparian processes. Loss of cropland due to 
streambank erosion has encouraged new interest in 
riparian management that includes replanting of her-
baceous and woody riparian buffers, often coupled 
with in-stream rock or rock/wood barbs to deflect the 
flow away from raw banks. Preliminary investigations 
in western Oregon indicate this streambank stabiliza-
tion practice encourages in-stream processes impor-
tant to aquatic species, such as retention of detritus 
and large wood for fish cover and macroinvertebrate 
food sources (S. Gregory, Oregon State University, 
unpublished data). 

Stream Crossings 

Stream crossings can be designed to serve as grade 
control structures to prevent head cutting and reduce 
suspended bed sediments resulting from traffic. 
Logging operations are particularly damaging to 
stream channels without some consideration for 
specifically designed stream crossings. Most research 
on stream crossings addresses effects on water 
quality (Milauskas 1988, Grayson et al. 1993, Blinn 
et al. 1998, Aust et al. 2003). However, like dams or 
diversions, steam crossings may form barriers to fish 
movement. Gibson et al. (2005) found 53 percent of 
culverts posed problems to fish passage, due to poor 

design or poor installation. Additionally, Miller et 
al. (1997) found that stream bed fine sediment levels 
were higher, basal area lower, and herbaceous cover 
higher in the immediate vicinity of some crossings 
simply due to the presence of the road and fill banks 
associated with crossings using gravel culverts. Myers 
and Swanson (1996) studied two Nevada streams and 
found that road crossings increased sedimentation.

Stream Habitat Improvement and Management 

Modifying streams to improve habitat has been 
ongoing for decades (Alabaster 1985), albeit with 
numerous changes in philosophy. The U.S. Bureau 
of Fisheries (1935) reported the effects of adding 
rock-boulder deflectors to improve fish habitats as 
early as the mid 1930s. Effects of stream habitat 
improvements including effects on food-producing 
areas, velocity, substrate, depth, drift, spawning area, 
and cover are extensively reviewed by Wesche (1985). 
Methodologies may be found in Seehorn (1985, 
1992), Hunter (1991) and Cowx and Welcomme 
(1998). While most research on stream habitat modi-
fication has focused on salmonids (Roni et al. 2002), 
Shields et al. (1995b), Shields et al. (1995c) and 
Cooper et al. (1996b) documented the effects of vari-
ous in-stream modifications on fish and macroinver-
tebrates in unstable warmwater streams. In-stream 
structural improvements have met with some success 
in improving local fish habitats. In-stream structures 
placed in western Washington and Oregon streams 
revealed significantly higher densities of juvenile 
Coho salmon, (Oncorhynchus kisutch), steelhead, 
(Oncorhynchus mykiss) and cutthroat trout, (On-
corhynchus clarki) (Roni and Quinn 2001). While 
placement of in-stream log structures has shown to 
be successful in the Northwest (Abbe and Montgom-
ery 1996, Thom 1997, Roper et al. 1998), reported 
failures in the southeastern United States indicate the 
re-introduction of large wood to drastically altered 
systems is often unsuccessful when placed in stream 
reaches unable to retain them (Shields et al. 2006). 

River and stream food webs are dependent upon 
the interactions between aquatic, riparian, and ter-
restrial environments (Goulding 1980, Insaurralde 
1992). Organic materials such as leaf litter and large 
wood (Benke et al. 1985, Junk et al. 1989) are most 
often deposited in channels during floods; flood-
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ing stimulates both detrital processing and primary 
production within inundated terrestrial components 
of the ecosystem (Bayley 1989, 1991). These dynam-
ics in turn establish the energetic foundation sup-
porting secondary production and ultimately the fish 
production potentials associated with the ecosystem. 
The extent and duration of flooding strongly influ-
ence fish production (Welcomme 1976, 1979, 1985, 
1986, Goulding 1980) because fish utilize floodplains 
as spawning grounds, food sources, and refuges 
(Robinette and Knight 1981, Knight 1981, Risotto and 
Turner 1985). Thus habitat improvement designs that 
enable streams to re-connect with their floodplains 
are warranted. 

Stream habitat improvement is at its pinnacle when 
it crosses into stream restoration. Restoration is a com-
plex endeavor that in one sense turns ecological theory 
into an applied science (Culotta 1995, Wagner and 
Pluhar 1996, Dobson et al. 1997, Purkey and Wallender 
2001). Because it can be defined rather broadly, it may 
include other practices such as bank protection, stream 
habitat improvement, and riparian zone practices. The 
National Research Council (1992) defined restoration 
as the re-establishment of the structure and function of 
ecosystems. Thus ecological restoration is the process 
of returning an ecosystem as closely as possible to pre-
disturbance conditions and functions. Rehabilitation, 
which is related to restoration, is usually understood as 
returning some level of ecological function but not nec-
essarily to some pre-disturbance condition (FISRWG 
1998). River and stream restoration has been exten-
sively researched and several definitive works are avail-
able (Gore 1985, Anderson 1995, Brooks and Shields 
1996, FISRWG 1998). 

Several case studies of stream restoration cover all 
aspects of the subject including planning, implemen-
tation, and evaluation (Bassett 1988, Anderson et al. 
1993, Rinne 1994, Myers and Swanson 1996). While 
most research covers specific restoration practices 
or target organisms, Amoros (2001) and Ebersole et 
al. (1997) examined habitat and capacity diversity. 
Nunnally (1979) explored habitat restoration from a 
landscape perspective. 

Structure for Water Control

Water control structures such as irrigation diversions 
can entrain or entrap fish and other aquatic species. 

Keeping fish and water in streams is an objective of 
an increasing number of ranchers and farmers in the 
arid West and has triggered development of sophisti-
cated fish screens for irrigation diversions (Zydlewski 
and Johnson 2002, McMichael et al. 2004). 
 

Wetland Restoration and Enhancement

Floodplain wetlands play an important role in the life 
histories of many riverine fishes (Killgore and Baker 
1996). As such, the practice of floodplain wetland res-
toration has great potential for improving habitats for 
aquatic species and the survival of declining species. 
The connections between floodplain wetlands and 
stream systems and other permanent water bodies 
has been shown to be a dominant factor influenc-
ing fish assemblages inhabiting floodplain wetlands 
(Baber et al. 2002). Floodplain inundation during 
high water flows provides riverine species access to 
floodplain wetlands and other off-channel habitats 
for spawning, nursery areas, and other life-history 
functions (Junk et al. 1989). Individual species’ life-
history adaptations to hydrologic regimes such as 
duration and timing of flooding and the geographic 
position of floodplain wetlands in relation to the 
channel typically dictate the response of river fish 
fauna to flooding (Pearsons et al. 1992, Snodgrass et 
al. 1996, King et al. 2003).

Lateral movement between river channels and 
floodplain habitats is an important component of 
many species’ life history, particularly for juveniles, 
and these species are adapted to seek backwater 
and other habitats attached to stream channels 
as flood flows recede (Kwak 1988). Restored and 
created off-channel wetlands and ponds have been 
shown to provide habitat values for juvenile fishes 
similar to natural high-flow floodplain habitat 
(Richards et al. 1992).

