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Executive Summary
The purpose of this study was to complete a primary examination of the possibilities and challenges for
implementing Ecosystem Based Management (EBM) in Regional Service Commission (RSC) 10, where it
intersects with the St. Croix watershed. The purpose of the s to aid in the promotion of progressive
change that will enable significant improvements to information systems, deliver results on the land, and
provide certainty for improved integrated management. The study aims to contribute to increasing the

capacity for EBM in the study area. The study methodology includes conducting of a literature review,
data compilation, and distribution of a survey to gauge the attitudes of the public on EBM in the study
region. This document represents a first analysis of the data collected, recommendations for short and
long-term action in the study region were made.
The study area consists of: i) 3 municipalities: the Village of McAdam, the Town of Saint Andrews and
the Town of St. Stephen; ii) 9 local service districts (LSDs): Bayside, Dennis-Weston, the Parish of
Dufferin, the Parish of McAdam, the Parish of Saint Croix, the Parish of Saint David, the Parish of Saint
James, the Parish of Saint Stephen, and Western Charlotte; and iii) the surrounding rural area, with total
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are of the study region being 1807.1 km . The total population in the region is 17 108, which has been
on a slight decline in the past decade. The sectors that provide the most employment in the region are:
sales and services occupations; trades, transport and equipment operators and related occupations;
management occupations; occupations in education, law and social, community and government
services; and business, finance and administration occupations, as interpreted from 2011 Statistics
Canada data.
The climate of the region is moderate, though there have been a number of extreme storms in the 2010
– 2014 period with a forecasted increase in the frequency and intensity of extreme weather events for
the future. Adaptation of the community and ecosystem to the potential negative effects of climate
change is an area of concern in the region; the proximity to the coast and vulnerability to sea-level rise
and the need to prepare emergency responses to storms are examples of factors that will need to be
addressed moving forward.
The majority of the study region is relatively undeveloped, and has 77% land coverage in forest.
Therefore, it is assumed, for the purposes of this study, that ecosystem services such as filtration,
erosion control, and wildlife habitat are still being provided by the ecosystem, though a more in-depth
look at issues such as fragmentation would be necessary for confirmation. The relatively intact
ecosystem of the study region, and the need for an adaptive management framework to deal with
future uncertainties, makes EBM a possible candidate for management planning in the region.
EBM is a management framework that incorporates scientific and local knowledge, ecological
relationships, political values, and socio-economic data. The general goals of EBM are protection of
ecological integrity, productivity, diversity and community sustainability in the ecosystem (Pavlikakis and
Tsihrintzis, 2000; Grumbine, 1997). EBM is a participatory process, with success of the process being
heavily dependent on involvement of the public and stakeholders.
The EBM process involves compilation of relevant data, participatory goal creation, planning, plan
implementation, and monitoring and evaluation of progress towards meeting set objectives. If goals are
not being achieved, remedial actions based on the evaluation of monitoring data can be taken and reimplemented into the management plan. This adaptive approach to management allows for new
information to be incorporated into the plan as it surfaces, allowing for the development of a
comprehensive management plan that seeks to meet the goals set out for the ecosystem.
The recent adoption of Regional Service Commissions (RSCs) into the New Brunswick regulatory system
vi

provides a possible entry point for implementation of EBM in the study region. EBM requires a large
capacity for information sharing between hierarchical levels, which is not efficient in traditional
bureaucratic hierarchies. The need for improving information sharing in regulatory bodies is desired
regardless of whether EBM is implemented, however, as RSC 10 is still in it’s infancy, it does present an
opportunity for the system to be tailored to enhance the implementation of EBM.
The implementation of EBM in the region requires consideration of legal requirements of the region,
available tools, data, and attitudes of public and potential partners towards EBM. Relative to the
examination undertaken, a multitude of laws were compiled, with 29 Provincial and 9 Federal Acts
being found to be most relevant. Though they were not researched in-depth in this report,the Acts and
associated regulations must also be considered when undertaking management planning.
A cursory look at tools and relevant data which could be utilized in the study area were considered in
this report and could enhance planning processes. Planning tools can be useful in aiding decisionmaking operations by removing subjectivity by considering the outcomes of multiple alternative
management options. A list of 61 relevant planning tools was compiled for consideration in the
establishment of EBM in the study region. GIS tools were also included as they can be used to analyze
management treatments on the landscape and provide a visual output. Some tools are costly and
require expertise as well as special software, so the capacity for obtaining these resources must be
considered when tools are taken into use.
Attitudes of the public and potential partners in EBM planning is important in predicting the success of
implementation. To initially gauge attitudes, a survey was sent out to members of government
(municipal, provincial, federal), as well as, industry, residents, academics, planners and nongovernmental organizations. Twenty surveys were returned, from which initial conclusions could be
drawn. The sample is biased, as the majority of the respondents work in the environmental science field,
with no returned surveys from industry or business. The effects of this bias should be considered during
interpretation.
EBM was considered to be important in the management of the study region; the majority of
respondents declared EBM as “very important”. The elements of the ecosystem that were considered
most important were those related to ecological health. This trend may be due to the reported bias, as
those working in environmental sciences maybe more likely to attribute higher importance to ecological
elements. However, the importance attributed to ecological elements is a positive sign for the inclusion
of ecosystem elements in management. The perceived accessibility to relevant data was seen to be
limited, which is a concern when planning EBM. Therefore, systems for improving data accessibility and
information sharing whould be necessary to enhance the success of implementing EBM.
Initial scoping of the capacity to implement EBM in the study region looks promising. The region is facing
complex problems in the future, which may require moving away from traditional management
framework. Initial scoping of attitudes in the region seem to support the implementation of EBM and
protection of ecosystem elements, though more survey responses are required to make conclusive
claims. The level of public participation and willingness to collaborate within the study region requires
more detailed discovery as these elements are seen as key in implementing EBM. If EBM were to be
implemented in the region, public participation should be supported, maintained and promoted.
Recommendations for short-term action in the study region to enhance the capacity for implementing
EBM include: identifying and bringing together stakeholders to discuss issues that could be solved
through EBM; motivate continued public participation; create a comprehensive land-use vision for the
study region; identify appropriate indicators for monitoring of goals set for the state of the ecosystem;
and begin considering the role of the United States and the State of Maine in creation of ecosystem
vii

goals. For long-term success, regularly assessments of the ecosystem management knowledge domain,
as well as educating municipal government and planners, and the public at large about EBM will be
necessary. The wider the understanding of and participation in the process, the higher the ownership
and success of implementation of EBM could be in the study region.
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1.0 Introduction
1.1 Study Purpose
The St. Croix River is a 185km long cross-border river acting as a natural, cultural, and political boundary
between Canada and the United States. The St. Croix River’s Watershed scenery consists of a series of
conservation land, wetland, forested lands, populated communities, managed forest industry lands and
historical features. In addition to being a place for recreational activities, the St. Croix Region has
tremendous cultural significance for the local community, especially for Aboriginal communities (both
on the Canadian and American side). The River is also known for its pristine waters, border crossings,
and dams. Local businesses, communities, and government agencies at the provincial/state and federal
levels on both sides of the border manage the watershed.

Figure 1. A view of the St. Croix River above Grand Falls Flowage that
depicts the predominant land cover types in the watershed: forest,
wetland, and open water (Source: IJC 2009).

Various agreements have seen diverse stakeholders including local community, businesses, nongovernmental and governmental organizations make commitments to balance environmental
protection with economic and social developments when engaging in land-use planning. These
experiences could provide a base for more formal integration of
Ecosystem Based Management (EBM).
The progress on the implementation of this multi-sectoral and multifaceted approach to managing
development and conservation clearly depends on the engagement and priorities of stakeholders as
well as the understanding and utilization of jurisdictional responsibilities. In the study region, obtaining
1

feedback from the key players across various sectors would be vital to implementing EBM.
The study’s objective was to undertake a scoping exercise to start to define the current and potential
capacity of the region’s ability and desire and potential benefit to implementing EBM. This report
provides a reviews of the region’s need for data, information and partnerships to ensure that changing
environmental conditions remain able to support the health of people and the ecosystem.

1.2 Study Area
For the purposes of this study, it was deemed too broad to include the entirety of the St. Croix
Watershed. As such, only the portion of the watershed that falls within the New Brunswick Regional
Service Commission (RSC) 10 is considered.
The RSC 10 is composed of 7 municipalities, 1 rural community and 20 local service districts (LSD) (GNB,
2012). Within the described boundary of the Saint Croix Watershed, there are 3 municipalities: the
Village of McAdam, the Town of Saint Andrews and the Town of St. Stephen; and there are 9 LSDs:
Bayside, Dennis-Weston, the Parish of Dufferin, the Parish of McAdam, the Parish of Saint Croix, the
Parish of Saint David, the Parish of Saint James, the Parish of Saint Stephen, and Western Charlotte.

2

Figure 2. Selected study area of the St. Croix Watershed within the RSC 10.
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2.0 Ecosystem Background
2.1 Socio-Economic Review
2.1.1 Demographics
The population of the described area is 17,108 which has been on the decline over the past 5 years.
Similar to the larger census region of Charlotte County which saw a population decrease of 1.3%, the
area of study demonstrated a decrease in population of 1.99% between the 2006 and 2011 census
period. This 1.99% is a significant contrast to that of the population growth trends seen by the
Province of New Brunswick, which saw a population increase of 2.9% and that of Canada which
experienced a population increase of 5.9% during the same period (Statistics Canada, 2012).
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Figure 3. Population change from 2006 to 2011 census years, comparing the area of study (St. Croix Watershed within
Regional Service District # 10) to the Charlotte County Region; both regions have experience declines in populations
since 2006.

The land occupied by the area of study is 1807.1 square kilometers. The population density is 9.5
persons per square kilometer, which is above the population density of Charlotte County recorded at
7.8 persons per square kilometer and below that of the Province which is 10.5 persons per square
kilometer (Statistics Canada, 2012).
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Figure 4. Population percentage change from census year 2006 to census year 2011, comparing the province of New
Brunswick to Canada; both Canada and New Brunswick have experience population growth since 2006.

