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EXECUTIVE SUMMARY

Barrier and renovation projects have allowed populations of southwestern native fish to
remain free of undesirable non-natives for varied degrees of space and time. However, not all
projects result in even short-term separation of native fish from non-native species. Programs to
restore endangered southwestern species would benefit from an adaptive approach that
recognizes species habitat requirements and effectively utilizes information from both “failed”
and “successful” barrier projects previously implemented. Fishery biologists need to continue to
quickly and consistently apply the lessons obtained from compromised projects by developing
new protocols to increase effectiveness of later barrier construction and piscicide application.

In order to support this adaptive approach, we present information for application at the
project and the program levels. At the project level, we describe successful and unsuccessful
design criteria and long-term performance of 75 barrier and renovation projects implemented
within the lower Colorado River, Gila River, Yaqui River, and Rio Sonoyta basins. We compiled
information obtained through interviewing agency and university personnel involved with barrier
and renovation projects, and conducting a thorough literature review via bibliographic databases,
fishery symposia, and other internet sources. We also provide an annotated bibliography of
individual papers at the regional and national level that relate to barrier and renovation projects.
At the program level, to help improve the adaptive approach, we describe example criteria for
measuring ecological success of restoration projects (e.g., Criterion 2 is “Ecological condition
must be measurably improved”). We also provide an overview of how current optimization
methods could be used to quantify the benefits of an individual renovation project over time.

Specific actions may improve the effectiveness of barriers and renovations, such as
increasing thoughtful planning before-hand to insure the cost-effective use of resources over the
expected physical life of an individual barrier, or monitoring fish populations before-hand as
well as long-term consistent monitoring after a project is completed. Regular monitoring of the
fish community not only makes it possible to evaluate the effectiveness of a project; it is also the
only method for providing early detection if non-natives return. Thus success of projects may be
increased when a protocol for monitoring effectiveness is developed, as well as the application of
“failure analysis” techniques. Project success would benefit from increased follow-through and

the existence of response plans that provide a clear course of action when an incursion occurs.



Over the long-term, barriers and renovations may improve with continued research on the
biology of native and non-native species. Historically, successful fish control projects ---such as
the sea lamprey control effort in the Great Lakes--- have benefited from research that focused on
the biology of the target species, in order to determine potential areas of vulnerability. When
choosing sites and types of barriers, we recommend that natural barriers are considered first;
artificial structures that supplement natural barriers second; and purely artificial structures last.
Hydrologists, engineers, and fish biologists should be included in designing and constructing
artificial barriers, and in developing response plans to incursions. We found substantial evidence
that barriers made from rock-filled gabions built perpendicular to flow are inherently unstable
and short-lived, and frequently too porous to prevent fish passage; thus we recommend
reconsidering the use of this kind of structure as a cross-channel dam. Multiple barrier
configurations have several advantages and should be considered when possible. For instance,
this design configuration may isolate an incursion to the reach between barriers. With regular
monitoring, multiple barriers may allow faster identification as well as a stepwise approach for
removing non-natives with less stress to the native fish population. Applying multiple barriers in
a watershed-based approach could enhance genetic diversity.

Our review indicates multiple renovations are essential to ensure a complete kill before
re-introducing natives, particularly in streams and complex habitats. Salvaging all native fish, not
just the species of concern, enhances preservation of the historical fish community as a whole.
On-site bioassays can be useful in confirming effectiveness of downstream detoxification, and
should be used in complex streams or other situations where uniform dispersal of a piscicide is
difficult. Timing of a renovation should take advantage of any life history characteristics that
increase vulnerability of non-native fish, or that help protect the native species.

Although the ideal goal of barriers and renovations is to preserve long-term functioning
of natural processes, it is important that we consider the importance of even temporarily saving a
threatened population from extinction. When a non-native species directly jeapordizes the
survival of a species, barriers and renovations are often the only feasible technology available for
protecting native fish in their natural habitat. However, they require a long-term commitment to
monitoring, maintenance, and re-evaluation of the role of an individual project within the context

of overall program goals.



INTRODUCTION

Many recovery plans for federally listed fishes state that barrier construction and pisicide
application should be considered and evaluated as a method for protecting existing populations
from non-native fish contamination. Consideration of barriers is a reasonable starting point for
fish recovery planning as barriers have been used as a management tool to enhance populations
of native fishes throughout the southwest for decades. Renovation projects based on barriers are
conceptually simple: a potential fish barrier is identified or constructed, undesirable fish in the
area isolated by the barrier are removed, and the renovated area is restocked with native fish
exhibiting desirable genetic characteristics. This conceptual simplicity bears little relationship to
the technical and institutional challenges of actually implementing a “successful” barrier project.
This report has been developed to help improve the process of planning and evaluating
barrier/renovation projects.

Individual renovation projects for southwestern fishes can and have resulted in
populations of native fish that are free of undesirable non-natives at the spatial scale of an
individual project and time scales of up to several years. However, in general not all barrier
projects result in even short-term separation of native from non-native species. Meronek et al.
(1996) reviewed 250 control projects described in 131 papers: the overall “success” rate of the
projects was just under 50%. Harig et al. (2000) evaluated a selected group of translocation
projects involving natural and artificial barriers for greenback cutthroat trout (Oncorhynchus
clarki stomias) east of the continental divide. They compared 14 “successful” translocations
(defined by the authors as successful production of multiple year classes and the absence of
undesirable species) to 23 “failed” translocations and found that about half of the failed
translocations were characterized by reinvasion of non-native salmonids. Additional analyses of
data on cutthroat trout translocations east of the continental divide (Harig and Fausch 2002)
identified specific minimum habitat requirements that needed to be met at the patch scale in
order to establish translocated cutthroat trout populations at individual project sites. Even though
they are not based exclusively on southwestern fish data, information in the three review articles
cited above (and numerous articles describing “failed” and “successful” renovation projects for
southwestern fishes listed in the annotated bibliography of this report) indicate that programs to

restore endangered southwestern species should benefit from an adaptive approach that



recognizes species habitat requirements and effectively learns from both “failed” and
“successful” barrier projects that have been previously implemented.

In order to support this adaptive approach, we present information for application at the
project and the program levels. At the project level, we provide a detailed summary of the
design criteria (which includes use of natural barriers) and long-term performance of 75
individual barrier projects implemented in the southwest US. It is important from an adaptive
management point of view that practitioners maintain an updated version of this type of
summary information as new projects are developed and follow-up work is conducted at
previous renovation sites. We also provide an annotated bibliography of individual papers
dealing with different technical aspects of barrier and renovation projects. We have a separate
bibliography of abstracts obtained from the results of a key word search from the archived
proceedings of the Desert Fishes Council.

