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EXECUTIVE SUMMARY
The Ocean Health Index (OHI) was developed by a group of over 60 marine scientists who published annual global OHI scores for the world’s oceans in 2012 and 2013. The purpose of the OHI is to provide “a robust, widely applicable tool for ongoing assessment of ocean health based on well-accepted societal goals and a key benchmark against which to compare future progress and inform comprehensive ocean policy.” Since the publication of the global OHI scores, several regional OHI studies have also been completed, including for Brazil and the U.S. West Coast.  

As a test case, the Bay of Fundy Ecosystem Partnership (BoFEP) undertook a project to calculate scores for several OHI goals for the Southwest New Brunswick Bay of Fundy Marine Resources Planning Area (MRPA). The purpose of this report is to detail the outcomes of the project. 

Section 2 of the report provides general background information on the methods used to calculate OHI global and regional (e.g., the MRPA) scores. In general, an OHI score is the average score of the ten OHI goals, which can be thought of as indicators. A lot of involved math and over 70 layers of data are used in the OHI methodology.

Section 3 of the report discusses how BoFEP adapted and used the methods outlined in the OHI regional study completed for the US West Coast. Through working with the SWNB Marine Advisory Committee (MAC) and its sixteen “community values criteria”, the project steering committee originally chose five OHI goals to use in our test case: “Food Provision”, “Biodiversity”, “Sense of Place”, “Clean Waters”, and “Livelihoods and Economies”. As is discussed later in the report, time permitted the scoring of a sixth goal “Aboriginal Needs”. The main reasons these five OHI goals were chosen was because they captured many of the community values detailed in the SWNB MAC’s community values criteria with the least amount of overlap, and most of the data to calculate the scores for these goals was available.

Section 4 of the report provides a brief overview of the data we collected for the five chosen goals. It also details the scores we calculated for each of these goals along with an overall OHI score for the MRPA. The MRPA has an OHI score of 66 compared to the reported OHI score for Canada of 71. The MRPA received high marks for the OHI goal Biodiversity and low marks for the OHI goal Food Provision.
Finally, the report concludes with a brief discussion about some of the successes of the project and recommendations for moving forward, including that once a few kinks are worked out, expanding the OHI to the entire Bay of Fundy. 
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1.
BACKGROUND TO THE PROJECT
In 2015, the Bay of Fundy Ecosystem Partnership (BoFEP) received project funding from Environment Canada’s Gulf of Maine Initiative. The purpose of BoFEP’s project was to calculate an Ocean Health Index score for a portion of the Bay of Fundy described as the Southwest New Brunswick Bay of Fundy Marine Resources Planning Area. This 2015-2016 project is phase 3 of a to-date three-part, multi-year BoFEP project (the “BoFEP OHI Project”). The remainder of this section provides some background to and reasons for this specific 2015-2016 project.
BoFEP is a knowledge network that is dedicated to: 1) promoting the ecological integrity, vitality, biodiversity and productivity of the Bay of Fundy ecosystem, in support of the social well-being and economic sustainability of its coastal communities, and 2) facilitating and enhancing communication and co-operation among all citizens interested in understanding, sustainably using and conserving the resources, habitats and ecological processes of the Bay of Fundy. It is a “virtual institute” that links people and organizations who work together for the promotion of an ecologically and socially sustainable Bay of Fundy. 

A long term goal of BoFEP has been to produce an environmental health index (EHI) for the Bay of Fundy. EHIs typically combine the assessments of a number of environmental indicators into one score, number, or grade. This score is meant to represent the overall state or health of an ecosystem. EHIs are seen as a simple way to communicate complex information about the state of an ecosystem to stakeholders, policy makers, and the general public. BoFEP believes the development of an EHI will allow it and others to answer the question, “How healthy is the Bay of Fundy?” Knowing and communicating this will help promote protection of the Bay’s ecological integrity, which in turn will enhance the social and economic well-being of the Bay’s coastal communities.

Phase 1 – In April 2013, BoFEP completed a project that determined the feasibility of producing a Bay of Fundy EHI. The project had three parts. The first part identified seven marine EHIs that could be used as models for a Bay of Fundy EHI. The second part of the project was to conduct a workshop on April 3, 2013 in St. Andrews, New Brunswick, to gather input on the development of the Bay of Fundy EHI from individuals knowledgeable about the Bay’s culture, ecology, and economy. The final part of the project was the completion of a report, Developing an Environmental Health Index for the Bay of Fundy. 

At the conclusion of the April 2013 workshop, there was a rough consensus from workshop attendees that the Ocean Health Index (OHI) (www.oceanhealthindex.org) offered the “best” model for an EHI for the Bay of Fundy. In turn, the attendees proposed that the methodology of the OHI be tested by trying to develop an OHI score for the Southwest New Brunswick Bay of Fundy Marine Resources Planning Area (MRPA). This decision was based on 1) there being known community values for the MRPA, and 2) the larger amount of data available for the MRPA ecosystem when compared to the rest of the Bay of Fundy. 
Phase 2 – In late 2013, BoFEP received funding from Environment Canada and Fisheries and Oceans Canada to collect data that could be used to calculate, for the MRPA, OHI scores for four of the OHI’s ten goals (which can be thought of as indicators). Time permitted the collection of data for five goals. The outcomes of this 2013-2014 work can be found in BoFEP’s report, Developing an Ocean Health Index Score for the Southwest New Brunswick Bay of Fundy Marine Resources Planning Area.
Phase 3 – The present 2015-2016 project has focused on the collection of some further data, manipulating data for use in the OHI’s R program-based toolbox to calculate scores for the five goals chosen for the MRPA, and finally calculating scores for the five goals. Communicating results and describing the methodology used by BoFEP to meet the standards of the OHI group is on-going. Phase 3 also included the provision of recommendations for future OHI efforts in the Bay of Fundy. 

2. 
ABOUT USING THE OCEAN HEALTH INDEX
2.1 Background to the Ocean Health Index
The Ocean Health Index (OHI) was developed by a group of over 60 marine scientists who published in 2012 (Figure 1), 2013, 2014, and 2015 annual global OHI scores for the world’s oceans and individual OHI scores for 220 exclusive economic zones (EEZs), including Canada (Halpern et al. 2012a, OHI website (undated)). 
The OHI’s goal is to provide “a robust, widely applicable tool for ongoing assessment of ocean health based on well-accepted societal goals and a key benchmark against which to compare future progress and inform comprehensive ocean policy” (Halpern et al. 2012a: 4). The OHI is based on the assessment of ten goals, and for some goals, their sub-goals, for all waters within 220 exclusive economic zones (EEZs). The global OHI allows comparisons of rankings across goals, countries, and the globe. For example, in 2015, the global OHI score was 70, Canada’s score was 71 (Rank #76), and the U.S.’s score was 70 (Rank #86). The highest score for populated areas in 2015 was two French island territories, Northern Saint-Martin (86, Rank #6) and New Caledonia (85, Rank #7).
The OHI does not measure ocean health by determining how far from “pristine” (i.e., without human impacts) the ocean’s state is. Instead, its developers have taken the position that humans are now deeply part of all ecosystems. As a result, the OHI approach to scoring ocean health, rightly or wrongly, “departs from a purely protectionist one that would aim to maintain natural systems with minimal human impact. The index credits sustainable non-extractive and extractive use, except in places where such uses are prohibited (for example, no-take reserves), as well as preservationist goals” (Halpern et al. 2012a: 3). This view of the ocean as a “coupled human-natural system” influenced the selection of the ten OHI goals.
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One concern about the OHI is that it favours human use of the oceans too much. For example, certain goals, such as ‘natural products’, receive better scores when harvest levels are higher. A country can receive a low score for the goal ‘food provision’ if its fishing catch is below 75% of maximum sustained yield (MSY). Halpern et al. (2012a) stress a good OHI score is predicated on these catches being sustainable, but an all-too-easy to do over-calculation of MSY can have a disastrous impact on a fish stock. Also under the OHI methodology, a high score in one goal such as ‘food provision’ likely leads to a lower score in another goal, such as ‘biodiversity’. As Halpern et al. (2012a: 2) note, ‘Trade-offs probably occur among many goals, such that simultaneously achieving perfect scores on all goals would be difficult.” As a country would receive the same OHI score if its score for the extractive goal ‘food provision’ was 80 and the preservationist goal ‘biodiversity’ was 20, and vice versa, the OHI appears to give exploitation and protection of the ocean the same weight.

Finally, Halpern et al. (2012a: 5) discuss three issues they faced in their development of the OHI. “First, we limited the index to ten constituent goals primarily for parsimony and ease of communication…We recognize that this structure significantly influences our results. Second, gaps existed in many data sets that we used, requiring proxies or models to fill those gaps. For example, international arrivals data provide a modest proxy for coastal tourism (‘tourism and recreation’ goal) and undervalue the goal in nations with significant domestic tourism. Likewise, no global data exist for important stressors such as illegal fishing, habitat loss rates and point-source pollution. By identifying these data gaps, the index can help motivate future data collection. In other cases, we had to forgo better quality, region-specific data to maintain global consistency...Finally, key knowledge gaps remain, particularly regarding reference points. The ‘mariculture’ sub-goal provides an example, where production data are available with appropriate global coverage but sustainability indicators are incomplete...” (emphasis added).
2.2 General methodology for calculating an Ocean Health Index score
The developers of the OHI used a list of criteria for the development of the OHI and the selection of the OHI’s ten goals and sub-goals. (See below Figure 2 from Halpern et al. 2012a).
The OHI score is the average score of the ten OHI “goals”, which can be thought of as indicators. The ten OHI goals are:
1. Sense of Place – This OHI goal captures the aspects of the coastal and marine system that people value as part of their cultural identity.

2. Food Provision – This OHI goal measures the amount of seafood sustainably harvested in a given EEZ or region.

3. Coastal Protection – This OHI goal assesses the amount of protection provided by marine and coastal habitats to inhabited and uninhabited coastal areas that people value, such as against storm surges.

4. Coastal Livelihoods and Economies – The focus of this OHI goal is determining how well coastal and ocean-dependent livelihoods (i.e., jobs) and productive coastal economies (i.e., revenues) are maintained and livelihood quality (relative wages) is maximized.

5. Clean Waters – This OHI goal scores highest when the contamination level from nutrients, chemicals, pathogens, and marine debris, is zero. 

6. Biodiversity – This OHI goal assesses the conservation status of species based on the best available data through two sub-goals: Species and Habitats.
7. Artisanal Fishing Opportunities – This OHI goal measures the opportunity local people have to engage in small scale fishing, such as for recreation, subsistence, or cultural purposes.
8. Carbon Storage – This OHI goal assesses how much of different habitats are available in a region as a proxy for how much carbon the assessed region can sequester.
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Tourism and Recreation – This OHI goal uses tourism statistics as a proxy for determining how much people value a coastal area.
10. Natural Products – This OHI goal looks at how sustainably smaller-scale harvesting activities are carried out for non-fisheries sea products, such as seaweeds.
The score for each goal (max. = 100) is calculated by combining the values of four dimensions (current status, trend, pressures, and resilience). (See Figure 2.)
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“Present Status is a goal’s current value (based on the most recent available data) compared to a reference point” (OHI undated). 
· “Trend is the average percent change in the present status for the most recent 5 years of data” (OHI undated).  
· “Pressures are the sum of the ecological and social pressures that negatively affect scores for a goal” (OHI undated). 

· “Resilience is the sum of the ecological factors and social initiatives (policies, laws, etc.) that can positively affect scores for a goal by reducing or eliminating pressures” (OHI undated). 

The value of a dimension for each goal is calculated using a distinct, and in some cases complex, equation, which in turn incorporates data and reference points from a large number of sources. 

· Close to seventy data layers are used in the calculation of the global OHI score. (See Table 1 for an example of the data layers used to calculate an OHI score for the OHI goal ‘Food Provision’.) (The full table of data layers can be found in APPENDIX 1.)
· The proper summarization of the multitude of equations used in calculating the OHI is too lengthy and complex for inclusion in this report. The methods summary from Halpern et al. (2012a) for calculating the final global OHI score is reproduced in APPENDIX 2 an example of the type of calculations used in the OHI. Further methods and supplementary information for each goal and weighting method are available from Halpern et al. (2012b). 
	TABLE 1: Data layers used in each dimension for the OHI goal ‘Food Provision’ (taken from Halpern et al. 2012b: Table S22). 

	Goal
	Sub-goal
	Dimension

	
	
	Status
	Trends
	Pressures
	Resilience

	Food Provision
	Fisheries
	Multispecies maximum sustainable yield (mMSY)
	Change in Status over time
	Chemical pollution
	CBD1 habitat

	
	
	
	
	Nutrient pollution
	

	
	
	
	
	Habitat destruction: subtidal hard bottom
	Marine protected areas, Exclusive Economic Zone

	
	
	
	
	Habitat destruction: subtidal soft bottom
	

	
	
	
	
	Habitat destruction: Intertidal
	Fisheries management effectiveness

	
	
	
	
	Alien species
	

	
	
	Taxonomic reporting quality
	
	Genetic escapes
	Access to artisanal fishing

	
	
	
	
	Commercial fishing: high bycatch
	

	
	
	
	
	Commercial fishing: low bycatch
	Ecological integrity

	
	
	
	
	Artisanal fishing: high bycatch
	

	
	
	
	
	Artisanal fishing: low bycatch
	Worldwide Governance Indicators

	
	
	
	
	Social pressure
	

	
	Mariculture
	Mariculture yield
	Change in Status over time
	Chemical pollution
	CBD1 water

	
	
	
	
	
	CBD mariculture

	
	
	Degree of sustainability of culture
	
	Nutrient pollution
	Mariculture regulations

	
	
	
	
	Social pressure
	Worldwide Governance Indicators 

	1 Convention on Biological Diversity


Reference points for the OHI were determined four ways: mechanistically using a production function (e.g., maximum sustainable yield, MSY, for fisheries), spatially by means of comparison with another region (e.g., country X represents the best possible known case), temporally using a past benchmark (e.g., historical habitat extent), or in some cases via known (e.g., zero pollution) or established (e.g., 30% of waters set aside in MPAs) targets (Halpern et al. 2012b).
The score for each goal, quoting from the OHI website (undated) (See also above Figure 1 from Halpern et al. 2012a):

“[I]s the average of the values for the Present Status and Likely Future Status. Likely Future Status is determined by combining the Trend, Pressures, and Resilience values. Trend is considered twice as important in indicating the likely future state as the combined role of Resilience and Pressures, because trends are a more direct measure of the future trajectory of a goal. Resilience measures require more time to take effect, and changes are often slow to register. The Ocean Health Index does not attempt to indicate conditions further than 5 years into the future.

Likely Future Status is calculated as:

Likely Future Status = Present Status x {1 + (0.67 x Trend) + 0.33 x (Resilience – Pressures)} 

Using Likely Future Status, each goal score is computed as:

Goal Score = (Present Status + Likely Future Status) divided by 2.” 
Present Status and Trend account for 83.5% of a goal score compared to Resilience and Pressures. Present Status is based on the most recent data for a goal. Trend is derived from changes over the most recent five year period for which data are available. All things being equal, the better a goal’s Present Status data are the more representative a goal score will be. 
The OHI website (undated) describes the calculation of the final OHI score as being: 

“The Ocean Health Index combines the 10 goal scores to calculate the overall score for each Exclusive Economic Zone (EEZ). The global score is the area-weighted average of the scores for all EEZs.” (See Table 2 for an example.)
with the caveat that:

“The weights that are applied to the ten goals to calculate the single Index score were assumed to be equal [10 percent each], even though we know this assumption does not hold for the value sets of most individuals, or likely even averaged across individuals within communities” (Halpern et al. 2012b: 12).
In other words, by averaging the goal scores, a single score can be generated for a country (EEZ) or the globe.
	TABLE 2: Example of OHI goals and 2015 scores, Global and Canada.

	Goal
	Global score
	Canada score

	Food provision
	58
	63

	Artisanal fishing opportunity
	68
	83

	Natural products
	52
	49

	Carbon storage
	79
	55

	Coastal protection
	87
	98

	Tourism and recreation
	50
	34

	Coastal livelihoods and economics
	82
	90

	Sense of place
	59
	49

	Clean waters
	74
	96

	Biodiversity
	88
	92

	OHI Score
	70
	71


2.3 Using the Ocean Health Index at the smaller regional scale of the SWNB MRPA
Since the initial publishing of the 2012 and 2013 global OHI scores, the OHI group has been working on adapting the OHI to be used to describe the health of regional, i.e., smaller, marine and coastal areas using better or more refined data than that used for the global OHI scores. Examples of regional OHI scores include the U.S. West Coast, Brazil and Fiji.  

Why calculate regional OHI scores when OHI scores for EEZs/countries have already been calculated? Essentially, the OHI has been described as a framework that can be tailored to allow a country or region, such as the MRPA,  

“[T]o track progress in achieving specific management goals, because it establishes a target or reference point to which current status and likely future condition are compared. … The global analysis precluded use of higher resolution datasets that are available for individual countries, data that can provide a more accurate assessment of a country's ocean health as well as sub-national assessments. As such, the global analysis is too coarse to guide specific interventions at national and regional levels, particularly for a country as large and heterogeneous as Brazil [or Canada].” (Elfes et al. 2014.)

What is important to understand is that an OHI regional score is unique to that region. For example, an OHI score of 70 for one region, e.g., the MRPA, does not mean that region is better, ocean health-wise, than Brazil (OHI regional score of 60). Comparisons between countries can only be made using the scores from the global OHI because they come from the same data. The only way to compare between countries or one smaller region to another is if the data used for the global OHI scores was “clipped” (i.e., through GIS manipulation) to each region. However, this clipping defeats the purpose of trying to use better, more defined data. 