Entrapment of individuals in off-channel habitats 
and irrigation ditches has been documented, and a 
variety of fish screens have been designed to mini-
mize negative effects of irrigation water withdrawals 
(McMichael et al. 2004). Installation and active man-
agement of water control structures in constructed or 
restored wetlands have been shown to be effective in 
preventing entrapment, allowing fish to migrate out 
of floodplain wetlands entered during seasonal high 
flows (Swales and Levings 1989, Henning 2005). 
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Knowledge Gaps

A number of studies, discussed in this chapter, 
have addressed the conservation effects on fish and 
aquatic fauna of fish passage around dams and road 
crossings (culverts), and stream habitat improve-
ment and management. In addition, there has been 
considerable research on the effects of riparian for-
est buffers and herbaceous cover on water quality. 
For all of these topics, however, the complexities of 
effects on fish and macroinvertebrates leave many 
questions unanswered and requiring additional 
research. Snagging and clearing is generally con-
sidered detrimental to aquatic fauna because of the 
important role large wood plays in providing habitat 
and carbon. However, removal of some material 
may prevent bank erosion and failure, thus reduc-
ing suspended sediment loads. Field borders are 
often too far removed to have a significant impact on 
aquatic fauna; however, additional research may be 
necessary to explore off-site impacts of these prac-
tices. Stream crossing, bank protection, and exclu-
sions improve water quality and intuitively should 
have a positive impact on aquatic fauna; however, 
documentation remains a significant gap. Effects of 
bank or shoreline protection have focused primarily 
on cool water species. Shallow habitats such as those 
created with flash board risers provide valuable 
habitat for waterfowl, however, like field boarders, 
they may be too far removed from the stream chan-
nel to significantly impact aquatic fauna other than 
through improvements in water quality. Cumulative 
effects of multiple practices, and the time scale at 
which effects of practices on aquatic communities 
can be demonstrated, have not been reported. The 
degrees to which aquatic habitat restorative actions 
are implemented and monitored for effectiveness at 
local scales are challenging to report and evaluate. 
This is apparent by the poor rate at which completed 
restoration projects have been evaluated (Bernhardt 
et al. 2005). This lack of evaluation is likely a result 
of limited dollars allocated for such efforts. Monitor-
ing designs are necessarily intricate and expensive 
to implement due to the ecologically complex nature 
of stream, river, floodplain, and upland processes. 
Determining key indicators relevant to the appro-
priate time scale in the continuum of restorative 
actions is critical. 

Conclusion

A considerable body of work exists on the effects of 
anthropogenic activities on river and stream ecosys-
tems and much of this research may be linked to spe-
cific management practices. Historically, it appears 
that management practices were designed to affect a 
specific target such as sediment, pesticide or nutrient 
reduction, and which secondary ecological impacts 
or improvements were intuitively assumed to occur. 
Few research projects have been specifically designed 
and conducted to definitively relate practices to 
ecological effects. This review highlights some of the 
ancillary research that relates to specific practices; 
however, it also demonstrates the need for research 
that specifically documents the ecological impacts of 
management practices. 

Literature Cited
Abbe, T. B., and D. R. Montgomery. 1996. Large woody debris 

jams, channel hydraulics and habitat formation in large 
rivers. Regulated Rivers: Research and Management 12 
(2-3):201-221.

Abt, S., D. Johns, C. Watson, and J. Smith. 1991. Riprap design 
criteria for the ARS low drop structure. Pages 73-73 in Pro-
ceedings of the National Conference on Hydraulic Engineering.

Alabaster, J. S. 1985. Habitat modification and freshwater fisher-
ies. Butterworth Publishers, Stoneham, Massachusetts, USA.

Allan D., D. Erickson, and J. Fay. 1997. The influence of catch-
ment land use on stream integrity across multiple spatial 
scales. Freshwater Biology 37:149–161.

Amoros, C. 2001. The concept of habitat diversity between and 
within ecosystems applied to river side-arm restoration. 
Environmental Management 28:805–817.

Anderson, B. W., R. D. Ohmart, and J. Disano. 1979. Reveg-
etating the riparian floodplain for wildlife. Pages 318–331 
in R. R. Johnson and J. F. McCormick, editors. Strategies 
for protection and management of floodplain wetlands and 
other riparian ecosystems. U.S. Department of Agriculture, 
Forest Service General Technical Report WO-12. 

Anderson, J. W., R. L. Beschta, P. L. Boehne, D. Bryson, R. Gill, 
S. Howes, B. A. McIntosh, M. D. Purser, J. J. Rhodes, and J. 
Zakel. 1993. A comprehensive approach to restoring habitat 
conditions needed to protect threatened salmon species in 
a severely degraded river—the Upper Grande Ronde River 
anadromous fish habitat protection, restoration and moni-
toring plan. Pages 175–179 in B. H. Tellman, H. J. Cortner, 
M.G. Wallace, L. F. DeBano, and R. H. Hamre, technical 
coordinators. Riparian management: common threads and 
shared interests. U.S. Department of Agriculture, Forest 
Service General Technical Report RM–226.

Anderson, L., and M. Bryant. 1980. Fish passage at road cross-
ings: an annotated bibliography. U.S. Department of Agri-
culture, Forest Service General Technical Report PNW-117. 



Fish and Wildlife Response to Farm Bill Conservation Practices 95

Anderson, P. 1995. Ecological restoration and creation: a 
review. Pages 187–211 in D. J. Bullock and H. J. Harvey, 
editors. The National Trust and nature conservation—100 
years on. Biological Journal of the Linnean Society 56 
(Supplement A).

Angermeier, P. L., and J. R. Karr. 1984. Relationships be-
tween woody debris and fish habitat in a small warm water 
stream. Transactions of the American Fisheries Society 113 
(6):716-726.

Aust, W. M., R. Visser, T. Gallagher, T. Roberts, and M. Poirot. 
2003. Cost of six different stream crossing options in the Appa-
lachian area. Southern Journal of Applied Forestry 27:66–70.

Baber, M. J., D. L. Childers, K. J. Babbitt, and D. H. Anderson. 
2002. Controls on fish distribution and abundance in tem-
porary wetlands. Canadian Journal of Fisheries and Aquatic 
Sciences 59:1441–1450.

Bassett, C. E. 1988. Rivers of sand: restoration of fish habitat 
on the Hiawatha National Forest. Pages 43–48 in T. W. 
Hoekstra and J. Capp, editors. Integrating forest manage-
ment for fish and wildlife. U.S. Department of Agriculture, 
Forest Service General Technical Report NC-122.

Bayley, P. B. 1989. Aquatic environments in the Amazon Basin, 
with an analysis of carbon sources, fish production and 
yield. Pages 399–408 in D. P. Dodge, editor. Proceedings of 
the International Large River Symposium. Canadian Special 
Publication of Fisheries and Aquatic Sciences 106. Depart-
ment of Fisheries and Oceans, Ottawa, Canada. 

Bayley, P. B. 1991. The flood pulse advantage and the restora-
tion of river-floodplain systems. Regulated Rivers: Research 
and Management 6:75–86.

Beamer, E., T. Beechie, and J. Klochak. 1998. A strategy for im-
plementation effectiveness, and validation monitoring of habi-
tat restoration projects, with two examples from the Skagit 
River basin, Washington. Completion Report (Cost Share 
Agreement CCS-94-04-05-01-050) to U.S. Forest Service. 

Becker, S. M., and G. R. Foster. 1993. Hydraulics of semicir-
cular-inlet drop structures. Transactions of the American 
Society of Agriculture Engineers 36:1131–1139.

Bednarek, A. T. 2001. Undamming rivers: a review of the eco-
logical impacts of dam removal. Environmental Manage-
ment 27:803–814.

Beechie, T. J., and T. H. Sibley. 1997. Relationships between 
channel characteristics, woody debris, and fish habitat in 
northwestern Washington streams. Transactions of the 
American Fisheries Society 126:217–229.

Benke, A. C., R. L. Henry, III, D. M. Gillespie, and R. J. Hunter. 
1985. Importance of snag habitat for animal production in 
southeastern streams. Fisheries 10:8–13.

Berg, D. 1995. Riparian silvicultural system design and assess-
ment in the Pacific Northwest Cascade Mountains. Ecologi-
cal Applications 5:87–96.

Bergstedt, L. C., and E. P. Bergersen. 1997. Health and move-
ments of fish in response to sediment sluicing in the Wind 
River, Wyoming. Canadian Journal of Fisheries and Aquatic 
Sciences 54:312–319.

Bernhardt, E. S., M. A. Palmer, J. D. Allan, G. Alexander, 
K. Barnas, S. Brooks, J. Carr, and O. Sudduth. 2005. 
Synthesizing U.S. river restoration efforts. Science 308 
(5722):636–637. 

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

Bilby, R. E., and J. W. Ward. 1991. Characteristics and function 
of large woody debris in streams draining old-growth, clear-

cut, and second-growth forests in southwestern Washing-
ton. Canadian Journal of Fisheries and Aquatic Science 
48(12): 2499–2508. 

Bilby, R. E., and G. E. Likens. 1980. Importance of organic 
debris dams in the structure and function of stream ecosys-
tems. Ecology 61(5):1107–1113.

