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Abstract
Stolnack, Scott A.; Bryant, Mason D.; Wissmar, Robert C. 2005. A review of

protocols for monitoring streams and juvenile fish in forested regions of the

Pacific Northwest. Gen. Tech. Rep. PNW-GTR-625. Portland, OR: U.S. De-

partment of Agriculture, Forest Service, Pacific Northwest Research Station.

36 p.

This document reviews existing and proposed protocols used to monitor stream

ecosystem conditions and responses to land management activities in the Pacific

Northwest. Because of recent work aimed at improving the utility of habitat survey

and fish abundance assessment methods, this review focuses on current (since

1993) monitoring efforts that assess stream habitat conditions and juvenile fish use.

It does not focus on protocols specifically intended to monitor trends in fish

populations for salmon recovery efforts, other fish life-history stages (e.g., salmo-

nid smolt monitoring or spawner surveys), or approaches designed to monitor

water quality or sources of pollution. We provide an overview of agency monitor-

ing protocols, adaptive management, and types of monitoring, and briefly review

the core habitat characteristics thought to be most sensitive to forest management

practices. Finally, we summarize a selection of protocols in use in the Pacific

Northwest in light of those core habitat characteristics.

Keywords: Monitoring, aquatic habitat, riparian ecosystems, adaptive management,

forest practices.
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Introduction
This document reviews existing and proposed protocols used to monitor stream

ecosystem conditions and responses to land management activities in the Pacific

Northwest. We define a monitoring protocol as a set of directions and guidelines

that address specific objectives and provide methods designed to obtain data sets

that can be used to detect trends or changes in habitat conditions and fish use. This

review focuses on current (since 1993) monitoring efforts that assess stream habitat

conditions and juvenile fish use. It does not focus on protocols specifically in-

tended to monitor trends in fish populations for salmon recovery efforts, other fish

life-history stages (e.g., salmonid smolt monitoring or spawner surveys), biotic

indexes, or approaches designed to monitor water quality or sources of pollution.

However, we recognize that some of these approaches may contain specific recom-

mendations that apply to protocols for assessing stream habitat conditions and

juvenile fish use (MacDonald et al. 1991).

This review consists of several sections. We begin by presenting the methods

used to locate relevant stream monitoring protocols and our criteria for selecting

the monitoring protocols that we evaluated as most relevant. We then provide an

overview of agency monitoring protocols, adaptive management, types of monitor-

ing, and a summary of the core habitat characteristics thought to be most sensitive

to forest management practices. Finally, we provide a comparison of current

protocols in light of those core habitat characteristics.

Methods
This document was compiled by conducting reviews of published and gray litera-

ture and by performing Web-based searches of protocols and databases. Databases

used for the Web search included the National Technical Information Service,

Cambridge Scientific Abstracts, Aquatic Sciences and Fisheries Abstracts, and

Google. In addition, various agency Web sites including the U.S. Environmental

Protection Agency (EPA), U.S. Department of the Interior (USDI) National Park

Service, U.S. Department of Agriculture Forest Service (FS), Columbia River Inter-

Tribal Fish Commission, British Columbia Ministry of Sustainable Resource

Management, and state agencies from California, Oregon, Washington, and Idaho,

were searched for the most recent documents and updates. Agencies, including

those currently conducting protocol reviews of their own, were also contacted (e.g.,

Johnson et al. 2003, Lanigan 2002). References in the retrieved documents were

searched for additional sources.
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Because of the recent work aimed at improving the utility of habitat survey and

fish abundance assessment methods (e.g., Kaufmann et al. 1999, Kurtz et al. 2001,

Reeves et al. 2003, Thompson 2003), several stream monitoring protocols are

currently or were recently under revision. We have focused our attention on the

recently revised protocols (1993 or later) published or proposed by agencies

operating in forested regions of Washington, Oregon, Idaho, California, and British

Columbia.

Our criteria for screening the retrieved documents included how recently the

document had been published or updated, as well as the scope, level of detail, and

potential application of the protocol (or significant parts of it) for assessing influ-

ences of forest land use practices on stream habitats and juvenile salmonids.