To help improve the adaptive approach at the program level, where dollars must be
allocated among competing projects, we provide example criteria (from the refereed literature)
for measuring ecological success of restoration projects and an overview of how existing
optimization methods can be used to quantify the benefits of an individual renovation project
over time. There appears to be no standard, time delineated definition of “success” in use on
restoration projects for southwestern fishes and our literature review uncovered little evidence of
the formal application of methods to optimize cost effectiveness of multiple barrier projects over
the effective life span of engineered structures. One of the suggested criteria for ecologically
successful river restoration presented by Palmer et al. (2005) is that pre- and post- assessments
must be completed and the data made available to the public. The material that follows in this

report is intended to help meet this criterion.



METHODS

Criteria for Inclusion of Barrier and Renovation Projects

Geographic coverage

The geographic range of individual projects summarized in our review was the lower
Colorado River basin, which includes the basins of the Gila, Little Colorado, Salt, Verde, Virgin,
Santa Cruz, and San Pedro Rivers; we also included the Yaqui River Basin. Thus, we surveyed
the literature for specific barrier and renovation projects in most of Arizona, western New
Mexico, and parts of Nevada and California. It was difficult to determine how to include the
spring systems in Nevada, as some valleys are historically in the Colorado River basin and others
are more disjunct. We based our information on LaRivers (1994), who described the White River
as discontinuous but historically in the Colorado River basin. The White River drainage includes
Pahranagat Valley springs, Warm Springs Valley, Muddy River, Moapa River, and Meadow
Valley Wash (which includes Eagle Valley Creek and Clover Creek). We did not include
projects in Railroad Lake system, Ash Meadows, or Owens Valley. We used Silvey et al. (1984)
and the EPA watershed website (http://cfpub.epa.gov/surf/locate/index.cfm) to determine

drainage and sub-basin information for individual sites.

Extent and Type of Project

Projects had to be completed by 2003 in order to be included in compilations of project
results. By “completed” we mean not only was the last renovation in a series of treatments
completed, but also that native fish were returned to the site, and there was at least one
opportunity to obtain preliminary data on the effectiveness of the project.

Non-native fish are being removed from native fish localities via mechanical and
chemical means. There are mechanical removal projects that are not directly tied to barriers and
are also not associated with chemical removals. For instance, purely mechanical removals are
being conducted in the Grand Canyon and in the rivers and backwaters of the upper Colorado

River basin. These types of mechanical removal projects are not included in this review.



Sources of Information

We used a variety of sources to compile information on barriers and renovations. We
began by interviewing people from agencies and universities in Arizona and New Mexico that
are involved with native fish research and management. In these interviews we discussed all of
the barriers and renovations that each person knew about or was directly involved with. Often an
interview with one person would lead to a new contact. Many people provided us with
summaries of agency files, and/or directed us to agency reports and other unpublished works
such as recovery plans for federally-listed species and monitoring reports at sites with barriers
and renovations. Many of the recovery plans provide detailed information on historical attempts
to apply barriers and chemically remove non-native fish.

We also considered literature related to the more general topics of river restoration,
stream improvement and habitat management to provide a general ecological and management
context with which to evaluate barrier projects.

Common and scientific names of fishes and taxonomic order follow Nelson et al. (2004).

Internet Databases

We accessed several databases available on the internet to locate both grey and white

literature. As of July 13, 2005, the URL locations listed below were accurate and accessible.

Databases Accessed for Published Papers (these two databases require a subscription):
e (CSA Illumina: http://www.csa.com/csaillumina/login.php
e Science Citation Index Expanded (via Web of Science):

http://www.isinet.com/products/citation/scie/

Databases Accessed for Unpublished Reports and Proceedings:
e Proceedings of the Desert Fishes Council, 1969-2004:
http://www.desertfishes.org/meetings/dfc_meet specific.html
e Western Divison of the American Fisheries Society Annual Meetings:

http://www.wdafs.org/archives/archives.htm

Other Grey Literature Databases:



e NatureServe Explorer provides species accounts: http://www.natureserve.org

e Recovery Plans were invaluable for obtaining historical accounts of barriers and
renovations for rare fish. The most recent recovery plans are available from the US Fish
and Wildlife Service’ website:
http://ecos.fws.gov/tess_public/ TESSWebpageRecovery?sort=1#E

e Montana State University’s Fish Passage Barrier Database:
http://wildfish.montana.edu/projects/barrier/default.asp

e Nonindigenous Aquatic Species Database helped determine locations of translocations
outside the range of a species, such as Apache Trout:
http://nas.er.usgs.gov/queries/default.asp

e Arizona Game and Fish Department (AGFD) Heritage Data Management System:
http://www.gf.state.az.us/w_c/edits/documents/Oncoapac.fo.pdf

e US Fish and Wildlife Service Annual or Monthly Reports, for example:
http://www.fws.gov/southwest/fishery/azfro/PDF/Monthly%20Reports/February%20200
3.pdf

RESULTS

Compilation of Source Material in Southwest

Twenty-six people assisted us in compiling papers and data on barriers and renovations
(Table 1). They provided information in the form of personal communications as well as
providing numerous grey literature and agency reports which would have been difficult if not
impossible for us to obtain without their help.

Our compilation revealed 28 native fish specifically mentioned as species of concern in
barrier and renovation projects (Table 2). This represents approximately 75% of the native fish
currently found within the geographic region we covered. Most of these species have recovery
plans or habitat management projects associated with their recovery as federally listed species. In
our compilation, 18 non-native species were mentioned as the fish targeted for removal from

native fish habitat (Table 3).



There were numerous translocations of topminnows throughout the region that were
discussed in a chapter of Battle Against Extinction (Minckley et al. 1991) and in various
Recovery Plans. These translocations were in areas not clearly historical or natural, nor was it
clear that renovations or barriers were involved. For instance, the revised recovery plan for Gila
topminnow (USFWS 1998a) stated that there were 207 known introductions into 175 “wild
locations” by 1994. The sites we included in our analysis are of seven extant natural populations
of topminnow that underwent either barrier construction or chemical renovation.