The study area is rural, and is similar to other rural areas in the Province, regarding the flow of the
population moving from rural to more urban areas. Within the area of study, the rural population
decreased by 3.8% and the urban population increased by 0.1%. Of the three municipalities in the
area, two experienced population increases. Saint Andrews experienced the largest population
increase of 5.1% and St. Stephen experienced a population increase of 0.8%. The Village of McAdam
experienced a population decrease of 8.5% (Statistics Canada, 2012).
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Figure 5. Population change from 2006 to 2011 census years, comparing the three municipalities in the study area (the
Town of Saint Andrews, the Town of St. Stephen and the Village of McAdam).
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The median age of the area of study is 46.2 years, which is above the median age of Charlotte County,
which is 45.1 years; it is also above the median age of the Province, which is 43.7 years. There is no
significant difference between the median ages of those residing in the municipal or rural areas.
Comparing the population age classes between the study area and that of the Province, it can be
determined that there are no significant differences; notable exceptions are the age categories of 2529 and 75+ where the 25-29 category is 1% less in the area of study than that of the Province and the
75+ category is 2% higher than that of the Province (Statistics Canada, 2012).

Figure 6. Number of individuals in each age group in the area of study.

Within the area of study, 84.7% of the population is above the age of 15 years old; which is the age
used as a baseline by Statistics Canada for those eligible for marriage, and results are similar to that
of the rest of the province. Fifty-six percent of the population in the “marriage” category are married
or in a common law relationship, this is approximately 5% less than that of Charlotte County and the
Province. There is not an even split between the urban and rural populations. Within the area of
study, 53.5% of the people married or in a common law relationship live in a rural area (not in the 3
municipalities mentioned previously).
There are 5130 families in the study area, 56.5% of the families are described as two person families.
This is similar to both Charlotte County and the Province with 57.2% and 55.9% respectively. There
are 22.1% three person families and 15.6% four person families; numbers similar to both Charlotte
6

County and the Province. There are 4545 children reported living in families in the area of study, thus
on average there are 0.79 children per family. There are 16.2% single parent families in the study
area; this is similar to the percentages of single parent families in Charlotte County and the Province
(Statistics Canada, 2012).
There are 7245 “occupied dwelling types” in the area of study. The majority of those are single
detached houses which constitute 78.8% of the dwelling types. This is below the average of Charlotte
County which is 82.0%, and above the average of the Province which is 70.1%. There are many factors
which can explain these differences (e.g. housing costs in the different regions and the distribution of
urban centres in the Province). In the study area 77.8% of those living in a private dwelling own their
own home, which is lower than the 82.1% in Charlotte County, but slightly higher than the Provincial
number of homeowners which is 75.7% (Statistics Canada, 2012).
The percentage of the population that holds Canadian citizenship in the area of study is 96.7% which
is very similar to that of Charlotte County which is 96.5%, and slightly lower than the provincial
average which is 98.2%. Of those who were identified as non-immigrants, 83.6% were born in the
Province of New Brunswick. This is not statistically different from the remainder of the Province,
including Charlotte County. The percentage of first generation Canadians in the area of study is 8.0%,
which is quite similar to that of Charlotte County which is 8.6%; however this percentage differs
significantly from the Province of New Brunswick where the percentage of first generation Canadians
is 4.5%. The percentage of second generation Canadians in the study area differs from both Charlotte
County and the Province of New Brunswick. The percentage in the area of study is 8.8%, whereas in
Charlotte County it is 7.5%, which is considerably lower than that of the study area. The percentage
of second generation Canadians in the Province is 5.9% which is significantly lower than that of the
area of study. The percentage of third generation (or greater) Canadians in the area of study is 83.2%.
This is similar to that of Charlotte County which is 83.9%, however it is significantly lower than that of
the Province where the percentage of third generation (or greater) Canadians is 89.6%. The ethnic
origins of the study area are similar to those of Charlotte County, but differ significantly from the
Provincial composition. The differences can be reasonably explained by the population distribution
within the province; specifically the distribution of the three major urban centres (Moncton, Saint
John, and Fredericton) which are not located in the area of study and the historic settling patterns of
New Brunswick, where the study area was initially settled by British settlers. Therefore the majority
of the individuals in the area reported themselves as Canadian and/or of British and/or of European
decent. Only 0.8% of the study area population identify themselves as Acadian, which is significantly
7

lower than that of the province where 4.3% of the population identify themselves as Acadian. This
also explains the language distribution in this area where 96.1% speak English as their mother
tongue, 2.2% speak French as their mother tongue, 1.7 speak another language as their mother
tongue and 7.5% self-identify as bilingual in French and English. The aboriginal population is 5%,
which is similar to the rest of the Province (Statistics Canada, 2012).
The population of the area of study is relatively sedentary, with 90% of the population classified as
“non-movers”; this percentage is similar to that of Charlotte County and to the Province in which the
“non-mover” percentages are 90.9 and 89.1 respectively. Of those classified as “movers”, 47.7% are
migrant movers, which differs significantly from the provincial percentage of 42.6. Dividing the
“moving” classification further, 95.6% of those migrant movers were internal movers with 60.2%
moving within the Province and 31.0% moving between provinces. These numbers differ from those
of both Charlotte County and the Province. In Charlotte County 91.7% of the migrant movers were
internal movers with 69.3% moving within the Province and 22.4% moving between provinces. In the
Province of New Brunswick, 93.2% of the migrant movers were internal movers with 65.1% moving
within the Province and 28.1% moving between provinces. These differences can likely be explained
by the location of
“urban” centres within the Province and County in comparison to the area study (Statistics Canada,
2013).
The educational distribution in the study area is similar to the distribution within the Province. With
48.4% of the population in the area of study having attained a Post-Secondary diploma or degree,
27.5% of the population having attained only a high school diploma and 23.9% of the population
having not received their high school diploma (or equivalent). The relatively high percentage for
those not graduating from high school can be explained by the fact that individuals aged 15 years and
higher are included in this population and thus a percentage of individuals in this group would still be
attending high school. If the composition of the age class group is changed such that the ages of
those included are between the ages of 24 and 65, the percentage of those who have not attained a
minimum of a high school diploma decreases to 15.8% which is slightly better than the Provincial
percentage of 16.8%. Within the study area the majority of those who received a post-secondary
degree, diploma or certificate received it from an institution within the province of New Brunswick at
70.5% differing from the Provincial percentage which is 75.9%. This potentially could be explained by
proximity to the New Brunswick educational institutions (Statistics Canada, 2013).
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Figure 7. Total population aged 15 years and over by highest certificate; diploma or degree for the area of
study; numbers indicate the number of individuals who self-identified as having obtained that specific level of
education.

The most common fields of study for those who obtained a post-secondary degree, diploma or
certificate were: Business, Management and Public Administration (25.5%); Architecture, Engineering
and related technologies (25.2%); Health and related fields (16.0%); Education (9.6%); Personal,
Protective and Transportation Services (7.3%) (Statistics Canada, 2013).
The unemployment rate for the study area is approximately 9.0% which is lower than both the
unemployment rate in Charlotte County which is approximately 12.3% and the unemployment rate in
the Province which is approximately 11.0%. The industries that contribute to the most jobs in the
area of study are: Manufacturing (16.2%); Health care and social assistance (13.2%); Retail trade
(12.8%); Construction (9.0%); Public administration (8.2%); Accommodation and food services (6.3%);
Agriculture, forestry, fishing and hunting (5.9%); Educational services (5.8%); Transportation and
warehousing (5.3%). These numbers differ from both Charlotte County and Provincial distributions.
The industries that contribute to the most jobs in Charlotte County are: Manufacturing (16.3%);
Agriculture, forestry, fishing and hunting (13.6%); Health care and social assistance (11.3%); Retail
trade (9.7%); Construction (9.4%); Public administration (7.0%); Accommodation and food services
9

(5.2%). The industries that contribute to the most jobs in the Province of New Brunswick are: Health
care and social assistance (12.8%); Retail trade (11.9%); Public administration (10.2%); Manufacturing
(8.6%); Construction (7.5%); Educational services (7.0%); Accommodation and food services (6.1%);
Transportation and warehousing (4.9%) (Statistics Canada, 2013).

Figure 8. The industries that contribute to employment in the area of study and the number of individuals employed in the
respective industries; numbers indicated the number of individuals who self-identified as working in the specific industry.
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The most prevalent occupation types for the area of study are: Sales and services occupations (22.8%);
Trades, transport and equipment operators and related occupations (19.9%); Management occupations
(11.9%); Occupations in education, law and social, community and government services (10.7%);
Business, finance and administration occupations (9.9%); Health occupations (9.1%); Occupations in
manufacturing and utilities (8.5%). These numbers and distributions differ from both Charlotte County
and Provincial numbers and distributions. The most prevalent occupation types for Charlotte County
are: Trades, transport and equipment operators and related occupations (19.2%); Sales and services
occupations (18.6%); Occupations in manufacturing and utilities (11.6%); Business, finance and
administration occupations (10.4%); Occupations in education, law and social, community and
government services (10.0%); Management occupations (9.9%); Natural resources, agriculture and
related production occupations (8.1%). The most prevalent occupation types for the Province of New
Brunswick are: Sales and services occupations (24.3%); Trades, transport and equipment operators and
related occupations (16.6%); Business, finance and administration occupations (14.3%); Occupations in
education, law and social, community and government services (12.5%); Management occupations
(9.3%); Health occupations (7.4%); Natural resources, agriculture and related production occupations
(5.5%) (Statistics Canada, 2013).

The average income per individual in the area of study is $33 557, with a median income of $25 224.
More than 80% of income earners earn under $50 000 per year. These numbers are similar to the
provincial averages. There are some significant differences in the reported family incomes between the
area of study, Charlotte County and the Province of New Brunswick. The average family income for the
area of study is $70 898, with the median family income being $58 395. The average family income for
Charlotte county is $69 216, with the median family income being $60 959. The Provincial average
family income is $76 465, with the median family income being $65 384. The average incomes are quite
a bit lower for the area of study. This could likely be explained by the prevalent industries in the area as
well as the occupation types (Statistics Canada, 2013).
Generally, the area of study does not differ significantly from provincial averages with respect to socioeconomic data, and where there are differences, they can be explained by the settlement and
population distribution patterns of in the Province.
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2.1.2 Climate
The tempering airflow of the Bay of Fundy in the Atlantic Ocean controls the climate in Charlotte
County. The climate is mostly characterized by a moderate maritime climate; with cool summers and
mild winters, extensive periods of fog, and strong autumn and winter winds (Signer et al., 2014). Due to
the proximity to the Ocean, the region has an increased humidity, which results in a great amount of
precipitation.
Climate change effects are evident in gradual trends and increased variability of weather patterns. The
changes in annual average temperature, precipitation patterns and wind are noticeable and are
projected to continue.
Most winds in the area are southwesterly during summer and northwesterly in the winter. Winter winds
are strong and characterized by clear weather. Summer winds tend to be gentle and, in addition, are
characterized by fog and precipitation. In the winter, the average wind speed is around 38 kilometers
per hour (km/h) whereas in the summer, it is close to 19 km/h (Signer et al., 2014).
Charlotte County lies at the entrance to the Bay of Fundy, where the mean tidal range is approximately
six meters (m). At its apex in Nova Scotia’s Minas Basin, the Fundy tides are the world’s largest. Strong
tidal currents maintain cold water temperatures and drive the mixing of freshwater from the river
systems with saline water from the ocean. This vigorous tidal exchange is largely responsible for the
exceptionally productive and diverse ecosystems of the coastal marine environment (Larsen et al.,
2004).
Charlotte County has experienced a number of extreme storm events in recent years including intense
rainfall, storm surges, freezing rain, and blizzards. These have had various impacts throughout the
county. In a 37-year period of record for the weather station located at the St. Stephen airport, there is
an increasing trend in the number of precipitation events. Specifically, the events are large rainfall
events during the period covering the summer until early winter seasons. Signer et al. (2014) established
the threshold of a major rainfall to be greater than 50 millimeters (mm); a threshold that Environment
Canada uses to issue a heavy rainfall warning. Figure 9 displays the annual number of major rainfall
events reported from the St. Stephen airport station. Signer et al. (2014) found the increase in number
of heavy precipitation events consistent with predictions made by climate change scientists. Indeed, as
the air temperature rises, the capacity it has to hold moisture increases, which then causes greater
frequency of significant rainfall events.
12

On November 5, 2010, the town of St. Andrews had strong winds accompanied with a high tide and 45
mm rain. In mid-December 2010, the St. Croix River region registered over 180 mm of rainfall. This
resulted in damages to homes, businesses and roads throughout the province, especially in the town of
St. Stephen (Figure 10).