A list of documents was compiled by using EndNote software (ISI

ResearchSoft),1 then further refined to 37 documents that we determined to be the

most relevant (see appendix). Of that refined list, five of the most recent were

selected for side-by-side comparison (tables 1 and 2). Where possible, URLs are

provided so that readers can navigate to the documents in question and view them

in detail.

Overview of Agency Monitoring Protocols
The issues involved in monitoring streams, rivers, and watersheds are not new.

For aquatic ecosystems, monitoring activities commonly involve repetitive (e.g.,

yearly) surveys that assess changes in select physical and ecological characteristics.

Regier (1976) describes monitoring processes as evolving from descriptive natural

history studies to more quantitative approaches. Most monitoring of streams has

involved surveys and assessments of changing environmental characteristics at the

habitat scale (e.g., changes in composition of pool and riffle types, large woody

debris [LWD] size and quantity), select landscape-scale characteristics (e.g.,

channel gradients of reaches), and use by fish (Duff and Cooper 1978; Kershner et

al. 2003; Medsser et al. 1991; Platts et al. 1987; Rinne 1985; Roni, in press; USDA

FS 2001). An underlying goal of these monitoring efforts is to identify and under-

stand effects of human perturbations on ecosystems or parts of ecosystems. These

effects may result from land management practices, such as timber management in

forested watersheds, or from the implementation of restoration and rehabilitation

1 The use of trade or firm names in this publication is for reader information and does not
imply endorsement by the U.S. Department of Agriculture of any product or service.

Text continues on page 11
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programs. Common landscape approaches include watershed-scale (km2) assess-

ments developed and implemented to evaluate environmental conditions and

management actions that can influence fish habitats (Collins and Pess 1997,

Morrison and Marcot 1995). They also can be used to monitor natural disturbance

events (e.g., wildfires and floods). The ability to detect and explain change can be

the most instructive outcome of a monitoring program (MacDonald et al. 1991).

Major issues warranting monitoring are habitat degradation, compliance with

regulations related to sensitive and endangered species (e.g., the Endangered Spe-

cies Act, National Environmental Policy Act), and the implementation of agency

policies or management plans. In the Pacific Northwest, some pertinent examples

of management plans and actions with provisions for monitoring stream ecosys-

tems include efforts of the FS, the states of Oregon and Washington, and local

watershed management councils. The FS examples include the Northwest Forest

Plan (NWFP) for the Pacific Northwest (FEMAT 1993) and the Tongass Land

Management Plan (USDA FS 1997) for southeast Alaska.

The FEMAT (1993) report contains interagency scientists’ recommendations

resulting from President William Clinton’s Forest Summit in 1993. It focuses on

the influences of forest and other resource management practices in the Pacific

Northwest and includes an aquatic conservation strategy for restoring salmon

stocks, habitats, streams, and riparian ecosystems. Recommendations include

provisions for monitoring strategy objectives.

Goals of the Tongass plan include “the maintenance or restoration of the

natural range and frequency of aquatic habitat and stream channel and bank

conditions” in the Tongass National Forest (USDA FS 1997). A common monitor-

ing objective for aquatic ecosystems is determining the effectiveness of fish and

riparian standards and guidelines in maintaining or improving fish habitats (USDA

FS 1995, 1997).

The state of Oregon is involved in several monitoring programs. Oregon’s

Coastal Landscape Analysis and Modeling Study (CLAMS), an interagency

program, uses monitoring as one tool in a set of analyses to link ecological, eco-

nomic, and social factors with forest management policies and practices in coastal

Oregon watersheds.2 The Oregon Plan for Salmon and Watersheds has provisions

for monitoring spawning salmonids, smolt outmigration, and the effects of habitat

modifications on juvenile salmonids (IMST 1999, Solazzi et al. 2003).