Essentially, the purpose of an OHI regional score for the MRPA is to create a score that allows comparisons in the health of the MRPA to be made across years, using better or more refined data and metrics/indicators that are more relevant to the MRPA than those that could be clipped to the MRPA from the global OHI work. That being said, it is also important to follow the OHI global and regional frameworks as best as possible. 
Further to the above, if the type of data (e.g., DFO fisheries landings) and metrics (e.g., resilience and pressure measures) used to calculate an OHI score for the MRPA are available across Canada, then the score for the MRPA could be compared to other regions in Canada, such as the Gulf of St. Lawrence, B.C. coast, etc. 
An OHI regional framework follows in principle the same methodology as was used to calculate the global OHI score. For example,

· The same ten goals for the global OHI were used in the OHI Brazil and U.S. West Coast regional studies.
· The formula for calculating an OHI goal score was the same, being the average of a goal’s present status and future status.
· The same formulas for calculating the values of a goal’s four dimensions (present status and trend, resilience, and pressure (combined to make up a goal’s future status)) were used with only slight modifications. 
Again, what is different between the global OHI score and an OHI regional score is the type of data and information used in the calculations. The OHI U.S. West Coast regional study used pretty much all new data and many different resilience and pressures measures when compared to the global OHI study and it had such data at the state level. For example, it had fisheries landings data for each state. Having state-level data allowed for the calculation of an OHI score for each OHI goal for each of the three U.S. West Coast states. These state-level OHI scores were then area-weighted averaged to determine an OHI score for the entire U.S. West Coast region. 

Brazil does not have the same amount or quality of “ocean” data as the United States. Because of this, sub-regional or state-level scores were only calculated for four OHI goals, being Food Provision (Mariculture), Tourism & Recreation, Biodiversity (Iconic Species) and Clean Waters (OHI undated #2). When only national-level data were available, “the values for the goal's status and trends across states were identical and any variation in final score was due to the influence of pressure and resilience, which differed between states” (Elfes et al. 2014). In some instances, because no better data could be found for Brazil, the same data sets used for the global OHI score were incorporated into the OHI Brazil regional score calculations (Elfes et al. 2014). The OHI Brazil regional study used fewer data sets to calculate its goals’ present status and trend scores and fewer resilience and pressure measures to calculate its goals’ future status scores than were used in the OHI U.S. West Coast regional study. 
3. 
GENERAL METHODOLOGY FOR CALCULATING AN OHI SCORE FOR THE MRPA
3.1 Short-list of OHI goals for scoring for the MRPA and working with the SWNB Marine Advisory Committee 
As part of its 2013-2014 project funding (Phase 2), BoFEP discussed with the Southwest New Brunswick Bay of Fundy Marine Advisory Committee (SWNB MAC) which four of the ten OHI goals BoFEP should try and calculate OHI scores for the MRPA. The project steering committee knew that through community consultations, the SWNB MAC had in 2009 identified sixteen community values for the MRPA, as represented by the SWNB MAC’s “Community Values Criteria”. 
(See: http://www.bofmrp.ca/home/index.php/Marine_Advisory_Committee/Community_Values_Criteria/.)
“The community values criteria has been designed to provide proponents, users and decision makers, with criteria for using the marine space and resources within the defined planning area. The criteria have been developed to reflect the social, economic, cultural and ecological values recorded and endorsed by the communities who participated in the planning consultation process.”

BoFEP made a comparison to determine which of the ten OHI goals best captured the sixteen Community Values Criteria (Table 3). From this comparison, and a rough-cut review of potentially available data, BoFEP developed a short-list of OHI goals that it proposed to locate information and data for. At a SWNB MAC meeting on January 15, 2014, BoFEP shared its short list with the committee and the reasoning that lead to the list. While most members of the SWNB MAC were not very familiar with the OHI, they agreed with BoFEP’s reasoning and short-list of OHI goals. As well, two members of the MAC secretariat and one member of the MAC are part of this project’s steering committee.  
Based on this work, BoFEP collected Present Status and trend data for the following five OHI goals for the MRPA: 
1. Sense of Place 
2. Food Provision 

3. Coastal Livelihoods and Economies 
4. Clean Waters 

5. Biodiversity 

Because they were not a close enough fit with the SWNB MAC’s community values criteria, the five OHI goals not included in this project were: Coastal Protection, Tourism and Recreation, Carbon Storage, Artisanal Fishing Opportunities
, and Natural Products.
Finally, the MAC provided the project steering committee with the list of “iconic species” needed to calculate an OHI score for the goal “Sense of Place”.

	TABLE 3: SWNB Marine Resources Planning Area Community Values.

	Value category
	Value

(adapted from ‘Community Values Criteria’)
	Example/indicator of Value
(from ‘Community Values Criteria’)

	Ecological
	Protection of 'Sensitive' habitat
	location

	
	Protection of non-target species and/or SARs
	number/amount of bycatch species, change in conditions that have impact on species local presence and success

	
	Protection against hazardous material, risk of invasive species transfer, or the repetitive use of materials known to influence enrichment, eutrophication
	amount and type of waste discharged/ released in the bay

	
	Protection of the natural physical environment 
	noise generation, light use, release and/or re-suspension of sediments

	
	Consideration of the amount of activity /development is in the area
	number and magnitude of existing activities/development in the location

	Cultural
	Protection of marine areas/sites of known heritage/ archeological interest
	location, type of activity 

	
	Consistency with local natural and cultural heritage
	measurable support of awareness/ educational opportunities

	
	Protection of Indigenous Traditions
	access to location/species

	Social
	Protection of equitable access to shoreline and marine space for social activities
	# and type of access points, amount of accessible marine space

	
	Contribution to community health and human growth
	# of permanent families, # of service /education opportunities

	
	Public Perception
	# of communications via gov't/political officials/media/MRP office

	Economic
	Support local employment and local prosperity
	# local employment

	
	Impact on an existing local economic livelihood or future opportunities /activity
	local employment $/area

	
	Promote financially self-sufficiency and sustainability
	financial resources (short term or long-term)

	
	Support new local economic diversification and ownership
	new industry to the area that benefits the local economy

	
	Create new investment/ local economic spin-offs 
	growth of existing businesses new businesses increases tax base foreign investment


3.1.1 Details of MRPA
Figure 3 provides details of the boundaries and location of the MRPA in Southwest New Brunswick. It is important to note that the MRPA boundaries do not include the Musquash Estuary Marine Protected Area. However, given its close proximity to the MRPA, a decision was made to include it as part of this project.
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FIGURE 3: Southwest New Brunswick Marine Resources Planning Area. (Circle shows location of Musquash Estuary Marine Protected Area.)
3.2 Current Status and trend data collected 
As discussed in the background section above, BoFEP carried out a project in 2013-2014 in which it collected a large amount of OHI Current Status and Trend data for a regional OHI assessment for the MRPA (see Appendix 3 for a short list of data and information collected
). At that time, the OHI’s regional efforts were in their infancy, with no published methodology or findings. However, knowing OHI regional studies were in progress or completed but unpublished, and given the vast difference in size of the SWNB MRPA compared to the EEZs assessed for the global OHI scores, BoFEP asked, at the beginning of its 2013-2014 work, the OHI group for information on these regionalization efforts. At that time (December 2013), the OHI group had completed calculating an OHI score for the U.S. West Coast (California, Oregon, Washington) but had not yet published its findings in a peer-reviewed journal. Despite this, the OHI group shared its U.S. West Coast methodology and other information with BoFEP to help guide it in its 2013-2014 collection of data for the MRPA. On April 2, 2014, the findings of the OHI Brazil regional study were released (Elfes et al. 2014). As will be explained below, reliance on the OHI’s U.S. West Coast study methodology led to some problems for the current 2015-2016 project. 
3.3 Issues with finding appropriate OHI Resilience and Pressures Measures for the SWNB MRPA
As was discussed in section 2.2 above, the value of an OHI goal’s future status is made up in part of that goal’s response to resilience and pressure measures. Again, the OHI defines resilience as “the sum of the ecological factors and social initiatives (policies, laws, etc.) that can positively affect scores for a goal by reducing or eliminating pressures” (OHI undated). Pressures are “the sum of the ecological and social pressures that negatively affect scores for a goal” (OHI undated). 
Below are matrices showing the data used to calculate each OHI goal’s resilience and pressures in the global OHI study, the OHI U.S. West Coast regional study, and the OHI Brazil regional study, respectively. These matrices demonstrate how the OHI is a framework that can be tailored to a particular region. All three studies required measures of ecological and social resilience, but the data sources for these measures was usually different in each study. For example, the global OHI study used three data sources to calculate social resilience and pressures, the U.S. West Coast regional study used four data sources, and the Brazil regional study, one.
Table S26 (from Global OHI study). Matrix of data used for the resilience measure for each of the ten OHI goals. 

	
	Ecological Resilience
	Social Resilience

	
	Regulations
	Ecological Integrity
	

	GOAL
	SUB‐GOAL
	CBD
Water
	Habitat Resilience
	Fishing Resilience
	CBD
Tourism
	CBD Mari‐ culture
	CBD Alien Sp.
	Trujillo Regula‐ tions
	CITES
Signa‐ tories
	Diversity Index (coastal)
	Diversity Index (EZZ)
	WGI (all 6 indices)
	Sector Diversity
	Global Competitive‐ ness Index


Table S32 (from OHI U.S. West Coast regional study). Matrix of data used for the resilience measure for each of the ten OHI goals.
	
	Ecological Resilience
	Social Resilience

	
	Regulations
	Ecological
	

	GOAL
	SUB-GOAL
	CW Enforcement and Regulation
	Lenfest Fisheries Report
	MPA Coverage (coastal)
	MPA Coverage (EEZ)
	Climate Change
	Ecological Integrity (coastal)
	Ecological Integrity (EEZ)
	Gas Price Solution Score
	Governance (Grading the States Report)
	Social Capital/Community Opportunity Index
	State Competitiveness Report


Table S8 (from OHI Brazil regional study). Matrix of data used for the resilience measure for each of the ten OHI goals.
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Table S26 (from Global OHI study). Matrix of data used for the pressures measures for each of the ten OHI goals. 

	
	ECOLOGICAL
	PHYSICAL
	SOCIAL

	
	Pollution
	Habitat Destruction
	Spp Pollution
	Fishing Pressure
	Climate Change
	Social

	GOAL
	SUB-GOAL or SUB- COMPONENT
	Chemicals
	Human Pathogens
	Nutrients
	Marine Debris
	Subtidal soft bottom
	Subtidal hard bottom
	Intertidal
	Alien invasives
	Genetic Escapes
	Commercial High bycatch
	Commercial Low bycatch
	Artisanal Low bycatch
	Artisanal High bycatch
	SST
	Ocean acidification
	UV
	1‐WGI (All 6)


Table S31 (from OHI U.S. West Coast regional study). Matrix of data used for the pressures measures for each of the ten OHI goals.
	
	ECOLOGICAL
	PHYSICAL
	
	SOCIAL

	
	Pollution
	Habitat Destruction
	Spp Pollution
	Fishing Pressure
	Climate Change
	Social

	GOAL
	SUB-GOAL or SUB- COMPONENT
	Chemicals
	Human Pathogens
	Nutrients
	Trash
	Noise Pollution
	Light Pollution
	HD subtidal soft bottom
	HD intertidal trampling
	HD intertidal Construction
	Alien invasive species
	Genetic Escapes
	Commercial High bycatch
	Commercial Low bycatch
	Artisanal Low bycatch
	SST
	pH
	UV
	Gas Prices
	Governance 
	Comm. Opportunity Index
	State Competitiveness Report


Table S7 (from OHI Brazil regional study). Matrix of data used for the pressures measures for each of the ten OHI goals.
[image: image21.png]



As was discussed in section 3.2 above, BoFEP was originally guided in its work for calculating an OHI score for the SWNB MRPA by the methodology used in the OHI U.S. West Coast study. Because of this, during the 2013-2014 phase of the BoFEP OHI Project and the start of the present project, BoFEP searched for OHI resilience and pressures measures data sources available for the MRPA (or New Brunswick or Canada) that were similar to those used in the OHI U.S. West Coast study. Most of the resilience and pressures measures data used in the OHI U.S. West Coast study came from reports written specifically for the U.S. by non-government organizations. We had little success in finding comparable data.
At the same time, BoFEP began questioning using such region-specific resilience and pressures measures. For example, by doing so would BoFEP create a score for the MRPA that was not comparable to other regions in Canada? Would reliance on statistics for the enforcement of federal environmental laws ignore the role provinces also play in enforcing their own environmental laws? 
Given these considerations, BoFEP made the decision to simply use Canada’s resilience and pressures measures scores in most of our calculations. In some instances we “New Brunswickized” some of the data, particularly for the social resilience and pressures measures. Since the Global Competitiveness Index (GCI) and World Governance Index (WGI) were not broken down by province we used the Canadian Index of Economic Well-Being (CIE) to be an indicator for those two indexes. 
To use the CIE, we assumed that the deviance from the mean for individual provinces would be the same for these three indices. As an example, if Newfoundland was 1 standard deviation above the Canada-wide mean of the CIE Well-Being index, we assumed that it would also be 1 standard deviation above the score Canada received in the GCI and WGI. To estimate the actual numbers, we used the standard deviation of the province score as a percentage of the Canada wide mean of the Economic Well-Being Index, and then used that percentage to calculate the deviance for the individual provinces. Using made up numbers, let’s say that the 1 standard deviation Newfoundland had above the Canada wide mean in the Economic Well-Being Index was 10% of the Canada wide mean, it would get a GCI and WGI score 10% higher than the Canada score for these indices.

3.4 Use of OHI Toolbox to calculate goal scores
As discussed in section 2.1 above, the calculation of scores for each of the ten OHI goals is based on some serious math. Fortunately, the OHI group has developed and made available a “toolbox” based on the open-source R computer programming language that can be used to calculate these scores. The R language in the toolbox can be modified to suit different data and calculations. The source code and original OHI data and scores for Canada and New Brunswick can be found at: https://github.com/OHI-Science/can. For the purposes of this project, BoFEP contracted an individual familiar with R programming to modify the source code and input our data to calculate scores for our five chosen OHI goals.

4. 
DISCUSSION AND RESULTS OF OHI GOAL SCORES FOR MRPA 
4.1 Overview of calculation methods and results
1. The scores for the individual OHI goals selected for the MRPA are discussed below in the following order:

· Livelihoods and Economies (sub-goals: Livelihoods; Economies)
· Food Provision (sub-goals: Fisheries; Mariculture)
· Sense of Place (sub-goals: Iconic Species; Sense of Place)
· Biodiversity

· Clean Waters

· Aboriginal Needs as a substitute for Artisanal Fishing Opportunity

2. For each goal, we:

a. Gathered present status and trend data as per the OHI US West Coast study (see section 3.2 above).

b. Used previously reported pressures and resilience measures scores for Canada (see section 3.3 above).

c. Modified the R program code from the OHI Science Canada website for use in the MRPA and calculated scores for each goal (see 3.4 above).

3. For each goal or sub-goal we then compare the MRPA’s score to scores for Canada and New Brunswick as reported on the OHI Science website (http://ohi-science.org/can/scores/#toc3).

4. We conclude in section 4.8 by providing a final OHI score for the MRPA and compare it to scores for Canada and New Brunswick as reported on the OHI website.

Note: The OHI group recently updated its website: http://www.oceanhealthindex.org/ where OHI scores for all countries, including Canada, can be found. Towards the end of the project, BoFEP compared the overall OHI score and goal scores from the OHI website for Canada to those reported on the OHI-Science website. We found several large discrepancies between the two reported scores for several goals including Food Provision and Sense of Place. Intuitively, the OHI website scores look to be more accurate. This has led BoFEP to question the accuracy of the R program source code (see section 3.4 above) used on the OHI Science website 
(http://ohi-science.org/can/scores/#toc3 and https://github.com/OHI-Science/can) for Canada and New Brunswick. As per the OHI toolbox methodology, BoFEP used the OHI Science website code as our source code to calculate OHI goal scores for the MRPA. However, the large discrepancies raise questions about some of our results to date.
At the time of writing, BoFEP is working with the OHI group to address our questions regarding the source R program code. For now we have been advised to continue to use the OHI Science R program code and scores as our reference. We will report any changes to our results to Environment Canada when they develop. 
4.2 Livelihoods and Economies

As described by the OHI US West Coast study (at 26), “This goal focuses on avoiding the loss of ocean-dependent livelihoods and productive coastal economies while maximizing livelihood quality.” The score for this goal is the average of the scores for its two sub-goals: Livelihoods (i.e., jobs and wages) and Economies (i.e., revenues).

BoFEP’s aim was to follow as closely as possible the OHI US West Coast study methodology for determining present status and trend scores. Given the existence of Statistics Canada, it was assumed at the outset that we would find similar data for the MRPA (or New Brunswick) as was used in the OHI US West Coast study. Unfortunately, after significant effort, this assumption was proven wrong. The raw data is likely available from Statistics Canada, but as will be discussed at the end of this section, to create similar Livelihood and Economies data for MRPA as was used in the OHI U.S. West Coast regional study methodology requires significant expertise.