The annotated bibliography (Appendix A) includes approximately 125 entries. Keywords
were added to Appendix A only if they provided information not available from the title or
summary of an entry. These entries include papers that discuss effectiveness of barriers and
renovations at the national level, as well as all published papers, book chapters, books, recovery
plans, and unpublished reports that served as the original source of data for Tables 4-8.

We included the Desert Fishes Council (DFC) proceedings abstracts as a separate
bibliography (Appendix B). The DFC provides access to all their proceeding abstracts on one
page of their website. This service made it very simple to search for relevant abstracts. The
proceedings often provided information difficult to obtain anywhere else. For instance, each state
provides a summary of the yearly status of the fishes in their region or activities that occurred
that year. Thus having the DFC abstracts in chronological order makes it easier to follow the
history of various barriers and renovations.

Tables 4-8 summarize information on 75 barrier/renovation projects in the southwest.
These five tables also include information provided from personal communications and agency
files. Table 9 provides a key of the reference numbers used in Tables 4-8 with the specific
references in Appendix A. Of the 75 projects, 52 had some type of indicator of success or
compromise (Table 8). Three of the 52 projects began after 2000 and had been successful for
three years or less with no sign of incursion; thus they have a longevity of <3 years, which would
underestimate our analysis of longevity so they were removed. Of these 49 projects, 39% (19
projects) were compromised (non-natives were found) in less than 3 years. However, 35% (17
projects) were effective at keeping natives populations free of non-natives for 10 years or more

(Figure 1).



Major Published Reviews on Renovations at a Regional or National Scale

Rinne and Turner (1991): Reclamation and Alteration as Management Techniques and a Review

of Methodology in Stream Renovation

In a chapter from Battle Against Extinction, Rinne and Turner (1991) provided an
historical account and review of many barriers and renovations completed in streams of the west.
Much of their review was based on contacts made with game and fish departments from 13
western states. Although piscicides were used extensively in the west, they found little
documentation of techniques used or end results. Yet they were able to extract enough
information to produce tables covering the history of renovations on numerous streams from
1950-1988. Most renovations during that time period were for the purpose of enhancing sport
fish. The level of detail varies; however, they provided years of treatment, length of stream
treated, target species and species of concern, and success of renovation for more than 30
western streams. They included a more thorough review of Arizona and New Mexico
renovations and barriers, especially with respect to habitat reclamation for native trout. Most
Apache trout renovations failed due to unauthorized stockings or an incomplete renovation. They
also reviewed and recommended renovation procedures, such as considering impacts on non-

target organisms, timing (diel and seasonal), pre-treatment sampling, and detoxification.

Hepworth et al. 2001: A review of what did and did not work after 24 years of native trout

restoration in southern Utah.

Hepworth et al. (2001) presented a paper at an American Fisheries Society symposium
describing what they have learned over two decades of restoration work for cutthroat trout. They
concluded that there are six factors that are most important to consider when selecting sites for
restoration. All six factors apply to barriers and renovations: 1) projects should be within historic
distributions, 2) have good fish habitat, 3) be large enough to justify a renovation, 4) avoid major
land use conflicts, 5) be feasible in terms of removing and preventing the re-invasion of

nonnative fishes, 6) and have support from the general public, individuals and land use agencies.

Dawson and Kolar 2003: Integrated Management Techniques to Control Nonnative Fishes




Dawson and Kolar (2003) examined the potential of using integrated management
techniques to control non-native fish for the purposes of protecting native fish of the Gila River
basin. However the information they presented on pest management and piscicides is not limited
to a geographical region. They discussed general information on developing an integrated pest
management strategy with respect to non-native fish.

Dawson and Kolar (2003) included a historical review of renovation literature which we
do not need to repeat here; instead we direct the reader to their summary, Chapter 5 of their
report, titled “Successes and failures of using piscicides”. Nearly all of the fish control projects
covered in their historical review were for enhancing game fish populations. We point out three
substantial reviews on fish control projects that are thoroughly covered in Dawson and Kolar
(2003) but which we also include in our bibliography. Lennon et al. (1971): “Reclamation of
ponds, lakes, and streams with fish toxicants: A review” conducted a literature review and a
survey via an internationally circulated questionnaire. This report is now available online (see
citation in Appendix A). Lopinot (1975): “Summary on the use of toxicants to rehabilitate fish
populations in the Midwest” covered piscicide use from 1954-1973. Lastly, Meronek et al.
(1996): “A review of fish control projects” reviewed 250 projects that covered and 36 states and
3 countries.

According to Dawson and Kolar (2003), the problems most frequently found in
renovation reviews included the following: 1) a lack of justification for reclamation; 2) lack of
information on the biology of the target species; 3) crews that were either inexperienced or of
insufficient size to handle treatment operation; 4) missing or inadequate pre-treatment and post-
treatment surveys; 5) inappropriate toxicant used; and 6) insufficient application methods.

They discussed registered and unregistered piscicides, species-specific as well as general
piscicides, candidate piscicides; and how to develop and register a piscicide. The time and
finances needed make it highly unlikely a species-specific toxicant could be developed to
selectively remove non-native fish from southwestern streams. Chemicals, however, are the most
efficient method for removing non-native fish, although renovation projects in general need
better planning. They recommended piscicides be viewed as one of several tools to control non-
native fish within an integrated management approach that considers chemical, physical, and

biological controls.
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Field Studies Evaluating Renovations and Barriers

Several papers provided excellent historical accounts of various renovations and barriers
in the southwest (e.g., Marsh and Minckley 1990; Rinne and Turner 1991). These studies greatly
assisted us in developing Tables 4-8, but they were not field studies designed to quantitatively
evaluate the effectiveness of barriers and renovations. We found few such studies, either in the
southwest or at the national scale. We summarize these studies below.

Three papers evaluated electric barriers. Verrill and Berry (1995) evaluated the
effectiveness of an electric barrier in preventing migration of carp and bigmouth buffalo into two
lakes in Minnesota. They marked and released 1,600 fish downstream of the barrier and caught
3,376 fish caught upstream, none of which were tagged. From this evidence they concluded the
barrier worked, however they also noted that in 1993, one year after their field survey, the water
depth at the barrier changed from 0.5 to 2 m, and about 3 carp/hr were observed crossing the
barrier. The barrier was modified to mitigate this type of incursion. Swink (1999) marked ~4200
sea lamprey, released paired groups above and below an electric barrier in Michigan, and used
fyke nets to re-capture lamprey upstream. He determined the barrier was extremely effective, as
only 1 downstream lamprey was caught at the lower pulsator setting (1 ms pulse width); no
downstream lamprey were caught at 2 ms pulse width. He had a 24% recapture rate for lamprey
released upstream, which helped validate his recapture rates. Clarkson (2004) evaluated the
effectiveness of electric barriers on two canals of the Central Arizona Project. Over a 12-yr
period he documented few outages, however he concluded that these outages allowed upstream
movement of non-native fish. He also found evidence that grass carp moved through a working
barrier, and directly observed red shiners passing safely, with no tetany, through the electrical
field of an active barrier.