2 Cooperative effort of Oregon State University, USDA Pacific Northwest Research Station,
Oregon Department of Forestry, and the National Commission on Science for Sustainable
Forestry. http://www.fsl.orst.edu/clams/intro.html. (January 6, 2004).
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The Washington State Department of Natural Resources (WSDNR) (Grizzel et

al. 2000, Pleus et al. 1999, Schuett-Hames et al. 1999) and the Skagit Watershed

Council (2000) provide two examples of management strategies based on basin-

wide analysis programs designed to assess influences of land uses on stream

systems and fish use of habitats. For WSDNR, the monitoring of stream ecosys-

tems is the responsibility of the Cooperative Monitoring, Evaluation, and Research

Program (CMER). The CMER program is conducting a number of effectiveness

studies that must incorporate some stream classification scheme (e.g., Montgomery

and Buffington 1993). They are especially interested in a classification that is

sensitive to watershed inputs (e.g., wood and sediment) (e.g., Grizzel et al. 2000).

They are also conducting effectiveness studies for evaluating new prescriptions

relating to riparian buffer zones, channel erosion problems, road runoff, and other

environmental concerns. The CMER program is currently selecting monitoring

sites that are representative of the range of variables of interest (e.g., stream

physical processes and ecological sensitivities). A major goal of the WSDNR

monitoring is to benefit that agency’s ongoing adaptive management efforts.

The Skagit Watershed Council in western Washington is an example of a local

watershed council that is evaluating and improving aquatic resources throughout a

large river drainage. The council’s strategy is designed to address stream ecosystem

questions relating to flooding, sediment supply, riparian functions, floodplain func-

tions, and habitat connectivity. Assessments have been made of habitat losses to

help prioritize actions required to restore habitat-forming processes. This informa-

tion was used to make decisions based on proposed project effectiveness relative

to costs and likelihood of success (Skagit Watershed Council 2000). This approach

allows monitoring of the amount of available habitat created by projects (e.g.,

removal of culvert blockages and other impediments to habitat formation and fish

movement).

Adaptive Management
Adaptive management is a strategy for dealing with the risks associated with

resource management decisions derived from imperfect data (Anderson et al. 2003,

Holling 1978, Ralph and Pool 2003, Walters 1986). In theory, adaptive manage-

ment is founded on considering land use activities as experimental manipulations

implemented within the framework of a well-documented monitoring program. The

intent of the concept is to gain perspectives into the response of ecosystems

inhabited and used by humans.

Information obtained by the different Forest Service monitoring approaches,

along with research and other new information, provides a basis for adaptive
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management strategies. Adaptive management can occur when policies and man-

agement actions are changed in response to new knowledge provided by monitor-

ing programs. Adaptive management has been adopted by many land management

agencies and particularly within the FS; however, it has not been universally

applied (Stankey et al. 2003). Ralph and Pool (2003), Stankey et al. (2003), and

Anderson et al. (2003) discuss many of the challenges in applying adaptive man-

agement and propose some solutions. The most effective adaptive management

plans include specific links with monitoring programs that can be used to evaluate

management prescriptions. Ideally, provisions can be made to use data obtained

through repetitive long-term monitoring as feedback information for revising man-

agement plans and actions (Wissmar 1993). In summary, adaptive management

plans that include monitoring programs as integral components can provide infor-

mation to managers on “what works and what does not work.”

Types of Monitoring
Many monitoring approaches have been applied to fluvial ecosystems by authors

and agencies. For example, MacDonald et al. (1991) identify several monitoring

approaches and define parameters that can be used to evaluate effects of forestry

activities on stream chemical (e.g., water quality), physical (e.g., channel character-

istics), and select biotic conditions. Examples of other historically significant

approaches include (1) prescriptions designed to assess the effectiveness of best

management practices in protecting water and stream quality (NCASI 1988), (2)

rapid bioassessment protocols for evaluating benthic macroinvertebrates and fish

populations in streams and rivers (USEPA 1989), and (3) biological criteria

(USEPA 1990). These approaches range from rapid inventories (e.g., Barbour et al.