Blades, R. J., and R. E. Vincent. 1969. Physical parameters of 
microhabitats occupied by brown trout in an experimen-
tal flume. Transactions of the American Fisheries Society 
98:230–238.

Blank, R. R., J. C. Chambers, and D. Zamudio. 2003. Restoring 
riparian corridors with fire: effects on soil and vegetation. 
Journal of Range Management 56(4):388–396.

Blann, K. L., J. F. Nerbonne, and B. Vondracek. 2002. Re-
lationship of riparian buffer type to physical habitat and 
stream temperature. North American Journal of Fisheries 
Management 22:441–451.

Blinn, C. R., R. Dahlman, and L. Hislop. 1998. Temporary 
stream and wetland crossing options. Proceedings of the 
Society of American Foresters 1998:366–367.

Bowie, A. J., and C. K. Mutchler. 1986. Sediment sources and 
yields from complex watersheds. Pages 1223-1232 in S. Y. 
Wang et al., editors. 3rd International Symposium on River 
Sedimentation, University of Mississippi, Oxford, Mississippi.

Boyer, K. L., D. R. Berg, and S. V. Gregory. 2003. Riparian 
management for wood in rivers. Pages 407–420 in S. V. 
Gregory, K. L. Boyer, and A. M. Gurnell, editors. The ecol-
ogy and management of wood in world rivers. American 
Fisheries Society Symposium 37, Bethesda, Maryland, USA.

Bramblett, R. G., and R. G. White. 2001. Habitat use and 
movements of pallid and shovelnose sturgeon in the Yellow-
stone and Missouri Rivers in Montana and North Dakota. 
Environmental Management 14:451–464.

Brookes, A., and F. D. Shields, Jr., editors. 1996. River channel 
restoration. John Wiley and Sons, Chichester, U.K.

Brouder, M. J. 2001. Effects of flooding on recruitment of 
roundtail chub, Gila robusta, in a southwestern river. 
Southwestern Naturalist 46:302–310.

Bunt, C. M., C. Katopodis, and R. S. McKinley. 1999. Attraction 
and passage efficiency of white suckers and smallmouth 
bass by two Denil fishways. North American Journal of 
Fisheries Management 19:793–803. 

Butler, R. L., and V. M. Hawthorne. 1968. The reactions of 
dominant trout to changes in overhead artificial cover. 
Transactions of the American Fisheries Society 97:37–41.

Cederholm, C. J., R. E. Bilby, P. A. Bisson, T. W. Bumstead, B. 
R. Fransen, W. J. Scarlett, and J. W. Ward. 1997. Response 
of juvenile coho salmon and steelhead to placement of large 
woody debris in a coastal Washington stream. North Ameri-
can Journal of Fisheries Management 17:947–963.

Chapman, D.W., and T.C. Bjornn. 1969. Distribution of salmo-
nids in streams with special reference to food and feeding. 
Pages 153–176 in T.G. Northcote, editor. Symposium on 
salmon and trout in streams. H.R. Macmillan Lectures in 
Fisheries, University of British Columbia, Vancouver, Canada. 

Colvin, R. 2006. Fish and amphibian use of seasonal drainages 
within the Upper Willamette River Basin, Oregon. Thesis, 
Oregon State University, Corvallis, Oregon, USA.

Cooper, C. M., and S. S. Knight. 1990a. Nutrient trapping ef-
ficiency of small sediment detention reservoir. Agricultural 
Water Management 18:149–158.

Cooper, C. M., and S. S. Knight. 1990b. Water quality cycles in 
two hill land streams subjected to natural, municipal and 



96 The Wildlife Society  Technical Review 07–1 September 2007

non-point agricultural stresses in the Yazoo Basin of Mis-
sissippi (1985-1987). Verhandlungen der Internationalen 
Vereinigung der Limnologie. 24:1654–1663. 

Cooper, C. M., and S. S. Knight. 1991. Nutrient trapping ef-
ficiency in small farm ponds. Symposium on Environmen-
tally Sound Agriculture 2:673–680.

Cooper, C. M., and S. S. Knight. 1987a. Fisheries in man-made 
pools below grade-control structures and in naturally oc-
curring scour holes of unstable streams. Journal of Soil and 
Water Conservation 42:370–373.

Cooper, C. M., and S. S. Knight. 1987b. Fisheries potential of 
permanent man-made pools below grade control structures 
in high gradient streams. Proceedings of the annual meet-
ing of the Mississippi Chapter, American Fisheries Society 
10:44–48.

Cooper, C. M., F. D. Hudson, S. S. Knight, and F. D. Shields, 
Jr. 1996a. Channel rehabilitation in incised streams: using 
stabilization measures for habitat enhancement. Pages 
197–208 in L. P. Heard and R. E. Stewart, editors. Proceed-
ings of The Delta: connecting points of view for sustainable 
natural resources. Tennessee Association of Conservation 
Districts and U.S. Department of Agriculture, Natural Re-
sources Conservation Service publication.

Cooper, C. M., P. C. Smiley, Jr., J. D. Wiggington, S. S. Knight, 
and K. W. Kallies. 1996b. Vertebrate utilization of habi-
tat created by installation of drop pipes. Pages 19–22 in 
Proceedings of the sixth Federal Interagency Sedimentation 
Conference, Volume 2. 

Cowx, I. G., and R. L. Welcomme. 1998. Rehabilitation of rivers 
for fish. Fish News Books, FAO, Malden, Massachusetts, USA.

Crawford, J. A., R. A. Olson, N. E. West, J. C. Mosley, M. A. 
Schroeder, T. D. Whitson, R. F. Miller, M. A. Gregg, and 
C. S. Boyd. 2004. Ecology and management of sage grouse 
and sage grouse habitat. Journal of Range Management 
57:2–19.

Cullum, R. F., and C. M. Cooper. 2001. Water quality from 
floodwater retarding structures. Pages 23–26 in Proceed-
ings of the seventh Federal Interagency Sedimentation 
Conference, Reno, Nevada, USA.

Culotta, E. 1995. Bringing back the Everglades. Science Weekly 
268:1688–1690. 

Curry, R. A., D. A. Scruton, and K. D. Clarke. 2002. The 
thermal regimes of brook trout incubation habitats and 
evidence of changes during forestry operations. Canadian 
Journal of Forest Research 32:1200–1207.

Davidson-Arnott, R. G. D., and H. I. Keizer. 1982. Shore 
protection in the town of Stoney Creek, southwest Lake 
Ontario, 1934-1979: historical changes and durability of 
structures. Journal of Great Lakes Research 8:635–647.

Dean, J., D. Edds, D. Gillette, J. Howard, S. Sherraden, and 
J. Tiemann. 2002. Effects of lowhead dams on freshwater 
mussels in the Neosho River, Kansas. Transactions of the 
Kansas Academy of Science 10:232–240.

Dendy, F. E. 1974. Sediment trap efficiency of small reservoirs. 
Transactions of the American Society of Agricultural Engi-
neers 17(5):899–901. 

Dendy, F. E., and C. M. Cooper. 1984. Sediment trap efficiency 
in a small reservoir. Journal of Soil Water Conservation, 
39:278–280.

Dendy, F. E., C. M. Cooper, F. R. Schiebe, and J. C. Richie. 
1984. Sediment in a delta stream. Southern Geology 
24:179–184.

Dillaha, T. A., R. B. Reneau, S. Mostaghimi, and D. Lee. 1989. 

Vegetative filter strips for agricultural nonpoint source 
pollution control. Transactions of the American Society of 
Agricultural Engineers 32:513–519.

Dobson, A. P., A. D. Bradshaw, and A. J. M. Baker. 1997. Hopes 
for the future: restoration ecology and conservation biology. 
Science 277:515–522.

Dolloff, C.A., and M. L.Warren, Jr. 2003. Fish relationships 
with large wood in small streams. American Fisheries Soci-
ety Symposium 37:179–193.  

Downing, S. L., E. F. Prentice, R. W. Frazier, J. E. Simonson, 
and E. P. Nunnallee. 2001. Technology developed for di-
verting passive integrated transponder (PIT) tagged fish at 
hydroelectric dams in the Columbia River Basin. Aquacul-
tural Engineering 25:149–164.

