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Abstract Declines in brook charr (Salvelinus fon-

tinalis) throughout its historic eastern United States

of America (U.S.) range prompted the formation of

the Eastern Brook Trout [Charr] Joint Venture (Joint

Venture) whose mandate is to restore these charr by

working cooperatively at a range-wide, regional-

scale. Joint Venture habitat projects in the U.S. are

initiated by local community-based organizations,

assisted by fisheries management institutions, and

funded through the U.S. Fish and Wildlife Service. In

order to assist with ranking these community-based

proposals for available funding, the Joint Venture

designed a quantitative scoring method as a decision

support tool that addressed range-wide threats that

were documented to limit brook charr production.

These threats include habitat modification (e.g.,

dams, urbanization, and agricultural landuse) and

interactions with antagonistic non-native species

[i.e., brown trout (Salmo trutta) and rainbow trout

(Oncorhynchus mykiss)]. This article evaluated the

prioritization method used by comparing the quanti-

tative rankings of the proposals with the final reports

for 12 completed projects using paired t tests for

unequal sample sizes and variance. Two of the 12

comparisons revealed statistically significant differ-

ences (P \ 0.05) between project proposals and final

reports; namely, the scoring criteria for the proposals

did not accurately reflect the outcome of these

projects in relation to brook charr management.

Large inter-quartile ranges between reviewer scores

were common, indicating that the quantitative scoring

method includes qualitative elements. In addition to

the science-based criteria, subjective value judgments

by individual reviewers have factored into the Joint

Venture’s decision making process. By evaluating the

decision support tool, this analysis aims to assist the

Joint Venture in structuring its approach to conser-

vation and rehabilitation of brook charr populations

in the eastern U.S. To better improve the Joint

Venture’s ability to address brook charr management

on a regional level, we recommend that future

proposal prioritization scoring criteria provide more

explicit guidance for accurate scoring, separate

scoring methods for policy and assessment work,

and a weighting factor for larger than sub-watershed

projects and for scoring criteria for which information

is unknown.
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Introduction

Brook charr (Salvelinus fontinalis Mitchill 1814) are

an ecologically, economically, and culturally impor-

tant species native to eastern North America. Over the

past 200 years, these charr have been exposed to

many anthropogenic perturbations which have

impacted their physical, chemical, and biological

environments and led to severe declines in their

abundance and their productivity, including localized

extirpations of some populations (Marschall &

Crowder, 1996; see Fig. 1). Changes in land use

practices resulting in deterioration of water quality

and impaired temperature regimes, increases in sed-

imentation, introductions of non-native salmonids

[principally brown trout (Salmo trutta) and rainbow

trout (Oncorhynchus mykiss)], and alteration of in-

stream habitats by dams and stream channelization

have all contributed to the widespread decline of

brook charr in the eastern U.S. (see Hudy et al., 2008).

Historically, rehabilitation efforts have typically

focused on stocking of hatchery-reared brook charr

and site-specific habitat (i.e., stream segment) resto-

ration (Bonney, 2007). However, these efforts were

largely unsuccessful in halting the loss of brook charr

throughout their eastern U.S. range (Guffey et al.,

1998). Fortunately, while many of these brook charr

watersheds have been significantly impaired (Fig. 1),

these systems have not been destroyed beyond repair;

they need more effective, holistic restoration strate-

gies which address regional threats to brook charr,

such as those posed by agricultural practices, climate

change, and urbanization. The Eastern Brook Trout

[Charr] Joint Venture (Joint Venture) was recently

created as one such approach. This Joint Venture is a

regional management strategy facilitated by the U.S.

National Fish Habitat Action Plan, which was formed

to improve upon site-based historical management

practices (EBTJV, 2008). The Joint Venture goals are

to address the causes of brook charr decline across

their eastern U.S. range with a regional Conservation

Strategy to direct personnel and financial resources

across federal, state, and local jurisdictions (EBTJV,

2008). At its core, it is a collaborative, multi-

organization partnership of state and federal agencies,

nongovernmental organizations, and academic insti-

tutions. The Joint Venture seeks to produce strategies

and tactics for rehabilitation and conservation of

brook charr that are effective on a range-wide scale.