1999, Dolloff et al. 1993) to those that require extensive field surveys and statisti-

cal rigor (e.g., Peck et al. 2001, Reeves et al. 2003).

Forest management plans that include provisions for monitoring streams

generally define four primary types of monitoring designed to provide information

to assess if management actions meet the objectives of the prescribed standards and

guidelines (USDA FS 1994, 1997; USDA and USDI 1994).

1. Baseline monitoring is analogous to an inventory. This prescription is used to

establish existing conditions within a geographic area or ecosystem for plan-

ning or future comparisons. Commonly it may be applied to obtain a “natural

range” of conditions for streams and watersheds to capture much of the tempo-

ral variability of the system(s) of interest.

Adaptive manage-

ment plans that

include monitoring

programs as integral

components can pro-

vide information to

managers on “what

works and what does

not work.”
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2. Implementation monitoring is designed to determine if prescribed standards

and guidelines were indeed carried out. For example, when riparian buffer

strips of specific widths and distances are prescribed, implementation monitor-

ing determines if they were created and meet the given criteria.

3. Effectiveness monitoring is more complex and is applied to determine the

effect of a management prescription. In the case of the buffer strip example,

this includes assessing if the buffers can maintain stream temperatures within

the range of natural variation expected for stream ecosystems, sustain recruit-

ment of large wood to stream channels, or maintain windfirm characteristics

of trees (i.e., trees do not blow down a few years after logging). Effectiveness

monitoring may involve research to obtain additional information (USDA FS

1994, 1997; USDA and USDI 1994).

4. Validation monitoring is designed to determine if underlying assumptions are

sound. Validation monitoring determines the accuracy of an assumed cause-

and-effect relationship between management activities and the resource

being managed (i.e., Does maintaining large woody debris actually help fish?).

Validation monitoring may also require research to obtain information (USDA

FS 1994, 1997; USDA and USDI 1994).

Baseline, implementation, and effectiveness monitoring have been specified in

fish habitat assessments prepared for the Tongass National Forest (USDA FS

1995). The USDA Forest Service and the USDI Bureau of Land Management have

developed and adopted implementation, effectiveness, and validation monitoring

approaches for evaluating the Aquatic Conservation Strategy of the NWFP for

federal forests in the Pacific Northwest (USDA FS 1994, 1997; USDA and USDI

1994). These monitoring approaches were designed to ensure that management

actions meet the objectives of the prescribed standards and guidelines and comply

with laws and management policy. General objectives of FS monitoring include (1)

determining if best management practices have been implemented, (2) determining

the effectiveness of management practices at multiple scales (e.g., local habitats

and watersheds), and (3) validating whether ecosystem functions and processes

have been maintained (USDA FS 1994, 1997; USDA and USDI 1994).

In some FS management plans, monitoring approaches are accompanied by an

evaluation question and include general descriptions of standards and guidelines

(key items to be monitored). For stream systems, some major items to be measured

for implementation monitoring can include width and integrity of riparian reserves.

Important measurements obtained through effectiveness monitoring for streams
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commonly include pool frequency and quality, substrate composition, coarse

woody debris frequency and quality, and water temperature (USDA FS 1994,

1997; USDA and USDI 1994).

Core Habitat and Salmon Characteristics Sensitive to
Forest Practices
Hicks et al. (1991) listed a number of forest practices that have effects on salmonid

abundance and habitat condition. Those practices that altered the riparian and

stream habitats by removing stream canopy or large woody debris, or by adding

logging slash, had potentially negative effects on salmonids, such as increasing

water temperatures, lowering dissolved oxygen levels, and increasing inputs of fine

sediments to channels. Large pieces of wood are essential for creating and main-

taining pools for fish habitat and for storing sediment (Bilby et al. 2003, Hicks et

al. 1991, Montgomery et al. 1995). Timber harvest from hillsides or road construc-

tion can accelerate erosion, alter streamflow regimes and habitats, and present

physical obstructions. Increased fine sediment levels can have a detrimental effect

on different salmonid life history stages (Hicks et al. 1991, Meehan 1991).