Given these issues, we placed heavy reliance on data from the Economic Impact of the New Brunswick Ocean Sector, 2003-2008 report (the “NB Ocean Sector Report”). The data and methodology we used to calculate the present status and trends score for the goal Livelihoods and Economies is set out in Appendix 4.
4.2.1 Livelihoods sub-goal:
As was done in the both the global and US West Coast OHI studies, we measured coastal livelihoods using the number of jobs as a proxy for livelihood quantity. To measure job quality, the OHI US West Coast used the per capita average annual wages as a proxy. This data was not available from the NB Ocean Sector Report, so a new metric was calculated for substitution into the OHI U.S. West Coast study methodology, being the yearly contribution of each job (FTE) to GDP for the MRPA and the province. (See Appendix 4 for further details.)  
As per the OHI US West Coast study methodology, the number of jobs in the most current year of the MRPA was compared to the average number of jobs for the previous five years. This value was then divided by the ratio of the current New Brunswick unemployment rate  to the national five year average unemployment rate. As such, more jobs in the current year and a lower unemployment rate compared to the average will result in a better score. 
As per the OHI US West Coast study methodology, job quality involved comparing average annual wages (for our study contribution of each FTE job to GDP) as the total value across all sectors in the current year relative to the highest value across all years. This value is then divided by the ratio of current provincial GDP to five year average GDD. The closer the average FTE job:GDP ratio is to the highest FTE job:GDP ratio for the MRPA, the better the score.
The job sectors used in for the calculation of the Livelihoods sub-goal score were fishing, aquaculture, seafood processing, and tourism and recreation.
Score for Livelihoods:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	100
	100
	100

	Present Status
	100
	100
	100

	Future Status
	100
	100
	100

	Pressure
	
	12
	12

	Resilience
	
	63
	79

	Trend
	
	-0.11
	0.03


4.2.2 Economies sub-goal:
As per the OHI US West Coast study, the Economies sub-goal is composed of a single measure, being revenue. Present status is based on a no-net loss reference point, being a comparison of the revenue for all sectors for the most current year to the average revenue for all sectors over a five year period. This value was then divided by the ratio of the current MRPA GDP to the five year average GDP. As such, more revenue in the current year compared to the average will result in a better score.
Score for Economies:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	100
	100
	100

	Present Status
	100
	100
	100

	Future Status
	100
	100
	100

	Pressure
	
	12
	12

	Resilience
	
	78
	74

	Trend
	
	1.00
	1.00


Comments and recommendations regarding Livelihoods and Economies score:

· Of all the OHI goal scores BoFEP calculated for this project, the score for Livelihoods and Economies will be the most difficult to reproduce.
· As discussed in Appendix 4, efforts were made to find the most up-to-date data for this OHI goal. However, after reading the NB Ocean Sector Report, it is not surprising that this data is not easily available from Statistics Canada. For example, much of the information contained in the NB Ocean Sector Report resulted from the use of an input-output model by a consultant hired by NB DAAF and DFO. Also, Statistics Canada no longer has a single North American Industrial Classification System (NAICS) occupation for “fishing”, but instead lumps it together with hunting and trapping. The NB Ocean Sector Report states, “Employment estimates for the fisheries represent one area of weakness” (at p. B-1). 

· Further to this, as one knowledgeable NB government employee wrote back to us regarding our information request, “…I really wish I could help collect more accurate data, but the only thing I can recommend is to pay for special run data.”
· This score is also likely to be the least relevant or believable by residents of the MRPA. The high score is attributed to the fact the OHI methodology for this goal is focused on the economics of the region over time rather than comparing it to other regions. 
· As a result, if unemployment and wage rates in the MRPA are stable over a five year period or the current year’s economy is particularly good, then a high score will be generated regardless if the unemployment rate or wages for the MRPA are much lower than the rest of New Brunswick or Canada.

· As well, these results are now 8 years out of date.
4.3 Food Provision

The OHI US West Coast (at 8) study described the aim of this goal as being, “[T]o maximize the sustainable harvest of seafood in regional waters from wild-caught fisheries and mariculture. … In short, sub-regions are rewarded for maximizing the amount of sustainable food provided and penalized for unsustainable practices and/or underharvest.” Food Provision is made up of two sub-goals: Fisheries and Mariculture.

4.3.1 Fisheries sub-goal:

In the OHI US West Coast study methodology the present status of the Fisheries sub-goal was derived from the ratio between the single species current biomass at sea and the reference biomass at maximum sustainable yield, as well as the ratio between the single species current fishing mortality and the fishing mortality at maximum sustainable yield. 
For the purposes of this project, BoFEP hired a contractor (Sylvie Guenette) to calculate the present status score for fisheries in the MRPA. Her full report can be found in Appendix 5.
For data, she used landings for NAFO division 4X which straddles Nova Scotia and New Brunswick. The summary of catches provided by DFO earlier to BoFEP for this work did not correspond to what she had for some species (e.g. herring, cod and halibut) and were often too aggregated to be useful (e.g. other finfish includes 26 taxa among which: mackerel, swordfish, tuna, sharks etc.). Thus, catches were extracted from stock assessment documents or taken from an extraction of catches from DFO databases used in a previous project (de Araujo, 2010, DFO, Dartmouth, pers. comm.). This has 2 implications. 1. catches from stock assessments documents sometimes included 5Y depending on the stock structure (e.g. white hake, western pollock). 2. species landings from the catch data she had obtained in 2010 stop in 2008 while landings from stock assessments are compiled up to 2008-2013 (except for cusk: 2006). Thus the present calculation represents the period 2008-2013, depending on the source of the landings, stock assessment or 2010 landing extraction from the database. 

Biomasses were extracted from stock assessment documents or from DFO survey biomass index. The distribution range of some stocks is larger than the study area (e.g. tuna, swordfish, halibut, sharks) and reference points convey the entire stock status without indication of possible changes in the study area due to changes in behaviour, for instance. The importance of a stock in the study area is based on the long-term average of catches in 4X or 4X/5Y as available. 

In the end, she was possible to evaluate the status of 26 stocks for which the average catch over the time series sums up to 177,413 t while it was not possible to characterise 11 taxa accounting for 27,823 t (mostly scallops) or 14% of the total catch. 

Score for Fisheries:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	13
	0
	35

	Present Status
	12
	0
	32

	Future Status
	15
	0
	38.5

	Pressure
	
	14
	14

	Resilience
	
	76
	76

	Trend
	
	0
	0.00


Comments and recommendations regarding Fisheries score:
· BoFEP is not confident in the score of Fisheries scores originally calculated for New Brunswick and Canada on the OHI-Science website. Simply put, they just don’t make sense. Given this, and as discussed above, we have concerns about the R code for Canada for this sub-goal, and subsequently the R code we used for the MRPA. We are following up with the OHI group about this problem.

· Regardless, we are confident in the present status Fisheries sub-goal score calculated for the MRPA of 32 with herring or 46 without herring. 

· Ms. Guenette discusses issues with the calculation of herring biomass in her report. However, as it accounts for 50% of the catch in the MRPA, we went with the present status score that includes herring. 

· The “without herring” score of 46 for the Fisheries sub-goal present status is in keeping with the present status score for Canada’s Fisheries sub-goal (54) reported on the OHI general website.

· A new score for the Fisheries sub-goal will, skill-wise, be difficult to reproduce. Ms. Guenette has significant skill and expertise in evaluating fisheries population data and has can be seen from her report spent a significant time deciphering fish stock status reports. To calculate this score in the future will require the hiring of expert help.

· At the same time, now that Ms. Guenette has documented a methodology the work will not be as time consuming.

4.3.2 Mariculture sub-goal:

The OHI US West Coast study calculated the present status of the Mariculture sub-goal as the sustainable production of shellfish biomass from mariculture relative to a target level of production for each state within the region. New Brunswick does not have a stated target level of production, so we developed a different measure.
BoFEP was provided with a list of aquaculture sites in the MRPA and their size from the NB Department of Agriculture, Aquaculture and Fisheries (NB DAAF). We were provided with maps for that showed which sites were in use (stocked) and which sites were empty. For example, in 2011, 35 sites were used (approx. 665 ha) out of a possible approx. 100 sites (1724 ha). The tonnage of salmon was 21,560 in 2011. This gives an approximation of 32.4 tonnes/ha (21,560/665). If all sites and ha’s were used in 2011, theoretically 55,877 tonnes of salmon could have been harvested in 2011. In other words, 38.5% of the possible tonnage was produced. (Some of the 35 sites had smolt that weren’t harvested in 2011, but for ease of calculation, we included them in “stocked” sites.) We worked on the assumption that NB DAAF would only lease sites that potentially could be used—that the amount of ha’s leased is environmentally sustainable, meaning DAAF hasn’t overleased.

Score for Mariculture:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	18
	0
	26

	Present Status
	16
	0
	24

	Future Status
	19
	0
	28

	Pressure
	
	11
	11

	Resilience
	
	72
	78

	Trend
	
	0
	-0.14


Comments and recommendations regarding Mariculture score:
· BoFEP is not confident in the score for Mariculture originally calculated for New Brunswick and Canada on the OHI-Science website. Given this, and as discussed above, we have concerns about the R code for Canada for this sub-goal, and subsequently the R code we used for the MRPA. We are following up with the OHI group about this problem.

· Moving forward, BoFEP suggests a new method of establishing target levels for New Brunswick aquaculture be developed. It may be as simple as scaling all production years to the highest yearly level of production over a ten or fifteen year period. Data for this is readily available. 
4.4 Sense of Place

This OHI goal tries to “capture the aspects of the coastal and marine system that people value as part of their cultural identity” (Halpern et al. 2012 at 31). The score for this goal is the average of the scores for its two sub-goals: Iconic Species and Lasting Special Places.

4.4.1 Iconic Species sub-goal: 
Iconic species are defined as: “[T]hose that are relevant to local cultural identity through one or more of the following: 1) traditional activities such as fishing, hunting or commerce; 2) local ethnic or religious practices; 3) existence value; and 4) locally-recognized aesthetic value” (OHI US West Coast study at 20). In keeping with the OHI US West Coast methodology, BoFEP asked the SW New Brunswick Marine Advisory Committee to develop a list of iconic marine species for the MRPA. Eight species were identified (see Table 4). 
The status score for this sub-goal is based on the weighted conservation ranks of the iconic species (see Table 5). The more secure the populations, the higher the score. 

The global OHI study relied on the IUCN Red List for conservation ranks of iconic species. To find more region specific data, the OHI US West Coast study used the NatureServe database. For the purposes of this project, BoFEP first used the Committee on Status of Endangered Wildlife in Canada (COSEWIC) database. If no COSEWIC information was available for an iconic species, we then reviewed the databases of Wild Species Canada and the Atlantic Canada Conservation Data Centre (ACCDC).
Four of the chosen iconic species were not listed in any of the databases reviewed. Further inquiries were made to the ACCDC, but data for these species is not available. However, these species are presently very common in the MRPA and their conservation status is not at risk.

TABLE 4: List of iconic species for the MRPA and their conservation status.
	Common name
	Scientific name
	Conservation status in MRPA
	Population Trend in MRPA

	Herring
	Clupea harengus
	Not at risk (NAR)
	decreasing

	Northern Atlantic Right whale
	Eubalaena glacialis
	Endangered
	increasing

	Atl. salmon (IBOF)
	Salmo salar
	Endangered
	stable

	Atl. salmon (OBOF)
	Salmo salar
	Endangered
	decreasing

	Common Eider
	Somateria mollissima
	Not at risk (NAR)
	stable

	Lobster
	Homarus americanus
	no listing (NAR)
	stable

	Soft shelled clam
	Mya arenaria
	no listing (NAR)
	decreasing

	Blue mussel
	Mytilus edulis
	no listing (NAR)
	stable

	Dulse
	Palmaria palmata
	no listing (NAR)
	-


The global OHI and OHI US West Coast study assigned weights to the various conservation status categories. Substituting COSEWIC conservation status categories, we applied a similar system of weights to arrive at a status score for the sub-goal Iconic Species.
TABLE 5: COSEWIC and corresponding NatureServe categories and weighting

	COSEWIC Conservation Status Category
	NatureServe Threat Category
	Weight

	Not at Risk
	5 Secure
	1

	Special Concern
	4 Apparently Secure
	0.8

	Theatened
	3 Vulnerable
	0.6

	Endangered
	2 Imperiled
	0.4

	Extirpated
	1 Critically Imperiled
	0.2

	Extinct
	X Extinct
	0


As per the OHI US West Coast study, “The trend was calculated as the average of the recorded categorical trend for all assessed iconic species, giving scores of 0.5 for increasing population, 0.0 for stable populations, and -0.5 for decreasing populations” (OHI US West Coast study at 20). Trend data was first taken from COSEWIC when available and then from DFO stock status. 
Score for Iconic Species:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	72
	72
	94

	Present Status
	67
	67
	88

	Future Status
	77
	77
	100

	Pressure
	
	14
	14

	Resilience
	
	78
	78

	Trend
	
	-0.01
	-0.06


Comments and recommendations regarding Iconic Species score:
· The score for this sub-goal is high because many of the selected iconic species are very abundant in the MRPA. 
· A new score for this sub-goal could easily be recalculated in the future as the conservation status of the chosen iconic species is readily available or easily inferred.

· Because of the small number of iconic species used for scoring this sub-goal, care has to be taken in choosing a representative list. It is easy to skew the score by having a list of iconic species that either have all high or low conservation status.
4.4.2 Lasting Special Places sub-goal:

Halpern et al. (2012 at 32) describe the Lasting Special Places sub-goal as focusing on “geographic locations that hold particular value for aesthetic, spiritual, cultural, recreational or existence reasons.” Both the OHI global study and the US West Coast study used the amounts of marine and coastal protected areas to determine the status of this sub-goal. They also both used 30% of the area as protected as the target reference level. (Having less than 30% of the area in protected status would result in a lower score.) BoFEP followed the same methodology to calculate the status score for the Lasting Special Places sub-goal.
BoFEP hired a GIS technician to 1) calculate the amount of land within 1 km of the coast of the MRPA, 2) Use available geo-spatial data, particularly from GeoNB, to calculate the areal amounts of the different types of publically managed lands, such as parks, protected natural areas, and Crown lands, and privately held conserved lands (e.g., Nature Trust of NB properties) within 1 km of the coast of the MRPA, and 3) Use available geo-spatial data to calculate the areal amount of marine protected areas in the MRPA. 
No new MPAs have been added since 2006 and only very small parcels of privately held conserved lands since 2010. As such, the trend for this sub-goal was calculated as 0.   
Score for Special Places:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	84
	100
	23

	Present Status
	81
	100
	21

	Future Status
	86
	100
	25

	Pressure
	
	19
	19.5

	Resilience
	
	75
	87

	Trend
	
	0.00
	0.00


Comments and recommendations regarding Lasting Special Places score:
· BoFEP is not confident in the score of 100 originally calculated by the OHI group for New Brunswick. Simply put, the Musquash MPA is the only MPA in New Brunswick, so it is not clear how Lasting Special Places for all of New Brunswick can receive a higher score than we calculated for the MRPA. We have followed up with the OHI group about this discrepancy.
· A new score for this sub-goal could easily be recalculated in the future as GIS data for managed lands and waters in New Brunswick is readily available. However, it would not be worthwhile to do until new marine MPAs or other management determinations are made.
· The definition of what is a marine “special place”, or what marine areas in the MRPA are managed for conservation purposes, is important to the Lasting Special Place score for the MRPA. Are the EBSAs identified by Buzeta being managed as special places? 
· BoFEP ran a scenario to investigate what changes would occur to the score for the Lasting Special Places sub-goal if all of the Ecological and Biological Significant Areas (EBSAs) identified by M-I. Buzeta
 for the MRPA received legal protection. Doing so would change the present status score for this sub-goal to 70 and the overall score for this sub-goal to 78.
4.5 Biodiversity 
The OHI calculates a score for biodiversity because of the high value people place on its existence and their concerns over species’ extinction. We assessed this goal by examining the conservation status of species in the MRPA. 
Similar to the OHI global and the OHI US West Coast studies, species status within the MRPA was calculated using each species’ conservation risk category, as determined by the International Union for Conservation of Nature (IUCN). A key for this sub-goal is finding species with a reported conservation status.  
BoFEP’s search for species status was conducted as follows: 

· The IUCN Red List for the major fishing zone “Northwest Atlantic” was first searched.  This provided a list of 232 species (fishes, marine mammals, sea turtles).

· The IUCN distribution maps for these species were consulted to see which ones were listed as having distributions in the Bay of Fundy. 

· Those species with IUCN distribution maps were then compared to the taxonomic species list (BoF taxonomic list) for the Bay of Fundy prepared by the Centre for Marine Biodiversity used in the Gulf of Maine Census of Marine Life. This comparison revealed: 

· 60 species for the Bay of Fundy were listed on both the IUCN Red List and the BoF taxonomic list.

· 17 species for the Bay of Fundy listed on the IUCN Red list were not listed on the BoF taxonomic list.

· 6 species for the Bay of Fundy listed on the taxonomic list that were not on an IUCN distribution map for BoF but were IUCN listed for the FAO region Northwest Atlantic.

· The remaining species were not found in the Bay of Fundy on both the IUCN Red List and taxonomic list. (The FAO North Atlantic region extends down to the Carolina’s, so the IUCN Red List for the Northwest Atlantic captures a fair number of “tropical” fish.)
· A review of the IUCN Red list showed that a number of common Bay of Fundy fish species, such as cod and cusk, were not captured. However, COSEWIC has assigned conservation status to a number of common Bay of Fundy fishes.

· This search provided another 11 fish species with conservation status for the Bay of Fundy.
· The list of fish species was “truthed” by a local expert on Bay of Fundy fishes, Mr. L. Van Guelpen with the Atlantic Reference Centre. This “truthing” resulted in a list of 41 fish species with a conservation status designation (IUCN or COSEWIC) for the Bay of Fundy (see Table 6). 