These strategies are used to select community-based

projects, funded through the U.S. Fish and Wildlife

Service, and implemented by local jurisdictions.

In order to help rank project proposals for funding

using the goals of the Joint Venture Conservation

Strategy, a quantitative scoring method was devel-

oped by the Joint Venture steering committee as a

decision support tool. Decision support systems can

be powerful tools to assist decision-makers, including

Fig. 1 Distribution of brook charr (Salvelinus fontinalis) status

classification of sub-watersheds throughout the species’s eastern

U.S. range from Hudy et al. (2008) and approximate locations of

analysis projects. Intact: over 90% of habitat supporting

reproducing brook charr populations; Reduced: between 50

and 90% of habitat supporting reproducing brook charr

populations; Extirpated: less than 50% of habitat supporting

reproducing brook charr populations. Distribution reproducible

at: http://www.farmapper.psu.edu/easternbrooktrout/
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fisheries and aquatic managers, with complex decision

making and problem solving (Shim et al., 2002). These

tools incorporate scientific and technical knowledge

into a form that can have practical use to a diverse,

often non-scientific, audience who is tasked with

allocating scarce resources for projects by prioritiza-

tion (Lannan, 1993). These tools are particularly

useful when dealing with ecosystem management

problems. These decisions are generally best dealt

with at larger spatial scales, over longer time frames,

and must be socially and politically acceptable to a

wide range of constituents, economically feasible, and

ecologically sustainable (Rauscher, 1999).

In order to implement science-based decision

support for brook charr in the eastern U.S., the Joint

Venture used an assessment of brook charr population

and habitat status conducted by Hudy et al. (2008)

which evaluated the current distribution and status of

self-sustaining populations of brook charr in the

eastern U.S. at the sub-watershed level (i.e., sixth

level hydrologic unit). An understanding of the

geographic distribution, population status, and habitat

status for a given species is vital because knowing the

distribution and production dynamics of fish as related

to regional and site-specific habitat relationships is

necessary to plan a course of action for their rehabil-

itation and conservation (Williams et al., 1993).

Hudy et al.’s (2008) evaluation of 63 candidate

factors that potentially impact brook charr production

determined that five core metrics could be used to

define the classifications for predicted extirpated,

reduced, or intact brook charr habitat in the eastern

U.S. These core metrics were: (1) the sum of mean

sulfate (SO4) and nitrate (NO3) deposition; (2) the

percentage mixed forested land in the sub-watershed;

(3) the sum of sub-watershed lands supporting

agricultural uses; (4) the road density in the sub-

watershed; and (5) the sum of sub-watershed forested

lands. Extirpated sub-watersheds were defined as

having less than 50% of habitat supporting repro-

ducing brook charr populations; reduced sub-water-

sheds were defined as having between 50 and 90% of

habitat supporting reproducing brook charr popula-

tions; and intact sub-watersheds were defined as

having over 90% of habitat supporting reproducing

brook charr (Hudy et al., 2008). For each sub-

watershed type (i.e., extirpated, reduced, and intact),

the Joint Venture developed priority scores for

identifying sub-watersheds that were best suited for

restoration, enhancement, and protection projects

(extirpated, reduced, and intact watersheds, respec-

tively). These priority scores were incorporated into

the Joint Venture’s quantitative scoring method used

to assist with community-based project selection on

the basis that they consider each project in the context

of its regional contribution to restoration of the brook

charr rather than just a site-specific impact for one

small population segment. The goal of this study was

to evaluate the project prioritization method by

comparing the quantitative rankings of proposals

with final reports for 12 completed projects to test

implementation effectiveness (i.e., proposed vs. real-

ized restoration) for brook charr in the eastern U.S.