Thompson and Rahel (1998) evaluated a three-yr old, intact gabion barrier built to protect
cutthroat trout in Wyoming. They marked and released brook trout downstream and found that
fish up to 224 mm TL were circumventing the barrier because the interstitial spaces within the
gabion had not filled. Baxter et al. (1999) marked and radio-tagged native fish to determine
movement over a barrier built to enhance a sport fishery in Canada. The barrier had a 1.5 m
vertical drop which was not sufficient to stop upstream movement during high flows. Porto et al.

(1999) determined that by impacting fish movement, low-head barriers (<2 m) built to control
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sea lamprey cause a longitudinal decline in diversity of fish communities in Lake Ontario
streams.

Instead of evaluating barriers, Hayes et al. (2003) evaluated four sampling designs for
examining the effect of fish barriers on sea lamprey. Their findings and recommendations are
relevant to any barrier, regardless of the target species. They concluded that a pre- and post-
construction sampling design which included barrier and reference streams would provide the
most meaningful information for assisting in management decisions on barriers. Their
suggestions may be difficult to apply in southwestern streams because of logistic or financial
limitations, however their specific addressing of assumptions made in barrier evaluation studies
are certainly worth considering. They also concluded that extensive surveys and process-oriented
studies should provide biologists the quality of information that should give them the most
confidence in their conclusions.

Robinson et al. (2004) examined the movement of marked trout released below 13
barriers in Apache trout streams in Arizona. They found that 7 of 11 barriers had non-native
salmonids above them. They noted that most failed barriers obviously needed repair or had
serious design flaws, such as being too short or too porous. Thus they concluded that non-natives
moved upstream by way of structurally unsound barriers, not from unauthorized human

transport.

DISCUSSION

In selecting appropriate locations of barriers, we can consider what scientists have
learned from designing and evaluating natural preserves (e.g., Moyle and Sato 1991). Sites
considered for protection with a fish barrier are similar to a preserve and subject to the same
issues of population genetics, fragmentation, and isolation. The ideal goal of barriers and
renovations is to preserve long-term functioning of natural processes, which is not always
possible. A potential site for a barrier or renovation should not be automatically discarded
because the restoration activity would reduce the long-term natural function of the site, if at the
same time these efforts would also increase the short-term survival of a specific ESU

(evolutionarily significant unit).
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A species can suffer local extirpations via two types of stochastic events: environmental
catastrophe and a random drop in population size which goes beyond the threshold of recovery
(Moyle and Sato 1991). Recent examples of the first type are the catastrophic fires that occurred
within watersheds possessing significant populations of Gila trout (Propst et al. 1992; USFWS
2003) and Gila chub (Sabino Canyon, Aspen Fire in 2003). These examples underscore the
importance of sustainable replicate populations of ESU’s for a given species and the need for

larger populations less vulnerable to stochastic events.

Adaptive Management: Gaining Knowledge Through Experience

Clarkson (2004) argued that if a barrier is not 100% effective, it is a failure. This point of
view is especially understandable given that a protected population can be compromised by a
few non-native fish that establish a reproducing population, or when a species is vulnerable to
hybridization. However blanket declarations that a given barrier or renovation is a success or
failure are of limited usefulness for guiding new projects. A project failure can be extremely
valuable to future projects if proper data are collected, analyzed, and incorporated into new
management decisions. As Gene Maughan said, “Little is learned from success” (Arizona
Cooperative Fish and Wildlife Research Unit, personal communication, 1989). Within the field
of engineering is an entire discipline of “failure analysis” which is commonly utilized by
business. For example, the following recommendations were made in considering failure
analysis in the realm of business (Apogee Newsletter archives, Sep 2003:

http://www.adastro.com/apogee/lost.html):

The same basic principles can apply to many business situations in which one encounters a
failure--you archive the data so that no information is lost, and then you investigate the situation to
understand both immediate and root causes. The objective is not to find someone to blame--it is to
understand what really happened (which very often turns out to be different than what appeared to
happen), to turn the failure into an opportunity for learning, to improve your organization and its

practices, and to realize value from the experience.

Of course we want successful barriers and renovations to protect native fish populations.
Thus it is most important that we do not repeat mistakes, but learn from them. Although many

early Gila trout renovations were not successful, with each effort biologists made progress in
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understanding how to apply piscicides effectively to these systems (Stefferud et al. DFC 1991).
As an example, the standard protocol with Arizona Game and Fish Department (AGFD) for
Apache trout renovations now requires two applications of piscicide before repatriating natives,
waiting a season to see if the renovation was successful, and then continuing to renovate if
necessary. They repeat this procedure until they are certain of a complete kill (M. Lopez, AGFD,
personal communication, 2004)

What is learned from previous barriers and renovations should be quickly applied to
future projects, which has not always been the case. For instance, as early as 1983, the following
recommendations for improving renovations were made available to biologists and managers

(Meffe 1983; Marsh and Minckley 1990):

“...A single treatment, even in high doses, apparently is not effective”;
“A fishless period of at least a year should be required for the entire system before topminnows are
restocked”;

“..to assure long-term success, the area must be inspected frequently and managed..”

We point this out to reiterate that often the solutions learned from previous renovation
efforts have been available within the literature for many years, even decades, but implementing
the solutions with available personnel and monetary resources has been at times exceedingly

slow.

Conflicting Perceptions: Considering a Barrier a Long-Term “Failure” vs. a Short-Term
Essential Management Tool

A secondary issue of declaring a barrier or renovation a “failure” has to do with the
assumptions that are made or if restoration goals have been clearly defined. If a barrier or
renovation prevents re-invasion for 5 years, for example, is it a failure on the 6" year? Thus,
some biologists emphasize that we should consider barriers and renovations as a delaying tactic
to endangerment and extinction (e.g., Rinne and Stefferud DFC 1999). Maybe we should
consider incursion inevitable. Maybe we should consider a measurable extension of the length of
time that a barrier and renovation prevents or controls a non-native fish re-invasion as a measure

of success. In other words, barriers are successful as short-term solutions. As Hilderbrand and

Kershner (2000) concluded,
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“Isolation above barriers may be a necessary conservation tool when short-term, biotic
extinction risks greatly exceed long-term risks, but removal of biotic threats and population
restoration is critical. Thus, barrier construction must be viewed as a temporary solution for most

jeopardized populations”.