Doyle, M. W., E. H. Stanley, and J. M. Harbor. 2003. Channel 
adjustments following two dam removals in Wisconsin. 
Water Resources Research 39:1–15.

Dudley, S. J., J. C. Fischenich, and S. R. Abt. 1998. Effect of 
woody debris entrapment on flow resistance. Journal of the 
American Water Resources Association 34:1189–1197.

Duff, D. A. 1977. Livestock grazing impacts on aquatic habitat 
in Big Creek, Utah. Pages 129–142 in Proceedings of the 
workshop on wildlife-fisheries relationships in the Great 
Basin. University of California, Agriculture Station, Science 
Special Publication 3301, Berkeley, California, USA. 

Ebel, W. J. 1985. Review of effects of environmental degrada-
tion on the freshwater stages of anadromous fish. Pages 
62–79 in J. S. Alabaster, editor. Habitat modification and 
freshwater fisheries. Proceedings of a Symposium of the 
European Inland Fisheries Advisory Commission, Food and 
Agriculture Organization of the United Nations.

Ebersole, J. L., W. J. Liss, and C. A. Frissell. 1997. Restoration 
of stream habitats in the Western United States: restora-
tion as re-expression of habitat capacity. Environmental 
Management 21:1–14.

Eicher, G. J. 1982. Fish passage in New South Wales. Fisheries 
7:2–4.

Elphick, C. S., and L. W. Oring. 2003. Conservation implica-
tions of flooding rice fields on winter waterbird communi-
ties. Agriculture, Ecosystems & Environment 94:17–29.

Evans, J. L., B. Bennet, and D. Roseboom. 1992. Vegetative 
streambank protection in Court Creek watershed. American 
Society of Agricultural Engineers Meeting Paper (922104).

Federal Interagency Stream Restoration Working Group 
(FISRWG). 1998. Stream corridor restoration: principles, 
processes and practices. U.S. Deptartment of Agriculture, 
Washington, D.C., USA.

Feiner, P., and K. Auerswald. 2003. Effectiveness of grassed 
waterways in reducing runoff and sediment delivery from 
agricultural watersheds. Journal of Environmental Quality 
32:927–936.

Ferro, V. 2000. Design relationships for rock chute channels. 
Transactions of the American Society of Agricultural Engi-
neers 43:585–590.

Fitzpatrick, F. A., B. C. Scudder, B. N. Lenz, and D. J. Sul-
livan. 2001. Effects of multi-scale environmental charac-
teristics on agricultural stream biota in eastern Wisconsin. 
Journal of the American Water Resources Association 
37(6):1489–1507.

Flebbe, P.A., and C. A. Dolloff. 1995. Trout use of woody debris 
and habitat in Appalachian Wilderness streams of North 
Carolina. North American Journal of Fisheries Manage-
ment 15:579–590.



Fish and Wildlife Response to Farm Bill Conservation Practices 97

Fuller, P. L., L. G. Nico, and J. D. Williams. 1999. Nonindig-
enous fishes introduced into inland waters of the United 
States. American Fisheries Society, Special Publication 27, 
Bethesda, Maryland, USA.

Galeone, D. G. 1977. Evaluation of two basins prior to stream-
bank fencing in pastured areas within the Mill Creek 
Basin of Lancaster County, Pennsylvania. Pages 117–126 
in National Watershed Water Quality Project Symposium 
Proceedings, U.S. Environmental Protection Agency, Office 
of Research and Development, Office of Water, Washing-
ton, D.C., USA.

Geyer, W. A., T. Neppl, K. Brooks, and J. Carlisle. 2000. 
Woody vegetation protects streambank stability during the 
1993 flood in central Kansas. Journal of Soil and Water 
Conservation 55:483–486.

Gibson, R. J., R. L. Haedrich, and C. M. Wernerheim. 2005. 
Loss of fish habitat as a consequence of inappropriately 
constructed stream crossings. Fisheries 30:10–17. 

Giger, R. D. 1973. Streamflow requirements of Salmonids. 
Final Report on Project AFS 62-1. Oregon Wildlife Commis-
sion, Portland, Oregon, USA.

Gore, J. A. 1985. The restoration of rivers and streams—theories 
and experience. Butterworth Publishers, Boston, Massachu-
setts, USA. 

Goulding, M. 1980. The fishes and the forest, explorations in 
Amazonian natural history. University of California Press, 
Berkeley, California, USA.

Grayson, R. B., S. R. Haydon, M. D. A. Jayasuriya, and B. 
L. Finlayson. 1993. Water quality in mountain ash for-
ests—separating the impacts of roads from those of logging 
operations. Journal of Hydrology 150:459–480.

Gregory, S. V., K. L. Boyer, and A. M. Gurnell, editors. 2003. 
The ecology and management of wood in world rivers. 
American Fisheries Society Symposium 37, Bethesda, 
Maryland, USA.

Griffin, Jr., D. M. 1979. Reservoir trap efficiency: the-state-of-
the-art. Journal of Civil Engineering and Design 1:355-377.

Grissinger, E. H., W. C. Little, and J. B. Murphey. 1981. Erod-
ibility of streambank materials of low cohesion. Transac-
tions of the American Society of Agricultural Engineers 
24:624–630.

Hald, A. B. 2002. Impact of agricultural fields on vegetation of 
stream border ecotones in Denmark. Agriculture, Ecosys-
tems & Environment 89:127–135.

Harding, J. S., E. F. Benfield, P. V. Bolstad, G. S. Helfman, and 
E. B. D. Jones, III. 1998. Stream biodiversity: the ghost of 
land use past. Proceedings of the National Academy of Sci-
ence 95:14843–14847. 

Helfrich, L. A., C. Liston, S. Hiebert, M. Albers, and K. Frazer. 
1999. Influence of low-head diversion dams on fish passage, 
community composition, and abundance in the Yellowstone 
River, Montana. Rivers 7:21–32. 

Henning, J. A. 2005. Floodplain emergent wetlands as rearing 
habitat for fishes and the implications for wetland enhance-
ment. Master’s Thesis. Oregon State University, Corvallis, 
Oregon, USA.

Hubbard, R. K., and R. Lowrance. 1997. Assessment of forest 
management effects on nitrate removal by riparian buffer 
systems. Transactions of the American Society of Agricul-
tural Engineers 40:383–391.

Hubbard, R. K., and R. R. Lowrance. 1994. Riparian forest buffer 
system research at the Coastal Plain Experiment Station, Tif-
ton, Georgia, USA. Water, Air, and Soil Pollution 77:407–432.

Hubbard, R. K., G. L. Newton, J. G. Davis, R. Lowrance, G. 
Vellidis, and C. R. Dove. 1998. Nitrogen assimilation by 
riparian buffer systems receiving swine lagoon wastewater. 
Transactions of the American Society of Agricultural Engi-
neers 41:1295–1304.

Hunt, R. L. 1971. Response of a brook trout population to habi-
tat development in Lawrence Creek. Technical Bulletin No. 
48, Wisconsin Department of Natural Resources, Madison, 
Wisconsin, USA.

Hunter, C. J. 1991. Better trout habitat: a guide to stream 
restoration and management. Island Press, Washington, 
D.C., USA.

Insaurralde, M. S. 1992. Environmental characteristics associ-
ated with flathead catfish in four Mississippi streams. Dis-
sertation, Mississippi State University, Mississippi, USA.

Johnson, C. 2003. Five low-cost methods for slowing stream-
bank erosion. Journal of Soil and Water Conservation 
58:12A–17A.

Jones, P. H. 1992. Type 6 rock riprap grade control structure. 
American Society of Agricultural Engineers. Meeting Paper, 
International Winter Meeting, Nashville, Tennessee, USA.

Junk, W. J., P. B. Bayley, and R. E. Sparks. 1989. The flood 
pulse concept in river-floodplain systems. Pages 110–127 in 
D. P. Dodge, editor. Proceedings of the International Large 
River Symposium. Canadian Special Publication of Fisher-
ies and Aquatic Sciences 106. Department of Fisheries and 
Oceans, Ottawa, Ontario, Canada.