Materials and methods

Scoring criteria

The Joint Venture scoring criteria for prioritization of

community-based proposals are divided into four

categories: (I) conservation of sustainable popula-

tions, (II) project planning and success, (III) man-

agement assets, and (IV) partnerships and project

leveraging of other fiscal and personnel resources. In

each category, there is a series of questions; the

questions are weighted by allotted points compared

with the maximum point value, which is determined

by the Joint Venture steering committee (see Appen-

dix 1—Supplementary material for scoring sheet).

The Joint Venture has incorporated the resulting

sub-watershed assignments from the Hudy et al.

(2008) analysis into its ranking methodology for the

first category: conservation of sustainable popula-

tions. This process enables project leaders to design

habitat projects in high priority sub-watersheds and

helps reviewers decide which proposals are likely to

provide the best outcomes for brook charr in the

eastern U.S. given the limited funding and personnel

resources available. The other three scoring catego-

ries: project planning and success, management

assets, and partnerships and project leveraging are

also given quantitative metrics, but they are more

qualitative in nature (for example, what is the

recreational quality of the potential fishery?). Project

planning and success addresses watershed-scale

planning, considering the primary cause(s) of

watershed degradation, the probability of long-term
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success of brook charr rehabilitation to self-sustain-

ing, fishable populations, and the inclusion of appro-

priate ongoing project evaluation. Management assets

consider stakeholder interests and support in the Joint

Venture, principally the ability of Joint Venture

projects to provide public fishing access and educa-

tion for the local community; thereby building

stewardship for brook charr in local communities

throughout its eastern U.S. range. Partnerships and

project leveraging encourages funding contribution

by other funding sources, the involvement of partner

groups, and projects led by community-based

organizations.

Reviewers

The Joint Venture steering committee assembles a

project review team each year to score project

proposals in competition for funding. The review

team is composed of members from all partner

perspectives: federal government, state governments,

non-governmental organizations, and academia. For

each of the four scoring categories, the reviewers

provide numerical responses to a series of questions

and the values are totaled; higher values equate to

better scores and thus greater likelihood of funding

(see Appendix 1 for scoring sheet). All reviewers are

familiar with the Joint Venture and are asked to

provide responses based on their prior knowledge and

experience, use of the Joint Venture Conservation

Strategy, the sub-watershed priority scores, and State

Fish and Wildlife Action Plans, which assess the

condition of each state’s fish and wildlife populations

and their habitats, identify problems, and outline

actions needed for long-term conservation.

Analysis of ranking scheme

A modified version of the scoring criteria was applied

to project proposals and final reports for 12 com-

pleted projects related to brook charr restoration

across their eastern U.S. range (Fig. 1). All categories

except for partnership and project leveraging were

included in the scoring sheet. This category was

removed because it was related to funding require-

ments internal to the U.S. National Fish Habitat

Action Plan and did not specifically pertain to the

primary focus of our study, the ecological impact of

the selected projects on the rehabilitation of brook

charr.

The project proposals and final reports were

solicited from federal and state governments, non-

governmental organizations, and academia. As this

was a back-casting analysis, projects were required to

relate to brook charr management, but were not

specifically designed to address Joint Venture prior-

ities. Additionally, the proposals and reports were not

necessarily completed by the same individuals. This

methodology ensured that analysis of each project

was an independent assessment of the ranking

scheme.

Fifty Joint Venture partners were selected to

review the project proposals or final reports (for

project locations, see Fig. 1). The reviewers were

selected to represent the same partners present on

Joint Venture project review teams. Of the 50

potential reviewers contacted, 30 completed reviews

(60% response rate). Each reviewer was provided

with three proposals or three final reports to review,

the scoring sheet (Appendix 1), and directions on

how to complete the scoring sheet. The reviewers

were directed to the Joint Venture Conservation

Strategy and the Joint Venture priority scores for

guidance on the Joint Venture priorities and then

asked to complete the scoring sheet for each project

using their knowledge and understanding of the Joint

Venture.