· Eighteen species of marine mammals and turtles with conservation status were also listed (see Table 6). 
TABLE 6: Species from IUCN and COSEWIC assessments included in the Species sub-goal of the Biodiversity goal
	Common Name
	Scientific name
	Conservation status

	IUCN listed fish species

	Shortnose Sturgeon
	Acipenser brevirostrum
	VU (Vulnerable) 

	Gulf Sturgeon
	Acipenser oxyrinchus
	NT (Near Threatened)

	Common Thresher Shark
	Alopias vulpinus
	VU

	Blueback Herring
	Alosa aestivalis
	VU

	Thorny Skate
	Amblyraja radiata
	VU

	Sand Tiger
	Carcharias taurus
	VU

	Great White Shark
	Carcharodon carcharias
	VU

	Black Dogfish
	Centroscyllium fabricii
	LC (Least Concern)

	Basking Shark
	Cetorhinus maximus
	VU

	Atlantic Herring
	Clupea harengus
	LC 

	Barndoor Skate
	Dipturus laevis
	EN (Endangered (EN)

	Threespined Stickleback
	Gasterosteus aculeatus
	LC

	Porbeagle
	Lamna nasus
	VU

	Winter Skate
	Leucoraja ocellata
	EN

	Smooth Skate
	Malacoraja senta
	EN

	Dusky Smoothhound
	Mustelus canis
	NT

	Summer Flounder
	Paralichthys dentatus
	LC

	Sea Lamprey
	Petromyzon marinus
	LC

	Blue Shark
	Prionace glauca
	NT

	Ninespine Stickleback
	Pungitius pungitius
	LC

	Round Skate
	Rajella fyllae
	LC

	Atlantic Sharpnose Shark
	Rhizoprionodon terraenovae
	LC

	Atlantic Bonito
	Sarda sarda
	LC

	Atlantic Mackerel
	Scomber scombrus
	LC

	Greenland Shark
	Somniosus microcephalus
	NT

	Smooth Hammerhead
	Sphyrna zygaena
	VU

	Piked Dogfish
	Squalus acanthias
	VU

	Blue perch
	Tautogolabrus adspersus
	LC

	Atlantic Bluefin Tuna
	Thunnus thynnus
	EN

	Great Torpedo Ray
	Torpedo nobiliana
	DD (Data Deficient )

	COSEWIC listed fish species

	Cod, Atlantic
	Gadus  morhua
	EN

	Cusk
	Brosme brosme
	EN

	Salmon, Atlantic
	Salmo salar
	EN

	Hake,White  
	Urophycis tenuis
	TH (Threatened)

	Plaice, American
	Hippoglossoides platessoides
	TH

	Redfish, Acadian
	Sebastes fasciatus
	TH

	Wolffish, Northern
	Anarhichas denticulatus
	TH

	Wolffish, Spotted 
	Anarhichas minor
	TH

	Wolffish, Atlantic 
	Anarhichas lupus
	SC (Special Concern )

	Halibut, Atlantic 
	Hippoglossus hippoglossus
	NAR (Not at Risk)

	IUCN listed marine mammals and turtles

	Common Minke Whale
	Balaenoptera acutorostrata
	LC

	Blue Whale
	Balaenoptera musculus
	EN

	Fin Whale
	Balaenoptera physalus
	EN

	Hooded Seal
	Cystophora cristata
	VU

	Long-beaked Common Dolphin
	Delphinus capensis
	DD

	North Atlantic Right Whale
	Eubalaena glacialis
	EN

	Long-finned Pilot Whale
	Globicephala melas 
	DD

	Grey Seal
	Halichoerus grypus
	LC

	North Atlantic Bottlenose Whale
	Hyperoodon ampullatus
	DD

	Atlantic White-sided Dolphin
	Lagenorhynchus acutus
	LC

	White-beaked Dolphin
	Lagenorhynchus albirostris
	LC

	Humpback Whale
	Megaptera novaeangliae
	LC

	Sowerby's Beaked Whale
	Mesoplodon bidens
	DD

	Harp Seal
	Pagophilus groenlandicus
	LC

	Harbour Porpoise
	Phocoena phocoena
	LC

	Sperm Whale
	Physeter macrocephalus
	VU

	Common Bottlenose Dolphin
	Tursiops truncatus
	LC

	Leatherback
	Dermochelys coriacea
	VU


As was done for the Iconic Species sub-goal, and in-keeping with other OHI studies, we applied a system of weights for each conservation status category to arrive at a status score for the sub-goal Iconic Species (see Table7).
TABLE 7: COSEWIC and corresponding IUCN categories and weighting

	COSEWIC Conservation Status Category
	IUCN Risk Category
	Weight

	Not at Risk
	Least Concern
	1

	Special Concern
	Near Threatened
	0.8

	Theatened
	Vulnerable 
	0.6

	Endangered
	Endangered
	0.4

	Extirpated
	Critically Endangered 
	0.2

	Extinct
	Extinct 
	0


Score for Species:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	90
	90
	85

	Present Status
	84
	84
	79

	Future Status
	96
	96
	92

	Pressure
	
	17
	17

	Resilience
	
	76
	76

	Trend
	
	-0.08
	


Comments and recommendations regarding Biodiversity score:
· After speaking with Mr. Van Guelpen and reviewing other status lists for fishes in the Bay of Fundy, two things were determined.

· Relying on the list of fish species generated by the IUCN database resulted in a very small and unrepresentative list of fishes in the Bay of Fundy.

· A fish species’ IUCN Red List status was not always the same as the species’ Canadian conservation status in the Bay of Fundy, such as determined by COSEWIC.
· The small number of fishes in the database may have skewed the score lower than with a broader species list. 
· A new score for this sub-goal could easily be recalculated in the near future as the 2015 Wild Species Canada assessment is due for release soon. If the 2005 Wild Species Canada assessment is any indication, the 2015 assessment will capture many more of the fishes that reside in the Bay of Fundy. 
4.6 Clean Waters
The OHI developed the goal of Clean Waters because “People value marine waters that are free of pollution and debris for aesthetic and health reasons” (Halpern et al. 2012 at 32). In the OHI global and US West Coast studies, this goal was measured by determining the status of 4 different contributors to water pollution: nutrients, pathogens, chemicals, and trash. The lower the levels of water contaminates the higher the score for this OHI goal.
For chemical data, BoFEP used Gulfwatch (a Gulf of Maine Council program) data from 2000 to 2009 that was available from the Gulf of Maine EcoSystem Indicators Partnership (ESIP). ESIP sampled mussel tissues from five sites in the MRPA: Limekiln Bay, Letang Estuary, Hospital Island, Niger River, and St. Croix River as part of the Gulfwatch program. 

The OHI U.S. West Coast study methodology requires, in general, that the average amount of each chemical (ppm) be scored against a US FDA threshold. Health Canada has thresholds for some of these chemicals, which were substituted for US FDA thresholds. If no Canadian threshold was available, then the US FDA threshold was used. (See Table 8).
Each sample was then given a score based on its comparison to the table of chemical thresholds: 0.0 (bad), 0.5 (ok), and 1.0 (good). The final chemical score was the aggregate of the mean value for each contaminant type. 

TABLE 8: Health Canada and US FDA thresholds for selected chemicals (ppm) (Health Canada thresholds are in bold).
	
	Good
	OK
	Bad

	Mercury
	0
	0.25
	0.5

	Dieldrin
	0
	0.1
	0.2

	Chlordane
	0
	0.05
	0.1

	DDT (in fish)
	0
	2.5
	5

	Arsenic
	0
	43
	86

	Cadmium
	0
	2
	4

	Chromium
	0
	6.5
	13

	Lead
	0
	0.85
	1.7

	Mirex
	0
	0.05
	0.1

	Nickel
	0
	22
	44

	PCB
	0
	0.5
	1


Data for trash pollution in the MRPA was problematic because of a combination of relatively few sites being cleaned up under a variety of programs inconsistently (see Appendix 5). Given this we chose to use data from beach clean-ups in Maine as a proxy. 

The OHI US West Coast study methodology for trash, with adaptations for the MRPA, was as follows:

“For the trash layer we used beach cleanup data from the Ocean Conservancy (www.oceanconservancy.org/our-work/marine-debris). These data measure the amount of trash cleaned up in each state on their yearly International Coastal Cleanup day.  We assumed that data represent all trash present on the beach (i.e., that total trash collected was independent of effort, measured as the number of people participating in the clean up). Thus we standardized trash without respect to effort as the density, i.e. pounds per mile of coastline, for [the MRPA] in each year, setting 0 pounds per mile as the target and rescaling all values from 0 to 1 so that the highest density of trash recorded over the entire time period for [Maine] is 1.0 and delivers a score of zero using the formula 1 – x.” (at 22).

For nutrients, the OHI US West Coast used a nutrient input layer developed by Halpern et al. (2009), which modeled nutrient plumes from fertilizer and nitrogen input into watersheds. This layer was not available for the MRPA. Instead, we relied on data from Eastern Charlotte Waterways who sampled two estuaries in the MRPA (Passamaquoddy, Musquash). The present value of nutrients (P and N) was then calculated as 1-x where x is the average nutrient concentration for each sampling site in each estuary.  
To measure pathogens, the OHI West Coast study used beach closure data as a proxy. We could not find evidence of any such closures in the MRPA. As such, we simply substituted the OHI Canada score for pathogens (0) into our calculations. 
Score for Clean Waters:

	
	OHI for Canada
	OHI for New Brunswick
	OHI for MRPA

	Score
	92
	92
	83

	Present Status
	85
	85
	77

	Future Status
	98
	98
	88

	Pressure
	
	34
	34

	Resilience
	
	66
	91

	Trend
	
	0.08
	-0.06


Comments and recommendations regarding Clean Waters score:
· Why is Clean Water score for MRPA slightly lower than OHI calculated score for Canada and New Brunswick? The MRPA trash present status score (40) and the chemical present status score (35) are higher than the OHI website reported scores for these measures for Canada (trash 23; chemical 8).
· This may be the result of using more refined data.

· This may be the result of using proxy data (trash) for the MRPA and not enough sampling sites for chemicals or the chemical sample sites are not random or representative of the MRPA (i.e., they were chosen because of suspected contamination concerns).
· To be more meaningful in the future, better and more data needs to be collected for the OHI goal Clean Waters for the MRPA. 
4.7 Aboriginal Needs as a substitute for the OHI goal Artisanal Fishing Opportunity
As described in the US West Coast study (at 14), “The artisanal opportunity goal seeks to measure the potential for local people to engage in artisanal-scale fishing, for either subsistence or cultural identity reasons.” However, as Daigle (unpublished) notes, while several forms of artisanal fishing occur in Canada, it is most prevalent among Canadian aboriginal communities. Given this, Daigle proposed a new OHI goal for Canada, Aboriginal Needs. This goal represents the extent to which Canada’s Aboriginals are able to access ocean resources for subsistence, social and ceremonial purposes. As Aboriginal Needs is a new OHI goal, we provide more detail than for the other OHI goals discussed above.
To begin, this goal is based on the physical access to the resources, and the financial factors that determine how many individuals participate in a traditional hunt or fisheries. It is important to stress that the goal Aboriginal Needs is looking at non-commercial fishing opportunities rather than participation in the commercial fishery. 
Ice cover was identified as a critical variable in limiting physical access to traditional hunting and fishing grounds for Canadian Aboriginals (Inuit Circumpolar Council - Canada 2008, Downing and Cuerrier 2011). Sea ice areal extent was quantified for a 300 km radius for each Canadian Aboriginal community using the National Snow & Ice Data Center Sea Ice Index (Fetterer et al. 2013). 

The primary factors in terms of financial incentive are related to the cost of participating in a traditional hunt or fisheries relative to the price of purchasing food (Downing and Cuerrier 2011). The price of participation was based on the price of fuel (Statistics Canada 2014) for snowmobiles, boats, and all-terrain vehicles. The estimated price of food for Inuit communities was based on the Revised Northern Food Basket (RNFB), which quantifies the price of purchasing a nutritious diet for a family of four in northern communities (Aboriginal Affairs and Northern Development Canada 2010). 

The Aboriginal Needs (AN) index is a population weighted mean of the AN score for each aboriginal community and is calculated as:
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where Pi and Ptot are the population in community i and the population sum for all communities, respectively; Gi is the price of gas (cents per litre) in the nearest major city (Statistics Canada 2014); Ii is the average yearly percent ice cover in a 300 km radius circle around community i; and finally, Fbi, Gbi and Ibi are the 1979 baseline levels for food, gas and ice cover respectively. This means that the AN is set to 1 in 1979 and decreases as ice cover decreases and/or the price of gas increases relative to the cost of the Revised Northern Food Basket. If Ii was 0 for the entire time series, Ii ÷ Ibi was set to 1. In these cases, there was no decrease in availability of ice cover for hunting and fishing near those aboriginal communities; therefore, there is no decrease in AN due to ice.

To use the same approach on a local scale, such as the MRPA, one must select which aboriginal lands and communities to include as potential users of the area of interest. For this assessment we chose to include all Canadian First Nation communities within a 150 km buffer of the MRPA listed by Aboriginal and Northern Development Canada (AANDC undated). This resulted in a total of nine communities from New Brunswick and Nova Scotia being within the 150 km buffer. The Aboriginal Needs score for each of these lands and communities can then be imported to provide a picture of the situation for each community. However, since they are all in relatively the same area as compared to the national level, there is little variability between communities. The overall Aboriginal Needs score for the MRPA (Figure 4) is calculated using a population weighted mean of the 9 community based scores from the national approach as described above.

Score for Aboriginal Needs
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FIGURE 4: The population weighted mean Aboriginal Needs score over time for the 9 First Nation communities included in the analysis.

Comments and recommendations regarding Aboriginal Needs score:
· The ‘local’ approach described above is somewhat flawed in providing a representative metric of the original definition of the goal Aboriginal Needs: “The extent to which Canada’s Aboriginals are able to access ocean resources for subsistence, social and ceremonial purposes”. These flaws are accentuated when scaling further down from the national level. For example, one of the driving variables of the current Aboriginal Needs goal is relative ice cover as it provides means of transportation for Inuit and First Nations hunters and fishermen (Inuit Circumpolar Council - Canada 2008, Downing and Cuerrier 2011). However, the Bay of Fundy remains mostly ice free year round and so relative ice cover is not relevant for First Nation’s access to ocean resources.
· In future assessments for the MRPA, the data used to calculate the Aboriginal Needs score should be customized to more accurately represent the original definition. While ice cover may not be applicable to First Nations near the Bay of Fundy, the underlying mechanism of the effects of climate change limiting access to traditional ocean resources still applies.  Climate change affects the availability and behaviour of the traditional food source, increases the incidence of disease, and increases the risk of food spoilage for Canadian aboriginals all of which deeply affect cultural activities, food security, and health (Downing and Cuerrier 2011).
· Working directly with First Nations to improve how this metric is calculated will enhance its relevance at the local level. However, customizing the metric to each region will make the metric unusable for comparison across regions. Therefore, developing a customized approach to calculating and Aboriginal Needs score specific to this MRPA would not have been particularly useful. Aboriginal groups involved in DFO’s Aboriginal Aquatic Resource and Oceans Management (AAROM) program could help identify: (1) species of interest, (2) legal or other limitations to access of ocean resources, and (3) regional commonalities. Assessing and incorporating these three aspects would improve the relevance of the Aboriginal Needs goal to local needs while also maintaining the possibility of cross-region comparisons. 
· Future work on this goal would require inclusion of Passamaquoddy lands (Canadian and U.S.).

· Future work on this goal would require consultations with First Nations representatives. Again, the opportunity to include the present score for Aboriginal Needs arose at the end of the project which didn’t leave time for these consultations.
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4.8 Overall OHI score for the MRPA
As Table 9 shows, for the six OHI goals chosen by BoFEP, the MRPA received an OHI score of 65. This score increases slightly to 66 if the scores for the four remaining OHI goals (Carbon Storage, Natural Products, Coastal Protection, Tourism) not assessed by BoFEP but previously calculated by OHI Science for New Brunswick are included (see Table 10). An OHI score of 66 for the MRPA is in keeping with OHI Science’s reported score for Canada of 71 (see Table 11). The MRPA scored particularly poorly in terms of the OHI goals Food Provision and Sense of Place but highly for Biodiversity. 

As discussed above, while there are concerns about the accuracy of the final Food Provision score, the present status of the fishery has declined compared to past years and from an OHI scoring perspective is quite low (32). BoFEP recognizes that to improve the Fisheries score requires long term efforts.

At the same time, easy gains could be made to the OHI score for the MRPA if all the EBSAs identified for the MRPA were recognized by some type of formal management regime or protection. Formal protection of the EBSAs would increase the Lasting Places sub-goal score to 78, which would in-turn raise the MRPA’s OHI score to 69.

TABLE 9: OHI score for MRPA for six OHI goals used by BoFEP.
	OHI Goal
	Score

	Livelihoods and Economies
	100

	Food Provision
	30.5

	Sense of Place
	58.5

	Biodiversity
	85

	Clean Waters
	83

	Aboriginal Needs
	37.5

	OHI Score for MRPA
	65.75


TABLE 10: OHI score for MRPA combining six OHI goals used by BoFEP plus four OHI goals for New Brunswick as calculated previously on the OHI Science website.
	Score for six MRPA goals
	65.75

	Carbon Storage
	55

	Natural Products
	89

	Coastal Protection
	24

	Tourism
	100

	OHI Score for MRPA
	66.25


TABLE 11: Comparison of MRPA OHI score to previously calculated OHI scores for Canada and New Brunswick.
	
	OHI Science website score data for Canada
	OHI Science website score for NB
	OHI score for MRPA by BoFEP

	Score
	71
	72
	66


5. 
CONCLUSION AND RECOMMENDATIONS 
It is important that an environmental health index be developed for the Bay of Fundy. Such an EHI would help us to assess the state of this ecosystem, quantify human impacts on the Bay of Fundy, and verify the results of federal and provincial Bay of Fundy management and conservation efforts (Rombouts et al. 2013). An EHI score would also make it easier for the public to understand the Bay of Fundy’s state of health. Further, the resulting EHI score would provide a regional baseline that will serve as a measure against future assessments. 

Although developing an OHI score for the MRPA has proven challenging, the BoFEP OHI project steering committee believes the project has been successful for many reasons, including:

· Use of the OHI methodology is unbiased. In other words, BoFEP did not select the indicators to be assessed. One problem with EHIs is the developers of an index can choose indicators that support their point of view—if the proponent of the EHI wants to “prove” an ecosystem is unhealthy it chooses indicators that support this. 