Kanehl, P. D., J. Lyons, and J. E. Nelson. 1997. Changes in the 
habitat and fish community of the Milwaukee River, Wis-
consin, following removal of the Woolen Mills Dam. North 
American Journal of Fisheries Management 17:387–400.

Kauffman, J. B., A. S. Thorpe, and E. N. J. Brookshire. 2004. 
Livestock exclusion and belowground ecosystem responses 
in riparian meadows of eastern Oregon. Ecological Applica-
tions 14:1671–1679.

Kiffney, P. M., J. S. Richardson, and J. P. Bull. 2003. Respons-
es of periphyton and insects to experimental manipulation 
of riparian buffer width along forest streams. Journal of 
Applied Ecology 40:1060–1076.

Killgore, K. J., and J. A. Baker. 1996. Patterns of larval fish 
abundance in a bottomland hardwood wetland. Wetlands 
16(3):288-295. 

King, A. J., P. Humphries, and P. S. Lake. 2003. Fish recruit-
ment on floodplains: the roles of patterns of flooding and 
life history characteristics. Canadian Journal of Fisheries 
and Aquatic Sciences 60:773–786.

Knight, S. S. 1981. Investigation of the food habits of channel 
catfish (Ictalurus punctatus) during periods of flooding on 
the Tombigbee River, Mississippi. Mississippi State Univer-
sity Library, Mississippi, USA.

Knight, S. S., and C. M. Cooper. 1991. Effects of bank protec-
tion on stream fishes. Pages 13–39 in Proceedings of the 
fifth Federal Interagency Sedimentation Conference, Las 
Vegas, Nevada, USA. 

Knight, S. S., and C. M. Cooper. 1995. Preliminary water qual-
ity analysis of drop pipe inlet basins in the DEC Project. 
Pages 24–27 in Proceedings of the sixth Federal Interagen-
cy Sedimentation Conference, Las Vegas, Nevada, USA.

Knight, S. S., C. M. Cooper, and P. C. Smiley, Jr. 1997a. Water 
quality of drop pipe inlet basins in the DEC project. Pages 
1035–1040 in S. S. Y. Wang, E. J. Langendoen, and F. D. 
Shields, Jr., editors. Management of landscapes disturbed 
by channel incision: stabilization, rehabilitation, restora-



98 The Wildlife Society  Technical Review 07–1 September 2007

tion. Center for Computational Hydroscience and Engineer-
ing, University of Mississippi, Oxford, Mississippi, USA.

Knight, S. S., F. D. Shields, Jr., and C. M. Cooper. 1997b. 
Fisheries-based characterization of Demonstration Erosion 
Control Project streams. Pages 893–897 in S. S. Y. Wang, 
E. J. Langendoen, and F. D. Shields, Jr., editors, Manage-
ment of landscapes disturbed by channel incision: stabiliza-
tion, rehabilitation, restoration. Center for Computational 
Hydroscience and Engineering, University of Mississippi, 
Oxford, Mississippi, USA.

Knight, S. S., P. J. Starks, S. Hardegree, and M. Weltz. 1994. 
Scientific challenges and opportunities in wetland and 
riparian research. Pages 147–162 in Proceedings of Agricul-
ture Research Service Conference on Hydrology.

Knutson, M. G., W. B. Richardson, D. M. Reineke, B. R. Gray, J. R. 
Parmelee, and S. E. Weick. 2003. Agricultural ponds support 
amphibian populations. Ecological Applications 14:669–684. 

Kondolf, G. M., and R. R. Curry. 1984. The role of riparian 
vegetation in channel bank stability: Carmel River, Cali-
fornia. Pages 124–133 in R. E. Warner and K. M. Hendrix, 
editors. California riparian systems: ecology, conservation, 
and productive management. University of California Press, 
Berkeley, California, USA.

Krutz, L. J., S. A. Senserman, R. M. Zablotowicz, and M. A. 
Motocha. 2005. Reducing herbicide runoff from agricultur-
al fields with vegetative filter strips: a review. Weed Science 
53:353–367.

Kwak, T. J. 1988. Lateral movement and use of floodplain 
habitat by fishes of the Kankakee River, Illinois. American 
Midland Naturalist 120:241–249. 

Lammert, M., and J. D. Allan. 1999. Assessing biotic integrity 
of streams: effects of scale in measuring the influence of 
land use/cover and habitat structure on fish and macroin-
vertebrates. Environmental Management 23:257–70.

Lenat, D. E., and J. K. Crawford. 1994. Effects of land use on 
water quality and aquatic biota of three North Carolina 
Piedmont streams. Hydrobiologia 294:185–199. 

Lenat, D. R. 1984. Agriculture and stream water quality: a 
biological evaluation of erosion control practices. Environ-
mental Management 8:333–343.

Lewis, S. L. 1969. Physical factors influencing fish populations 
in pools of a trout stream. Transactions of American Fisher-
ies Society 98:14–19.

Ligon, F. K., W. E. Dietrich, and W. J. Trush. 1995. Down-
stream ecological effects of dams. BioScience 45:183–192.

Lim, T.T., D.R. Edwards, S. R. Workman, B.T. Larson, L. 
Dunn. 1998. Vegetated filter strip removal of cattle manure 
constituents in runoff. Transactions of the American Society 
of Agricultural Engineers 41(5):1375-1381.

Line, D. E., W. A. Harman, G. D. Jennings, E. J. Thompson, 
and D. L. Osmond. 2000. Nonpoint-source pollutant load 
reductions associated with livestock exclusion. Journal of 
Environmental Quality 29:1882–1889.

Lisle, T. E. 1995. Effects of coarse woody debris and its removal 
on a channel affected by the 1980 eruption of Mount St. Hel-
ens, Washington. Water Resources Research 31:1797–1808.

Lowrance, R., G. Vellidis, and R. K. Hubbard. 1995. Denitri-
fication in a restored riparian forest wetland. Journal of 
Environmental Quality 24:808–815.

Lowrance, R., G. Vellidis, R. D. Wauchope, P. Gay, and D. D. 
Bosch. 1997. Herbicide transport in a managed riparian for-
est buffer system. Transactions of the American Society of 
Agricultural Engineers 40:1047–1057.

Lowrance, R., R. K. Hubbard, and R. G. Williams. 2000. Ef-
fects of a managed three zone riparian buffer system on 
shallow groundwater quality in the Southeastern Coastal 
Plain. Journal of Soil and Water Conservation 55:212–220.

Lyons, J., S. W. Trimble, and L. K. Paine. 2000. Grass versus 
trees: managing riparian areas to benefit streams of central 
North America. Journal of the American Water Resources 
Association 36:919–930.

Malanson, G. P., and J. A. Kupfer. 1993. Simulated fate of leaf 
litter and large woody debris at a riparian cutbank. Cana-
dian Journal of Forest Research 23:582–590.

Mammoliti, C. 2002. The effects of small watershed impound-
ments on native stream fishes: a focus on the Topeka shiner 
and hornyhead chub. Transactions of the Kansas Academy 
of Science 105:219–231.

Marchettii, M. P., and P. B. Moyle. 2001. Effects of flow regime 
on fish assemblages in a regulated California stream. Eco-
logical Applications 11:530–539.

Marcuson, P. E. 1977. Overgrazed streambanks depress fishery 
production in Rock Creek, Montana. Pages 143–156 in 
Proceedings of the workshop on wildlife-fisheries relation-
ships in the Great Basin. University of California, Agricul-
ture Station, Science Special Publication 3301, Berkeley, 
California, USA. 

Maul, J. D., and C. M. Cooper. 2000. Water quality of season-
ally flooded agricultural fields in Mississippi, USA. Agricul-
ture, Ecosystems & Environment 81:171–178.

Maul, J. D., C. M. Cooper, and J. A. Meador. 1997. Seasonal 
flooding by water control/water retention devices: waterfowl 
usage of agricultural and managed areas in the Mississippi 
Delta. Pages 898–902 in S. Y. Wang, E. Langendoen, and F. 
D. Shields, Jr., editors, Management of landscapes disturbed 
by channel incision: stabilization, rehabilitation, restoration. 
Center for Computational Hydroscience and Engineering, 
University of Mississippi, Oxford, Mississippi, USA.