Other authors similarly conclude that isolation may be the only alternative when non-

natives are an immediate threat to survival of native fish (e.g., Novinger and Rahel 2003).

RECOMMENDATIONS

With enough money, engineering, and thoughtful planning, it is feasible to build barriers
that are secure, and to conduct renovations that remove all the non-native fish. Two extensive
historical reviews conclude that chemical renovations could use better planning. As noted by
Lennon et al. (1971), “the better studied and more carefully executed projects have the greater
number of successes.” The investment of time and energy into thoughtful planning helps insure
cost-effective use of resources. Therefore we summarize the following recommendations gleaned
from our qualitative analysis of the source material. We provide recommendations specific to
barriers or renovations as well as general recommendations to consider with these types of

projects.

Recommendations Specific to Future Barriers

Consider Natural Barriers First

Several authors recommended that natural waterfall barriers provide the best protection
for native fish (e.g., Stefferud DFC 1997, Harig et al. 2000). Natural waterfalls typically have
already been tested by fish; they are not as likely to wash out as artificial barriers; and they are
often in relatively inaccessible areas. Rinne and Turner (1991) suggested that artificial structures
that supplement natural barriers appear to be more effective than those that start from scratch.
However two studies indicated even natural waterfalls have limitations. Adams et al. (2000)
noted that gradients of 13% or 1.5 m vertical drops would not stop brook trout from moving

upstream. Harig et al. (2000) determined that translocations above natural waterfalls that were
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previously fishless were less effective, as apparently fish were absent because the habitat was
unsuitable.

Extended dry reaches can be an effective natural barrier. For example, the lower 6 km of
Aravaipa Creek is normally dry, which apparently delayed invasion by red shiner. However,
when hydrological changes connected Aravaipa Creek with the San Pedro River more
frequently, red shiner invaded (R. Clarkson, US Bureau of Reclamation, personal
communication, 2005). Therefore locating habitats above natural waterfalls and extended dry
reaches should be considered a priority for renovation and restoration; however, the habitat

upstream should be examined.

Artificial Barriers Should be Designed with the Appropriate Expertise and Information

Many barriers have been designed and constructed without all the information necessary
to build the most appropriate barrier (Brown and Zale 2005). The success of artificial barriers
will be increased when designed by engineers with input by hydrologists and fish biologists.
Biologists provide important information not obvious to engineers, such as the necessity of
splash pads and notch heights relative to the characteristics of the target species, or making sure
the barrier does not produce a swim hole that would attract recreational activity. Also, barriers
built to withstand decades and massive flows may have their own impacts on a stream, as they
impact habitats above and below in ways similar to a small dam. For instance, Bulow et al.
(1998) suggested that a possible negative effect of a concrete-capped gabion barrier in a

Tennessee stream was that it impeded stream flow and created a pool immediately upstream.

Reconsider the Use of Gabion Barriers

Rock-filled wire gabions were used historically within streams for bank stabilization;
therefore, they were placed parallel or diagonal to flows. Now gabions are often placed across a
stream to create fish barriers, especially in headwater streams for trout recovery. However, there
is growing evidence that barriers made from gabions are inherently short-term and frequently too
porous to prevent fish passage.

In 2000, the Washington Department of Fish and Wildlife (WDFW) made available
online fishway guidelines for the state (http://wdfw.wa.gov/hab/ahg/fishguid.pdf). These
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guidelines were developed for a course on salmonid habitat restoration by the USFWS National

Conservation Training Center. The author made these comments about gabions:

Gabions are not a good fish passage device because they are unstable, deteriorate, and are easily damaged. A
benefit often stated of gabions is the possibility of using locally available stream gravel and cobble for fill.
Fill of this type is like trying to stack marbles; the gabion deforms and quickly loses its intended shape. It
may also roll as it deforms. Galvanized gabion wires do not withstand the erosion of bed material wear.
Gabions used in Chico Creek (Puget Sound, Washington), with only slight bedload abrasion, failed in three
years. Another drawback to the use of gabions is that debris can easily snag either breaking them or distorting

the wire fabric leading to their failure.

Tappel (1986) described the history of one gabion structure built for fish passage in
Alaska, and concluded that gabions should not be installed perpendicular to streamflow if water
velocities might exceed 5 ft/s. He noted that this recommendation would preclude the use of
gabions at waterfalls. The problems with gabions described in the guidelines by WDFW above
are supported by recent research. Two studies evaluated gabion barriers by releasing marked
trout downstream and found some fish successfully invaded upstream either through interstitial
spaces of the gabions or around or over visibly degraded structures (Rahel and Thompson 1998;
Robinson et al. 2003). Some papers noted barriers failed because the gabion wire eroded much
faster than expected. For instance, House (1996) evaluated 15 full-spanning structures made of
gabions, built in 1986 on an Oregon creek to improve spawning habitat but not to impede fish
passage. Within two years the gabion wire had visibly eroded on most of the structures, and
within 3 years the gabions had deteriorated to the point where boulders within the gabion matrix
were dislodging. He concluded that gabions are a short-term restoration solution as they have life
spans of approximately 10 yrs. In their recent evaluation of Apache trout barriers, Robinson et al.
(2004) found trout moving upstream through interstitial spaces of what appeared to be intact
gabion barriers. They questioned the continued use of gabion barriers because of their failure
rate. To increase life expectancy and reduce maintenance costs, they suggested covering gabion
barriers with concrete or rebuilding a solid concrete backfilled barrier. Their suggestions are
supported by Bulow et al. (1988) as they determined a gabion barrier was fully functional 15

years after being capped with concrete.
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Paired or Multiple Barriers May be a Very Effective Strategy

Multiple barriers allow biologists to identify an invasion in the early stages. In addition,
multiple barriers could isolate an incursion to the stream reach that is between barriers, which
would make non-native fish removal easier and would be less disruptive to the native fish
community (Meffe 1983). The nine stone bridges in Sabino Canyon acted as short-term barriers
to upstream movement of green sunfish, as it took 12 yrs for this non-native to invade the reach
below the ninth bridge (Dudley 1995). W.L. Minckley suggested a paired structure concept for
protecting Aravaipa Creek fishes, and recommended two barriers be built that would withstand
100-yr floods (Clarkson DFC 2003). Hepworth et al. (2001) determined that the most effective
barriers in Utah streams were those adjacent to other natural barriers, such as de-watered stream
reaches. They concluded that single-point structures were the most vulnerable barriers, and chose
to build multiple barriers if secondary obstacles were not available.

