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Introduction

An increasing interest in aquaculture development in the Great Lakes region has inspired the development of an aquaculture environmental assessment tool for aquaculture facilities in the Great Lakes.  There are approximately 560 aquaculture facilities (including food fish, baitfish, ornamentals, sport or game fish, crustaceans, molluscs and other aquatic animals, algae and sea vegetables) in the Great Lakes basin (USDA-NASS, 1998; Sippel and Muschett, 1999) all under varying degrees of jurisdictional regulation. Jurisdictions include two countries (Canada and the United States), one province (Ontario), eight states (Minnesota, Wisconsin, Ohio, Illinois, Indiana, Pennsylvania, Michigan, New York) and numerous tribal agencies (Native American and First Nations), all of which have some control over how the Great Lakes basin is managed.  Although agreements and plans such as the Great Lakes Water Quality Agreement (1987) and the Joint Strategic Plan for Management of the Great Lakes Fisheries (1997) call for agreement and collaboration between the management agencies with respect to water quality and fisheries management, the actual process for consensus is much more difficult.  In addition, some managers and other Great Lakes stakeholders may be unaware of other jurisdictions’ issues of concern. Because the Great Lakes are interconnected water bodies, organisms may move freely from one body of water to another, making aquaculture management a possible contentious issue between jurisdictions. 

To best address the multitude of issues that need to be considered when determining the suitability and environmental effects of an aquaculture facility at a particular site, we have assembled an environmental assessment tool that methodically takes the user through these issues, identifies potential hazards and, when possible, makes risk management recommendations. This is a tool and not a regulatory document. It aims to assist decision-makers and other interested parties by providing a systematic and consistent process for assessing aquaculture facilities. Please note that economic effects and cost/benefit analyses were not in the scope of this project. This tool is comprised of three distinct components, the assessment pathway flowcharts, supporting text and summary documentation.

Each component of this environmental assessment tool serves a specific function.

First, the assessment pathway guides the user through assessment of potential environmental effects.  The user answers a series of carefully worded questions about the species (including genetic strains) and the accessible aquatic ecosystem, identifying whether or not the aquaculture operation under review poses any specific hazards.

Should any hazards be identified, the user is led to consider risk management measures, including culture methods, facilities design and operations management. This would include whether or not measures capable of reducing the risk of the identified hazard currently exist.

Second, the supporting text provides: scientific background, including citations of relevant documents, for the questions and alternative decisions in the assessment pathway; more detail on risk management recommendations; a glossary of scientific terms; and other relevant appendices. 

Third, the summary documentation traces the user's path through the assessment pathway and prompts the user to describe the rationale for any selected risk management measures. The summary documentation, accessible on the interactive version by clicking on any question, hazard or terminal point number, provides transparent documentation of the systematic assessment process, and will encourage more consistent and systematic use of available scientific and technical information, and regulatory decisions.  This will hopefully reduce distrust and some sources of conflict between regulators, aquaculturists and other users. 

This assessment tool is dynamic in that it will be periodically updated as new information is available. As stated earlier, this is not a regulatory document. To assist the user, however, links to specific jurisdictional regulations such as those for water quality and approved species lists are included.  In addition, the document includes links for specific Great Lakes management plans to assist users in identifying whether or not a proposed aquaculture development conflicts with existing natural resource management plans.

Overview of Aquaculture Environmental Assessment Tool

The aquaculture assessment tool encompasses aquaculture facilities that are proposed to be located either within a Great Lake or on land within the Great Lakes Basin.  Figure 1  provide an overview of the lake-based sections and Figure 2 provides an overview of the  land-based sections of the assessment tool.

Section I. Determination of Assessment Pathway 

The pathway is determined by questions regarding: type of organisms to be cultured, collection or growout methods of organisms, and location (Great Lake-based or land-based facilities). Lake-based projects involving non-indigenous or non-naturalized species in the Great Lakes are directed to consult with relevant agencies, according to the Introductions in the Great Lakes Basin Procedures for Consultation (Council of Lake Committees, 1992), before proceeding further. 

Assessment of Great Lakes-based Aquaculture Systems 

Section II. Assessment of Suitable Environment 

These questions assist the user in identifying whether an organism can survive and thrive in the surrounding aquatic ecosystem. Questions also address the structural integrity of the facility. Important factors include temperature, pH, degree of ice cover, wave heights, and currents (Beveridge, 1996). Additional factors are considered in later assessments. 