McMichael, G. A., J. A. Vucelick, C. S. Abernethy, and D. A. 
Neitzel. 2004. Comparing fish screen performance to physi-
cal design criteria. Fisheries 29:10–16.

Meding, S. M., L. A. Morris, C. M. Hoover, W. L. Nutter, and 
M. L. Cabrera. 2001. Denitrification at a long-term forested 
land treatment system in the Piedmont of Georgia. Journal 
of Environmental Quality 30:1411–1420.

Milauskas, S. J. 1988. Low-water stream crossing options for 
southern haul roads. Southern Journal of Applied Forestry 
12:11–15.

Miller, R. L., Jr., D. R. DeWalle, R. P. Brooks, and J. C. Fin-
ley. 1997. Long-term impacts of forest road crossings of 
wetlands in Pennsylvania. Northern Journal of Applied 
Forestry 14:109–116.

Minns, C. K., Kelso, J. R. M., Randall, R.G. 1996. Detecting the 
response of fish to habitat alterations in freshwater ecosys-
tems. Canadian Journal of Fisheries and Aquatic Sciences 
53(SUPPL. 1):403-414.

Moffitt, C. M., B. Kynard, and S. G. Rideout. 1982. Fish passage 
facilities and anadromous fish restoration in the Connecti-
cut River basin. Fisheries 7:2–11.

Morrow, J. V., Jr., J. P. Kirk, K. J. Killgore, H. Rogillio, and C. 
Knight. 1998. Status and recovery potential of gulf sturgeon 
in the Pearl River system, Louisiana-Mississippi. North 
American Journal of Fisheries Management 18:798–808. 

Myers, T. J., and S. Swanson. 1996. Long-term aquatic habitat 
restoration: Mahogany Creek, Nevada, as a case study. 
Water Resources Bulletin 32:241–252.



Fish and Wildlife Response to Farm Bill Conservation Practices 99

National Research Council. 1992. Restoration of aquatic 
ecosystems: science, technology and public policy. National 
Academy Press, Washington, D.C., USA.

Neary, D. G., N. B. Comerford, and L. W. Swift, Jr. 1993. Land and 
riparian interactions with sediment in the southern United 
States. Pages 51–60 in Proceedings of the Technical Workshop 
on Sediments. Terrene Institute, Washington, D.C., USA.

Neraas, L. P., and P. Spruell. 2001. Fragmentation of riverine 
systems: the genetic effects of dams on bull trout (Salveli-
nus confluentus) in the Clark Fork River system. Molecular 
Ecology 10:1153–1164. 

Newman, M. A. 1956. Social behavior and interspecific competi-
tion in two trout species. Physiology and Zoology 29:64–81.

Nunnally, N. R. 1979. Improving channel efficiency without 
sacrificing fish and wildlife habitat: the case for stream res-
toration. Pages 394–399 in U.S. Department of Agriculture, 
Forest Service General Technical Report WO-12.

Oelbermann, M., and A. M. Gordon. 2000. Quantity and qual-
ity of autumnal litterfall into a rehabilitated agricultural 
stream. Journal of Environmental Quality 29:603–611.

Pearsons, T. N., H. Li, and G. Lamberti. 1992. Influence of 
habitat complexity on resistance to flooding and resilience 
of stream fish assemblages. Transactions of the American 
Fisheries Society 121:427–436.

Pennington, C. H., S. S. Knight, and M. P. Farrell. 1985. 
Response of fishes to revetment placement. Journal of the 
Arkansas Academy of Science 39:95–97.

Pess, G. R., M. E. McHugh, D. Fagen, P. Stevenson, and J. 
Drotts. 1998. Stillaguamish salmonid barrier evaluation and 
elimination project—Phase III. Final report to the Tulalip 
Tribes, Marysville, Washington, USA.

Petts, G. E. 1984. Impounded rivers. John Wiley and Sons, 
Chichester, UK.

Purkey, D. R., and W. W. Wallender. 2001. Habitat restoration 
and agricultural production under land retirement. Journal 
of Irrigation and Drainage Engineering 127:240–245.

Quinn, J., R. B. Williamson, R. K. Smith, and M. L. Vickers. 
1992. Effects of riparian grazing and channelization on 
streams in Southland, New Zealand: benthic invertebrates. 
New Zealand Journal of Marine and Freshwater Research 
26:259–273.

Raleigh, R. F., and W. J. Ebel. 1968. Effects of Brownlee 
Reservoir on migration of anadromous salmonids. Pages 
415–443 in Proceedings of the Reservoir Fisheries Re-
sources Symposium, Athens, Georgia. American Fisheries 
Society, Bethesda, Maryland, USA.

Ricciardi, A., and J. B. Rasmussen. 1999. Extinction rates of 
North American freshwater fauna. Conservation Biology 
13:1220–1222.

Rice, C. E., and K. C. Kadavy. 1998. Low-drop grade-control 
structure. Transactions of the American Society of Agricul-
tural Engineers 41:1337–1343.

Richards, C., P. Cernera, M. Ramey, and D. Reiser. 1992. 
Development of off-channel habitats for use by juvenile 
Chinook salmon. North American Journal of Fish Manage-
ment 12:721–727. 

Rinne, J. N. 1988. Effects of livestock grazing exclosure on 
aquatic macroinvertebrates in a montane stream, New 
Mexico. Great Basin Naturalist 48:146–153. 

Rinne, J. N. 1994. Declining southwestern aquatic habitats 
and fishes: are they sustainable? Pages 256–265 in W. 
W. Covington and L. F. Debano, technical coordinators. 
Sustainable ecological systems: implementing an ecological 

approach to land management. U.S. Department of Agricul-
ture, Forest Service, General Technical Report RM-247.

Risotto, S. P., and R. E. Turner. 1985. Annual fluctuation in 
abundance of the commercial fisheries of the Mississippi 
River and tributaries. North American Journal of Fisheries 
Management 5:557–574.

Robertson, K. M., and C. K. Augspurger. 1999. Geomorphic 
processes and spatial patterns of primary forest succes-
sion on the Bogue Chitto River, USA. Journal of Ecology 
87:1052–1063. 

Robinette, H. R., and S. S. Knight. 1981. Food of channel 
catfish during flooding of the Tombigbee River, Mississippi. 
Proceedings of the Southeastern Association of Fish and 
Wildlife Agencies 35:598–606. 

Roni, P., T. J. Beechie, R. E. Bilby, F. E. Leonetti, M. M. Pol-
lock, and G. R. Pess. 2002. A review of stream restoration 
techniques and a hierarchical strategy for prioritizing res-
toration in Pacific Northwest watersheds. North American 
Journal of Fisheries Management 22 (1):1-20.

Roni, P., and T. P. Quinn. 2001. Effects of wood placement on 
movements of trout and juvenile coho salmon in natural 
and artificial stream channels. Transactions of the Ameri-
can Fisheries Society 130(4):675-685. 

Rood, S. B., and J. M. Mahoney. 1990. Collapse of riparian 
poplar forests downstream from dams in western prairies: 
probable causes and prospects for mitigation. Environmen-
tal Management 14:451–464.

Roper, B., D. Konnoff, D. Heller, and K. Wieman. 1998. Durability 
of Pacific Northwest instream structures following floods. North 
American Journal of Fisheries Management 18:686–693.

Rubino, D. L., C. E. Williams, and W. J. Moriarity. 2002. Her-
baceous layer contrast and alien plant occurrence in utility 
corridors and riparian forests of the Allegheny High Pla-
teau. Journal of the Torrey Botanical Society 129:125–135.

Saunders, W. C. 2006. Improved grazing management increas-
es terrestrial invertebrate inputs that feed trout in Wyoming 
rangeland streams. Thesis, Colorado State University, Fort 
Collins, Colorado, USA.

Saunders, W. C., and K. D. Fausch. 2006. A field evaluation of 
the effects of improved grazing management on terrestrial 
invertebrate inputs that feed trout in Wyoming rangeland 
streams. Final Report to Natural Resources Conservation 
Service, Portland, Oregon, USA.

Schrank, A. J., and F. G. Rahel. 2004. Movement patterns in 
inland cutthroat trout (Oncorhynchus clarkiutah): manage-
ment and conservation implications. Canadian Journal of 
Fisheries and Aquatic Sciences 61:1528–1537.