Figure 9. Annual Number of Days that precipitation was 50 mm or greater, including snow water equivalent and rain combined
at the St. Stephen Airport (Source: Signer et al. 2014).

An increase in weather variability and in the number of extreme weather events is forecast for the
region. Of the major rainfall events registered in St. Stephen, five of them occurred in 2013 including
one that occurred on July 26 registering 163mm of rainfall in a 24-hour period. Between July 21 and July
28, over 240mm of precipitation was recorded in St. Stephen. In late December 2013, Charlotte County
experienced freezing rain, ice pellets, extreme wind chill temperatures and snow storms for a lengthy
period. On December 22, 2013, a strong storm hit the Province of New Brunswick and an estimated
50,000 residences were without power. In comparison to the Great Ice Storm of 1998, some of the
impacts of late December 2013 were considered some of the worst ever recorded (Signer et al., 2014).
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Figure 10. Damages caused by heavy rainfall today [December 13, 2010] (Source:
Government of New Brunswick).

2.1.3 Land Use
Land use in the St. Croix watershed is one of the predominant factors affecting the health of the
ecosystem. Changes to the natural expanse can result in reduced habitat for wildlife, contribute to a
reduction in water quality by removing natural filtration and increasing runoff, degrade soil quality
amongst other effects. Proper land use management practices considering both human needs and the
environmental impacts of land use conversion are critical to both the sustainability of the watershed and
those who live there.

Figure 11. Land use classification in the study area of the St. Croix Watershed. (Calculated from the following GIS layers:
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Wetlands - GeoNB, 2011; Waterbodies - GeoNB, 2013; Forest Cover - NB DNR, 2012)
2

2

The most prevalent land cover in the study area is forest, accounting for 895 km of the 1142 km study
2

2

area. Open water and wetlands make up 75 km and 68 km respectively. The remaining 114 km

2

consists largely of open areas including agriculture, pasture, scrub and shrub lands, and developed
areas.

Figure 12. Land use map of the study area in the St. Croix Watershed. (Data sources: Wetlands - GeoNB, 2011; Waterbodies
- GeoNB, 2013; Forest Cover - NB DNR, 2012)

A careful consideration of existing land use is a critical step prior to any development. This is of
particular importance in the watershed as pollution, loss of wildlife habitat, or degradation in ecological
services can quickly have serious consequences for the entirety of the watershed. The EBM model, as
discussed, can provide a framework for ensuring that zoning practices take environmental and social
factors into appropriate consideration.
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2.1.4 Endangered Species of Interest
Endangered species are worth noting in an ecosystem-based planning discussion, as they are protected
under legislations such as the New Brunswick Endangered Species Act and the federal Species at Risk
Act. These acts lay out certain protective measures that must be followed in the management of land
that is habitat to the protected species. Therefore, considering the specific requirements of endangered
species of an area is necessary when drafting any management plan. This requires a thorough
understanding of the biology and ecology of the species, necessitating a thorough literature review
accompanied by fieldwork.
Table 1. Species at risk in the study region of RSC 10 within the St Croix watershed. These species must be considered when
management decisions are made within the region (Nature NB, 2013).

Species
Bald Eagle
(Haliaeetus
leucephalus)
Peregrine Falcon
(Falco peregrinus)
Southern
Twayblade (Listera
australis)
Canada Lynx
(Lynx Canadensis)

COSEWIC
Listing
Not at Risk

Provincial
Status
Endangered

Special Concern

Endangered

Not listed

Endangered

Not at Risk

Endangered

Significance in Study Area
Nesting populations along river; supported
by salmon run up the river, which has
declined due to dams
Potential for nesting sites along cliffs near St
Croix River
Survives in bogs, just beyond limit of RSC10
intersected with St Croix watershed;
therefore, appropriate habitat may exist in
the wetlands of study area
Though lynx have mainly been spotted in
northern New Brunswick, there is a
possibility for appropriate habitat
throughout the province

Table 1 Species that are considered endangered in the province of New Brunswick that are most likely
to be found in the study area. These species should be understood to ensure that any changes in land
use will continue to abide by the regulations set forth from the Acts as included in the Appendices.
Indicator species can be useful in monitoring ecosystem health with relatively little effort. By monitoring
populations closely, trends can be used to infer information about the ecosystem in general.
Information on indicator species used for decision making should include sufficient baseline data
associated with them in the specific region, information on their various locations, niche and life history
as well economic or social importance (Hilty and Merenlander, 2000). Bald eagles (Haliaeetus
leucephalus) have been suggested as appropriate indicator species for the RSC10 and St Croix watershed
study region (FB Environmental, 2008), but the species may not meet the criteria listed above as
optimally as would be ideal. Bald eagles have been used for biomonitoring of the Great Lakes water
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quality and ecosystem health in North America (Bowerman et al., 2002), so this option could be
considered for monitoring freshwater ecosystem health in the St. Croix watershed. For the study region,
it is recommended that an appropriate (or multiple appropriate) indicator species be chosen using the
steps described by Hilty and Merenlender (2000):
Step 0: Decide on the ecosystem attribute(s) indicator species are to reflect
Step 1: Compile a list of the species in the area that have sufficient baseline information
Step 2: Refine list, keeping those which best meet life history criteria
Step 3: Remove species that may respond to changes occurring outside of the ecosystem in
question
Step 4: Determine the species that are easily monitored
Optional Step: Further refine the list to include only those species that have a world-wide
distribution and/or represent other interests
Step 5: Select a group of indicator species from different taxonomic groups, ensuring that all
selection criteria are met by more than one species
Through this decision process, an appropriate indicator(s) for the region can be chosen, and this will
help with monitoring of ecosystem health into the future.
2.1.5 Other Species of Interest
The state of the alewife and smallmouth bass populations in the St Croix Watershed are of community,
provincial and federal interest in recent years and current day. Alewives are important in supporting
bald eagle populations during nesting, and smallmouth bass are an important economic contribution to
regional fishing (FB Environmental, 2008; Dill et al., 2010). Alewife stocks have decreased from 2.6
million in 1987 to a low of 900 in 2002 (St. Croix International Waterway Commission, 2009), mainly due
to decreases in water quality and limited access to upstream spawning habitats due to blocked fishways
(Dill et al., 2010). Smallmouth bass were introduced to the system in 1877 (Warner, 2005).
The opening of some fishways in the early 1980’s did improve the alewife situation, though there was a
concurrent drop in smallmouth bass populations at this time. The decrease in smallmouth bass was
attributed to the increase in alewife populations by some. This has caused some disagreements in the
management of the watershed, as smallmouth bass contributes to the economy due to its popularity in
sport fishing. Alewife passage was consequently blocked at Milltown dam in the 1990s (Anonymous,
1993). Research has found that there is no negative effects of alewives on smallmouth bass (Maine
Rivers, 2006), and a petition calling for reopening alewife passage from both
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Maine and New Brunswick conservation groups has resulted in the creation of a management plan by
the St Croix Fisheries Steering Committee (Dill et al., 2010).
The objective of the management plan is to increase the population of alewives without decreasing the
population of smallmouth bass. Monitoring efforts are in place for alewife young of the year, alewife
counts through the Milltown fish passage and smallmouth bass numbers (Dill et al., 2010). The plan
follows the principles of adaptive management, allowing for adjustment if the objectives are not met.
The management plan is still in the beginning stages of implementation, so monitoring is ongoing.
Results thus far have not yet been released, but will be of interest in the future.

18

3.0 Ecosystem Based Management (EBM)
3.1 What is EBM?
Many definitions of Ecosystem Based Management (EBM) have been put forth since the publishing of
the first book on the topic by Agee and Johnson in 1988. These definitions have many common elements
which can be combined to form the working definition most appropriate for use in potential
implemention of EBM in RSC10 and the St Croix Watershed.
Ecosystem Based Management is the integration of scientific knowledge, ecological
relationships, socio-economic data and political values to manage for the protection of
ecological integrity, productivity, diversity and community sustainability in the ecosystem
(Grumbine, 1994; Wood, 1994).
EBM is, therefore, a holistic approach that considers many elements of the community and ecological
ecosystem with long-term goals as the basis for decision-making. Grumbine (1994) lists ten dominant
and recurring themes of EBM from previous research: 1) Hierarchical context; 2) Ecological boundaries;
3) Ecological integrity; 4) Data collection; 5) Monitoring; 6) Adaptive management; 7) Interagency
cooperation; 8) Organizational change; 9) Humans as part of nature; and 10) Values. The relevance of
these in EBM is discussed below.
Adaptive management is an important component of planning in EBM. Adaptive management is defined
as a process of improving management plans through the monitoring and evaluation of management
that is already in place, and applying the lessons learned to new management efforts (Chopra et al.,
2005). It involves the management plan being flexible enough to allow for changes to be made to it if
the need arises (Yaffee, 1999). In the St. Croix watershed, the management plan for alewives and
smallmouth bass already follows the adaptive management approach, which will allow for modification
of the plan as new information becomes available through monitoring (Dill et al., 2010).
Implementation of adaptive management through EBM can be difficult in the current organizational
structure of resource management. In general, traditional resource management goals involve
producing resources, whereas those of EBM are to protect resources (Grumbine, 1997). With the goals
of management shifting, the organizational structure of the managing body may need to change as well.
Changing away from bureaucratic systems can make a managing group more adaptive to change, which
will allow for more learning and productive responses to take place through the EBM implementation
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BOX 1: What is an ecosystem? i
Author: MacLellan, James I.
th