Section III. Effects on Other Lake Users 

These questions assist the user in identifying whether the facility or its related infrastructure are located in areas that may affect other lake users. Potential impacts on culturally, historically or navigationally sensitive sites are also considered. Users are prompted to refer to suggested agencies to make these determinations.

Section IV. Disease Effects 
These questions assist the user in identifying whether the cultured organisms have been certified to be free of emergency or restricted pathogens. If cultured organisms are salmonids, the user is instructed to evaluate the broodstock or production stock with the Great Lakes Fish Disease Control Policy and Model Program (Hnath, 1993). The user is also asked if emergency or restricted pathogens have been identified in wild fish populations in surrounding waters. These questions aim to minimize the possibility of spreading disease to cultured fish and further contaminating wild fish. 

Section V. Impacts on Recovery or Rehabilitation Plans 

These questions assist the user in identifying whether the cultured organisms or the facility could harm any listed endangered, threatened, special concern, or vulnerable species. The user is asked to identify species at risk and determine, with the assistance of the appropriate government agency, whether the cultured organism or the facility may adversely affect the species at risk. Questions also prompt the user to consider other recovery or rehabilitation plans that may be affected, e.g., recovery of wild lake sturgeon in Lake Ontario (Stewart et al., 1998). 

Section VI. Impacts on Areas of Concern 

These questions assist the user in identifying whether the cultured organisms or the facility could harm Areas of Concern designated by the International Joint Commission. Clean-up and restoration plans have been identified in 42 areas of the Great Lakes (International Joint Commission, 1987). The user is asked to determine proximity of the aquaculture facility to Areas of Concern and possible effects on any recovery plans that include fish and wildlife rehabilitation, improvement of degraded benthos, or remediation of eutrophication or undesirable algae. 

Section VII. Effects of Settleable Solids on Benthos and Shellfish 

These questions assist the user in identifying whether the cultured organisms or the facility could adversely affect benthic species or shellfish beds. Excessive wastes from culture facilities may cause smothering of benthic environments, a buildup of contaminants within the sediments, promote a higher level of resistant bacteria, change sediment chemistry, deplete oxygen levels, and cause a shift in community structure of benthic species (Weston, 1990; Gowen et al., 1994; Silvert, 1994; Sowles et al., 1994; Beveridge, 1996). Shellfish also may be vulnerable to contaminants and smothering. The user will be asked questions that help identify vulnerable benthic areas and significant shellfish beds. This section will also ask questions about the aquaculture facility's potential exposure to fouling agents (e.g., zebra mussels). 

Section VIII. Impacts on Breeding Areas, Nurseries, and Fish-eating Animals 
These questions assist the user in identifying whether the cultured organisms or the facility could harm breeding or nursery areas of wild organisms. Proximity to these areas will be the most important issue. The user is asked questions that will assist in identifying vulnerable areas. Questions also consider effects on fish-eating mammals and birds. 

Section IX. Water Quality and Cumulative Impacts 
These questions assist the user in identifying whether the culture operation could adversely affect wild populations and pre-existing aquaculture operations through a higher cumulative waste load that could decrease dissolved oxygen levels and increase dissolved nutrients, thus promoting eutrophication. The objective of these questions is to assess cumulative impacts. 

Section X. Impacts of Facility and Infrastructure 

These questions assist the user in identifying whether the facility or its related infrastructure (e.g., construction of additional buildings or roads) could harm habitats for species at risk, or fisheries and wildlife restoration/rehabilitation projects listed in the Fish Community Objectives. Users are directed to suggested agencies to make these determinations. 

Section XI. Genetic Effects 

These questions assist the user in identifying whether an organism has been genetically engineered (involving deliberate gene changes, deliberate chromosomal manipulations or interspecific hybridization). Projects involving genetically engineered organisms are directed to the Manual for Assessing Ecological and Human Health Effects of Genetically Engineered Organisms (Scientists' Working Group on Biosafety, 1998). This manual is appropriate for assessing commercial-scale aquaculture of genetically engineered animals or plants. It is an expanded version of the Performance Standards for Safely Conducting Research with Genetically Modified Fish and Shellfish (ABRAC, 1995). Questions will also assist the user in assessing effects on the genetic makeup and fitness of wild populations due to interbreeding between wild populations and escaped aquaculture organisms derived from non-local genetic sources. The user is asked about known genetically distinct populations, sources of cultured organisms, and feasibility of sterilizing cultured organisms. 