Multiple barriers provide a structural framework within the landscape that allows a more
manageable, stepwise approach when eliminating an introduced species. For instance, red shiners
are being eliminated from the Virgin River on a reach by reach basis, between natural and
artificial barriers (Lentsch et al. 2002).

Multiple barriers also provide a stepwise approach for a watershed-based concept of
native fish protection. Propst et al. (1992) described the danger of limiting protection of a species
to isolated headwaters, and recommended reclaiming sub-drainages with multiple tributaries for
Gila trout. Hilderbrand and Kershner (2000) described in detail a watershed-based concept for
managing cutthroat trout. They recommended including confluences of tributaries so that more
than one headwater population can mix.

A watershed-based approach of multiple barriers could be an additional tool for
enhancing genetic diversity of southwestern fish. If barriers could be built or retrofitted so that
they can be temporarily disabled when tributaries are consistently free of non-natives, then they
would allow free movement of native fish. The barrier located farthest upstream can be viewed
as a “temporary first” in an eventual series as more and more sections of stream are renovated.
Thus over time larger segments of a river basin would provide improved habitat for natives.
Eventually entire watersheds could be free of non-natives, although continued monitoring would

be always necessary. If an incursion occurs downstream, the barriers could be restored to their
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full function. A watershed-based approach of multiple barriers would eventually allow increased
gene flow as well.

Since stochastic events can eliminate small isolated populations, it may be unrealistic to
assume populations above barriers will persist indefinitely (Hilderbrand and Kershner 2000).
However, the importance of fragmentation and preserve size differs among species. For example,
Apache trout historically had naturally fragmented, disjunct distributions long before any
possible anthropogenic impacts (Dowling and Childs 1992). Even more naturally isolated are
those species that have been in remote springs, such as the White River springfish (Williams et
al. 1985). In considering methods for preserving genetic diversity, these disjunct populations are

all the more important to protect.

Electric Barriers

Electrical barriers may be useful in areas where physical barriers (e.g., low-head dams)
are not practical or desirable. Electrical barriers have been effective in controlling sea lamprey
migration (Swink 1999). Two electrical barriers have been installed in Central Arizona Project
canals to prevent non-native fish occurring in the Colorado River Basin from moving upstream
into the Gila River basin (Clarkson 2004). However, their effectiveness is compromised by brief
electrical outages; also low flows allow non-natives to bypass the barriers (Clarkson DFC 1997).
Clarkson (2004) recommended that electrical barriers should still be considered in an integrated

approach to managing non-native fish.

Recommendations Specific to Future Renovations

Conduct Multiple Renovations and Ensure a Complete Kill before Re-Introducing Natives

Many studies have shown that single treatments do not consistently result in a complete
removal of target fish and recommend multiple renovations (Rinne and Turner 1991; Propst et al.
1992; Harig et al. 2000). Hepworth et al. (2001) noted that a single treatment was not effective in
even the smallest streams. They recommended timing a second renovation one year after the first
treatment. Complex waters (braided channels, marshlands, spring inflows) make a complete kill
more difficult, and high gradients in streams reduce the effectiveness of antimycin (Tiffan and

Bergersen 1996).
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Consider Salvaging Other Species Before Renovation

Rinne and Stefferud (1999) clarified that single species management is one of the best
means of delaying endangerment, however they also noted we should continue efforts for
multiple-species management. Similarly, many biologists expressed concern with the method
employed in many streams, where piscicides are applied after salvaging only the species of
concern. Historically, single-target species renovations in some streams have caused declines for
other sympatric fish populations (Rinne and Turner 1991). Although these un-salvaged sympatric
species may not be protected by federal listing, they are often species of concern at the state or
regional level and may be at risk of further decline (e.g., Sonora sucker, speckled dace). We
recommend that these fish also be salvaged, both to preserve their genetic diversity as well as to
preserve the historical fish community as a whole. Likewise, some renovation projects salvage

benthic invertebrates to ensure that repatriated fish have a sufficient food resource.

Consider Bioassays to Improve Chances of Complete Kill

Some renovations included on-site bioassays to determine that enough piscicide was used
(e.g., cages with brown trout for Apache trout renovation). Bioassays may be especially useful in
complex streams and cases where the uniform dispersal of toxicants is difficult. Bioassays can

also be used to ensure that downstream detoxicification is working (Rinne and Turner 1991).

Time Renovation Appropriately to Improve Chances of Complete Kill

Timing of a renovation is important to consider in terms of water chemistry and flow.
Cold temperatures (Tiffan and Bergersen 1996) and high pH (Marking 1992) reduce the
effectiveness of antimycin and rotenone degrades faster in high temperatures, high pH, and

exposure to sunlight (Marking 1992; Finlayson et al. 2000).

General Recommendations for Barrier / Renovation Projects

Consistent, Long-Term Monitoring Is Imperative

Most reviews on fish control projects emphasized the need to monitor fish populations
before-hand and to conduct long-term consistent monitoring after a project is completed.

Specific monitoring guidelines depend on the species and the situation. Meronek et al. (1996)
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noted that 25% of the projects they reviewed could not be evaluated because of inadequate
information. They recommended that projects should include detailed rationale and objectives,
and pre-treatment and long-term post-treatment study. In their review of greenback cutthroat
trout populations, Harig et al. (2000) suggested that each translocated population should be
monitored once every 3 years, and representative populations be monitored annually. From their
analysis of six years of monitoring Gila trout, Propst and Stefferud (1997) concluded that
multiyear sampling is essential to understand the range of variation possible in a natural
population; they also recommend regular sampling of a reference population.

Early pre-treatment surveys may even provide the necessary information that a barrier or
renovation is not necessary. In one recent case, Baxter et al. (1999) tested fish movement over a
barrier and determined it was likely navigable at high flows, but despite that, the barrier was
probably unnecessary as a response to controlling the target fish, two native non-game species.