· The OHI methodology has been published in peer-reviewed scientific journals. While the OHI is not perfect, it does have scientific validity. Using the OHI methodology for the MRPA will make it easier for BoFEP to defend its findings on the health of the MRPA.

· Future iterations of an OHI score for the MRPA will be easier because of the work already done. 

· Trying to follow the OHI regional methodology has given BoFEP, and will give others, an excellent idea of the “ocean” data available for the MRPA and what data gaps need to be filled. 

· Work on an OHI score for the MRPA will be valuable to other Canadian OHI efforts, such as the OHI project in B.C.

· Collaborations have been built between groups with similar interests, such as between BoFEP and the SWNB MAC and BoFEP and the OHI group.
· We were able to calculate an OHI score for the MRPA.
Despite some as yet unresolved issues, it is BoFEP’s belief that using the Ocean Health Index regional methodology offers a valid way to create an environmental health index for the Southwest New Brunswick Marine Resources Planning Area and ultimately the Bay of Fundy. 

Moving forward, BoFEP has several recommendations regarding the continued use of the OHI regional methodology in the MRPA and in other regions across Canada:

· As can be seen from the list of OHI regional project (http://ohi-science.org/projects/), this is a type of project that is likely best spear-headed by a government or university researcher. To our knowledge, BoFEP is the only community organization to lead such an OHI regional study.
· That OHI scores for the MRPA be recalculated in the near future, e.g., 3-5 years. One of the purposes of an EHI is to provide a baseline for comparison in future years. This would allow changes to the score and the reasons why to be tracked and changed.
· One way to improve the present score would be to implement formal management recognition of the environmentally and biological significant areas identified for the MRPA.

· The Aboriginal Needs goal would need to be expanded upon after consulting with MRPA First Nations. As discussed above, an opportunity arose for BoFEP to do some last minute work on describing and Aboriginal Needs goal and score for the MRPA which was based on a previous study. This late opportunity did provide time for us to discuss this matter with MRPA First Nations.

· Once all issues regarding the scoring methodology for the MRPA are resolved, steps should be taken to initiate a project for the calculation of an OHI score for the entire Bay of Fundy.
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APPENDIX 1: 
	Data layers used in each dimension for selected OHI goals (from Halpern et al. 2012: Table S22). 

	Goal
	Sub-goal
	Dimension

	
	
	Status
	Trends
	Pressures
	Resilience

	1. Food Provision
	Fisheries
	Multispecies maximum sustainable yield (mMSY)
	Change in Status over time
	Chemical pollution
	CBD habitat

	
	
	
	
	Nutrient pollution
	

	
	
	
	
	Habitat destruction: subtidal hard bottom
	Marine protected areas, Exclusive Economic Zone

	
	
	
	
	Habitat destruction: subtidal soft bottom
	

	
	
	
	
	Habitat destruction: Intertidal
	Fisheries management effectiveness

	
	
	
	
	Alien species
	

	
	
	Taxonomic reporting quality
	
	Genetic escapes
	Access to artisanal fishing

	
	
	
	
	Commercial fishing: high bycatch
	

	
	
	
	
	Commercial fishing: low bycatch
	Ecological integrity

	
	
	
	
	Artisanal fishing: high bycatch
	

	
	
	
	
	Artisanal fishing: low bycatch
	Worldwide Governance Indicators

	
	
	
	
	Social pressure
	

	
	Mariculture
	Mariculture yield
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	
	CBD mariculture

	
	
	Degree of sustainability of culture
	
	Nutrient pollution
	Mariculture regulations

	
	
	
	
	Social pressure
	Worldwide Governance Indicators 

	2. Carbon Storage
	Mangroves
	Area
	Change in Status over time
	Chemical pollution
	CBD habitat

	
	
	
	
	Nutrient pollution
	

	
	
	
	
	Habitat destruction: Intertidal
	Marine protected areas, coastal

	
	
	
	
	Social pressure
	

	
	
	
	
	
	Worldwide Governance Indicators

	
	
	Condition 
	
	
	

	
	Seagrass
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	Condition
	
	Habitat destruction: Intertidal
	Marine protected areas, coastal 

	
	
	
	
	Alien species
	Worldwide Governance Indicators 

	
	
	
	
	SST
	

	
	
	
	
	Ocean acidification
	

	
	
	
	
	Social pressure
	

	
	Salt Marsh
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	Condition
	
	Habitat destruction: Intertidal
	Marine protected areas, coastal 

	
	
	
	
	Alien species
	Worldwide Governance Indicators 

	
	
	
	
	Social pressure
	


	Goal
	Sub-goal
	Dimension

	
	
	Status
	Trends
	Pressures
	Resilience

	3. Coastal Livelihoods and Economies
	Livelihoods
	Recent change in marine jobs across sectors
	Trend in Livelihoods Status 
	Chemical pollution
	Worldwide Governance Indicators 

	
	
	
	
	Pathogen pollution
	

	
	
	
	
	Nutrient pollution
	Global Competitive Index

	
	
	
	
	Trash pollution
	

	
	
	
	
	Habitat destruction: subtidal hard bottom
	

	
	
	
	
	Habitat destruction: subtidal soft bottom
	

	
	
	
	
	Habitat destruction: Intertidal
	Sector Diversity

	
	
	
	
	Alien species
	

	
	
	Recent change in marine jobs across sectors 
	
	Genetic escapes
	

	
	
	
	
	Commercial fishing: high bycatch
	

	
	
	
	
	Commercial fishing: low bycatch
	

	
	
	
	
	Artisanal fishing: high bycatch
	

	
	
	
	
	Artisanal fishing: low bycatch
	

	
	
	
	
	SST 
	

	
	
	
	
	Ocean acidification
	

	
	
	
	
	Social pressure
	

	
	Economies
	Recent change in marine revenue across sectors
	Trend in Economies Status 
	Chemical pollution
	Worldwide Governance Indicators 

	
	
	
	
	Pathogen pollution
	

	
	
	
	
	Nutrient pollution
	

	
	
	
	
	Trash pollution
	

	
	
	
	
	Habitat destruction: subtidal hard bottom
	Global Competitive Index

	
	
	Recent change in marine revenue across sectors
	
	Habitat destruction: subtidal soft bottom
	

	
	
	
	
	Habitat destruction: Intertidal
	

	
	
	
	
	Alien species
	

	
	
	
	
	Genetic escapes
	

	
	
	
	
	Commercial fishing: high bycatch
	

	
	
	
	
	Commercial fishing: low bycatch
	

	
	
	
	
	Artisanal fishing: high bycatch
	

	
	
	
	
	Artisanal fishing: low bycatch
	

	
	
	
	
	SST 
	

	
	
	
	
	Ocean acidification
	

	
	
	
	
	Social pressure
	

	4. Clean Waters
	Clean Waters
	Chemical pollution
	Chemical 
	Chemical pollution
	CBD water

	
	
	Pathogen pollution
	Pathogen 
	Pathogen pollution
	Worldwide Governance Indicators

	
	
	Nutrient pollution
	Nutrient 
	Nutrient pollution
	

	
	
	Trash pollution
	Trash 
	Trash pollution
	

	
	
	
	
	Social pressure
	


	Goal
	Sub-goal
	Dimension

	
	
	Status
	Trends
	Pressures
	Resilience

	5. Sense of Place
	Iconic Species 
	Iconic species list
	Change in Population Status 
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	
	
	Trash pollution
	Marine protected areas, EEZ

	
	
	Iconic species distribution 
	
	Habitat destruction: subtidal hard bottom
	Access to artisanal fishing

	
	
	
	
	Habitat destruction: Intertidal
	Fisheries management effectiveness

	
	
	
	
	Alien species
	CITES signatories

	
	
	
	
	Commercial fishing: high bycatch
	Ecological integrity

	
	
	
	
	Artisanal fishing: high bycatch
	Worldwide Governance Indicators

	
	
	
	
	Targeted harvest
	

	
	
	
	
	SST 
	

	
	
	
	
	Ocean acidification
	

	
	
	
	
	Social pressure
	

	
	Lasting Special Places
	Marine protected areas, coastal
	Yearly increase in protected areas
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	
	
	Trash pollution
	Worldwide Governance Indicators

	
	
	
	
	Habitat destruction: subtidal hard bottom
	

	
	
	
	
	Habitat destruction: Intertidal
	

	
	
	
	
	Alien species
	

	
	
	
	
	Social pressure
	

	6. Coastal Protection
	Mangroves
	Area
	Change in Status over time
	Chemical pollution
	CBD habitat

	
	
	
	
	Nutrient pollution
	

	
	
	
	
	Habitat destruction: Intertidal
	Marine protected areas, coastal

	
	
	
	
	Social pressure
	

	
	
	
	
	
	Worldwide Governance Indicators

	
	
	Condition 
	
	
	

	
	Seagrass
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	Condition
	
	Habitat destruction: Intertidal
	Marine protected areas, coastal 

	
	
	
	
	Alien species
	Worldwide Governance Indicators 

	
	
	
	
	SST
	

	
	
	
	
	Ocean acidification
	

	
	
	
	
	Social pressure
	

	
	Salt Marsh
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	Condition
	
	Habitat destruction: Intertidal
	Marine protected areas, coastal 

	
	
	
	
	Alien species
	Worldwide Governance Indicators 

	
	
	
	
	Social pressure
	

	
	Coral reefs
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	Condition
	
	Nutrient pollution
	

	
	
	
	
	Habitat destruction: subtidal hard bottom
	CBD habitat

	
	
	
	
	Alien species
	

	
	
	
	
	SST
	Marine protected areas, coastal

	
	
	
	
	Ocean acidification
	

	
	
	
	
	UV
	Worldwide Governance Indicators

	
	
	
	
	Social pressure
	

	
	Sea ice
	Area
	Change in Status over time
	SST
	Worldwide Governance Indicators 

	
	
	Condition
	
	Social pressure
	


	Goal
	Sub-goal
	Dimension

	
	
	Status
	Trends
	Pressures
	Resilience

	7. Biodiversity
	Species
	Species threat categories
	Change in Population Status 
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	
	
	Trash pollution
	Marine protected areas, EEZ

	
	
	
	
	Habitat destruction: subtidal hard bottom
	Management effectiveness of artisanal fishing

	
	
	
	
	Habitat destruction: subtidal soft bottom
	Fisheries management effectiveness

	
	
	
	
	Habitat destruction: Intertidal
	CITES signatories

	
	
	
	
	Alien species
	CBD mariculture

	
	
	
	
	
	CBD tourism

	
	
	
	
	
	CBD alien species

	
	
	
	
	Genetic escapes
	

	
	
	
	
	Commercial fishing: high bycatch
	

	
	
	
	
	Commercial fishing: low bycatch
	

	
	
	
	
	Artisanal fishing: high bycatch
	

	
	
	
	
	Artisanal fishing: low bycatch
	Worldwide Governance Indicators

	
	
	
	
	SST 
	

	
	
	
	
	Ocean acidification
	

	
	
	
	
	UV
	

	
	
	
	
	Social pressure
	

	
	Mangroves
	Area
	Change in Status over time
	Chemical pollution
	CBD habitat

	
	
	
	
	Nutrient pollution
	Marine protected areas, coastal

	
	
	
	
	Habitat destruction: Intertidal
	CBD mariculture

	
	
	
	
	Social pressure
	CBD tourism

	
	
	
	
	
	CBD alien species

	
	
	
	
	
	Ecological integrity

	
	
	Condition 
	
	
	Worldwide Governance Indicators

	
	Seagrass
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	Condition
	
	Habitat destruction: Intertidal
	Marine protected areas, EEZ  

	
	
	
	
	Alien species
	CBD mariculture

	
	
	
	
	
	CBD tourism

	
	
	
	
	SST
	CBD alien species

	
	
	
	
	Ocean acidification
	Ecological integrity

	
	
	
	
	Social pressure
	Worldwide Governance Indicators

	
	Salt marsh
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	Condition
	
	Habitat destruction: Intertidal
	Marine protected areas, coastal 

	
	
	
	
	Alien species
	CBD mariculture

	
	
	
	
	Social pressure
	CBD tourism

	
	
	
	
	
	Ecological integrity

	
	
	
	
	
	Worldwide Governance Indicators

	
	Coral reefs
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	Condition
	
	Nutrient pollution
	CBD habitat

	
	
	
	
	Habitat destruction: subtidal hard bottom
	Marine protected areas, EEZ 

	
	
	
	
	Alien species
	CBD mariculture

	
	
	
	
	Artisanal fishing: high bycatch
	CBD tourism

	
	
	
	
	SST
	CBD alien species

	
	
	
	
	Ocean acidification
	Management effectiveness of artisanal fishing

	
	
	
	
	UV
	Ecological integrity

	
	
	
	
	Social pressure
	Worldwide Governance Indicators

	
	Sea ice
	Area
	Change in Status over time
	SST
	CBD mariculture

	
	
	
	
	
	CBD tourism

	
	
	
	
	
	CBD alien species

	
	
	Condition
	
	Social pressure
	Ecological integrity

	
	
	
	
	
	Worldwide Governance Indicators

	
	Soft bottom
	Area
	Change in Status over time
	Chemical pollution
	CBD water

	
	
	
	
	Nutrient pollution
	CBD habitat

	
	
	
	
	Habitat destruction: subtidal hard bottom
	Marine protected areas, EEZ 

	
	
	
	
	
	CBD mariculture

	
	
	
	
	Alien species
	CBD tourism

	
	
	Condition
	
	Commercial fishing: high bycatch
	CBD alien species

	
	
	
	
	Commercial fishing: low bycatch
	Fisheries management effectiveness 

	
	
	
	
	
	Ecological integrity

	
	
	
	
	Artisanal fishing: low bycatch
	Worldwide Governance Indicators

	
	
	
	
	Social pressure
	


APPENDIX 2: Methods summary for calculating the final global OHI score (From Halpern et al. 2012a: 5-6.)
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APPENDIX 3: Data needed to calculate present status and trend using OHI US West Coast study methods
	OHI Goal
	sub-goal
	data needed (as per OHI U.S. West Coast regional study)
	date of data

	Food Provision
	Fisheries
	single species current biomass at sea
	current as possible

	 
	 
	single species biomass at MSY
	current as possible 

	 
	 
	single species current fishing mortality
	current as possible 

	 
	 
	fishing mortality at MSY
	current as possible 

	 
	 
	mean weight of each species caught across all years
	as long as possible (eg. 1950)

	 
	 
	what % of total catch is from assessed species 
	as long as possible (eg. 1950)

	 
	 
	 
	 

	 
	Aquaculture
	yield for each species harvested
	current year and last five years

	 
	 
	(govt) desired yield
	current as possible 

	 
	 
	total area used for aquaculture
	current year and last five years

	 
	 
	total available area
	current year and last five years

	 
	 
	(govt) desired/projected increase in yield
	To be achieved by when?

	 
	 
	 
	 

	Biodiversity
	Species
	list of all IUCN Global Marine Species Assessment species in MRPA 
	current as possible 

	 
	
	list of any other species assessed using IUCN criteria
	current as possible 

	
	
	division of Marine Resources Planning Area (MRPA) into 0.5 degree cells
	 

	
	
	total area of MRPA
	 

	
	
	 
	 

	
	Habitat
	current condition** of salt marshes vs. pre-industrialized condition/extent
	current as possible 

	
	
	current condition of sea grasses vs. extent in 1950-60
	current as possible

	
	
	current condition of sand dunes vs. utilized pressures
	current as possible

	
	
	current condition of soft bottoms vs. utilized pressures
	

	
	
	NEW MRPA habitat measure: condition of rockweed
	current as possible

	
	
	**measuring condition/utilization
	

	 
	
	 
	 

	Coastal Protection
	 
	area of salt marsh
	current as possible

	 
	 
	area of sea grass
	current as possible

	 
	 
	area of sand dune
	current as possible

	 
	 
	 
	 

	Sense of Place
	Iconic species
	list of ocean dwelling iconic species
	current as possible

	 
	
	COSEWIC ranking of species
	current as possible

	 
	
	 
	

	 
	Special places
	MPA** within 3 naut miles
	current year and last five years

	 
	
	total near shore area (3 naut miles)
	current year and last five years

	 
	
	MPA 3 to 200 nmiles
	current year and last five years

	 
	
	total EEZ area (3 to 200 miles)
	current year and last five years

	 
	
	terrestrial MPA within 1 mile of coast
	current year and last five years

	 
	
	total area within 1 mile of coast
	current year and last five years

	 
	
	 
	 

	Clean Waters
	Pathogens
	beach closure data
	current year and last five years

	
	Nutrients
	?? Nutrient plumes from watersheds
	current year and last five years

	
	Chemicals
	Gulfwatch data
	current year and last five years

	
	Trash
	pounds of trash collected on national shoreline clean-up day
	current year and last five years 

	
	 
	 
	 

	Coastal Livelihoods 
	Livelihoods
	number of jobs in each sector
	current year and last five years

	and Economies
	 
	per capita average annual wage for each sector
	current year and last five years

	 
	 
	provincial employment rate
	current as possible

	 
	 
	per capita annual provincial wage
	current as possible

	 
	 
	 
	 

	 
	Economies
	revenue for each sector 
	current year and last five years

	 
	 
	provincial GDP
	current year and last five years


APPENDIX 4: Data and methods for Livelihoods and Economies Status and Trend scores

To calculate the present status score and the trend score for the OHI goal “Livelihoods and Economies”, the methodology for the OHI U.S. West Coast study requires the following data:

· Number of jobs in each ocean activity (occupation) for as current year as possible and last five years for the MRPA.
· Per capita average annual wage for each ocean activity for as current year as possible and last five years for the MRPA.
· Provincial unemployment rate for as current year as possible.
· Per capita annual provincial wage for as current year as possible.
· GDP for each ocean activity for as current year as possible and last five years for the MRPA.
· Provincial GDP for as current year as possible and last five years.
Statistics Canada data was readily available for:

· Provincial unemployment rate for as current year as possible.
· Taken from CANSIM Table 282-0027.
· Provincial GDP for as current year as possible and last five years.
· Taken from CANSIM Table 384-0038.
· Per capita annual provincial wage for as current year as possible.
· As will be discussed below, a different metric was chosen.
Other data used

As current ocean activity (occupation) data for the MRPA was not readily available from Statistics Canada, information contained in the Economic Impact of the New Brunswick Ocean Sector, 2003-2008 report (the “NB Ocean Sector Report”) was used. 