Schultz, R. C. 1996. An integrated riparian management sys-
tem to control agricultural pollution and enhance wildlife 
habitat. Agriculture in Concert with the Environment (ACE) 
research projects, North Central Region. SARE Project 
Number: ANC95-024.

Schultz, R. C., J. P. Colletti, T. M. Isenhart, W. W. Simpkins, C. 
W. Mize, and M. L. Thompson. 1995a. Design and place-
ment of a multi-species riparian buffer strip system. Agro-
forestry Systems 29:201–226.

Schultz, R. C., T. M. Isenhart, and J. P. Colletti. 1995b. Riparian 
buffer systems in crop and rangelands. Pages 13–27 in Agro-
forestry and sustainable systems. U.S. Department of Agri-
culture, Forest Service General Technical Report RM-261. 

Schulz, T. T., and W. C. Leininger. 1990. Differences in riparian 
vegetation structure between grazed areas and exclosures. 
Journal of Range Management 43:295-299.



100 The Wildlife Society  Technical Review 07–1 September 2007

Scully, R. J., E. J. Leitzinger, and C. E. Petrosky. 1990. Idaho 
habitat evaluation for off-site mitigation record. 1988. An-
nual Report to Bonneville Power Administration. Contract 
Report DE-179-84BP13381, Portland, Oregon, USA. 

Sedell, J. R., and R. L. Beschta. 1991. Bringing back the “bio” in 
bioengineering. American Fisheries Society Symposium. 

Seehorn, M. 1985. Fish habitat improvement handbook. U.S. 
Department of Agriculture, Forest Service Technical Publi-
cation R8-TP-7.

Seehorn, M. E. 1992. Stream habitat improvement handbook. 
U.S. Department of Agriculture, Forest Service Technical 
Publication R8-TP-16.

Sethi, S. A., A. R. Selle, M. W. Doyle, E. H. Stanley, and H. 
E. Kitchel. 2004. Response of Unionid mussels to dam 
removal in Koshkonong Creek, Wisconsin, USA. Hydrobio-
logia 525:157–165. 

Sheridan, J. M., R. Lowrance, and D. D. Bosch. 1999. Manage-
ment effects on runoff and sediment transport in riparian 
forest buffers. Transactions of the American Society of 
Agricultural Engineers 42:55–64.

Sherman, H. 1989. Streambank plants vital to water quality. 
Agriculture Research 37:19.

Shields, Jr., F. D., Langendoen, E. J., and M. W. Doyle. 2006. 
Adapting existing models to examine effects of agricultural 
conservation programs on stream habitat quality. Journal 
of the American Water Resources Association. 42(1):25-33.

Shields, Jr., F. D., A. J. Bowie, and C. M. Cooper. 1995a. 
Control of streambank erosion due to bed degradation 
with vegetation and structure. Water Resources Bulletin 
31:475–489.

Shields, Jr., F. D., and D. H. Gray. 1992. Effects of woody veg-
etation on sandy levee integrity. Water Resources Bulletin 
28:917–931.

Shields, Jr., F. D., and N. R. Nunnally. 1984. Environmental 
aspects of clearing and snagging. Journal of Environmental 
Engineering 110:152–165.

Shields, Jr., F. D., and R. H. Smith. 1992. Effects of large 
woody debris removal on physical characteristics of a sand-
bed river. Aquatic Conservation 2:145–163.

Shields, Jr., F. D., C. M. Cooper, and S. S. Knight. 1992. Re-
habilitation of aquatic habitats in unstable streams. Pages 
1093-1102 in Proceedings of the fifth International Sympo-
sium on River Sedimentation, Karlsruhe, Germany.

Shields, Jr., F. D., P. C. Smiley, Jr., and C. M. Cooper. 2002. 
Design and management of edge-of-field water control 
structures for ecological benefits. Journal of Soil and Water 
Conservation 57:151–157.

Shields, Jr., F. D., S. S. Knight, and C. M. Cooper. 1993. Res-
toration of an incised stream channel: preliminary results. 
Advances in Hydro-Science and Engineering 2:1364–1369. 

Shields, Jr., F. D., S. S. Knight, and C. M. Cooper. 1995b. 
Streambank protection and habitat restoration. Pages 
721–725 in W. H. Espey, Jr., and P. G. Combs, editors. 
Proceedings of the first International Conference on Water 
Resources Engineering, American Society of Civil Engi-
neers, New York, New York, USA. 

Shields, Jr., F. D., S. S. Knight, and C. M. Cooper. 1995c. 
Incised stream physical habitat restoration with stone 
weirs. Regulated Rivers: Reservoirs and Management 
10:181–198.

Shields, Jr., F. D., S. S. Knight, and C. M. Cooper. 1997. Stream 
habitat restoration using spurs added to stone toe protec-
tion. Pages 667–672 in S. Y. Wang, E. Langendoen, and F. D. 

Shields, Jr., editors. Management of landscapes disturbed by 
channel incision, stabilization, rehabilitation, and restora-
tion. Center for Computational Hydroscience and Engineer-
ing, University of Mississippi, Oxford, Mississippi, USA.

Shields, Jr., F. D., S. S. Knight, and C. M. Cooper. 2000a. 
Warmwater stream bank protection and fish habitat: a com-
parative study. Environmental Management 26:317–328.

Shields, Jr., F. D., S. S. Knight, C. M. Cooper, and S. Testa, III. 
2000b. Large woody debris structures for incised chan-
nel rehabilitation. Proceedings of the American Society of 
Civil Engineers 2000 Joint Conference on Water Resources 
Planning and Management. Environmental and Water Re-
sources Institute of the American Society of Civil Engineers, 
Reston, Virginia, USA. [Published on CD-ROM] 

Shirley, S. 2004. The influence of habitat diversity and struc-
ture on bird use of riparian buffer strips in coastal forests 
of British Columbia, Canada. Canadian Journal of Forest 
Research 34:1499–1510.

Siefken, G. 1992. Cedar revetment and streambank stabiliza-
tion. Pages 209–215 in Proceedings of the National RCWP 
Symposium—10 years of controlling agricultural nonpoint 
source pollution: the RCWP experience. U.S. Environmen-
tal Protection Agency.

Simon, A., and M. Rinaldi. 2000. Channel instability in the 
loess area of Midwestern United States. Journal of the 
American Water Resources Association 36:133–150. 

Smiley, Jr., P. C., C. M. Cooper, K. W. Kallies, and S. S. Knight. 
1998a. Assessing habitats created by installation of drop 
pipes. U.S. Department of Agriculture Natural Resources 
Conservation Service, Wetlands Science Institute, Wetland 
Assessment Information Series No. 2. 

Smiley, Jr., P. C., C. M. Cooper, K. W. Kallies, and S. S. Knight. 
1997. Assessing habitats created by installation of drop pipes. 
Pages 903-908 in S. Y. Wang, E. Langendoen, and F. D. 
Shields, Jr., editors, Management of landscapes disturbed by 
channel incision, stabilization, rehabilitation, and restora-
tion. Center for Computational Hydroscience and Engineer-
ing, University of Mississippi, Oxford, Mississippi, USA.

Smiley, Jr., P. C., S. S. Knight, C. M. Cooper, and K. W. Kal-
lies. 1998b. Fish utilization of riparian habitats created by 
erosion control structures. Proceedings of the Mississippi 
Water Resources Conference 28:154–161.

Smith, L. W., E. Dittmer, M. Prevost, and D. R. Burt. 2000. 
Breaching of a small irrigation dam in Oregon: a case his-
tory. North American Journal of Fisheries Management 
20:205–219. 

Smith, R. D., R. C. Sidle, P. E. Porter, and J. R. Noel. 1993. 
Effects of experimental removal of woody debris on the 
channel morphology of a forest, gravel-bed stream. Journal 
of Hydrology 152:153–178.

Snodgrass, J. W., A. L. Bryan, Jr., R. F. Lide, and G. M. Smith. 
1996. Factors affecting the occurrence and structure of fish 
assemblages in isolated wetlands of the upper coastal plain, 
U.S.A. Canadian Journal of Fisheries and Aquatic Sciences 
53:443–454. 