Without regular monitoring of the fish community, it is impossible to evaluate the
effectiveness of a project. However, the most important value of consistent monitoring is that it
allows early detection of an incursion. When the presence of non-native fish is detected in the
early stages, there are more alternatives and opportunities available to identify what happened
and apply the best solution. For instance, if biologists can quickly determine the number and age
distribution of non-natives present and the distance of stream that is contaminated, then they can
also identify the likely source (e.g., determine if the barrier needs repair of if an unauthorized
stocking occurred). With this information they can more quickly determine the best action to
take to resolve the problem, possibly with less effort and expense. Consistent monitoring of the
native fish also allows biologists to assess the health of these isolated populations, by estimating
condition, recruitment success, and population size. So that future projects can be evaluated for
their effectiveness, we suggest that those biologists that are planning future monitoring efforts
consider the population characteristics such as those summarized in Table 8 for inclusion in their

data collection.

Examine the Biology of the Target Species and Species of Concern

Lennon et al. (1971) pointed out that the success of sea lamprey control in the Great
Lakes was greatly assisted by research conducted to understand the biology of the target species:
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Knowledge of the biology of undesirable fishes is a primary requisite to effective control.
The weakest link in the life cycle may be the only logical target for toxicants or other control
measures. The larval stage of the sea lamprey in streams is an example. Or, attacking spawning
congregations of problem fishes may provide a degree of control where poisoning of an entire
body of water is impractical or impossible. Furthermore, an understanding of the life history of an
undesirable fish might lead to biological or other controls less drastic than poisoning.

It is important, too, that we learn more about the environments in which problem fish
exist and the factors which contribute to the development of problems. In some situations, the
problems with undesirable species may be avoided or solved by manipulating environmental

factors instead of by poisoning.

A thorough pre-treatment survey assists in developing the appropriate renovation
protocol. By understanding the ecology of the target species, biologists can choose the best time
and season for a renovation. For instance, treatment at night may be more effective depending on
fish behavior (Rinne and Turner 1991). Rotenone and antimycin do not kill fish eggs until the
egg capsule ruptures at hatching (Finlayson et al. 2000) and young-of-year may escape piscicides
by selecting shallow stream margins. Therefore, a complete kill is more probable if piscicide is
applied when these less vulnerable life stages are not present. Phelps et al. (DFC 2000) examined
reproduction of Gambusia affinis and Poecilia spp. in Nevada and Arizona, and recommended
January as the best time to treat warm springs to remove non-native poeciliids. Dawson and
Kolar (2003) compared specific life history characteristics of native and non-native fish of the
Gila River basin for the purpose of identifying areas of vulnerability that could possibly be used
to develop control strategies. They found few areas of vulnerability for non-natives; although
they also noted that non-native fish present in the Gila River basin had shorter, more distinct

spawning periods.

Avoid Problem of Halfway Technologies

“Many fishery managers viewed fish toxicants as a panacea and that a single application would

correct problems and result in bountiful fishing for a long time. . . “ -Dawson and Kolar (2003)
“Some stream habitat improvements have apparently been done for no apparent reason, as is

strongly indicated by the fact that only a few have been monitored or evaluated...Long-term

evaluation of projects is required to justify their continued use” (Rinne and Turner 1991).
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A consistent level of frustration was evident among biologists working on native fish that
there was a lack of follow-through on barrier and renovation projects. For instance, Clarkson
(2004) noted “Given all this effort and expenditure toward ensuring fish-tight barriers, it is ironic
that the agencies operating the electrical barriers will not support comprehensive management”.
Other biologists were concerned that clear response plans are essential, so that everyone involved
with a given stream that has a barrier or renovation knows what steps need to be taken when a
breach occurs. For example, before a project starts, plans should be in place that answer the
following questions: 1) Who is responsible for conducting regular surveys to detect for non-
natives? 2) Once non-natives are found, who is responsible for taking action to remove them? 3)
Is there a threshold level for non-native fish population metrics before action is taken (e.g., one
non-native fish found; a specific percentage of population is non-native; is non-native species
reproducing)? 4) Is there a threshold level for native fish population metrics before action is
taken (e.g., population declines to a specific percentage of original stocking or an estimated
effective population size; decline in genetic variation; no reproduction for a specific time
period); and 5) What is the threshold level for repeating a renovation?

Recent renovations appeared successful but were compromised by a minimum of follow-
through. For instance, three years after Sabino Creek was treated for green sunfish, they were
found by AGFD and University of Arizona biologists in the previously-treated reach. Apparently
it was unclear at that point what actions had to be taken to re-treat the creek. Before green
sunfish were artificially removed, the Aspen Fire naturally re-renovated Sabino Creek in 2003.

A lack of follow-through on stream alteration projects is not a new problem. In 1936,
C.M. Tarzwell described a lack of information on ecological changes brought about by stream
“improvement” projects completed by the Civilian Conservation Corps and called for additional
experimental work in the field and better before and after data on biological measures such as
fish spawning success to evaluate the projects. Recent papers by Palmer et al. (2005) and Jansson
et al. (2005) provided more explicit guidelines for measuring ecological success in the form of
six criteria for evaluating river restoration: (1) a specific guiding image of what could feasibly
exist at a site; (2) ecological condition must be measurably improved; (3) the system must be
more self-sustaining and resilient to perturbations so that only minimal follow up maintenance is
required; (4) during construction, no lasting harm inflicted; (5) pre- and post- assessment must be

completed and the data made public; (6) specific hypotheses and a conceptual model of
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ecological mechanisms should be incorporated. Current projects in the Southwest generally meet
criteria 1-4, although lack of resistance to perturbations in the form of introduced species is
obviously a continuing problem. Criteria 5 and 6 are areas that could see significant

improvement as pre and post assessment data are not always widely available.