th

In the 18 and 19 Centuries, scientists began to appreciate that natural processes operated at scales which far
exceeded those of familiar human experience (Glacken 1967; Mayr 1982). The environmental landscape had not
formed recently, but was the result of forces that extended across immense temporal and spatial scales as evident
in geological (i.e. glaciation), and biological processes (i.e. speciation). Unsurprisingly, this extension in perspective
raised fundamental questions about how scientists understand and produce environmental knowledge. On the
one hand it was clear that science had generated dramatic insights by the reduction of complex processes to their
elemental parts; on the other hand these broader perspectives appeared to require novel, inclusive, holistic
explanations.
An ensuing debate emerged centred on whether forests could be understood as simple aggregations of species
(i.e. trees), or whether forests were entities in their own right. As entities, forests were seen to operate in
accordance with a higher set of organizing principles which influenced component parts (i.e. individual trees) to
create broader vegetational associations. Frederic Clements for instance, argued that natural vegetative
formations tended to develop, or progress in a well-structured, predictable, stable sequence, as a product of the
particular climatic patterns of a region. Such formations were held to be purposeful and interdependent, with
members acting as a single organism. This holistic explanation was premised on the idea that more exists at the
level of the whole than can be determined by its constituent parts (Smuts 1929).
Others rejected Clements’ theory and held that the apparent ‘purposeful’ stability of these formations was
illusionary (Gleason 1926). Forests did not seek a climax state or endpoint, but could be influenced by singular
events which could profoundly impact all biotic communities as Lyell had pointed out. Therefore, changing
environmental conditions within a particular place and time produced correspondingly unique associations of
plants. Gleason’s ‘Individualist Theory’ held that broad scale landscape patterns were merely the aggregation of
interactions between individual species’ as constrained by genetics, physiology, and life-cycle traits, which
determine possible interactions. And while both theoretical perspectives seemed convincing, it took Arthur
Tansley (1935) to shift the debate to a more productive terrain:
"Various biomes are often highly integrated wholes … Only I do not think they are properly described
as "organisms" … I prefer to regard them, together with the whole of the effective physical factors
involved, simply as "systems".” (Tansley 1935)
For Tansley, ‘eco-systems’ were whole subjects including not only individual organisms (i.e. including humans) but
also the entire complex of physical factors forming what we call the environment or the biome. Tanlsey was not
arguing for a specific theory about forests, but rather providing a means for understanding forests through a
‘systems’ perspective which focused on the arrangement of, and relations between the parts to create an
emergent whole. ‘Ecosystems' came in various kinds and sizes, ranging from the whole universe, down to the
atom. Systems were not isolated, but were also included as parts of larger systems, which overlap, interlock and
interact with one another. Isolation of specific systems was artificial, but was the only possible way to proceed
and produce useful knowledge.
Far from constraining how natural systems should be understood theoretically (i.e. through the production of
grand theories), Tansley opened up their complexity to analysis. But this came at a cost. By expanding the scale
and scope of what could be considered, he likewise expanded the potential number of factors, and interactions
that could be taken into account. So while Tansley was asking us to open our eyes to the endless complexity of the
environment, he was also asking us to close the door on the certainty of the knowledge produced. Knowledge
became conditional with respect to the initial assumptions associated with its production, including how the
‘ecosystem’ itself was defined. The implications of this approach have been profound, as the history of science has
shown us.

Lindeman (1942) became the first to take full advantage of the ecosystem concept by expanding the consideration
of factors in the process of vegetation dynamics; he developed a theory of successional change which emphasized
the ecological efficiency of energy transfer over the long term. He thus eliminated the distinction between the
biotic and abiotic elements of the environment, and described instead a ‘system’ as composed of physicalchemical-biological processes active within a space-time unit of any magnitude. His colleague and mentor
Hutchinson followed suite with a consideration of carbon cycles in "Circular Causal Systems in Ecology" (1948).
Today, our understanding of environmental systems comes less from grand theories than from a methodical
consideration of the interacting elements of ecosystems, typically by means of simulation modeling (Weart 2008).
According to Gavin Schmidt (2014), we have expanded our capacity to explain the climate system for instance, by
an order of magnitude over the last twenty years, and will continue to include more elements in our regulative
ii
iii
quest to understand the ‘whole’ system .
The answer to “what is an ecosystem?” therefore, has less to do with a geographic location (e.g. a watershed),
than it does with a ‘process for understanding’. The challenge then might better be described as: “How do we use
the ecosystem concept to guide human action with regard to the environment?” (See Box 2: How do you manage
an ecosystem?)
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BOX 1 ENDNOTES
i

For the foundations of this discussion see MacLellan (2006) Chapter 3, Section 2.5.
Kant makes a distinction between what we perceive and a thing which exists of itself but cannot be grasped
through our senses. As such a complete or holistic view of the world is not attainable, but serves as a useful
heuristic to encourage the integration of knowledge which is always incomplete or fragmentary (Gardner 1999).
iii
Schmidt (2014) suggests that to fully describe climate requires that we account for spatial and temporal climatic
elements over 14 orders of magnitude. Climate models of the 1990s explained 3 orders of magnitude, the climate
models in the 2010s can explain 4, and “we have 10 more to go.” He makes the point that the normal products of
reductionism cannot describe the climate, it is rather “the whole, or it’s nothing”.
ii

process. Knowledge sharing within bureaucracies can be impeded by the multiple hierarchical levels,
causing information to lose meaning between the top decision-makers and the bottom implementers
(Westley, 1995).
In order to make comparisons of the state of the ecosystem, and for meaningful monitoring, there must
be a strong base of data to base the EBM plans on. Therefore, data collection and sharing is integral in
ensuring a well-informed EBM plan (Grumbine, 1994). A strong relationship must be cultivated between
researchers and data handlers and the managers and decision-makers who use the data. To implement
a holistic approach such as EBM, knowledge and data must be shared between all people involved to
ensure efficient and complete execution of decision-making and implementation.
Cooperation has to increase not only within resource management bodies, but also between different
agencies involved (Grumbine, 1994). It is important to involve all levels of government, municipal,
provincial and federal, and to minimize the power imbalances that exist between them. In the case of
the research area crossing federal political boundaries, as is the case in the St. Croix watershed study
region, the agencies from both sides of the border must be included in the decision-making process. It is
incredibly important to involve all partners and stakeholders in defining the problem to ensure all values
are taken into account and there is equal opportunity to voice opinions and concerns (Grumbine, 1997).
Opinions and values are at the heart of EBM, as they dictate how resources are used and how willingly
people adhere to management plans that are put into place. Resource management through EBM is
about managing the behaviour of people in their use of natural resources more so than manipulating
the resource itself (Grumbine, 1997). This requires understanding user values, determining which
resources are of greatest importance and what components of the socio-economic and ecological
environments are the most valued. Acquiring this data, both scientific and social, allows for better
informed decisions to be made, ensuring the community values are integrated into EBM.
“One must have in mind that people use the natural resources for satisfying their needs and improving
their life. Plans focusing on sustainability must assure a high quality of life.” (Pavlikakis and Tsihrintzis,
2000, p.266). By considering the values of the community, the standards for a high quality of life can be
determined. Once these standards are stated, they can become objectives of the management plan
being implemented. Therefore, they will be included in the EBM plan automatically, and will provide the
basis for creating the future sustainable ecosystem that is desired.
Integrating community values into EBM may help bring people closer to nature, which is a component of
EBM that is often forgotten. For EBM to work, people must feel as if they are part of the ecosystem,
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rather than an outside force manipulating the resources within the ecosystem. Unfortunately, this
connection to nature seems to have been lost in much of current society. It has been found that even
though 76.9% of people reported themselves as being a part of nature, the common opinion of nature
was that it was a place untouched by humans (Vining et al., 2008). This conflicting mindset is a problem
in EBM, as it creates the illusion that nature and ecosystems are beyond the realm of daily human life,
and possibly even safe from human impact. Shifting to a mindset where humans feel they are part of
and responsible for the surrounding ecosystem will take time, but will allow for EBM to be implemented
with greater success in the long term.
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BOX 2: How do you manage an ecosystem?i
Author: MacLellan, James I.
As early as 1945, Frederic Hayek realized that the ‘economic problem of society’ could be understood as
a planning problem of “interrelated decisions about the allocation of ... available resources”. The
challenge was that the knowledge required to solve this problem was “not given to anyone in its’
totality”ii. Determining the allocation of tin for example, would require knowing tin’s most profitable
use, allocating available supplies to that use, affecting its “substitutes and the substitutes of these
substitutes, the supply of all the things made of tin, and their substitutes, and so on.” To undertake this
calculation would require knowledge of how tin supplies are discovered, how tin is extracted and
smelted, the details and interactions between its myriad uses, as well as how these uses are valued by
individual members of society. In fact, there is “hardly anything that happens anywhere in the world
that might not have an effect on the decision the planner ought to make.” (Hayek 1945)
Determining the socially efficient allocation of scarce resources was therefore a problem of the
utilization of knowledge which was beyond an individual’s capabilities to computeiii. Apparently though,
society needn’t bother with this calculation; markets communicate through price signals to all those
involved in the various production processes. “The whole acts as one market … The mere fact that there
is one price for any commodity—or rather that local prices are connected in a manner determined by the
cost of transport, etc.—brings about the solution.” (Hayek 1945) Society therefore, does not deal with
the requirements of synoptic planning directly, but has found a way to avoid it altogether. Yet since the
1940s it has become more and more apparent that many goods and services provided by the
environment are not represented within formal markets. In addition, the production process itself (e.g.
the extraction, production and utilization of tin in other products) often produces deleterious sideeffects or externalities which cannot be foreseen, and to which markets will not respond (Giddens 1990;
Beck 1992). How then do we make allowance for environmental goods and services?
R. Edward Grumbine (1994), points out that Ecosystem Based Management (EBM) emerged out of an
historically specific set of circumstances in the United States during the 1990s: 1) the biodiversity crisis;
2) the inadequacy of policy to slow down environmental degradation in the face of industrial expansion,
population growth, and resource consumption; 3) changes in the theoretical and empirical development
of conservation biology (e.g. the realization that biodiversity is interconnected over broad temporal and
spatial scales); and 4) changing societal views regarding the appropriate relationships between people
and nature. In response to these circumstances, a holistic, descriptive approach (Wilson 1988) was
advocated which permitted an integrated, and encompassing vision of the environment, despite its’
complexity and indeterminism.
Practicality justified this ‘black box' approach as a sort of ‘bounded' rationality for managing the
environment (MacLellan 2006). In this regard, the term ‘ecosystem’ was used as a metaphor for
describing the incredible complexity that exists within natural environments as well as the limitations for
human manipulation. Thus EBM essentially becomes a process of maintaining the human\
environmental system in a desirable, stable state, despite a lack of awareness of the actual mechanisms
that initiate and drive system shifts. As such, it is primarily a philosophical concept for dealing with
larger spatial scales; longer time frames; and the requirement that management actions are socially
acceptable, economically feasible and ecologically sustainable (Rauscher 1999).