The reviewer scores were compared between each

proposal and final report using a paired t test for

unequal sample sizes and variance (Sokal & Rohlf,

1987). This test compares the difference between two

group means, in this case, between proposals and

final reports, to zero. If the difference between the

two means was statistically significant from zero, the

proposals and final reports are scored differently; if

the difference was insignificant, the proposals and

final reports are scored similarly and the proposal

objectives were met with the completion of the

project.

The statistical analyses were performed using SAS

9.1.3 (SAS, 2004) with significance set at P \ 0.05.

Additionally, the median, upper, and lower quartiles,

and minimum and maximum data values were plotted

with boxplots for each project (Fig. 2). This visual

analysis provided the spread of project scores which

allowed for an evaluation of the variance within the

method.
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Results

Scores varied between project proposals and reports

with reviews ranging from 5 to 142 (maximum

potential score on scoring sheet = 185). Of the 12

comparisons, two were identified as statistically

different from one another (P \ 0.05; Table 1): a

population survey in Maryland and a pond reclama-

tion project in New York. In both cases, the project

proposals were given significantly higher scores than

their final projects (i.e., the proposals more closely

aligned with Joint Venture goals than the outcome of

the projects). In the case of the survey in Maryland, a

large emphasis in the final report was placed on the

production of trophy brown trout (Salmo trutta) as

opposed to rehabilitation of brook charr, their initial

focus. With the New York pond reclamation study,

the implementation and completion of the project was

hindered by staffing reductions, which delayed the

development and approval of expected brook charr

management plans.

The 10 other comparisons revealed no statistical

difference between the proposals as written and the

final product as delivered in regards to management of

brook charr. As an evaluation of this decision support

tool, this result showed the scoring criteria to be an

effective indicator of project potential, i.e., only

projects likely to be successful at improving brook

charr production should be funded by the Joint

Venture. It is interesting to note the general trend in

project reviews with proposal scores generally rated

higher than final report scores. In terms of implications

for restoration goals, this highlighted that management

expectations exceeded realized outcomes.

One additional observation was the large variance

between proposal or report scores for many of the

projects. Boxplots reveal the large interquartile ranges,

skewness, and outliers with many of the proposal and

report score comparisons (Fig. 2). While the scoring is

quantitatively based, this indicated that there was still

an element of qualitative judgment to the process.

Discussion

Regional-based fisheries management

Modeled after North American migratory waterfowl

management strategies (EBTJV, 2008), the Joint

Venture is one of the first applications of regional-

based habitat conservation and management to fish-

eries and aquatic systems. Migratory waterfowl

management was motivated by recognition of decline

in waterfowl populations, due in large part, to habitat

degradation and the need for large-scale, multi-

jurisdictional restoration efforts, particularly ‘‘migra-

tion corridors’’ that connected all life stages of these

migratory birds (Williams et al., 1999). These inter-

connections between suitable patches of habitat for

each life stage of the various species of waterfowl are

particularly important for migratory birds because

they are traveling extensive distances and need places

to rest, feed, and breed (Noss, 1983). But, for this to be

effective, this could only be achieved through the

regional cooperation and coordination of management

policies and actions among different agencies, juris-

dictions, and stakeholders (Petit et al., 1995).

For brook charr, the issues necessitating a regional

approach to management are somewhat different.

Although brook charr will migrate for a better foraging

arena or suitable spawning habitat, and in some cases

miles to avoid poor thermal habitats, they are generally

not considered migratory in any large-scale sense

(Treml-Drake & Taylor, 1996). There are specific

large scale threats, however, such as climate change,

acidification, agriculture, and urbanization, that cannot

be effectively addressed solely by site-specific man-

agement. They require management activities at a

higher level of governance which prioritize landscape-

level actions for rehabilitation efforts (see Liu &

Taylor, 2002 for examples). By working at a regional-

scale, all sites are not viewed as equally valuable at

producing results that will make a difference over the

entire eastern U.S. range of brook charr. Prioritization

allows the Joint Venture to effectively allocate scarce

available resources for the greatest gain across this

species range.