Address Need For as well as Complexities Involved with Public Relations and Education

Many large-scale projects conducted to kill native fish have occurred without much
publicity or concern, such as the 100’s of km of streams poisoned before 1960 to remove “rough
fish” in California, Arizona and New Mexico (Lennon et al. 1971; Rinne and Turner 1991). Yet
some well-publicized chemical renovations that resulted in native fish kills fostered negative
public opinion towards piscicides, and resulted in a range of changes in management policies.
For example, piscicide treatment of the Green River in 1962 to remove “rough fish” caused a
massive die-off of native cypriniformes, likely pushing these fish toward extirpation in this
region (Rinne and Turner 1991). The controversy surrounding the Green River project spurred
native fish biologists to work for legal protection of native fish and possibly prompted the
evolution of the public’s view of native fish species as a valuable resource (Pister 1991). The
northern pike removal effort in Lake Davis, California was a public relations disaster for two
reasons: the lake was a source of drinking water for a nearby town, and the renovation also killed
all the trout, further impacting the local trout fishing economy. Most recently, public opinion has
resulted in a policy of banning piscicide application in streams in New Mexico, even though
there is little scientific basis for this ban (Brooks and Propst 2001). On the positive side, Moore
et al. (2001) described how public hearings and media education helped improve public approval
of a proposed restoration project for native brook trout in the Great Smoky Mountains.

When there is a conflict between sport fishing and rare fish in the region, barriers and
renovations are more difficult to maintain. There are numerous cases of unauthorized human
transplants (UHT) by anglers, and many are accidental. However, deliberate vandalism to
establish non-native trout has been identified in Gila trout streams (Brooks and Propst DFC
1999). Besides enforcement, patrol, and consistent and frequent monitoring, other potential
solutions to preventing or reducing UHT include restricting vehicle access and installing remote
cameras (Robinson et al. 2004). These measures can be factored in as operational costs in long

term planning. Specific actions that should be considered for reducing UHT include establishing
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well-publicized and enforced fines, and a monetary reward for information leading to the arrest
and conviction of those responsible for an UHT.

The likelihood and impact of a UHT should be considered when prioritizing sites for
barriers or renovations. The biologists most familiar with the biological and social conditions at a
given site need to consider such factors as the attitudes of the public in the region, public access
to the site, and the level of controversy surrounding the species of concern. They also need to
consider the level of impact that an individual UHT will have on the species of concern.
Increased education via interpretive signs in areas that are both heavily used by sport fishermen
and remotely located may not be an effective practice. As a possible example, after a major
renovation in 1993, Cibola High Levee Pond remained relatively free of non-natives for
approximately 11 years (Mueller et al. 2003). However, shortly after a large interpretive sign that
identified this pond as supporting rare native fish was placed along the levee road, numerous

largemouth bass appeared in 2004 (Mueller et al. 2005).

Consider Cost Effectiveness of Restoration Action

On an annual basis, programs to recover endangered southwestern fishes are going to
have to allocate dollars to several competing categories: 1) costs to operate and maintain barriers
that are in place (including monitoring the fish populations to see if they meet project
objectives); 2) costs to renovate undesirable populations behind barriers that are assumed to be
capable of blocking natural movement of fish; and 3) the costs to construct new barriers and
successfully renovate the subsequently isolated habitat. Effective dollar allocation will require
measurable definitions of ecologically successful restoration, early detection of reinvasions or
other forms of “failure”, and a method of balancing the costs of constructing and implementing
new renovation projects where success is a hoped-for outcome against the future costs of
operating, maintaining, and monitoring previously constructed projects. For any given budget
level, the point may eventually be reached where all available money is needed to meet operation
and maintenance goals for old projects, leaving no dollars available for new projects.

New projects that result in modest gains of new habitats that are at least temporarily free
of undesirable non-natives will generate future operations and maintenance costs that need to be
discounted to give the present value of total project costs over the life of the project. The present

value of dollars that have to be spent in the future is lower than the dollar amount to be spent in

25



the future. The same concept of discounting used for dollars can be applied to estimate present
value of endangered fish and their habitats that is expected to occur in the future as a result of a
building a new barrier project. For example, 10,000 fish or 10 miles of non-native free stream
that are expected to occur in the future are less valuable than having 10,000 fish or 10 miles of
non-native free stream today. Operation, maintenance, construction, and monitoring costs of
present and future projects must be determined in terms of today’s dollars to optimize population
and habitat gains per dollar spent over multiple years. Farmer et al. (1988) provided some basic
guidelines for using linear programming and optimization methods to design cost effective
habitat management plans. A natural resource economist should be consulted when setting

discount rates for future dollar costs.

Access Sources of Information on Barriers and Renovations

We direct the readers to the annotated bibliographies (Appendices A and B) as a source
for more detailed information on barriers and renovations. Most of the citations include
summaries and abstracts, thus they provide a substantial information source.

During our search we found a relevant website from Montana State University’s Wild
Fish Habitat Initiative (WFHI). They are developing a database on barrier design, and are
requesting information from those working on barriers to provide information on construction,
design, effectiveness, and longevity. As of September 27, 2005, there were detailed descriptions
on 34 barriers that various entities have provided, however only two of these barriers (the double
barriers at Aravaipa Creek) were within the geographic range of our review. We recommend
accessing this website to review the type of information the WFHI is looking for, and entering
data for additional barrier projects if the data meet website standards. The website is:

http://wildfish.montana.edu/projects/barrier/default.asp

Provide Additional Information To The Authors

There are large gaps in the data presented in Tables 4-8. We consistently found certain
types of information difficult to obtain. Specific information on the flow rates that artificial
barriers were designed to withstand was frequently missing from our information sources, as
were information on designed life span, or if a barrier failed because of a problem with structural

integrity or fish movement. Descriptions of native fish salvage efforts prior to the renovation

26



were frequently unavailable. We often could not determine if monitoring was being conducted
consistently on barrier and renovation projects. Also, we suspect that the following sites may
have barriers or renovations but we could not locate any information: Martinez Canyon; Mineral
Creek/Devil's Canyon Mine Dam (both mentioned in DRT 2003); and the east, south, and west
forks of Little Colorado River. We ask the readers to contact the senior author

(jeanette carpenter@usgs.gov) if they can provide us information or direct us to reports or files

that may fill these gaps, so that we can continue to develop the dataset presented in Tables 4-8.

CONCLUSIONS

Nearly 39% of the 49 southwestern barrier and renovation projects that were amenable to
assessment were compromised in less than 3 years. However, 35% were effective at keeping
natives populations free of non-natives for 10 years or more. Although the ideal goal of barriers
and renovations is to preserve long-term functioning of natural processes, it is important that we
consider the significant success of even temporarily saving an evolutionary significant unit
(ESU) from extirpation. When non-natives are an immediate threat to the survival of native fish,
isolating native fish with barriers and/or renovations is often the only feasible technology
available to protect these populations in their native habitat. We believe that barriers and
renovations will be more effective for promoting recovery of threatened and endangered fish if

an adaptive management approach, as outlined in this report, is utilized.
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