In this form, EBM is less directed by the models that have become synonymous with ecosystem science,
than it is inspired by them. Unfortunately this is problematic from a management perspective insofar as
it becomes difficult to effectively evaluate and prioritize forms and\or levels of human intervention. As
a decision system, EBM is said to be complex, hyper-complex, confounded, or wicked; a class of
problems typified as having: 1) no correct formulations; 2) numerous stakeholders, with different
perspectives; 3) no stopping rules to determine when a problem is solved; 4) no criteria to judge the
‘goodness’ of decisions; 5) the inability to test decisions except by their execution; and 6) no
enumerable or exhaustible describable set of possible solutions (Rittel and Webber 1973).
“No person … even with all the resources of modern computation can complete the analysis
of a complex problem. Too many interacting values are at stake, too many possible
alternatives, too many consequences to be traced through an uncertain future – the best
we can do is to achieve partial analysis, or in Herbert Simon’s term, a “bounded rationality.”
(Lindblom, 1979)
Lindblom (1979) suggests that the only way to effectively approach such problems is incrementally.
Isolated decisions that are intended to initiate dramatic, sweeping changes are atypical; decision makers
rather ‘muddle through’ in small steps (Lindblom 1959). Instead of seeking a complete or synoptic
solution, Lindblom suggests that analysts support an incremental form of decision making. Yet he does
not make it clear how this is to be accomplished. Part of the problem in qualifying planning in this
manner is that innumerable interpretations are possible (i.e. as with Herbert Simon’s satisficing (1957;
1982)). More recently though, Giddens (1990) and Beck (1992) have provided us with a critical piece of
this puzzle; they suggest that the producers of knowledge adopt reflexive mechanisms to solve the
challenges associated with managing our relationship with the environment. In other words, scientists
can’t solve the ‘economic problem of society’ but they can ‘systematically’ and incrementally address itiv.
We can therefore abandon attempts to solve the economic problem of society through some grand
calculation, and move towards an understanding of how such a system might evolve to meet the needs
of EBM (MacLellan 2008a; MacLellan et al 2011). This sounds very much like Tansley’s strategic retreat
from ‘totality’ through his development of the ‘ecosystem’ concept (see BOX 1)v. Surprisingly Hayek
(1945) alludes to a way we can begin this process: “As far as scientific knowledge is concerned, a body of
suitably chosen experts may be in the best position to command all the best knowledge available—
though this is of course merely shifting the difficulty to the problem of selecting the experts” Fortunately,
the difficulty of selecting experts is no longer as intractable as Hayek alludes to; modern techniques
allow us to map out the structure of scientific knowledge (Maclellan 2008b; Fanelli et al 2014) and at
least partially identify the experts associated with this knowledge domain ( MacLellan et al 2012).
Through such means a process of assessment (not unlike the IPCC) might be adopted locally in a way
that avails us to the latest ‘understanding’ of ‘ecosystems’ as a basis for ecosystem management
(MacLellan 2009).
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BOX 2 ENDNOTES
i

For an extended discussion of the historical development of Ecosystem Management see MacLellan (2006).
“The economic problem of society is thus not merely a problem of how to allocate “given” resources—if “given” is
taken to mean given to a single mind which deliberately solves the problem set by these “data. It is rather a
problem of how to secure the best use of resources known to any of the members of society, for ends whose
relative importance only these individuals know. Or, to put it briefly, it is a problem of the utilization of knowledge
which is not given to anyone in its totality.” (Hayek 1945)
iii
For Hayek (1945), the knowledge he is most concerned about is locally distributed knowledge which not only
includes individual utility preferences, but an awareness of the particular circumstances of place and time. He
assumes somewhat sarcastically that scientific knowledge can be accounted for, if not directly than through
consultation.
iv
See MacLellan 2008 for a discussion of the process of ‘muddling for muddlers’.
v
It could be argued that Tansley (1935) was not concerned about a definitive understanding of nature, but about
the process of how we come to know nature. Implicit to this approach is the realization that we could never attain
complete, total, or synoptic knowledge about a forest for instance, but had to temper our expectations by an
inherent uncertainty and incompleteness of knowledge.
ii

3.2 Phases of EBM
The EBM process, as described by Pavlikakis and Tsihrintzis (2000) has 7 phases (Figure 13). The first
phase is characterized by the assembling of data and obtaining public awareness and participation.
Ecological, biological, socio-economic and political data are all required in order for goals to be made
regarding the management of the region. Getting the public and other partners involved at this point is
helpful because it allows for the collection of values, making the next step, goal creation, more
meaningful for the region of interest.
Goal creation occurs once all the necessary background information has been collected. Goals should
reflect the desired future state of the ecosystem, be measurable and be socially accepted. Goals will be
unique to the region that EBM is being implemented in, as they will reflect the values and challenges of
the area. Goal definition should be done with stakeholders/partners present, as this allows for
discussion which reduces future problems with misunderstandings and disagreements (Grumbine,
1997).
The planning phase should also involve a wide array of partners to ensure that local policies,
provincial/federal policies, ecological information, social information and industry input are all
accounted for (Pavlikakis and Tsihrintzis, 2000). Planning can make use of models and decision support
frameworks to systematically and objectively compile and process information, and inform decisionmakers how best to reach the goals that have been set out. These planning tools are discussed further in
Section 5.2.
Monitoring and evaluation occur continuously once the plan has been implemented in the ecosystem.
Monitoring the state of the ecosystem allows for conclusions to be drawn on whether the desired state
of the ecosystem has been met (Ringold et al., 1996). If the evaluation of monitoring data shows that
the ecosystem goals are not being reached, then remedial action may be taken, and the EBM process
would return to the implementation stage. Adaptive management becomes incredibly important at this
stage, as it allows for flexibility to modify management plans that are not meeting goals.
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Figure 13. Steps of EBM as adapted from Pavlikakis and Tsihrintzis (2000). Evaluation of the plan can result in remedial actions
which can then be re-implemented to meet the objectives set.

3.2.1. Potential Indicators for Monitoring of EBM
Indicators are important in the monitoring of the ecosystem within the EBM process. Without clear,
measurable indicators, it is impossible to determine whether the goals set for the state of the ecosystem
are being reached. Table 2 lists some potential indicators that could be used in monitoring the success
of EBM in the study region. Once clear goals are set with stakeholders, a more definitive list of indicators
can be compiled.

30

Table 2. Potential measurable indicators for monitoring and evaluating the success of an EBM plan for the St. Croix watershed in
RSC 10.

INDICATOR
Alewife migration
Smallmouth bass
Economic strength
of fishery
Water quality
General ecosystem
health
Socio-Economic:
Population growth
trends
Socio-Economic:
Educational trends
Socio-Economic:
Quality of living
Climate

MEASURE
Number of alewives moving through fishways
Population counts
Aerial angler counts on the lakes, river
Pollution monitoring of Trophic State Index (TSI), Dissolved Oxygen (DO), pH
Indicator species
Population growth patterns, for the region, rural versus urban, in comparison
to the Province of New Brunswick and Canada
The composition of the highest level of education obtained of people and
literacy rates in the region in comparison to the Canadian and Provincial data
Ratios of income to cost of living in comparison to the Canadian and Provincial
data
Precipitation, average temperature, wind patterns

3.3 Stakeholders
Different stakeholders affect the region in terms of decision-making and implementation. As shown in
Figure 14, EBM requires all the different stakeholders to contribute to the consultation and planning
process. The latter then results in decision-making and will lead eventually to policy-making. Monitoring
and evaluation will ensure that the policy in place is applied effectively; if not, remedial actions are
proposed and the planning process is revisited and improved.
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Figure 14. Stakeholders in an Ecosystem based-Management (adapted from Pavlikakis and Tsihrintzis, 2000).

In the area of study, identified stakeholders include, but are not limited to:
•

Government: Regional Service Commission 10, Environment Canada, Natural Resources Canada,
Agriculture Canada, Meteorological Service of Canada, New Brunswick (NB) Department of
Environment and Local Government, NB Power, NB Department of Natural Resources, municipal
governments.

•

Non-Governmental Organizations: International Waterway Commission, Atlantic Salmon
Federation, International Joint Commission, St. Croix River Watershed Board, St. Croix Estuary
Project, Nature Trust NB, Downeast Lakes Land Trust.

•

Industry: JD Irving, Chamber of Commerce St. Andrews, Chamber of Commerce St. Stephen, St.
Croix Valley Chamber of Commerce, Woodland Mill, Flakeboard, Development St. Stephen,
Sweeney International Marine Corp.

•

Academia, Research Centers: University of New Brunswick, University of Toronto, Université de
Moncton, Huntsman Marine Science Centre, Gulf of Maine Research Institute, Atlantic Canada
Conservation Data Centre, St. Andrews Biological Station.

•

Residents: Village of McAdam, Town of St. Andrews, Town of St. Stephen and residents of the
Local Service Districts.

•

Tribal Communities: The Passamaquoddy tribe.

•

The State of Maine
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4.0 Current Legal Requirements
4.1 Regional Service Commissions
On June 23, 2012 the Regional Services Delivery Act was assented by the Government of New
Brunswick. This Act established 12 Regional Service Commissions (RSC) for the Province of New
Brunswick. The RSCs replaced the previous 24 single-purpose commissions that were responsible for the
solid waste management and planning services in the Province of New Brunswick. The RSCs were
created to make service delivery to the people of New Brunswick more effective and efficient.
An RSC is required to provide the common services of regional planning and solid waste disposal to all of
its members. The Act also provides the RSC the ability to provide the following non-mandatory services:
policing, emergency planning and pooling of resources related to such, the pooling of resources for
regional facilities (such as sporting, recreation and cultural) and administrative or financial and other
service agreements. Currently there are no RSCs that provide any of the non-mandatory services.
An RSC is a body corporate; therefore it is governed by a Board of Directors and is accountable to all of
the communities within its region.