Science-based decision support

Implementation of a science-based decision support

tool is particularly important for regional manage-

ment programs like the Joint Venture because it helps

prioritize project proposals to achieve defined con-

servation goals at a broad scale (Rauscher, 1999). The

Joint Venture’s evaluation system as currently

designed is not perfect; but it can still be helpful if

decisions made using it take into account limitations
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of a standardized scoring approach (Shim et al.,

2002).

While the scoring criteria are, indeed, a quantita-

tive metric, they are subject to qualitative value

judgments by both the reviewers, using the scoring

sheets, and the Joint Venture steering committee,

designing the scoring methodology. Many reviewers

indicated that the weighting factors on some criteria

did not accurately reflect the full value of the projects

because they did not consider policy components or

monitoring. Similarly, some questions asked

reviewers to score projects on a gradient from low

to high. This style of question, in particular, invites a

value judgment upon the part of the reviewer and thus

provides for a relatively subjective measure. Inher-

ently, reviewers will interpret the question or value

differently without explicit guidance. A project can,

for example, score a seven out of 10 from a more

lenient reviewer and a three out of 10 from a more

critical reviewer for the same question, leading to

confusion as to how to rank the project overall in

relation to the other worthy proposals.

Fig. 2 Box plots of the median, upper and lower quartiles, and minimum and maximum data values for 12 brook charr (Salvelinus
fontinalis) conservation projects in the eastern United States, comparing proposal and final report scoring for each project (A–L)

238 Hydrobiologia (2010) 650:233–241

123



To some extent, value judgments like this can

never be eliminated from this or any decision support

system using a reviewer-based decision model (Je-

lassi & Foroughi, 1989; Pomeroy et al., 1997). This

reality necessitates that the regional governance

structure for the Joint Venture provide overarching

guidance with specific definitions of terms for more

effective decision-making and be inclusive of the

entire management system, assessment, and policy

trade-offs. We attempted to reduce overall subjectiv-

ity in our evaluation of the scoring system by

employing multiple reviewers to mitigate disparate

opinions. But variation, as evident by the box plots

(Fig. 2) in this analysis, should be considered by the

Joint Venture steering committee when making the

final project decisions. If, for example, one project

has wide variance, the Joint Venture Project Review

Team should discuss the cause of the discrepancies

before accepting its given score.

Uncertainty of reviewer ranking is surely a weak-

ness of this and any other decision support tool.

While this technique seeks to orchestrate an objective

forum for management decisions, substantial uncer-

tainty impacts its effectiveness. In order to form more

Fig. 2 continued
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accurate and precise representations of project out-

comes from their proposals, uncertainty must be

minimized more directly within the scoring criteria

and between the reviewers. Systematic and timely

monitoring of project successes and continued fol-

low-up assessment protocols must be weighted higher

in the point structure to minimize the disconnection

between the rankings and the effectiveness of brook

charr management in this regional landscape. Addi-

tionally, criteria must be clearly defined and priori-

tized for reviewers to form realistic expectations of

project outcomes from their proposals.

Future directions for the Joint Venture scoring

criteria

For this Joint Venture, our analysis evaluated the

implementation effectiveness of its associated sci-

ence-based decision support tool. Clearly, our results

show that there is still a need for further evaluation

and refinement of the scoring criteria. Using a more

comprehensive review scheme, a power analysis and

a principle component analysis could be performed to

reveal which questions on the scoring sheet are

contributing most to the final scores and which

questions are covariate (Zar, 1999). This information

would be particularly helpful for the Joint Venture to

decide if these questions are, in fact, the scoring

criteria that they would like to drive their project

prioritization and funding allocation processes.