Snyder, N. J., S. Mostaghimi, D. F. Berry, R. B. Reneau, S. 
Hong, P. W. McClellan, and E. P. Smith. 1998. Impact of 
riparian forest buffers on agricultural nonpoint source pol-
lution. Journal of the American Water Resources Associa-
tion 34:385–395.

Stammler, K. L., R. L. McLaughlin, N. E. Mandrak. Streams 
modified for drainage provide fish habitat in agricultural 
areas. In press.



Fish and Wildlife Response to Farm Bill Conservation Practices 101

Stanley, E. H., M. A. Luebke, M. W. Doyle, and D. W. Marshall. 
2002. Short-term changes in channel form and macroin-
vertebrate communities following low-head dam removal. 
Journal of the North American Benthological Society 
21:172–187.

Stauffer, J. C., R. M. Goldstein, and R. M. Newman. 2000. Re-
lationship of wooded riparian zones and runoff potential to 
fish community composition in agricultural streams. Cana-
dian Journal of Fisheries and Aquatic Sciences 57:307–316.

Stuber, R. J. 1985. Trout habitat, abundance, and fishing op-
portunities in fenced versus unfenced riparian habitat along 
Sheep Creek, Colorado. Pages 310–314 in R. R. Johnson, C. 
D. Ziebell, and D. R. Patton, technical coordinators. Ripar-
ian ecosystems and their management: reconciling conflict-
ing uses. U.S. Department of Agriculture, Forest Service 
General Technical Report RM-120.

Swales, S., and C.D. Levings. 1989. Role of off-channel ponds 
in the life cycle of coho salmon (Oncorhynchus kisutch) and 
other juvenile salmonids in the Coldwater River, British 
Columbia. Canadian Journal of Fisheries and Aquatic Sci-
ences 46:232-242.

Sweeney, B.W. 1993. Effects of streamside vegetation on mac-
roinvertebrate communities of White Clay Creek in eastern 
North America. Proceedings of the Academy of Natural 
Sciences of Philadelphia 144:291–340.

Talmage, P. J., J. A. Perry, and R. M. Goldstein. 2002. Relation 
of instream habitat and physical conditions to fish com-
munities of agricultural streams in the northern Mid-
west. North American Journal of Fisheries Management 
22:825–833.

Thom, B. A. 1997. The effects of woody debris additions on the 
physical habitat of salmonids: a case study on the northern 
Oregon coast. Master’s Thesis. University of Washington, 
Seattle, Washington, USA.

Thomson, S. K., C. R. Berry, Jr., C. A. Niehus, and S. S. Wall. 
2005. Constructed impoundments in the floodplain: a 
source or sink for native prairie fishes, in particular the 
endangered Topeka shiner (Notropis topeka). Pages 1337-
1348 in G. E. Moglen, editor. Managing watersheds for 
human and natural impacts: engineering, ecological, and 
economic challenges. Proceedings of the 2005 Watershed 
Management Conference.

Tiemann, J. S., D. P. Gillette, and M. L. Wildhaber. 2004. 
Effects of lowhead dams on riffle-dwelling fishes and mac-
roinvertebrates in a midwestern river. Transactions of the 
American Fisheries Society 133:705–717.

Trefethen, P. S., and D. F. Sutherland. 1968. Passage of adult 
Chinook salmon through Brownlee Reservoir, 1960-62. U.S. 
Fish and Wildlife Service, Fisheries Bulletin 67:35–45.

U.S. Bureau of Fisheries. 1935. Methods for the improvement 
of streams. Memorandum I-133. U.S. Department of Com-
merce, Washington, D.C., USA.

USDA Natural Resources Conservation Service. 2001. Design 
of stream barbs. Technical Note 23, Portland, Oregon, USA. 
[Online access]. http://www.or.cnrcs.usda.gov/technical/
engineering/eng-notes.html. 

Verry, E. S. 1985. Water quality and nutrient dynamics in 
shallow water impoundments. Pages 61–71 in U.S. De-
partment of Agriculture, Forest Service General Technical 
Report NC-100.

Vesely, D. G., and W. C. McComb. 2002. Salamander abundance 
and amphibian species richness in riparian buffer strips in 
the Oregon Coast Range. Forest Science 48:291–297.

Vondracek, B., K. L. Blann, C. B. Cox, J. F. Nerbonne, K. G. 
Mumford, B. A. Nerbonne, L. A. Sovell, J. K. H. Zimmer-
man. 2005. Land use, spatial scale, and stream systems: 
Lessons from an agricultural region. Environmental Man-
agement 36(6):775-791.

Wagner, M., and J. Pluhar. 1996. Habitat restoration—solv-
ing the puzzle of wildlife diversity in Texas. Rangelands 
18:88–90.

Wallace, J. B., S. L. Eggert, J. L. Meyer, and J. R. Webster. 
1997. Multiple trophic levels of a forest stream linked to ter-
restrial litter inputs. Science 277(5322):102–104.

Warren, Jr., M. L., B. M. Burr, S. J. Walsh, H. L. Bart, Jr., R. 
C. Cashner, D. A. Etnier, B. J. Freeman, B. R. Kuhajda, R. 
L. Mayden, H. W. Robison, S. T. Ross, and W. C. Starnes. 
2000. Diversity, distribution, and conservation status of 
the native freshwater fishes of the southern United States. 
Fisheries 24:7–29.

Washington Department of Fish and Wildlife. 2003. Integrated 
streambank protection guidelines. [Online access]. http://
wdfw.wa.gov/hab/ahg/ispgdoc.htm.

Welcomme, R. L. 1976. Some general and theoretical consid-
erations on the fish yield of African rivers. Journal of Fish 
Biology 8:351–364.

Welcomme, R. L. 1979. The fisheries ecology of floodplain riv-
ers. Longman Press. New York, New York, USA.

Welcomme, R. L. 1985. River fisheries. United Nations Food 
and Agriculture Organization Fisheries Technical Paper 
262, Rome, Italy.

Welcomme, R. L. 1986. The effects of the Sahelian drought on 
the fishery of the central delta of the Niger River. Aquacul-
ture and Fisheries Management 17:147–154. 

Wesche, T. A. 1985. Stream channel modifications and recla-
mation structures to enhance fish habitat. Pages 103–164 
in J. A. Gore, editor. The restoration of rivers and streams. 
Butterworth Publishers, Stoneham, Massachusetts, USA. 

White, R. V. 1982. Bottomless arch selection for fish passage. 
Computer program written in BASIC to aid in culvert selec-
tion where fish passage is required, forest hydraulics. U.S. 
Department of Agriculture, Forest Service, Engineering 
Field Notes 14:1–4.

Wickham, G. M. 1967. Physical microhabitat of trout. Thesis, 
Colorado State University, Fort Collins, Colorado, USA.

Williams, J. D., M. L. Warren, Jr., K. S. Cummings, J. L. Harris, 
and R. J. Neves. 1993. Conservation status of freshwater 
mussels of the United States and Canada. Fisheries 18:6–22. 

Williams, J. E., J. E. Johnson, D. A. Hendrickson, S. Contre-
ras-Balderas, J. D. Williams, M. Navarro-Mendoza, D. E. 
McAllister, and J. E. Deacon. 1989. Fishes of North America 
endangered, threatened, or of special concern. Fisheries 
14:3–20.

Zalewski, M. M., Lapinska, P. Bayley. 2003. Fish relationships 
with wood in large rivers. Pages 195-211 in S. V. Gregory, 
K. L. Boyer, and A. M. Gurnell, editors. The ecology and 
management of wood in world rivers. American Fisheries 
Society Symposium 37, Bethesda, Maryland, USA.

Zigler, S. J., M. R. Dewey, B. C. Knights, A. L. Runstrom, and 
M. T. Steingraeber. 2004. Hydrologic and hydraulic factors 
affecting passage of paddlefish through dams in the Upper 
Mississippi River. Transactions of the American Fisheries 
Society 133:160–172. 

Zydlewski, G. B., and J. R. Johnson. 2002. Response of bull 
trout fry to four types of water diversion screens. North 
American Journal of Fisheries Management 22:1276–1282.