The well-documented long-term studies at Carnation Creek, British Columbia,

and the Alsea watershed, Oregon, have identified a number of relationships

between forest management practices and salmonid populations and habitat condi-

tions (Hall et al. 1987, Hartman and Scrivener 1990, Meehan 1991). In the Carna-

tion Creek monitoring studies, for instance, those practices that increased stream

insolation, nutrients, and water temperature also increased the numbers and size

of juvenile coho salmon (Oncorhynchus kisutch) (Hartman and Scrivener 1990).

Increasing coho salmon size may result in early smoltification, which has been

implicated in higher marine mortality (Holtby et al. 1990). Those practices that

decreased streambank stability and abundance of large woody debris or changed

the spawning gravel composition had negative effects (Hartman and Scrivener

1990).

Oregon’s Independent Multidisciplinary Science Team (IMST 1999) listed

four categories of characteristics that affect salmonids. Intact riparian forests were

important in regulating stream temperature, nutrient inputs, and LWD inputs to

channels. Inputs of LWD into channels from riparian areas and land failures were

important for formation of stream habitats. Increased amounts of fine sediment

commonly reduce salmonid habitat quality, and roads may hinder fish passage at

stream-road crossings.
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The number and quality of pools are also known to be important for fish

(Nickelson et al. 1992, Rosenfeld et al. 2000). In a series of experimental studies

in Washington, deep pools with brushy cover were found to be beneficial to juve-

nile salmonids (Quinn and Peterson 1994, 1996). Coho salmon abundance was

positively correlated with amount of pool habitat, and fish species richness

was positively correlated with habitat complexity (Quinn and Peterson 1994).

Likewise, Roni and Quinn (2001) reported juvenile coho salmon densities were

higher in both summer and winter in reaches treated with the addition of artificial

large woody debris.

In summary, juvenile coho salmon and other fish species seem to be most

sensitive to the following habitat characteristics. (See Bauer and Ralph [1999]

for an annotated bibliography of 334 literature citations related to salmon habitat

requirements.)

• Amount and size of large woody debris
• Number and quality of pools
• Changes in riparian vegetation
• Water temperature
• Nutrient level
• Streamflow regime
• Sediment transport regime
• Quality of spawning environment
• Road placement and structures (sediment sources, passage barriers)
• Streambank stability

Many of these habitat characteristics are interrelated, and alteration in one

characteristic (e.g., LWD) can affect another (e.g., pools). Forest practices that

have measurable effects on these characteristics (see references in Meehan 1991)

can differ with the range of management practices imposed on the watershed

(FEMAT 1993, Meehan 1991, USDA FS 1995).

Most of the affected habitat characteristics are well known and comprise

“core parameters” in monitoring protocols (Bain et al. 1999, Bauer and Ralph

2001, Gregory and Bisson 1997). Some habitat features that affect distribution

of juvenile coho salmon, such as stream-channel gradient, are not usually affected

by forest practices. However, differences in channel gradients of reaches can be

important in classification of habitats and the design of monitoring programs.

Recently Revised Monitoring Protocols
Many federal and state agencies are currently updating or developing monitoring

protocols. The Washington Department of Fish and Wildlife reviewed 112 docu-

ments containing 429 salmon habitat inventory and monitoring protocols in the



A Review of Protocols for Monitoring Streams and Juvenile Fish...

17

Pacific Northwest (Johnson et al. 2001). Current interagency efforts include the

preparation of a similar review of fish survey protocols (Johnson et al. 2003). The

FS Inventory and Monitoring Institute is presently developing guidelines for and

a searchable database of monitoring protocols, but none are currently available

(USDA FS 2003). The Forest Service national efforts also include an aquatic

ecological unit inventory protocol with a core set of sampling features and recom-

mended protocol.3 The USDI National Park Service is developing a national

framework for their inventory and monitoring efforts (National Park Service 2003).

Table 1 provides a brief overview of five protocols that were considered to be the

most current and applicable to this review.