The NB Ocean Sector Report gathered data for two regions of the province; Fundy and the Gulf (of St. Lawrence), for the following ocean activities:

· Fishing

· Aquaculture

· Seafood processing

· Water transportation (shipping, cruise ships, ferries)

· Tourism and recreation

· Construction

· Shipbuilding and repair

· Government, research, and ENGO

As the NB Ocean Sector Report did not contain information specific to the MRPA, information for the whole Fundy region for the activities fishing, aquaculture, seafood processing, and tourism and recreation, was assumed to be mostly attributable to the MRPA. Water transportation was excluded as over 80% of all tonnage was the shipping of petroleum products to and from Saint John Harbour. The construction activity was excluded as most economic activity was the result of the building of the Canaport LNG facility in Saint John. The shipbuilding and repair activity was excluded because of errors with the information in the NB Oceans Sector Report. (It also contributed a very small amount of economic activity to the Fundy Region from 2003 to 2008.) Finally, the government, research, and ENGO activity was excluded as it was not an activity included in the OHI U.S. West Coast regional study methodology.

Manipulation of data
The information contained in the NB Ocean Sector Report required manipulation for the following two OHI U.S. West Coast regional study metrics: 

· Number of jobs in each ocean activity (occupation) for as current year as possible and last five years for the MRPA.
· GDP for each ocean activity for as current year as possible and last five years for the MRPA.
Appendix C of the NB Oceans Job Report provided information on the GDP and jobs (FTE (full time equivalent)) for each ocean activity for each year from 2003 to 2008. However, it provided this information for the province as a whole rather than for the Fundy and Gulf regions separately. The only year for which the information was provided separately for each region was 2008 (see below).

Table 2: Commercial fisheries economic impacts (2008)
	Fundy
	Gulf
	Total

	
	Direct
	Spin-off
	Total
	Direct
	Spin-off
	Total
	Direct
	Spin-off
	Total

	GDP ($000s)
	32,795
	12,804
	45,599
	78,345
	30,588
	108,933
	111,140
	43,393
	154,532

	Employment (FTE)
	496
	207
	703
	1,185
	494
	1,680
	1,682
	701
	2,383

	Income ($000s)
	20,913
	8,289
	29,202
	49,959
	19,802
	69,761
	70,872
	28,091
	98,963


Source: Statistics Canada input-output model.
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Appendix C: Impacts by Activity, 2003 - 2008
	Impacts
	Commercial Fisheries
	Aquaculture
	Seafood Processing Excl Inputs*
	Water Transport

	
	Direct
	Spinoff
	Total
	Direct
	Spinoff
	Total
	Direct
	Spinoff
	Total
	Direct
	Spinoff
	Total

	GDP  $000s

	2003
	121,375
	47,389
	168,763
	58,346
	50,460
	108,806
	188,626
	68,396
	257,021
	61,628
	34,383
	96,011

	2004
	133,512
	52,128
	185,639
	56,114
	48,529
	104,643
	168,761
	61,193
	229,954
	64,610
	36,047
	100,657

	2005
	141,417
	55,214
	196,631
	71,460
	61,801
	133,261
	171,982
	62,361
	234,342
	67,592
	37,711
	105,303

	2006
	105,474
	41,181
	146,655
	NA
	NA
	NA
	175,903
	63,782
	239,685
	59,640
	33,274
	92,914

	2007
	122,258
	47,734
	169,992
	57,602
	49,816
	107,418
	146,235
	53,025
	199,260
	63,616
	35,492
	99,108

	2008
	111,140
	43,393
	154,532
	61,477
	53,168
	114,645
	165,000
	59,829
	224,829
	63,428
	35,388
	98,816

	Employment FTE

	2003
	1,836
	766
	2,602
	864
	861
	1,725
	4,197
	1,344
	5,541
	1,046
	674
	1,720

	2004
	2,020
	842
	2,862
	831
	828
	1,659
	3,755
	1,203
	4,958
	1,097
	707
	1,803

	2005
	2,140
	892
	3,032
	1,059
	1,055
	2,113
	3,827
	1,226
	5,052
	1,147
	739
	1,886

	2006
	1,596
	665
	2,261
	NA
	NA
	NA
	3,914
	1,254
	5,168
	1,012
	652
	1,664

	2007
	1,850
	771
	2,621
	853
	850
	1,703
	3,254
	1,042
	4,296
	1,080
	696
	1,775

	2008
	1,682
	701
	2,383
	916
	913
	1,829
	3,671
	1,176
	4,847
	1,077
	694
	1,770

	Income $000s

	2003
	77,398
	30,678
	108,076
	24,320
	25,967
	50,287
	132,038
	43,761
	175,799
	62,868
	42,760
	105,628

	2004
	85,138
	33,746
	118,884
	23,390
	24,973
	48,363
	118,133
	39,153
	157,285
	65,910
	44,829
	110,739

	2005
	90,179
	35,744
	125,922
	29,787
	31,803
	61,590
	120,387
	39,900
	160,287
	68,952
	46,898
	115,850

	2006
	67,259
	26,659
	93,918
	NA
	NA
	NA
	123,132
	40,809
	163,941
	60,840
	41,381
	102,221

	2007
	77,962
	30,901
	108,863
	24,010
	25,636
	49,646
	102,365
	33,927
	136,291
	64,896
	44,140
	109,036

	2008
	70,872
	28,091
	98,963
	25,781
	27,526
	53,307
	115,500
	38,280
	153,780
	64,708
	44,010
	108,718


Source: StatCan I-O model. *Seafood processing spinoffs and totals avoid double counting fisheries and aquaculture inputs.

To calculate the GDP and jobs (FTE) for the years 2003 to 2007, the percentage contribution of the Fundy region to the provincial total in 2008 was applied to the earlier years. For example:

· Provincial direct GDP from commercial fisheries in 2008 = $111,140,000.

· The Fundy region direct GDP from commercial fisheries in 2008 = $32,795,000.

· Therefore, 29.5% of the provincial commercial fisheries 2008 GDP came from the Fundy region. 
· $121,375,000 (provincial commercial fisheries 2003 GDP) X 29.5% = $35,815,126 commercial fisheries 2003 GDP for the Fundy region.
Selection of different metric
The OHI U.S. West Coast regional study methodology requires the following data:

· Per capita average annual wage for each ocean activity for as current year as possible and last five years for the MRPA.
· Per capita annual provincial wage for as current year as possible.
This data was not available from the NB Ocean Sector Report, so a new metric was calculated for substitution into the OHI U.S. West Coast regional study methodology, being the yearly contribution of each job (FTE) to GDP for the MRPA and the province. For example, in 2008, the average commercial fishery job (FTE) in the MRPA contributed $66,118.96 to the MRPA’s 2008 commercial fishery GDP. For tourism and recreation, the 2008 average was $30,766.58 of GDP per job (FTE). The provincial average in 2008 was $84,685.70 of GDP per job (FTE). In other words, an ocean job in the MRPA was not as economically productive as the average job in New Brunswick.

Note that to determine the number of FTE jobs in New Brunswick, the amount of full-time and part-time jobs had to be combined. Statistics Canada considers a full-time job to be 30 hours or more. To convert part-time to FTE jobs, the average number of part-time hours was first calculated. This was then multiplied by the number of part-time workers to arrive at the total part-time hours work. This was then divided by 30 hours, resulting in the number of FTE jobs. For example in 2008, there were 56,800 part-time workers in NB who worked on average 17.5 hours/week. In total they worked 992,738 hours, the equivalent of 33,091 FTE jobs. (Data from CANSIM Tables 282-002 and 282-0027.)
APPENDIX 5: Report: Calculation of fisheries sub-goal present status score
Calculation of the food provision index 

for the Western Scotian Shelf and Bay of Fundy 

(NAFO division 4X).

Sylvie Guénette
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Introduction

Bay of Fundy Ecosystem Partnership (BoFEP) has initiated a project to recalculate the Ocean Health Index score for the Western Scotian Shelf and Bay of Fundy (NAFO Division 4X). This report documents the project section focusing on wild-caught fisheries status in the region. The mandate was to aim at using a similar methodology as that used for the coast of the western U.S. (California, Oregon, Washington), adapted to Canadian available data and assessments. Reference points were derived based on 3 methods: stock assessment, survey indices, and catches. Stock scores were mainly calculated using biomass indices (B/Bmsy). This report compiles data, results using various methods, and explores sources of uncertainty. 

Methods

Data

I used landings for NAFO division 4X which straddles Nova Scotia and New Brunswick. The summary of catches provided by DFO for this work did not correspond to what I had for some species (e.g. herring, cod and halibut) and were often too aggregated to be useful (e.g. other finfish includes 26 taxa among which: mackerel, swordfish, tuna, sharks etc.). Thus, catches were extracted from stock assessment documents or taken from an extraction of catches from DFO databases used in a previous project (de Araujo, 2010, DFO, Dartmouth, pers. comm.). This has 2 implications. 1. catches from stock assessments documents sometimes included 5Y depending on the stock structure (e.g. white hake, western pollock). 2. species landings from the catch data I had obtained in 2010 stop in 2008 while landings from stock assessments are compiled up to 2008-2013 (except for cusk: 2006). Thus the present calculation represents the period 2008-2013, depending on the source of the landings, stock assessment or 2010 landing extraction from the database. 

Biomasses were extracted from stock assessment documents or from DFO survey biomass index D. Clark, 2015, pers. comm., published in DFO 2013()
. The distribution range of some stocks is larger than the study area (e.g. tuna, swordfish, halibut, sharks) and reference points convey the entire stock status without indication of possible changes in the study area due to changes in behaviour, for instance. The importance of a stock in the study area is based on the long-term average of catches in 4X or 4X/5Y as available. Details on the species/stocks used in the analysis are listed in Table 1 while stocks for which no information was available are listed in Table 2.

Indices and reference points

The global Ocean Health Index (OHI) 2013 Lowndes Stewart et al. 2014()
 used catches and biomass data and reference points within each Exclusive Economic Zone (EEZ) to calculate an index of health. The biomass indices are typically derived from the ratio of current catch (yield, Y) and the yield at maximum sustainable yield (MSY) using the method described in Martell and Froese 2013()
. The ratio Y/MSY is then transformed into B/Bmsy Froese et al. 2012()
 used to characterise the stock status, utilizing:

B/Bmsy = 1 ± (1- Y/MSY)0.5 







equation 1

For the data-rich US west coast, reference points were derived from stock assessment and both ratios B/Bmsy and F/Fmsy were used in the calculation of the food provision score Halpern et al. 2014()
.  Given data limitations and lack of estimates for Fmsy and/or F in Canadian stock assessments, I used mainly B/Bmsy while F/Fmsy was included in one occasion only.

Reference points are preferably based on the stock assessments published by the Canadian Department of Fisheries and Oceans. Following the precautionary approach, Canadian reference points can be based on analytical assessments or on rule-based criteria see Box 1 and DFO 2012c()
. In absence of reference points for a stock, I used DFO survey biomass indices to derive ad hoc reference points inspired from the rules listed in Box 1, and chosen in order of preference, as follows: 

the average survey biomass index of a productive period was used as a proxy for Bmsy. 

In absence of a discernable productive period, 50% of the maximum historical biomass was used as a proxy Bmsy. 

When biomass index has been increasing over time (e.g. barndoor, little and winter skates) the long-time series average was used. 

[image: image23.png]


Biomass indices and reference points were obtained using all possible methods: stock assessments, surveys, and catches (Y/MSY). For comparison purposes, B/Bmsy based on the surveys were calculated for the same years as that of the stock assessment and for current years i.e. the 2012-2014 average biomass. The latter was kept for calculating the Fisheries provision score. 

Stock score calculation

The stock score calculation for fisheries includes 2 forms of penalty for biomass indices. A stock score is low when B/Bmsy is lower than 1, indicating overfishing, while an underfished species (B/Bmsy >1) is also penalised but in a lesser proportion. The 2013 global OHI assessment set a 5% threshold below or above B/Bmsy=1 to account for normal fluctuations in stock biomass so that stocks were underfished when B/Bmsy ≥ 1.05 and overfished when B/Bmsy< 0.95. However, in agreement with Halpern et al. 2014()
, I took the perspective that a stock not fished at MSY is not endangered and it is easier to increase fishing than reduce it 
 ADDIN EN.CITE 

(Halpern et al. 2014, Lowndes Stewart et al. 2014)
. In addition, there should be a lower penalty for stocks experiencing exceptionally productive years (e.g. lobster).  Thus equations 2-5 are taken from the west coast of the US 
 ADDIN EN.CITE 

(Halpern et al. 2014, Lowndes Stewart et al. 2014)
.

Individual stock scores (SS) were equal to the biomass index (B’) obtained from:

[image: image24.png]



B’= B/Bmsy


when B/Bmsy< LT





B’= 1



when LT ≥ B/Bmsy ≤ T



equation 2
B’= max(1-α(B/Bmsy - T), β)
when B/Bmsy > T 
where T = the upper threshold beyond which there is penalty for being underfished, set at 1.5;

LT= the lower threshold, set at 0.95

α =  is the penalty for being underfished and is set at 0.5, meaning that underfished stocks are half as penalised as overfished stocks;

β = is the minimum score that an underscore fish can obtain and set at 0.25. 

 On the west coast of the US, the score was based on both biomass (B’) and on fisheries mortality (F/Fmsy) ratios supplementary material Halpern et al. 2014()
. The former indicates the level of depletion and the latter the level of exploitation. Thus a species with a biomass larger than Bmsy and low F/Fmsy would receive lower scores as they are underexploited and the low rate of fishing is unlikely to lead to a lower ratio B/Bmsy. 

The rules of attribution of a fishing index F’ (see equation 3) depends on both the ratio F/Fmsy and the value of B/Bmsy Halpern et al. 2014()
. I modified rule 3g by increasing the upper threshold from 2.5 to 3.1 to cover the observed Scotian Shelf range for B/Bmsy.
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	equation 3


Unfortunately, for the stocks reviewed here, the emphasis has been put on B/Bmsy in most Canadian stock assessments and although the values of F and Fmsy estimated have been compiled, they were not always available for all stocks and thus, could not systematically be included in the calculation of the fisheries provision score. 

The ratio F/Fmsy was calculated for only 9 of the 26 stocks considered, including bluefin tuna.  For this species, it was necessary to use F’ because the estimation of Bmsy and Fmsy varied with scenarios of recruitment level in the stock assessment document, yielding either large B/Bmsy and low F/Fmsy or the inverse. Using both estimates of F/Fmsy and B/Bmsy led to similar values of Stock Score (0.54 and 0.58, the latter was used in the rest of the analysis; see Table 3). When using both B’ and F’, the stock score SS is the simple average:

SS= (F’ +B’)/2 









equation 4

The average score for fisheries provision (XFIS) is the average of all species i scores weighted using the average long-term catch for a species ([image: image8.png]


 ) for the whole time series available (since 1953) such that:
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equation 5

Scenarios for uncertainty

Given data restrictions, the biomass index (B’) could be calculated based on one or several methods in order of preference: stock assessment-based reference points (iB1), survey-based (iB2), Y/Ymsy (iB3).  The first stock score (SS1) was based on the higher rank method available in the order of preference (Table 3). For comparison purposes, SS has been calculated using both B’ and F’ (SS2) when possible. In absence of formal uncertainty measurements for each stock score, several scenarios were devised to give an idea of the uncertainty. In addition to the two previous methods, minimal and maximal stocks scores were compiled into 2 arrays: SSH= max(SS1, SS2, SS3) and SSL= min(SS1, SS2, SS3) (Table 4). For stocks without SS2 value, SS1 was used to complete the array in order to calculate XFIS. The species with the largest average catch, herring, cod, haddock, and pollock (see wi in Table x) were removed one at a time to assess the effect on the global score XFIS. The impact of changes in scores for herring was also explored by substituting the calculated SS1 with a lower value (0.1) and two higher value (0.4; a value close to other stock average). Finally, the parameters used in equation 2 (T, LT and α) were modified in turn to determine their effect on XFIS. 

Results

It was possible to evaluate the status of 26 stocks (Table 1) for which the average catch over the time series sums up to  177,413 t while it was not possible to characterise 11 taxa accounting for 27,823 t  (mostly scallops) or 14% of the total catch (see Table 2). 

Stock scores

Reference points were based on analytical methods for 8 species (cod, halibut, haddock, porbeagle shark, dogfish, swordfish, bluefin tuna, mackerel) and based on stock assessments.  The biomass indices for 7 others (pollock, white hake, American plaice, Brown Bank scallops, mackerel, lobster, redfish) were derived using historical biomass to estimate Bmsy (empirical rule #2, Box 1) (see Table 3). An additional 11 species (skates, flounders, wolfish), totalling 2,887 t, were characterized based on the ad hoc method described above, using survey historical biomasses as a proxy for Bmsy.  It was possible to calculate the ratio F/Fmsy for 9 stocks (iF1, Table 4). Attempts to calculate Y/MSY were made for 12 taxa but it was impossible to obtain estimates for stocks that show continually increasing catches (e.g. lobster) or for species for which other factor than fisheries influence the stock dynamics (e.g. herring and changes in production). 