4.2 Relevant acts and legislation and their impacts of planning
When considering planning and land use planning there are many laws, rules and regulations that must
be abided by. There are various levels of government and departments that legislate the many different
aspects of planning and land use planning, and therefore must be considered for EBM. A primary scan of
relevant acts and legislations was therefore completed.
Methodology:
1. SCAN: A scan of potential federal and provincial legislation relevant to planning/land use
planning, based on the title of the piece of legislation.
2. RELEVANCE: The resulting documents were read and sorted for relevance.
3. SUMMARY and RELEVANCE: The relevant documents were summarized, explaining their
purpose, and their relevance to planning/land use planning was explained in Appendix C.
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Results:
The initial scan resulted in 37 Provincial Acts and 17 Federal Acts being found to be potentially relevant.
Relevance was initially based on the title of the Act. The documents were then read and sorted based on
relevance, 29 Provincial Acts and 9 Federal Acts were found to be relevant to this scoping exercise for
the implementation of the EBM model in land planning for the region. They can be found listed in
Appendix C, which also includes a general description and summary of the purpose of the Act, as well as
an explanation for why it was deemed relevant to this particular scoping study.
Recommendations:
It should be noted that the legislative frameworks described below can be used as tools, laws, and
regulations to help with land use and land planning. However they cannot be used effectively if there is
no plan. The province of New Brunswick has no Provincial land use plan and seemingly has no
documented vision; it is difficult to determine what legislation is relevant if there is no long term land
use plan (which should include a sustainable development plan) on which to base decisions. It is
therefore recommended that the province take the necessary steps to create a long term land use vision
or plan for the entire Province. This would allow the individual RSCs to in turn create specific plans for
their areas, and allow for an easier interaction between RSCs as they work together to achieve the
common goal of the Provincial vision. In the current environment, where there lacks an overarching
vision; it is recommended that the RSC10 develop a regional land use, land planning and sustainable
development plan, and determine how the area of study fits into this plan. The RSC10 needs to ask
“What do we want the area to be like? Are we interested in economic development? Are we interested
in sustainable economic development? How much conservation do we want? What do we want the area
to be like in 5 years, 10 years, 20 years, 50 years, and 100 years? Do we want industry and what kind of
industry? And, how will we achieve this vision?” With a plan in place, the relevance of the Acts listed in
Appendix B will be clearer.
Furthermore, when reading and sorting through the many acts and regulations; it became evident that
the Province has been divided into many different regions depending on which Act is being read. The
incongruence of the divisions, depending on the reason for the division should be examined. In
Appendix B, it is noted if the specific Act divides the Province and suggests if the division should match
the division of a different Act. Generally, the province was divided into 12 Regional Service Districts for
the provision of easier service delivery, thus perhaps school districts should match the RSCs, the health
care districts should match, etc.
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4.2.1. Federal and Provincial Legislation
A full list the provincial and federal legislation impacting development in the St. Croix Watershed is
available in appendices C and D, respectively.
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4.2.2 A comparison between the Municipal Plans of St. Andrews and St. Stephen for Land Use Planning

This section is included to summarize the current Municipal Plans of the two largest municipalities in the
region. Similarities exist, however it is evident that the two municipalities have some differing views on how
their towns should be developed. It is important to recognize that even within a small region there will be
different ideologies on how to proceed with land use planning.

ITEM
(wrt
Municipal
Plan)

Vision
Statement

Resident’s
Interests

Policy Focus

St. Andrews (2010)

St. Stephen (2011)

St. Andrews is a community that proactively
focuses on environmental and heritage
stewardship,
its economic
base, new
development which is appropriately scaled and
located, and community success and facilities
that meet the needs of a changing population.

The Town of St. Stephen will strive to
increase its population and prosperity
through proactively pursuing boundary
expansion, economic development and
diversification, and revitalization of its
downtown and infrastructure all while
capitalizing on its location and quality of
life.
Preserve/Enhance:
Residents would like to see:
1. Small town character
1. A continued role as a service centre of
2. Location, natural setting and heritage
Charlotte County.
3. Quality of life, including culture, recreation,
2. A diversified economy
and community resources
3. Positioning the Town to benefit and
4. Clean
environment,
including
grow through the new border
Passamaquoddy Bay
crossing and highway realignment.
5. Peace and quiet
4. Revitalizing the Downtown and King
6. Safety
Street Commercial Core
7. Walkability and access to public facilities
5. Preserving
existing,
‘historic’
8. Employment and lifelong learning and
residential neighborhoods.
opportunities
6. Providing housing opportunities for a
9. Tax base with appropriate growth and
variety of incomes.
diversification
development
and
• Protect areas of significant scenic,
• Promote the
environmental and wildlife habitat
enhancement of new and existing
land uses in an effective, orderly,
• Ensure that development is compatible with
the existing built form, conforms to the
equitable and sustainable manner
character of the Town, complies with good
• Prevent the inefficient and unplanned
planning principles and places reasonable
development of unserviced lands
demands on municipal resources and
within Town limits
• Protect and enhance the natural
services
• Control land use and environmental
environment and to
encourage
resources and meet the needs of existing
development that employs measures
and new businesses (recognizing the need
to minimize impacts on the natural
to balance demographic change with
environment
preserving natural and heritage resources)
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5.0 Tools and Data Sources
5.1 Planning Tools
Tools can be useful for providing decision-makers with accessible data, decision support frameworks and
modeling of different features of the ecosystem in question. The quantitative analysis of the available information
in this manner allows for more informed decisions to be made with less subjectivity. Decision-making tools can
also promote collaboration between participants and stakeholders, creating a better environment for mutual
understanding and communication. The proper tools, used as intended can help the planning and decisionmaking process by increasing communication, including analytical strategies to decision-making and bringing
together relevant data.
Tools are constantly being created and removed from use, so databases must be kept updated. A compilation of
landscape planning tools for the North Pacific Landscape Conservation Cooperative (NPLCC) was done this year
(Crist et al., 2014). The tools from this list that could be relevant in the study area in RSC 10 and the St. Croix
watershed have been compiled in Table 3. The tools have been categorized by their area of applicability, and
have a brief description listed. Whether GIS knowledge/software is required is noted in the table as well because
it is a specialized area, which may hinder access to a tool due to lack of expertise or software. The report by Crist
et al. (2014) provide a more detailed description of the tools listed in the table, along with links to the websites of
each individual tool.
It is important to consider the limitations of tools in general when their implementation is being deliberated.
Tools become misused when conclusions are drawn without critical analysis of the outputs. The content of
outputs must be understood clearly, usually requiring considerable knowledge of how the tool works. Therefore,
some prior knowledge or expert help may be required when applying the information from tool outputs to
management planning.
It must also be remembered that tools are only as good as the data that goes into them. Therefore, the
availability of data for use with the tools is incredibly important to ensure that the correct decisions are made.
The scale of the data must be considered as well – many models are designed at the regional landscape level
while decision-makers work at a local level (Crist et al., 2014). Therefore, using regional data to draw local
conclusions may result in erroneous management decisions. Finding specific local data or being cautious about
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drawing specific local conclusions from tool outputs is necessary to ensure tools are not misused.
This being said, tools can enhance the collaboration of partners and stakeholders in meeting goals set out in EBM
planning. Tools can provide a common language for discussion of projects, and allow for discussions to revolve
around quantitative data and clear objectives. This can alleviate the stresses that come from discussions based
solely on independent values of different participants in the process.
Collaboration at a larger scale can also be supported by up-to-date tool databases (Crist et al., 2014). Rather than
managers and researchers creating new models and tools for their own, unique projects, there should be open
communication within the field to make use of work that has already been done. By information sharing about
existing tools that could be relevant to a proposed project or modifying existing tools, time and money can be
saved when compared to developing new tools and models.
For use in the study area of the St. Croix watershed within RSC10, 8 tools were picked out to be most useful:
CommunityViz, EMDS, Envision, NatureServe Vista, InVEST, MIMES, SolVES and CIMPACT-DST. These are
highlighted in yellow in Table 3. These tools were chosen due to their focus on land-use planning, social values
and incorporation of various ecosystem services. Though some (EMDS, InVEST, MIMES, SolVES) require scientific
or technical experts to run, others are easy to use and can be run by managers or planners themselves (such as
CIMPACT-DST, CommunityViz, Envision and NatureServe Vista). It is important for some tools to be accessible and
understood by managers so technical expertise is not needed at all times.
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Table 3. Planning tools categorized by the area of application (Adapted from Crist et al. 2014). Most useful tools for planning in
the St. Croix region are highlighted in yellow.

Category of
Applicability
Land-Use Planning/
Environmental
Management

Tool

Detail

AHP
1.1
(Analytic Creation of suitability maps
Hierarchy Process)
CommunityViz
Scenario and land-use planning
EMDS
(Ecosystem
Management
Decision
Support system)
Envision
Habitat Priority Planner
Marxan with Zones
Miradi
NatureServe Vista
NPScape
SELES (Spatially
Landscape
Simulator)
SimCoast

Data Acquisition/
Analysis

Water Management

Multi-criteria decision analysis (MCDA) for
prioritization of management scenarios
Scenario-based regional integrated planning
Critical habitat analyses and set landuse/conservation targets
Efficient allocation of natural resources; problems
with multiple targets
Project definition, designing of conceptual models
and spatial mapping
Integrated management and planning; adaptive
management
Landscape dynamics monitoring

Explicit Landscape models integrating human and natural
Event processes and track indicators

Create and evaluate different policy scenarios for
coastal management
RESTORE (Lamy et al)
Landscape evaluation and selection based on
multiple objectives
AKN (Avian Knowledge Bird observation data
Network)
C-CAP (Coastal Change
Land cover change
Analysis Program) Land
Cover Atlas
FRAMES (Fire Research
Information exchange portal related to wildfires
and
Management
Exchange System)
Google Earth
View satellite maps
Google Maps
Road and satellite maps; route planner
NatureServe Explorer
Information on species
See5
Data mining tools
Western
Landscapes Creation of maps of area and layer of interest
Explorer’s map tool
BASINS
(Better Integration of information for watershed/water
Assessment
Science quality studies
Integrating Point
and
Nonpoint Sources)
Ewater
Toolkit for distribution of management models
OpenNSPECT
(Open Land use, development, climate change effects on
Nonpoint
Source water quality
Pollution and Erosion

GIS
Component
Yes; ArcScript
Yes;
ArcGIS
extension
No
Yes
No
No
No
Yes;
ArcGIS
extension
Yes;
GIS
outputs
No
No
Yes
No
No
No
No
No
No
No
No
No

No
Yes; output
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Comparison Tool)
RiverTools