Regional-scale, national water quality assessment programs that are already

in place, such as the EPA’s Environmental Monitoring and Assessment Program

(EMAP) and the USGS National Water Quality Assessment Program (NWQAP)

(Lazorchak et al. 1998, Meador et al. 1993, Moulton et al. 2002, Peck et al. 2001)

have useful components for monitoring forest land use practices and regional

comparisons. These documents often provide a basis for other agencies’ develop-

ment of monitoring programs. The EPA’s revised Rapid Bioassessment Protocol

(RBP) is another large-scale monitoring protocol (Barbour et al. 1999). Its features

are less quantitative and thus less useful for scientifically rigorous studies.

Two monitoring plans are currently being coordinated by the FS for the North-

west Forest Plan area under the Interagency Regional Monitoring Program for the

Pacific Northwest. They include the Aquatic and Riparian Effectiveness Monitor-

ing Plan (AREMP) and the PACFISH/INFISH plan to monitor the aquatic and

riparian resources related to biological opinions for bull trout, salmon, and steel-

head (Kershner et al. 2003, Reeves et al. 2003). As an interagency program, the

AREMP is developing a regional synthesis of protocols from the EPA, USDI

Geological Survey, FS, and Bonneville Power Administration. The AREMP con-

tains core components that are by design either directly compatible or translatable

to other protocols (AREMP 2003, Reeves et al. 2003). The AREMP sampling

design is directly applicable to monitoring forest land use practices and is appli-

cable across different geographical regions. The AREMP protocol appears to be

the most current synthesis of watershed monitoring that has been published to date.

The PACFISH/INFISH plan evaluates the effect of land management activities

on aquatic and riparian communities at multiple scales. It was developed for Forest

3  Roper, B. 2003. Personal communication. Aquatic ecologist, U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station, Forestry Sciences
Laboratory, 860 North 1200 East, Logan, UT 84321.

The AREMP protocol
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thesis of watershed
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been published to

date.
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Service Regions 1, 4, and 6 (Northern, Intermountain, and Pacific Northwest,

respectively), and other federal and state agencies (Kershner et al. 2003). This

protocol does not collect fish presence or abundance data. However, other methods

of the PACFISH/INFISH plan are similar to the AREMP protocol, and the plans

will develop compatible documents.

The FS Region 6 Stream Inventory Handbook was recently revised in parallel

with the AREMP effort and contains “core data standards” developed by the NWFP

interagency team mentioned earlier (USDA FS 2002). According to the document,

it is the “aquatic companion” to the FS Integrated Resource Inventory and is com-

patible with Oregon Department of Fish and Wildlife and Washington Timber, Fish,

and Wildlife aquatic inventories (USDA FS 2002).

Other watershed-specific protocols (e.g., Bain and Stevenson 1999, Dambacher

et al. 2001, Moore et al. 2000) have been based on the above federal protocols and

earlier approaches (Dolloff et al. 1993, Hankin and Reeves 1988). Still others, such

as the Salmonid Life Cycle Monitoring Project of the Oregon Plan (Solazzi et al.

2003) and the state of Washington’s Index Watershed Monitoring Program (Seiler

et al. 2002), use counts from smolt traps as an index of regional watershed condi-

tions or salmonid abundance. Although salmon smolts can provide a useful indica-

tor of watershed conditions (Seiler et al. 2002, Solazzi et al. 2003), monitoring

protocols that use smolts were not the focus of this review.

For a comprehensive listing of habitat assessment protocols in use in the

Pacific Northwest, see Johnson et al. (2001). Bain et al. (1999) summarize at-

tributes measured in 31 stream assessment protocols in use in North America but

do not list the protocols by name.