Regardless of intent and because the scoring

criteria are weighted differently, this decision support

tool does make an implicit judgment on Joint Venture

priorities and must be acknowledged as such. The

perplexity that many reviewers in this analysis faced

was that the scoring criteria did not necessarily align

with their own expectations of brook charr needs or

Joint Venture priorities. Many reviewers reported that

they felt that the scoring system was, for example,

inappropriate for policy and assessment work, as

currently designed. Projects with policy or assess-

ment work were consistently scored lower than

habitat restoration projects though both subjects are

critical to the success of regional multijurisdictional

management approaches such as this Joint Venture

(see Schechter et al., 2008).

Though the Joint Venture is an advocate for

regionalization of management efforts, the current

scoring criteria are also not set up to maximize the

opportunity for projects covering more than one sub-

watershed. Because each sub-watershed is given an

individual priority score, a project covering a high

priority sub-watershed and a lower priority sub-

watershed were scored lower than a smaller project

solely located in a high priority sub-watershed.

Additionally, some elements of the scoring criteria

were unknown for some sub-watersheds (for exam-

ple, if a population is a genetically distinct unit) so

the criteria were either scored inappropriately or not

at all; in both cases, to the detriment of the overall

project score and its usefulness to the Joint Venture

project review team in making decisions.

We recommend that future proposal prioritization

scoring criteria consider separate scoring sheets for

policy and assessment work; apply a weighting

criterion for larger than sub-watershed projects;

include more explicit guidance and definitions for

accurate scoring; and incorporate a scoring scheme

which does not penalize projects when information

for listed criteria is not available.

Conclusions

Designing an effective and responsive decision

support tool is not easy. It is a constantly evolving

Table 1 Paired t tests of two independent means with unequal

variance for 12 brook charr (Salvelinus fontinalis) conservation

projects in the eastern United States, comparing proposal and

final report scoring for each project

Project Sample size

(proposal; report)

Degrees

of freedom

t value P value

1 4; 4 4.56 -0.24 0.820

2 4; 3 4.87 -1.44 0.210

3 5; 3 2.52 0.36 0.744

4 5; 3 5.09 2.94 0.032

5 3; 3 2.63 1.91 0.165

6 3; 6 4.20 1.68 0.165

7 4; 3 3.11 2.53 0.083

8 4; 3 5.00 0.16 0.880

9 4; 3 4.16 3.59 0.022

10 5; 3 4.39 2.38 0.070

11 5; 3 4.81 1.45 0.208

12 3; 4 4.23 0.03 0.977

Bolded P values indicate significance (P \ 0.05)
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process with the addition of new scientific data,

governance, outreach, and education on an interju-

risdictional, regional basis. By applying this science-

based decision support tool to its range-wide conser-

vation strategy, the Joint Venture seeks to reverse

declines in brook charr populations and genetic

diversity in the eastern U.S., improve technology

transfer, and prioritize funds and projects to restore

brook charr habitat, increase their productivity, and

encourage brook charr fishing opportunities through-

out their historic eastern U.S. range. The use of an

adaptive decision support system methodology will

help the Joint Venture structure its approach to

conservation and improve its utility to addressing

regional issues, such as large landscape-level changes

in the streams where these fish live, and the impact of

global environmental changes, such as climate

change, on brook charr populations, and their

production.

Acknowledgments We would like to thank the external

reviewers and project providers who participated in this

process. We are especially grateful to Callie McMunigal who

helped coordinate background information and reviewers,

Hannibal Bolton who gave the project momentum, and Ken

Sprankle who provided the principal series of project proposals

and reports utilized in this analysis. Additionally, we would

like to thank the anonymous reviewers who provided insightful

recommendations for condensing and strengthening this

manuscript.

References

Bonney, F., 2007. Squaretails: Biology and Management of

Maine’s Brook Trout. Maine Department of Inland Fish-

eries and Wildlife Press, Augusta, Maine.

EBTJV (Eastern Brook Trout Joint Venture), 2008. EBTJV

Conservation Strategy. Available: www.easternbrook

trout.org.

Guffey, S., G. McCracken, S. Moore & C. Parker, 1998.