In the case of herring, the virtual population analysis (VPA)-based assessment was rejected in 2011, with no other valid analytical assessment replacing it DFO 2011b()
. Current management is based on acoustic survey biomass using recent biomass as the lower reference point; there is no available estimate of Bmsy. I used an older virtual population analysis VPA, Power et al. 2010()
 to determine the 2009 population biomass and used the estimated population biomass of the 1970-1993 period as Bmsy. Given that herring is not well represented in bottom trawl surveys it was not possible to use survey biomass nor was it possible to estimate Y/MSY. Nevertheless, given that herring represent long-term average landings of 106 thousand tonnes, i.e. 50% of the average total catch for the region, it was important to characterise the population status albeit imperfectly. In absence of species-specific catches for skates, the stock score calculated as the average B/Bmsy computed by species weighted with the species-aggregated long-term catch average. 

More than half (15/26) of stock scores (SS1) are distributed in lower values (0.2-0.6) among which are herring, cod, pollock plaice and some of the lobster stocks (Table 3, Figure 1). Less than a fourth (6/26) obtained the higher scores (>0.8, swordfish, dogfish, scallops, winter flounder, halibut and lobster LFA34). Wolfish obtained the lower score. The coefficient of variation for B/Bmsy ratios (standard deviation/average) is relatively high (22-113%), conveying the importance of interannual variation in annual biomass estimates, and differences among methods used to derive biomass indices. For instance, the values obtained from the catch analysis (iB3 in Table 4) are systematically lower than that obtained from stock assessments (iB1) and surveys (iB2). 

OHI scores 

Stock scores derived from the higher ranked method (SS1) using biomass indices (B’) only is generally higher than the stock scores SS2 which include F’ (Table 4). Thus, the OHI score XFIS calculated using the US West Coast methodology and SS1 is 32. This decreased to 24 when using SS2 for available 9 stocks and SS1 for the 17 others. Using only the highest SS values (SSH) XFIS=33 is close to that using SS1, which is understandable because the stock assessment stock scores based on assessments were generally the highest, and the values of only 2 stocks were modified. Using the lowest values (SSL) led to the lowest XFIS value. Removing herring from the calculations results in XFIS increasing to 46, while the removal of the 3 other species results in very small changes (0.5-4.5%; Table 5). Similarly, substituting herring SS1 for higher and lower values results in large changes in XFIS consistent with the importance of this species (25-43; Table 4). Changes in equation 2 parameters lead to very small variations in XFIS because these changes would only modify lobster scores, their B/Bmsy being larger than 1.5. 

Discussion

The present estimation is based on the NAFO divisions reported catches, stock assessment and survey biomasses. Despite the uncertainty in reference points for several stocks, the localised data is bound to be an improvement over the 2013 global status model which uses FAO catches spatially allocated to half-degree cells within the Canadian EEZ. Nevertheless, there is room for improvement in the score calculation. The most important source of uncertainty is the score attributed to herring because of its large biomass.  Given the historical series of catches and perception of stock abundance from previous stock assessments, and availability of juveniles to inshore fisheries, it is however unlikely that herring stock score approaches 1. The scores for several species were approximated and unfortunately skates species had to be grouped because of aggregated catches. For instance, the lack of species disaggregated catches prevented from using the individual biomass trends for skates. Finally, 14% of the catch was composed of taxa I could not find data for. 

Examination of the OHI report tables for the Maritimes show that there is no score (=0) for fishery status for New Brunswick and Prince Edward Island, and low for Newfoundland(9) and Nova Scotia (4) https://github.com/OHI-Science/can/tree/draft/subcountry2014/reports/tables.  I interpret the discrepancies to problems with problems with the catch spatial distribution. 
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Table 1. List of stocks/species included in the analysis, their status and comments. 

	Species
	Latin name
	Known status and comments

	 SEQ CHAPTER \h \r 1Atlantic cod 
	Gadus morhua
	Critical. Low population biomass, high mortality of adults from unknown origin. 

	Pollock 
	Pollachius virens
	Cautious. This concerns the western component of 4X, faster growing than the eastern component. High variability in surveys especially since the mid -2000s due in part because of semi-pelagic schooling behaviour DFO 2015()
. 

	Cusk
	Brosme brosme
	Endangered. By-catch in longline groundfish fishery Harris and Hanke 2010()
. 

	Atlantic Halibut 
	Hippoglossus hippoglossus
	Healthy (Not at risk). Current high productivity due to recruitment DFO 2012c()
.

	White hake
	Urophycis tenuis
	Cause for concern. No analytical assessment, low catch, higher level of adult mortality of unknown source Guénette and Clark 2015()
. 

	Haddock 
	Melanogrammus aeglefinus
	Cautious. Given the ongoing mortality of the strong 2006 year class, followed by two poor year classes (2007, 2008), and limited growth of 4+ fish, it is expected that SSB would decline in 2013 and 2014 without any fishing DFO 2012b()
.

	Porbeagle shark 
	Lamna nasus
	Critical. Population of the northwest Atlantic Campana et al. 2009()
. 

	Herring 
	Clupea harengus
	Cautious. There is no analytical assessment and thus no current estimate of F0.1. Management based on comparison with limit reference point defined as the acoustic survey biomass for 2005-2010 German Bank and Scots Bay spawning components. Several biological objectives have also been set see Singh et al. 2014()
. Declining trends in mean-weight at age since the 1970’s have reduced productivity of the stock. Some rebuilding of the spawners biomass in Scots Bay but not in German Bank, the main spawning area Singh et al. 2014()
.

I used an older assessment model to give an idea of the level of depletion compared to productive years. 

	American plaice
	Hippoglossoides platessoides
	No information on status of 4X stock.

The model regards all of 4VWX American plaice as one population, such that the reference points are intended to sustain the population as a whole. However, American plaice in 4X/5 (Bay of Fundy) are marginal to the population distribution, thus the indicators of stock status cater mostly to 4VW American plaice Fowler 2012()
.

	Redfish 
	Sebastes fasciatus
	No information on status of 4X stock.

The analytical assessment considers only the Eastern Scotian Shelf while the survey aggregates 4X and 4VW so they were not used here. Only catches were specific to 4X. 

	Lobster 
	Homarus americanus
	Healthy. Present catches are higher than the long-term median used as reference. Landings have been used as a proxy for biomass because the exploitation rate is high (removing 60-90% of legal size lobsters each year) and other lines evidence Tremblay et al. 2012()
. Lobster stocks have been resilient in the face of high estimates of exploitation rates for at least 30 years. During this period, lobster abundance has increased substantially. This is likely due to a combination of sound conservation measures and favourable conditions for lobster recruitment and survival in the last 30 years Tremblay et al. 2012()
.

	Dogfish 
	Squalus acanthias
	Not overfished.

Although the dogfish stock straddles US and Canadian waters, the assessment was carried with US data only Rago and Sosebee 2010()
. The Canadian summer survey occurs when adult females move inshore and become catchable Campana et al. 2007()
. The species is structured in metapopulations irregularly present in certain areas depending on the years, which means that the abundance index in 4X may not be an indication of the trend in population abundance as much as an indicator of its presence in the area. The Canadian survey shows an increase in abundance since the 1970s, which is consistent with fishermen complaining since the late 1990's that dogfish abundance was much higher than in the past (D. Clark, 2010, DFO, pers. comm.) and that dogfish were regularly observed in large numbers around purse seines being emptied (M. Power, DFO, 2010, pers. comm.), constituting the main by-catch in the herring fishery Power 2006()
. However, this problem subsided starting in 2005. As a consequence, catches in 4X were not used to derive MSY.

	Swordfish 
	Xiphia gladius
	Healthy. Stock distributed in the North Atlantic, not just 4X. 

	Mackerel
	Scomber scombrus
	Stock distribution ranges US waters to the Gulf of St. Lawrence and Newfoundland. This biomass decrease, reaching a low level in 2001 was caused by a lack of recruitment combined with historically higher-than-sustainable fishing mortalities DFO 2012a()
. 

	Bluefin tuna
	Thunnus thynnus
	Stock has been rebuilding in recent years ICCAT 2014()
. 

Bluefin tuna reaches Canadian waters in the course of its annual migration only as adults (age 6+) and are believed to be present in the 4X region for about 4 months a year, from July to October (John Nielson, 2010, DFO, St. Andrews, unpublished data).

	Scallops (offshore)
	Placopecten magellanicus
	Browns Bank stock only (offshore). 

	Witch flounder
	Glyptocephalus cynoglossus
	No assessment. Survey-based only

	Yellowtail flounder
	Limanda ferruginea
	No assessment. Survey-based only

	Wolffish
	Anarchichas lupus
	Threatened. Score estimated from by-catches only.

	Monkfish
	Lophius americanus
	No assessment. Survey-based only

	Longhorn sculpin
	Myoxocephalus octodecimspinosus
	No assessment. Survey-based only

	Smooth skate
	Malacoraja senta
	No assessment. Survey-based only

	Thorny skate
	Leucoraja ocellata
	No assessment. Survey-based only

	Barndoor skate
	Dipturus laevis
	No assessment. Survey-based only

	Winter skate
	Amblyraja radiata
	No assessment. Survey-based only

	Little skate
	Raja erinacea
	No assessment. Survey-based only


Table 2. List of species/stocks not included in the analysis for lack of data, and the mean long-term catch.

	Species
	Latin name
	Known status and comments. 
	Mean catch (t)

	Inshore scallops
	Placopecten magellanicus
	Reference points for inshore stock need further work Smith and Hubley 2012()
.
	14,398

	Gaspareau 
	Alosa pseudoharengus
	Reports on abundance in a few rivers in Nova Scotia only. Anadromous species.
	--

	salmon
	Salmo salar
	Some reference points expressed as number of eggs per m2 of river, not in terms of population numbers. Anadromous species. 
	--

	American eels and elvers 
	Anguilla rostrata
	Medium concern for Atlantic coast of Nova Scotia and Bay of Fundy Chaput et al. 2014()
. 

Catadromous species. Commercial fishing, turbine mortality and physical obstruction to freshwater habitats are threats to eel recovery Cairns et al. 2014()
. At the present time, a substantial portion of New Brunswick fresh waters are located upstream of artificial barriers. Standing stock indices have declined by 58% in the last 28 years and 38% in the last 16 years Cairns et al. 2014()
. No recovery target has been defined. 
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	Striped bass
	Morone saxatilis
	Endangered.

No information
	--

	Silver hake 
	Merluccius bilinearis
	Assessment cover only 4VW, excluding the western 4X and BoF which is closer to Gulf of Maine than fish from the Eastern Scotian Shelf Stone et al. 2013()
. 
	4,325

	Tilefish
	Lopholatilus chamaeleonticeps
	
	2

	Crabs
	including snow crab (Chionoecetes opilio)
	there is only marginal habitat for snow crab in 4X Cook et al. 2014()
. 
	720

	shrimps
	Pandalus borealis
	very marginal habitat in 4X Hardie et al. 2011()

	59

	unidentified groundfish
	
	
	999

	other pelagics
	
	
	2,701

	echinoderms
	
	
	1,069

	squids
	
	
	866

	bivalves
	
	
	1,710

	gastropods
	
	
	89

	Total
	
	
	27,863


 Table 3 Compilation of reference points, current biomass, type of biomass, and F by species, results from the Y/MSY method Martell and Froese 2013()
, B/Bmsy based on assessment (iB1), on surveys (iB2) and from the method Y/Ymsy (iB3; showing the estimated intrinsic rate of growth (r),unfished population size (K),and MSY and the estimated Y/Ymsy and the corresponding B/Bmsy), F/Fmsy when available, mean long-term catch (meanC), and resulting F’, B’ and stock scores (SS1). Column s contains codes for sources and column c codes for comments. SSB= Spawning stock biomass, Tbiom= total biom, cpue = catch per unit effort.  Refpts refers to the stock assessment and the summary of reference points documents; na= not available, ne= not estimated.

	 SEQ CHAPTER \h \r 1
Species



	type
	region
	Reference points
	Current biomass
	Catch-based (Y/Ymsy)
	B/Bmsy ed on
	F/Fmsy
	meanC
	Results

	
	
	
	Bmsy
	Fmsy 
	s
	model
	Biom
	F
	Year 
	model
	units
	c
	K
	r
	MSY
	MSY (-2SD)
	 MSY +2SD)
	Y/MSY
	minB/BMSY
	iB1
	iB2
	iB3
	
	
	F'
	B'
	SS1

	Atlantic Cod 
	Refpts
	 4X5Yb
	60000


	0.2
	a
	t
	10600
	0.34
	2008
	n, aq
	SSB
	
	
	
	
	
	
	
	
	0.18
	
	
	1.70
	17,067
	
	0.18
	0.18

	
	y/msy
	 4X5Yb
	145072
	
	
	
	
	
	
	
	
	
	290143
	0.271
	19667
	18262
	21181
	0.21
	0.11
	
	
	0.11
	
	
	
	
	

	
	survey
	4X
	22017
	
	b
	u
	3278
	
	2008
	b
	Tbiom
	
	
	
	
	
	
	
	
	
	0.15
	
	
	
	
	
	

	
	survey
	4X
	
	
	b
	u
	2613
	
	2012-14
	b
	Tbiom
	
	
	
	
	
	
	
	
	
	0.12
	
	
	
	
	
	

	Pollock (western component) 
	Refpts
	 4Xopqrs5 
	39000
	na
	c
	v
	11426
	ne
	2012-14
	b
	Tbiom
	ba
	
	
	
	
	
	
	
	0.29
	
	
	ne 
	10,643
	
	0.29
	0.29

	
	y/msy
	 4Xopqrs5 

	
	
	
	
	172243
	0.3
	12926
	10272
	16267
	0.25
	0.13
	
	
	0.13
	
	
	
	
	

	Cusk
	Refpts
	maritimes
	33
	
	a,d
	x
	18
	ne
	2009-11
	a, ar
	cpue,

x
	
	
	
	
	
	
	
	
	0.55
	
	
	ne 
	2,895
	
	0.55
	0.55

	
	y/msy
	4X5ze
	
	
	
	
	
	
	
	
	
	
	98748
	0.12
	2955
	1897
	4605
	0.06
	0.03
	
	
	0.06
	
	
	
	
	

	Atlantic Halibut 
	Refpts 
	 3NOPs4

VWX+5 
	4900
	0.36
	a
	y
	6527
	0.2
	2009
	o, as
	SSB
	bb
	
	
	1945
	
	
	
	
	1.33
	
	
	0.56
	508
	
	1.00
	1.00

	
	y/msy
	4X
	
	
	
	
	
	
	
	
	
	
	26110
	0.0621
	406
	213
	773
	1.17
	ne 
	
	
	>1
	
	
	
	
	

	White hake
	RPA
	4X
	17167
	ne
	e
	z
	8426
	ne
	2014
	e, at
	SSB
	at
	
	
	
	
	
	
	
	0.49
	
	
	ne
	4,809
	
	0.49
	0.49

	
	survey
	4X
	
	
	
	
	7207
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	0.42
	
	
	
	
	
	
	

	
	y/msy
	4X/5
	
	
	
	
	
	
	
	
	
	
	154396
	0.117
	4499
	3097
	6535
	0.13
	0.07
	
	
	0.13
	
	
	
	
	

	Haddock 
	Refpts
	 4X5Y 
	52000
	0.43
	f
	y
	33313
	0.12
	2006-08
	l, au
	SSB
	bc
	
	
	14700
	
	
	
	
	0.64
	
	
	0.28
	12,349
	
	0.64
	0.64

	
	survey
	4X
	
	
	
	aa
	48270
	
	2006-08
	b
	Tbiom
	
	
	
	
	
	
	
	
	
	0.82
	
	
	
	
	
	

	
	survey
	4X
	58785
	
	
	aa
	36148
	
	2012-14
	b
	Tbiom
	
	
	
	
	
	
	
	
	
	0.61
	
	
	
	
	
	

	
	y/ymsy
	4X5Y
	
	
	
	
	
	
	
	
	
	
	234871
	0.27
	15842
	13495
	18598
	0.36
	0.20
	
	
	0.20
	
	
	
	
	

	Porbeagle shark 
	assess
	 NW Atl.
	27945
	0.04-0.08
	g
	ab
	11339
	<0.03
	2009
	g, av
	SSN, bd
	bi
	
	
	
	
	
	
	
	0.41
	
	
	0.18
	
	
	0.41
	0.41

	Herring 
	assess
	 5Y5Z
	292804
	0.228
	h
	ac, ad
	63472
	0.7
	2009
	h, aw, ax
	SSB
	
	
	
	
	
	
	
	
	0.22
	
	
	3.07
	105,874
	
	0.22
	0.22

	
	y/ymsy
	
	
	
	
	
	
	
	
	
	
	
	
	
	ne, bg
	
	
	
	
	
	
	
	
	
	
	
	

	American plaice
	survey
	4X
	2414.41
	
	
	ae
	534.571
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.22
	
	na
	1,044
	
	0.22
	0.22

	
	y/msy
	4X/5
	
	
	
	
	
	
	
	
	
	
	29856
	0.112
	837
	578
	1211
	0.29
	0.15
	
	
	0.15
	na
	
	
	
	

	Redfish 
	y/msy
	
	
	
	
	
	
	
	
	
	
	
	104476
	0.241
	6292
	5463
	7248
	0.61
	0.38
	
	
	0.61
	
	5,048
	
	0.61
	0.61

	Lobster 
	Refpts
	LFA34
	11071
	ne
	a
	af
	19620
	
	
	p
	Tbiom
	be
	
	
	ne, bh
	
	
	
	1.77
	
	
	ne
	7,560
	
	0.86
	0.86

	
	Refpts
	LFA35
	731
	ne
	a
	af
	1982
	
	
	p
	Tbiom
	be
	
	
	ne, bh
	
	
	