Data Quality

Some researchers have been critical of previous survey and monitoring efforts

because data collected were not always quantitative or reproducible and therefore

of questionable use for management purposes (Peterson and Wollrab 1999, Spence

et al. 1996). Bauer and Ralph (2001) provide a thorough summary of concerns with

commonly assessed habitat attributes and offer suggestions for increasing measure-

ment precision. Roper et al. (2002) provide some tools to evaluate consistent

measures of habitat. Kaufmann et al. (1999) identify several habitat variables, such

as width-to-depth ratio and residual depth, that were either precise or moderately

precise as described by signal-to-noise ratio (Kaufmann et al. 1999). Archer et al.

(2004) found the least amount of observer variability in descriptions of stream

reach, streambank, and cross-section characteristics.
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Peterson and Wollrab (1999) analyzed the data collected with established FS

protocols and found inconsistent and subjective procedures for sampling fish and

habitat attributes, biased site-selection criteria, and problems in following estab-

lished quality assurance and quality control measures. Spence et al. (1996), how-

ever, found two federal monitoring programs (EMAP and NWQAP) to be more

quantifiable than other efforts. Stream surveys that require walking all reaches in

the study area (e.g., Dolloff et al. 1993) can dictate efforts that result in qualitative

rather than quantitative measurements (Spence et al. 1996).

Some agencies have initiated quality-assurance-and-control (QA/QC) programs

to ensure that field teams can be adequately trained in the use of protocols and to

assess the variability in performances of different teams’ results (Gallo et al. 2003).

Others recommend checks to ensure that the quality of the data remains high but

provide no clear direction (Moulton et al. 2002). As QA/QC efforts continue (e.g.,

Gallo et al. 2003), they should lead to a refinement of field techniques and more

dependable results.

Scale and Sampling Design

Regardless of their sampling intensity, strong sampling designs should account for

or reduce variability among sites and increase applicability across different spatial

scales (Conquest and Ralph 1998, McDonald 2002). As part of the Oregon Plan for

Salmon in Watersheds, Stevens (2002) discusses characteristics of good sampling

design for assessing status and trends in juvenile salmonid abundance and other

factors. Likewise, in the state of Washington, the Department of Natural Resources

is evaluating the use of sampling and survey protocols (modeling and statistical)

developed by the USDI Fish and Wildlife Service (Thurow et al. 2004).

Two protocols considered in this review have a statistical design that allows

for landscape-scale inferences (Peck et al. 2001, Reeves et al. 2003). A third, the

FS Region 6 protocol, uses a stratified random sampling process at the reach level,

but watershed or stream selection criteria are not discussed in the protocol docu-

ment (USDA FS 2002). Two other protocols use subjective (or undocumented) site-

selection criteria and, without application of statistical selection procedures, are of

limited use beyond the habitat unit scale (Barbour et al. 1999, Fitzpatrick et al.

1998, Moulton et al. 2002, USDA FS 2002). Other protocols (generally intended

for monitoring restoration projects) are site or reach specific. Although many

subjective or site-specific protocols have elements that relate to land use practices

in forested watersheds, the current, large-scale synthesis documents (e.g., Peck et

al. 2001, Reeves et al. 2003) offer the benefits of widespread use, foundations

based on current science, and applicability across different spatial scales.
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Level of Complexity and Relevance

Rapid surveys have the benefits of speed and relative simplicity but sacrifice

quantitative measurement. For example, the EPA’s RBP (Barbour et al. 1999) only

estimates stream channel width and depth, characterizes stream gradient as either

high or low rather than measuring directly or deriving from maps, and uses qualita-

tive measurements of aquatic biota (although more rigorous measurements are

optional). The FS basinwide visual estimation technique uses visual observations

with periodic measurements to calibrate for observer bias (Dolloff et al. 1993).

Although this type of “calibration” seems promising, questions have been raised

about the validity of underlying assumptions used to standardize the data

(Thompson 2003).

At the other end of the spectrum, the USGS NWQAP and the EPA EMAP

perform extensive monumented surveys of stream cross-sectional transects and

longitudinal profiles, bank and channel morphology, as well as laboratory analyses

of water quality, periphyton, macroinvertebrates, and fish tissue, with concomitant

increase in time and expense. The AREMP protocol is similar to EMAP in its

measurement of most habitat and biotic attributes.