Management of isolated populations: southern strain

brook trout. In Peine, J. D. (ed.), Ecosystem Management

for Sustainability: Principles and Practices Illustrated by a

Regional Biosphere Reserve Cooperative. CRC Press,

Boca Raton, Florida: 247–266.

Hudy, M., T. M. Thieling, N. Gillespie & E. P. Smith, 2008.

Distribution, status, and land use characteristics of sub-

watersheds within the native range of brook trout in the

eastern United States. North American Journal of Fish-

eries Management 28: 1069–1085.

Jelassi, M. T. & A. Foroughi, 1989. Negotiation support sys-

tems: an overview of design issues and existing software.

Decision Support Systems 5: 167–181.

Lannan, J. E., 1993. Users Guide to PONDCLASS: Guidelines

for Fertilizing Aquaculture Ponds, PD/A CRSP. Oregon

State University Press, Corvallis, Oregon.

Liu, J. & W. W. Taylor, 2002. Integrating Landscape Ecology

into Natural Resource Management. Cambridge Univer-

sity Press, Cambridge.

Marschall, E. A. & L. B. Crowder, 1996. Assessing population

responses to multiple anthropenic effects: a case study

with brook trout. Ecological Applications 6: 152–167.

Noss, R. F., 1983. A regional landscape approach to maintain

diversity. BioScience 33: 700–706.

Petit, L. J., D. R. Petit & T. E. Martin, 1995. Landscape-level

management of migratory birds: looking past the trees to

see the forest. Wildlife Society Bulletin 23: 420–429.

Pomeroy, R. S., R. B. Pollnac, B. M. Katon & C. D. Predo,

1997. Evaluating factors contributing to the success of

community-based coastal resource management: the

Central Visayas Regional Project-1, Philippines. Ocean &

Coastal Management 36: 97–120.

Rauscher, H. M., 1999. Ecosystem management decision

support for federal forests in the United States: a review.

Forest Ecology and Management 114: 173–197.

SAS, 2004. SAS/STAT Software: Changes and Enhancements

Through Release 9.1.3. SAS Institute Inc., Cary, North

Carolina.

Schechter, M. G., N. J. Leonard & W. W. Taylor, 2008.

International Governance of Fisheries Ecosystems:

Learning from the Past, Finding Solutions for the Future.

American Fisheries Society, Bethesda, Maryland.

Shim, J. P., M. Warkentin, J. F. Courtney, D. J. Power, R.

Sharda & C. Carlsson, 2002. Past, present, and future of

decision support technology. Decision Support Systems

33: 111–126.

Sokal, R. R. & F. J. Rohlf, 1987. Introduction to Biostatistics,

2nd ed. Freeman, New York.

Treml-Drake, M. & W. W. Taylor, 1996. Influence of spring

and summer water temperature on brook charr, Salvelinus
fontinalis, growth and age structure in the Ford River,

Michigan. Environmental Biology of Fishes 45: 41–51.

Williams, J. D., M. L. Warren Jr., K. S. Cummings, J. L. Harris

& R. J. Neves, 1993. Conservation status of freshwater

mussels of the United States and Canada. Fisheries 18:

6–22.

Williams, B. K., M. D. Koneff & D. A. Smith, 1999. Evalua-

tion of waterfowl conservation under the North American

Waterfowl Management Plan. The Journal of Wildlife

Management 63: 417–440.

Zar, J. H., 1999. Biostatistical Analysis, 4th ed. Prentice Hall,

Upper Saddle River, New Jersey.

Hydrobiologia (2010) 650:233–241 241

123

http://www.easternbrooktrout.org
http://www.easternbrooktrout.org

	Evaluating a science-based decision support tool  used to prioritize brook charr conservation project proposals in the eastern United States
	Abstract
	Introduction
	Materials and methods
	Scoring criteria
	Reviewers
	Analysis of ranking scheme

	Results
	Discussion
	Regional-based fisheries management
	Science-based decision support
	Future directions for the Joint Venture scoring criteria

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