Assessment of land-based Aquaculture Systems

Section XII. Facility Connection to the Great Lakes

These questions assist the user in identifying whether effective mechanical and physical barriers in addition to sterilization of production aquatic animals are needed. 
Section XIII. Genetically Engineered Organisms (GEOs) Assessment

These questions assist the user in identifying whether an organism has been genetically engineered (involving deliberate gene changes, deliberate chromosomal manipulations or interspecific hybridization). Projects involving genetically engineered organisms are directed to the Manual for Assessing Ecological and Human Health Effects of Genetically Engineered Organisms (Scientists' Working Group on Biosafety, 1998). This manual is appropriate for assessing commercial-scale aquaculture of genetically engineered animals or plants. 

Section XIV. Disease Assessment

These questions assist the user in identifying whether the cultured organisms have been certified to be free of emergency or restricted pathogens. If cultured organisms are salmonids, the user is instructed to evaluate the broodstock or production stock with the Great Lakes Fish Disease Control Policy and Model Program (Hnath, 1993). The user is also asked if emergency or restricted pathogens have been identified in wild fish populations in source waters used by the aquaculture facility. 

Section XV. Effluent Management

These questions assist the user in identifying whether the culture operation could adversely affect wild populations, particularly those undergoing recover of rehabilitation. 
Section XVI. Habitat Alterations

These questions assist the user in identifying whether the alteration of wetlands, in particular, could adversely affect species at risk.

Section XVII. Water Source Issues
These questions assist the user in identifying whether water withdrawal could adversely affect hydrology, geomorphology (channel shape is intimately related to hydrology), biology (changing hydrology and therefore the timing or availability of quality habitat), water quality (e.g., increasing temperature, increasing concentration of nutrients or contaminants), or connectivity (longitudinally by decreasing hydrology and creating impassable areas during dry seasons; laterally, by decreasing hydrologic peaks and their timing so that riparian areas are disconnected from main channel; and vertically by deceasing groundwater/stream bed interaction.

Optional Precautionary Plans 

This section helps the user to develop additional ways of reducing or preventing specific environmental problems. Measures could include the development of an emergency response plan, a fish disposal plan, and a fish-eating predator prevention plan. 

Figure 1. Overview of Sections in Assessment of Lake-based Aquaculture Systems 

























Figure 2. Overview of Sections in Assessment of Land-based Aquaculture Systems 


















How to Use the Environmental Assessment Tool

The user is guided through a series of questions relating to a specific section (e.g. Genetic Effects, Disease Effects) of the assessment tool. These questions, usually answered with a yes or no, will assist the user in identifying potential hazards, which then allow the user to determine whether or not to accept the risk associated with each hazard. 

If the answer to a question is unknown, users should refer to the supporting text of the question at issue. The user is assisted in how to find the necessary answer with supporting information, useful links for documents and relevant addresses of people to contact. If the answer is still unknown, the assessment tool directs the user to follow the most precautionary path.  This approach is based on the Precautionary Principle as stated in the preamble to the Convention on Biological Diversity (UNEP/CBD/94/1) which suggests that “…where there is a threat of significant reduction or loss of biological diversity, lack of scientific certainty should not be used as a reason for postponing measures to avoid such a threat”.

The flowchart symbols consists of:  


Questions


Potential Hazards

Terminal Points


Continuation Markers

This assessment tool uses both the terms hazard and risk. It is appropriate here to distinguish one from the other as they are sometimes used interchangeably in everyday language.  For our purposes, hazard can be defined as a potentially adverse outcome of an event or activity.  Risk is the probability of the hazard occurring (Smith, 1992). This assessment tool focuses on the identification of hazards.  It does not provide guidance on the estimation of specific risks; users may instead consult the extensive literature on risk estimation (see e.g. Burgman et al., 1993 and Stern et al., 1996). The degree of acceptable risk a user is willing to take is left up to the users of this decision support tool. In this way, the assessment tool can be flexible and adaptive to unique circumstances of each case. Throughout the assessment tool, supporting text is provided for almost every question and recommended risk management measures are provided for hazards that have been identified. The Summary Documentation worksheet should be checked off as the user goes through the flowcharts. Upon completion of the flowcharts, the user is directed to read supplemental information regarding voluntary Precautionary Plans. 
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