Habitat and Species
Distribution

WEMo (Wave
Exposure
Model)
CAT
(Connectivity
Analysis Tool)
CC-VASH
(Climate
Change
Vulnerability
Assessment
for
Shorebird Habitat)
CCVI (Climate Change
Vulnerability Index)
Circuitscape
Conefor
Corridor Designer

Hydrodynamic forecasts and “hindcasts”

Yes;
proprietary
GIS
application
Yes

Habitat connectivity analysis

No

Shorebird habitat vulnerability assessment

No

Identification of species’ vulnerability to climate
change
Landscape genetics and connectivity
Importance of areas to landscape connectivity
Design and evaluation of wildlife corridors

No

DesktopGarp
Diva-GIS

Environmental condition requirements for species
Mapping and analyzing biodiversity data

HexSim
LinkageMapper

Valuation of
Ecosystem Services

Conservation/
Protection/

Analysis and visualization of watersheds, river
networks

Simulating terrestrial populations
Support analysis of habitat corridors through
landscape
Maxent
Modeling of habitat ranges for species
MulTyLink
Linkages between habitats
openModeller
Ecological niche monitoring in cross platform
environment
RAMAS
Suite of proprietary software tools for spatial and
population data analysis
Random Forest
Modeling of forest species extent predictions
UNICOR
(UNIversal Simulates species connectivity and corridor networks
CORridor
Network
Simulator)
Washington
Habitat Automated process of identifying habitat
Connectivity
HCA concentration areas to determine habitat
(Habitat
Concentration connectivity
Area) Toolkit
InVEST
(INtegrated Models for mapping/valuing ecosystem services
Valuation
of
Environmental
Services
and Tradeoffs)
MIMES
Models allowing for quantitative assessment of
ecosystem service effects on human well-being
SolVES
(GIS Application Analysis of non-monetary cultural values of
for Assessing, Mapping ecosystem services for different stakeholder groups;
and Quantifying
the comes up with Value Index
Social
Values
of
Ecosystem Services)
C-Plan
Decision
support
software
for
achieving
conservation targets

No
No
Yes; suite for
ArcGIS tools
No
Yes; input and
output
No
Yes;
ArcGIS
toolbox
No
No
No
Yes;
spatial
data analysis
No
No
Yes; GIS tool

No

No
Yes

Yes; links to
GIS interface
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Restoration

Marxan
RIOS
Zonation

Ecosystem Processes
Climate Change
Adaptation

Decision support system for spatial conservation
planning

LANDIS-II
NetMap

Simulation of ecosystem processes in landscape
Tool-kit for characterization of environments and
human-environment interactions
CIMPACT-DST
(Climate Climate adaptation planning
Impact-Decision Support
Tool)
Climate Wizard
Climate change prediction
COAST
Damage prediction based on sea level rise and
storms
DSAS (Digital Shoreline Rate-of-change statistics from historical shoreline
Analysis System)
positions
GENESIS
(GENeralized
Model for
Simulating
Shoreline Change)
HCCVI (Climate
Change
Vulnerability
Index for
Ecosystems
and
Habitats)
MC1+STM

General GIS and
Remote Sensing
Suites

Conservation area planning and natural resource
management
Supports cost-effective investments in design of
watershed services

Long-term changes in shore

No
Yes;
outputs/result
s
Yes;
outputs
for
further
analysis
No
Yes;
ArcMap
add-in
No
Yes; outputs
No
Yes;
shorelines
from GIS
No

Community vulnerability index most helpful for local
planners/managers to identify areas of adaptation

No

Model predicting climate change impacts on
vegetation, nutrient cycling, fire
SimCLIM 2013
Climate change risk and adaptation assessment
SLAMM
(Sea
Level Models sea-level rise implications on wetlands and
Affecting
Marshes shorelines
Model)
ArcGIS
The most commonly used GIS software suite in both
the North American public and private sectors,
ArcGIS allows for complex geospatial analyses and
has extensions available for most any requirements
not covered in the base package. Also allows for the
creation and management of Geodatabases. A
standard licence starts at $1,500.
QGIS
An accessible open-source alternative to ArcGIS,
QGIS allows for most basic analyses and can be
integrated with a variety of other open source GIS
packages to provide a capable alternative to ArcGIS.
GRASS
A powerful open-source GIS suite allowing for
complex GIS analyses as well as LiDAR processing
and analysis
Orfeo Toolbox
Offers basic imagery viewing and provides a
powerful open source library of image processing
algorithms.
SAGA GIS
A solid GIS and remote sensing software suite that
can handle complex GIS analysis and image

No
No
Yes; additional
analysis
of
outputs
Yes

Yes

Yes
Yes
Yes
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PostGIS
MySQL
ArcGIS for Server
Spatial Servers for
GIS Data

MapServer
GeoServer

processing. Known for its fast and reliable raster
processing.
PostGIS adds basic viewing and analyses of spatial
data to the PostgreSQL object-relational database,
enabling it to be used as a backend spatial database.
Database management software MySQL 5.7 has
implemented basic support for OGC (Open
Geospatial Consortium) GIS data standards.
In conjunction with ArcGIS desktop, ArcGIS for
Server allows for maps and geographic information
to be accessed from a variety of devices and for the
creation and hosting of interactive web maps.
An open source platform for publishing spatial data
and interactive maps on the web. It can be
integrated with QGIS.
Another free software initiative with strong
community support for publishing web maps.

Yes
Yes
Yes

Yes
Yes
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5.2 Data and Data Accessibility
Data
Orthophotos

Format
Landsat

Maintenance
New Photos
Monthly
IJC and US and
Canadian Federal
Agencies (updated
periodically, last in
2010)

Source
glovis.usgs.gov/

Hydrographic

Shapefiles

Land Cover

Shapefiles

Last updated in
2000

Federal Parks and
Protected Areas

Shapefiles

Digital Elevation
Model

Raster

Maintained by
DNR. Last updated
2012.
Separate copies
maintained by
both provincial
and federal
governments

Wetlands

Shapefiles

Last updated 2011

Forest
Distribution and
Tree Species

Shapefiles

Updated yearly

http://www.geoba
se.ca/geobase/en/
data/landcover/csc
2000v/description.
html
http://www.snb.ca
/geonb1/e/DC/FFP
PA.asp
Provincial:
http://www.snb.ca
/gdamigec/e/2900e_1c.as
p
Federal:
http://www.geoba
se.ca/geobase/en/
data/cded/
http://www.snb.ca
/geonb1/e/DC/cata
logue-E.asp
New Brunswick
Department of
Natural Resources

www.geobase.ca/g
eobase/en/data/nh
n/description.html

Description and Availability
Free multi-spectral satellite imagery, usually more recent
than google maps or GeoNB (30 metre spatial resolution)
The National Hydro Network is a dataset containing
hydrographic features including lakes, rivers, streams,
reservoirs and constructions (dams, wharves, dikes), as
well as the drainage network and toponymy. As of 2013,
the IJC is working to harmonize this data with the US
hydrographic data.
Complete land cover classification (Agricultural, Forest,
Urban, Shrubland, etc.) for Canada based on satellite
2
imagery. Resolution of source data was limited to 30m .
Contains administrative boundaries for national parks and
protected areas in New Brunswick.
Complete raster elevation data needed for watershed
modelling.

Shapefiles showing location of Wetlands in NB. Note that a
more accurate study of wetlands locations is currently
being conducted by Dr. Armand LaRocque at UNB.
Detailed forest maps showing stand types. This data is
updated yearly but is only available subject to request.
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6.0 Attitudes towards EBM
As part of the effort to identify stakeholder knowledge of and opinions toward EBM, a survey was
disseminated to individuals who either studied St. Croix Watershed issues or lived in the study area. To
the date of completion of this report, 20 responses had been received which can be used to draw only
preliminary conclusions. The respondents listed a range of careers, though some bias was apparent
(Figure 15). Many survey respondents work in the environmental sciences and land use planning sectors,
with no representatives from industry, retail or businesses. This should be taken into account when
considering the survey responses.

Figure 15. Respondents reported line of work for the 20 returned responses.

6.1 Importance of EBM and Environmental Elements
For EBM to be successfully implemented, participation is required from the stakeholders and preferably
from the public as well. The values of the community and stakeholders should be incorporated into
ecosystem management and land planning to create a sense of accountability and involvement in the
decision-making process.
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The importance of implementing EBM in watershed management ranged from moderately important to
very important in survey responses (Figure 16). With 65% saying EBM implementation is very important,
and 25% stating it as important, it is safe to conclude that implementing EBM in the St Croix region is a
priority amongst respondents.

Figure 16. Importance attributed to EBM in watershed management by the respondents of the survey (n=20).

The importance of different ecosystem elements was also rated on a scale of “very important” to
“unimportant”. The results, seen in Figure 17, show the elements ranked as most important at the top
of the figure, and those with least important at the bottom. The three elements rated as most important
are water conservation, climate change and invasive species. Climate change was one of the four topics
of discussion at the Sustaining the St. Croix forum held in St. Andrews November 20-21 2014, thus it is
obviously an area of concern for the region, as many stakeholders had input regarding the topics for the
forum. Potential rises in sea-level and increases in storm intensity/frequency are risks attributed to the
changing climate that were highlighted for the study region (Choptiany, 2014); these concerns should be
taken into account in management planning.

45

Water Conservation
Climate Change

Ecosyst
em

Element

Invasive Species
Economic Growth
Land Biodiversity
Marine Biodiversity

Job Creation
Water-based Activities
Cultural Diversity
Heritage Conservation
Housing Development
0

2

4

6

8

10

12

14

16

18

20

Number of Responses

Very Important

Important

Moderately Important

Of Little Importance

Unimportant

No Answer

Figure 17. Importance of various elements of the ecosystem in consideration for EBM.

In general, it can be concluded that the ecological elements of the ecosystem were higher valued than
the cultural and economic elements by survey respondents. The involvement of professionals and
academics with a science background will be necessary, as with any region undertaking implemention
of EBMto ensure that the appropriate expertise and knowledge is utilized.
The survey and the limited respondent pool may have limitations that are important to note. As
mentioned above, a large portion of the respondents have an environmental sciences background, thus
it is likely that respondents have a better understanding of ecosystem management than what would be
expected in the general public. Therefore, their emphasis on the importance of EBM is likely higher than
would be seen with a more varied sample of the population.
The lack of industry, business and general resident responses is a large knowledge gap in the survey
data. In order to obtain a holistic view of how EBM would be received, it is necessary to obtain input
from representatives of other sectors. Industry,
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business and retail may find elements such as job creation or housing development to be of greater
importance than is reflected currently, potentially underestimating their importance in survey results.