The FS Region 6 protocol (USDA FS 2002) uses a combination of estimated

and measured parameters to monitor stream habitats. Stream gradient and sinuosity

are calculated from 1:24,000 maps. Maximum pool tail crest and maximum pool

depth are measured directly, and large wood is estimated visually (USDA FS 2002).

Large wood is counted as large, medium, or small. In contrast, EMAP uses 12

diameter-class categories for wood, and AREMP directly measures a subset of

wood in the stream channel.

Comparison of Protocols

Based on our survey of the literature regarding stream monitoring protocols in use

in the Pacific Northwest, we consider the following five to be the most comprehen-

sive and widely distributed; they contain provisions for monitoring habitat and

biological characteristics considered sensitive to management practices. These

protocols are products of ongoing federal and state research and therefore seem to

be the most up to date and useful for monitoring land use practices in forested

watersheds.

• The Aquatic and Riparian Effectiveness Monitoring Plan for the Northwest
Forest Plan (Reeves et al. 2003).

• The FS Region 6 Stream Inventory Handbook (USDA FS 2002).
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• EPA Environmental Monitoring and Assessment Program—Surface Waters:
Western Pilot Study (Peck et al. 2001).

• USGS National Water Quality Assessment Program (Moulton et al. 2002).
• EPA Rapid Bioassessment Protocol (Barbour et al. 1999).

These five protocols are listed in tables 1 and 2 to facilitate side-by-side

comparison.

Conclusions
Stream monitoring programs of differing geographic scale and scientific rigor have

been developed and implemented by various federal and state land management

agencies. Most of the protocols reviewed contain common objectives for monitor-

ing stream habitat conditions, fish use, and influences of land management activi-

ties. They generally rely on published research to define relationships between

habitat characteristics and the presence of fish, usually salmonids. Some features

may be quantified by field work in one protocol, and maps or GIS data in another.

Protocols that emphasize speed and simplicity can sacrifice quantitative measure-

ments and rely on subjective evaluations, whereas protocols that require many

measurements and greater detail are more time consuming and expensive. Few

protocols exist that are easy to apply, quantitatively adequate, and relatively

inexpensive.

Quality-control issues, such as consistency of measurements among observers,

have been addressed in some, but not all, protocols. Repeatability within a protocol

should be an important consideration for all monitoring protocols. Consistency

among protocols would bring added value and strength to management through a

larger database and broader scope of application. Recent efforts promote compat-

ibility among the protocols used by large-scale monitoring programs in the Pacific

Northwest (Gallo et al. 2003, Lanigan 2003).

Several biological and physical characteristics of stream ecosystems seem to

be sensitive to land use activities. Pool abundance and quality were two of the

better documented measurements with respect to the presence of juvenile coho

salmon. The amount of large woody debris in streams was sensitive to timber

harvest activities and was an important habitat component related to salmonid

abundance. Watershed conditions such as poor road and drainage facilities (e.g.,

damaged culverts), excessive erosion, and inputs of sediments to channels were

common factors adversely affecting stream systems.

Clearly defined objectives are important elements in the sample design of

monitoring protocols, selection of physical and biological characteristics to be

Few protocols exist

that are easy to apply,

quantitatively

adequate, and

relatively inexpensive.
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measured, and intensity of sampling. Comparisons of streams in different water-

sheds, including those not altered by logging, would provide a baseline of the range

of natural conditions and would help identify streams affected by these practices

(Roni et al. 2003).

Long-term monitoring programs can be important for coordinating efforts of

management organizations, decisionmakers, and researchers who intend to improve

and protect natural ecosystems. The ability of management policies to change over

time creates both opportunities and challenges for managing streams and can result

in continued policy improvements for managing ecosystems and watersheds.

Positive changes (e.g., through adaptive management) can result from new data.

English Equivalents
When you know: Multiply by: To find:

Meters (m) 3.28 Feet

Kilometers (km) .6215 Miles

Square kilometers (km2) .386 Square miles
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