	2.71
	
	
	ne
	428
	
	0.39
	0.39

	
	Refpts
	LFA36
	666
	ne
	a
	af
	1506
	
	
	p
	Tbiom
	be
	
	
	ne, bh
	
	
	
	2.26
	
	
	ne
	447
	
	0.62
	0.62

	
	Refpts
	LFA 38
	648
	ne
	a
	af
	1851
	
	
	p
	Tbiom
	be
	
	
	ne, bh
	
	
	
	2.86
	
	
	ne
	559
	
	0.32
	0.32

	Dogfish 
	assess
	US stock 
	159288
	0.207
	i
	ag
	163256
	0.11
	2009
	i, q, ay
	SSB, bd
	
	
	
	
	
	
	
	
	1.02
	
	
	0.53
	821
	
	1.00
	1.00

	Swordfish 
	assess
	North Atlantic
	65
	0.21
	j
	ah
	
	
	
	j, av
	T biom
	
	
	
	
	
	
	
	
	1.14
	
	
	0.81
	88
	
	1.00
	1.00

	Bluefin tuna
	low R
	W Atl
	13226
	0.2
	k
	ai
	27966
	
	
	r, aw
	SSB
	
	
	
	
	
	
	
	
	2.13
	
	
	0.32
	184
	0.40
	0.68
	0.54

	
	high R
	W Atl
	63102
	0.08
	k
	aj
	
	
	
	r, aw
	SSB
	
	
	
	
	
	
	
	
	0.44
	
	
	0.84
	
	0.73
	0.43
	0.58

	Mackerel
	assess
	NW Atl
	440021
	0.217
	m
	ak
	103405
	0.66
	2008
	m, az
	SSB, bd
	
	
	
	
	
	
	
	
	0.24
	
	
	3.04
	3,503
	
	0.24
	0.24

	
	y/msy
	4X
	
	
	
	
	
	
	
	
	
	
	56743
	0.269
	3817
	3507
	4154
	0.10
	0.05
	
	
	0.05
	
	
	
	
	

	Scallops
	Refpts
	Browns Bank
	7281
	ne
	a
	al
	9096
	0.024
	2010
	s
	Biom, bf
	bb
	
	
	
	
	
	
	
	1.25
	
	
	
	593
	
	1.00
	1.00

	Winter flounder
	survey
	4X
	3557
	ne
	b
	am
	5138.74
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	1.44
	
	
	902
	
	1.00
	1.00

	
	y/ymsy
	
	
	
	
	
	
	
	
	
	
	
	
	ne, bg
	
	
	
	
	
	
	
	
	
	
	
	

	Witch flounder
	survey
	4X
	1797
	ne
	b
	am
	1064.19
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.59
	
	
	420
	
	0.59
	0.59

	
	y/msy
	
	
	
	
	
	11442
	0.124
	356
	256
	496
	none
	
	
	
	
	
	
	
	
	

	Yellowtail flounder
	survey
	4X
	651
	ne
	b
	am
	184.281
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.28
	
	
	134
	
	0.28
	0.28

	
	y/msy 
	
	
	
	
	
	
	ne, bg
	
	
	none
	
	
	
	
	
	
	
	
	

	Wolffish
	survey
	4X 
	2017
	ne
	b
	am
	114.482
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.06
	
	
	674
	
	0.06
	0.06

	
	y/msy
	bycatch 
	
	
	
	
	
	
	
	
	
	
	26196
	0.108
	709
	508
	989
	0.04
	0.02
	
	
	0.02
	
	
	
	
	

	Monkfish
	survey
	4X 
	2181
	ne
	b
	am
	683.728
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.31
	
	
	538
	
	0.31
	0.31

	Longhorn sculpin
	survey
	4X 
	2798
	ne
	b
	am
	1314.03
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.47
	
	
	95
	
	0.47
	0.47

	Smooth skate
	survey
	4X
	834
	ne
	b
	an
	259
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.31
	
	
	
	
	
	

	Thorny skate
	survey
	4X
	7936
	ne
	b
	ao
	287
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.04
	
	
	
	
	
	

	Barndoor skate
	survey
	4X
	1764
	ne
	b
	ap
	1700
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.96
	
	
	
	
	
	

	Winter skate
	survey
	4X
	1131
	ne
	b
	ap
	1035
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	0.92
	
	
	
	
	
	

	Little skate
	survey
	4X
	904
	ne
	b
	ap
	1087
	
	2012-14
	
	Tbiom
	
	
	
	
	
	
	
	
	
	1.20
	
	
	
	
	
	

	avg skate
	survey
	4X 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.41
	
	
	124
	
	0.41
	0.41

	Notes

a. DFO 2012c()
;  b. DFO survey DFO 2013()
;  c. DFO 2011c()
;  d. Harris and Hanke 2010(, Harris et al. 2012)
;  e. Guénette and Clark 2015()
;  f. DFO 2012b()
; 

g. Campana et al. 2009()
;  h. Power et al. 2010()
;  i. Rago and Sosebee 2010()
;  j. ICCAT 2013()
 table 17;  k. ICCAT 2014()
 table 14   l. Mohn et al. 2010()
;  m. Grégoire and Maguire 2010()
;  n. Clark et al. 2011()
; 

o. Trzcinski et al. 2011()
;  p. Smith et al. 2012()
;  q. TRAC 2010()
;  r. ICCAT 2014()
;  s. DFO 2011a()
; 

t. BH S-R, 1970-2007;  u. survey biomass 1970-1998;  v. geom mean of survey biomass for high productive period: 1984-1993; B4+; empirical based survey index ratio

x. cpue (kg/100 hooks) commercial scaled to halibut survey 1986-1992 - productive period

y. Sissenwine-Shepard, Ricker SR;  z. GM survey SSB 1970-1998;

aa. long-term mean (1970-2003);  ab. based on spawning stock numbers: SSNmsy fem, yield-per-recruit + stock -recruits;

ac. 1970-1993 productive period in VPA-based population SSB; 

ad. assuming Fmsy=F0.1;  ae. survey avg 1970-2000;  

af. median of 1985-2009 catch as a proxy Bmsy assuming catch is proportional to biomass Tremblay et al. 2012()
; 

ag. stock recruit relationship with covariates; ah. dynamic surplus-production model;

ai. Spawners recruit relationship with low recruitment curve;  aj. Spawners recruit relationship with high recruitment curve;

ak. yield-per recruit (analytical results);  al. BMSY is avg of 1981-2009 from delay-difference model;  am. average of survey biomass time series;

an. average of 1970-1984 survey biomass time series;  ao. average of 1970-1985 survey biomass time series;  ap. 0.5max ; 

aq. VPA assuming an increase M for adults;  ar. cpue in groundfish longliners;  as. Catch at length model;  at. survey SSB; au. Sequential population analysis; 

av. surplus production model;  aw. Virtual population analysis;  ax. VPA has been rejected rejected;

ay. USA survey;  az. Extended Survivors Analysis (XSA), stochastic; 

ba. survey very noisy;  bb. stock in high productivity period because of high recruitment;  bc. shows large retrospective;e pattern;  bd. spawning stock females only;  

be. High productivity in part because of environmental conditions, good governance;  bf. Fully recruited biomass;

bg. too few combinations found;  bh. increasing catches;  bi. used F=0.01


 Table 4. Summary of biomass indices calculated (see text for further explanation).  

	
	
	
	
	F and biomass indices
	Stock scores

	
	Stock
	meanC
	wi
	iF1
	iB1
	iB2
	iB3
	B'=SS1
	F'
	SS2
	SSH
	SSL

	1
	cod
	17,067
	0.096
	1.7
	0.18
	0.15
	0.11
	0.18
	0
	0.09
	0.18
	0.09

	2
	pollock
	10,643
	0.060
	
	0.29
	
	0.13
	0.29
	
	
	0.29
	0.13

	3
	cusk
	2,895
	0.016
	
	0.55
	
	0.06
	0.55
	
	
	0.55
	0.06

	4
	halibut
	508
	0.003
	0.56
	1.33
	
	
	1
	0.7
	0.85
	1
	0.85

	5
	Whake
	4,809
	0.027
	
	0.49
	0.42
	0.13
	0.49
	
	
	0.49
	0.13

	6
	haddock
	12,349
	0.070
	0.28
	0.64
	0.82
	0.2
	0.64
	0.64
	0.64
	0.82
	0.2

	7
	porbeagle
	106
	0.001
	0.18
	0.41
	
	
	0.41
	0.86
	0.63
	0.63
	0.41

	8
	herring
	105,874
	0.597
	3.07
	0.22
	
	
	0.22
	0
	0.11
	0.22
	0.11

	9
	plaice
	1,044
	0.006
	
	
	0.22
	0.15
	0.22
	
	
	0.22
	0.15

	10
	redfish
	5,048
	0.028
	
	
	
	0.61
	0.61
	
	
	0.61
	0.61

	11
	lobster #34
	7,560
	0.043
	
	1.77
	
	
	0.865
	
	
	0.87
	0.87

	12
	lobster #35
	428
	0.002
	
	2.71
	
	
	0.395
	
	
	0.40
	0.40

	13
	lobster #36
	447
	0.003
	
	2.26
	
	
	0.62
	
	
	0.62
	0.62

	14
	lobster #38
	559
	0.003
	
	2.86
	
	
	0.32
	
	
	0.32
	0.32

	15
	dogfish
	821
	0.005
	0.53
	1.02
	
	
	1
	0.66
	0.83
	1
	0.83

	16
	swordfish
	88
	0.000
	0.81
	1.14
	
	
	1
	1
	1
	1
	1

	17
	tuna
	184
	0.001
	0.84
	0.43
	
	
	0.58
	0.73
	0.58
	0.58
	0.43

	18
	mackerel
	3,503
	0.020
	3.04
	0.24
	
	0.05
	0.24
	0
	0.12
	0.24
	0.05

	19
	scallops
	593
	0.003
	
	1.25
	
	
	1
	
	
	1
	1

	20
	winter flounder
	902
	0.005
	
	
	1.44
	
	1
	
	
	1
	1

	21
	witch flounder
	420
	0.002
	
	
	0.59
	
	0.59
	
	
	0.59
	0.59

	22
	yellowtail
	134
	0.001
	
	
	0.28
	
	0.28
	
	
	0.28
	0.28

	23
	wolffish
	674
	0.004
	
	
	0.06
	0.02
	0.06
	
	
	0.06
	0.02

	24
	monkfish
	538
	0.003
	
	
	0.31
	
	0.31
	
	
	0.31
	0.31

	25
	sculpin
	95
	0.001
	
	
	0.47
	
	0.47
	
	
	0.47
	0.47

	26
	skates
	124
	0.001
	
	
	0.41
	
	0.41
	
	
	0.41
	0.41

	
	N
	
	
	9
	17
	11
	9
	26
	9
	9
	26
	26

	
	Total
	177,413
	
	
	
	
	
	
	
	
	
	


	 
	Changes in parameters
	 

	scenarios
	LT
	T
	alpha
	XFIS

	Using different methods

	SS1
	 
	 
	 
	31.7

	SS2
	 
	 
	 
	23.9

	SSH
	 
	 
	 
	33.0

	SSL
	 
	 
	 
	17.9

	Removing species

	wo herring
	
	
	
	46.1

	wo cod
	
	
	
	33.2

	wo haddock
	
	
	
	31.2

	wo pollock
	
	
	
	31.9

	Modifying herring SS1

	SS1 herring =0.1
	
	
	
	24.6

	SS1 herring =0.4
	
	
	
	42.5

	Changing equation 2 parameters

	initial parameters
	0.95
	1.5
	0.5
	31.7

	lower T
	0.95
	1.05
	0.5
	31.7

	higher T
	0.95
	1.8
	0.5
	31.7

	lower alpha
	0.95
	1.5
	0.2
	32.3

	lowert LT
	0.85
	1.5
	0.5
	31.7

	min
	 
	 
	 
	17.9

	max
	 
	 
	 
	46.1


Table 5. Uncertainty on XFIS values using various methods of calculating reference points, removing abundant species, modifying herring SS1, and changes in equation 2 parameters.
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Figure 1. Frequency of occurrence of stock scores (SS1). 

APPENDIX 6: Details regarding search for trash data for MRPA
Trash: Requests for shoreline cleanup data were made to several ENGOs (ACAP Saint John, Fundy Baykeeper, and Clean NS). No recent data was identified. ACAP Saint John has a report for shoreline clean-up work done from 2001-2003, which may be used as a data source (http://www.acapsj.org/reports/2014/3/24/provincial-beach-sweep-report-2003). Also, Maine has been part of the Ocean Conservancy’s International Coastal Cleanup and data has been obtained for 2007 to 2012 to use as a proxy for the Bay of Fundy. As well, N.B. data from the Vancouver Aquarium’s Great Canadian Shoreline Cleanup has been obtained which contains information for several sites in the MRPA. 
Despite these three data sources, trash data for the MRPA continues to be problematic. For example, little of the data is specific to the MRPA, or if available, does not cover a continuous five year period as needed for in the OHI goal score calculation of trend. As well, the average amount of trash collected (pounds/mile of beach) under each program varies greatly: ACAP Beach Sweep - 347 lbs/mile of N.B. beach; Maine Coastal Cleanup – 143 lbs/mile of Maine beach; Vancouver Aquarium’s Shoreline Cleanup – 118 lbs/mile of beach at four sites in the MRPA.
Figure 1: (from Halpern et al. 2012a): Index scores (inside circle) and individual goal scores (coloured petals) for global area-weighted average of all countries.





Figure 2: (from Halpern et al. 2012a).





We define the index as the condition of ten widely accepted public goals for ocean ecosystems and Supplementary Information), which include but are not limited to established ecosystem services (for example, ‘coastal livelihoods and economies’ is not an ecosystem service). The index (� QUOTE � ���) score is the weighted sum of ten goal-specific index scores (� QUOTE � ���):





�





where � QUOTE � ��� is the goal-specific weight (� QUOTE � ���; default is � QUOTE � ��� = 1/N) and � QUOTE � ��� is the average value of present and likely future status, � QUOTE � ���for each goal � QUOTE � ���. The present status of goal � QUOTE � ��� is its present status value � QUOTE � ��� relative to a reference point � QUOTE � ���  uniquely chosen for each goal following guiding principles, and rescaled � QUOTE � ���. The likely future status (� QUOTE � ���) is a function of present status (� QUOTE � ���), recent (� QUOTE � ���5 year) trend (� QUOTE � ���), pressures (� QUOTE � ���), and factors that promote resilience (� QUOTE � ���), such that 





�





where the discount rate � QUOTE � ��� and the weighting term � QUOTE � ���, giving trend twice the importance of the difference between resilience and pressures in determining likely future state. We tested the sensitivity of results to assumptions about � QUOTE � ��� and � QUOTE � ��� and found minimal differences for near-term timeframes. Assessment of the likely future status captures whether the present status is likely to persist, improve or decline in the near-term future, based on current status (� QUOTE � ���) and trends, and is therefore an indication rather than prediction of the near-term future. Ecological pressures fall into five broad categories—pollution, habitat destruction, species introductions, fishing and climate change—and are weighted equally to social pressures (such as poverty, political instability and corruption), with resilience measures such as international treaties and ecological resilience included when they address pressures relevant to a particular goal. The inclusion of these factors ensures that the index is responsive to changes that are reflected more slowly in the current state.





Box 1. Canadian Reference Points


In Canada, reference points were defined for several stocks on formal analytical assessments or based on rules developed in the national precautionary approach guidelines � ADDIN EN.CITE <EndNote><Cite><Author>DFO</Author><Year>2009</Year><RecNum>6761</RecNum><DisplayText>(DFO 2009)</DisplayText><record><rec-number>6761</rec-number><foreign-keys><key app="EN" db-id="paxsfp9wd5ww9jetfz05v226az9frsfzadea">6761</key></foreign-keys><ref-type name="Web Page">12</ref-type><contributors><authors><author>DFO,</author></authors></contributors><titles><title>A fishery decision-making framework incorporating the precautionary approach</title></titles><number>6 December 2012</number><keywords><keyword>Reference points</keyword><keyword>management</keyword><keyword>Canada</keyword></keywords><dates><year>2009</year><pub-dates><date>23 March 2009</date></pub-dates></dates><publisher>Governement of Canada</publisher><label>lu</label><urls><related-urls><url>http://www.dfo-mpo.gc.ca/fm-gp/peches-fisheries/fish-ren-peche/sff-cpd/precaution-eng.htm</url></related-urls><pdf-urls><url>file://C:\docs-e\DFO 2009 framework PA.pdf</url></pdf-urls></urls></record></Cite></EndNote>�(� HYPERLINK \l "_ENREF_7" \o "DFO, 2009 #6761" �DFO 2009�)�. 


In absence of an estimate of Bmsy from an explicit model, the provisional estimate of Bmsy could be taken from the 3 options listed below in a decreasing order of desirability:


The biomass corresponding to the biomass per recruit at F0.1 multiplied by the average number of recruits; 


The average biomass (or index of biomass) over a productive period;


The biomass corresponding to 50% of the maximum historical biomass.





In absence of an estimate of Fmsy from an explicit model, the provisional estimate of Fmsy could be taken from the 3 options listed below in a decreasing order of desirability:


The fishing mortality corresponding to F0.1; 


The average fishing mortality that did not lead to stock decline over a productive period;


The fishing mortality equal to natural mortality inferred from life history characteristics of the species.














� As will be discussed in section 4.7, later work was done for the current project to replace the OHI goal Artisanal Fishing Opportunities with a new goal ‘Aboriginal Needs’.


� Full details can be found in BoFEP’s 2013-2014 report, Developing an Ocean Health Index Score for the Southwest New Brunswick Bay of Fundy Marine Resources Planning Area.


� Buzeta, M-I. 2014. Identification and Review of Ecologically and Biologically Significant Areas in the Bay of Fundy. DFO. Can. Sci. Advis. Sec. Res. Doc. 2013/065. vi + 59 p.
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