6.2 Data Sources and Accessibility
EBM relies heavily on accurate input from relevant stakeholders, notably scientists and researchers.
Accessibility to reliable, up-to-date data was one of the principal concerns raised by attendees at the
State of the St. Croix conference in November. The survey sought to determine in what areas data was
found to be most and least accessible.

Figure 18. Opinions on data accessibility in the St. Croix Watershed based on 20 survey responses.

Demographics and tourism data was largely found to be most accessible. Statistics Canada and the
tourism industry, a major contributor to the region’s economy, are excellent sources of data. Areas most
lacking included heritage conservation, development projects, and housing development,. Interestingly
these are those areas that fall largely under the auspices of local governments, suggesting that this is an
area in need of increased focus.
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Understanding what data is missing is only half the puzzle – it is also important to understand how data
is most readily consumed by users (Figure 19)and what form it needs to be in for use by decisionmakers. It was found that academic journals and federal and provincial websites were most commonly
relied upon by survey respondents. Directly contacting experts was also an important source of
information.
20
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Figure 19. Most popular data sources for the St. Croix Watershed based on 20 survey responses.
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7.0 Recommendations and Conclusions
7.1 Ecosystem Based Management Knowledge Domain
As we have noted in BOXES 1 and 2, EBM is a complex, hyper-complex, confounded, or wicked; a class of
problems typified as having: 1) no correct formulations; 2) numerous stakeholders, with different
perspectives; 3) no stopping rules to determine when a problem is solved; 4) no criteria to judge the
‘goodness’ of decisions; 5) the inability to test decisions except by their execution; and 6) no
enumerable or exhaustible describable set of possible solutions (Rittel and Webber 1973). Numerous
elements are required to undertake an comprehensive ‘ecosystems’ approach; as such special emphasis
must be made to keep abreast of current trends in the ecosystem management knowledge domain,
including changes in scope, and methodical shifts. We would suggest that the use of new science
metrics can be used to accomplish this task (see Box 3).
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BOX 3: The Ecosystem Management Knowledge Domaini
Author: James MacLellan, Dragos Fluerau.
As we saw earlier (see BOX 2), a fundamental problem associated with management, and\or economic
planning is that knowledge is never given to any individual (or institution) in its totality. This dilemma is
understood as both a key advantage of economic markets which use price signals to distribute the
calculation of the ‘economic problem of society’, and as a disadvantage for central planning which must
interpret knowledge which “never exists in concentrated or integrated form but solely as the dispersed
bits of incomplete and frequently contradictory knowledge which all the separate individuals possess.”
(Hayek 1945) Not surprisingly, Hayek’s dilemma is bad news for Ecosystem Based Management (EBM)
insofar as it could never be approached in a comprehensive and definitive manner.

Figure 1: Political and geographic scales of relevance to ecosystem management in the St Croix River
Watershed. Note that at the scale of the planet, climate modeling (i.e. GCM) and international agreements
(i.e. UNFCCC) suggest we are indeed, attempting to ‘manage’ these broader scale ecosystems. In the Atlantic,
research suggests that the major driver of climate change will be centred on the Baffin Island West climate
system.

Far from retreating from Hayek’s challenge, researchers and practitioners have continually extended the
reach of ecosystem management. This began with the expansion of forest management to include the
consideration of watersheds in recognition of the fundamental importance of hydrological cycles for all
aspects of life. Now EM’s reach has been extended to include the atmosphere (see Figure 1). Although
climate has always been a factor for Ecosystem Management, it has traditionally been assumed to
follow historic patterns. What has changed is that models now exist (i.e. GCM models in Figure 1) that
allow us to project different climate futures and associated impacts, thereby providing a foundation for
management (i.e. taking into account political distinctions as in Figure 1) even at this broadest of scalesii.

In essence, the concept of ‘ecosystem’ is now applied on a planetary scale as consistent with Tansley’s
(1935) definition, and Lindeman’s (1942) vision.
Instead of fixating on Hayek’s notion of knowledge totality, current methods suggest a strategic retreat
from intellectual certainty. Techniques exist which allow us to sketch an outline of the knowledge
landscape, providing information to aid in the development of EBM systems (MacLellan 2008; MacLellan
et al 2011; Fanelli et al 2014). By identifying the structure of the EBM knowledge domain in this novel
way, we not only enable access to data that was previously hidden, but identify trends that would not
have been apparent. Such analysis also facilitates the integration of disparate forms of knowledge,
which is essential for both ecosystem science and management (i.e. interdisciplinary or transdisciplinary
knowledge production). Through this form of analysis we have identified a number of trends that bear
upon the current assessment (see Appendix E).
We note for instance that ‘ecosystem management’ is just one of a number of management paradigms
that focus on the human relationship with the environment. We also note that the EM field is
dominated by conservation issues, with an emphasis on forest ecosystems, as well as marine and
agricultural systems. Not surprisingly the field has a strong management component, with a focus on
economic, and to a lesser extent, social issues. What is surprising is that the field\subject of economics
has not increased proportionately through time, but has diminished relatively. And though it is not
possible to definitively state that this emphasis is accompanied by a shift to other methodologies, it is
clear that a focus on ‘impact assessments’ has grown dramatically over the same period. Broadly
speaking though, these management fields appear to have been eclipsed by issues related to global
environmental change, and in particular to ‘climate change’.
These results raise some interesting prospects. Traditional attempts at the development of totalizing
management paradigms appear to have diminished, to be replaced by knowledge ‘assessments’. As it
implies, an assessment does not make claims to complete knowledge but is rather concerned with
collecting, synthesizing, integrating and evaluating the utility of knowledge given a particular end(s). We
might even speculate that such a shift in method represents a strategic retreat from seeking ‘totality’ in
knowledge systems. If true, then Ecosystem Management practitioners would do well to engage in this
multi-layered assessment process in a way that recognizes broader trends (i.e. harmonizing regional
practices with international methods and standards – utilizing scenarios methodology), while accounting
for local particularities (i.e. providing the sort of knowledge detail in social and environmental systems
which Hayek suggests is inaccessible to scientists), in a way that informs (i.e. feeds back into …) what
might be described as an assessment hierarchyiii.
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Figure 2: SCOPUS Functional Analysis for Canada.

The real value of our approach therefore lies not only in the identification of global knowledge trends,
but in contextualizing locally oriented knowledge across the scales of knowledge production. By
identifying the dynamic structure (see Appendix E), functional composition (see Figure 2), and
production attributes (i.e. where and by whom knowledge is produced) of knowledge, we can facilitate
its’ utilization within ecosystem management decision systems. In other words, by accounting for the
nuances of knowledge production including where and how it is produced, we can begin to treat
‘knowledge’ as we would any other input in Hayek’s planning problem (i.e. “interrelated decisions about
the allocation of ... available resources”). From this perspective, Figure 2, not only represents a
functional categorization of the EM literature, but links specific researchers to those functional
categorizations, providing a foundation for reflexively assessing the utility of knowledge in the context
of society’s environmental needs. In this way we can move away from the ideal of knowledge totality,
towards the mechanics of knowledge production and utilizationiv.

REFERENCES
Fanelli D, Glänzel W (2013) Bibliometric Evidence for a Hierarchy of the Sciences. PLoS ONE 8(6): e66938.
doi:10.1371/journal.pone.0066938
Hayek, F.A. 1945. “The use of knowledge in society,” The American economic review, pp. 519–530.
Lindeman,R. 1942. The Trophic-Dynamic Aspect of Ecology. Ecology 23: 399-418.
MacLellan, J.I. 2008. Climate Change Adaptation for Neophytes. In Linking Climate and Impact Models to Decision
and Policy Making. Edited by A. Fenech, and J. I. MacLellan. Environment Canada, Toronto.
MacLellan, J.I., Morand, A., and Fountain, D. 2011. Information Requirements for Measuring Progress on Climate
Change Adaptation. Report for the National Roundtable on the Environment and the Economy (NRTEE), Climate
Prosperity Program. IRIS, York University.
Protocol, Kyoto. 1997. “United Nations Framework Convention on Climate Change.” Kyoto Protocol, Kyoto.
http://www.globaldialoguefoundation.org/files/ENV.2009-jun.unframeworkconventionclimate.pdf.
Tansley,A.G. 1935. The use and abuse of vegetational concepts and terms. Ecology 16: 284-307.

BOX 3 ENDNOTES
i

Please refer to Appendix E for a review of the methodology and results.
The UNFCCC (1997) makes it clear in its framework objectives that humanity must effectively manage the
atmosphere: “to achieve ... stabilization of greenhouse gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate system. Such a level should be achieved within a
time‐frame sufficient to allow ecosystems to adapt naturally to climate change”
iii
Recently the Forest Climate Integration Workshop (Fredericton, Feb.27th-28th, 2014) was held to establish
methodological standards\ protocols for undertaking regional forest sector assessments within Canada. Workshop
participants broadly examined: the requirements of changing assessment scales from the international, to the
national, to a regional scale; opportunities for the inclusion of different forms of regionally oriented knowledge;
research opportunities for formalizing knowledge integration activities; and the logistics of undertaking a regional
assessment. Nationally oriented expertise was complemented with regional expertise to reflect the local
circumstances and needs in the Atlantic region. Numerous benefits have emerged out of this process including
three new research programs that directly sought to fill the void that exists between the national and regional
scales in terms of climate impact research.
iv
As an exercise in the allocation of scarce resources that have alternative uses.
ii

7.2 Ecosystem Based Management
The following list of recommendations is not exhaustive, but rather represents a start in an iterative
process for the development of a locally sensitive, ecosystem based management framework. As such
short and long term recommendations have been developed, and are presented below.
Short Term:
Recommendation: Define EBM in the context of the watershed
Stakeholders in the management of the St. Croix River Watershed have not yet clearly defined
what EBM is in the context of the watershed. They need to agree on the definition in order to
properly develop EBM for the watershed.
Recommendation: Define community values for the region and keep them up to date.
Community values are dynamic over time. . Ensuring tracking and integrating changes made in
values can be one indicator that adaptive management is being applied and can help in
managing the watershed efficiently.
Recommendation: Decide on multiple indicator species that could be utilized to monitor various
components of ecosystem health.
There must be a consistent, comparable way to measure the health of the watershed. One such
way is to define a number of indicator species (endangered or not) that are sensitive to change
and can therefore serve as indicators of watershed health, and measure impacts on this species
on a consistent basis.
Recommendation: Improve public participation
A key driver of success will be public participation in St. Croix issues. This allows not only for the
public to be informed but to “take ownership” of the issues. St. Andrews has quite high public
participation, which should be continued, however other areas are in need of improvement.
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Recommendation: Bring stakeholders together to begin a discussion on EBM
The full range of St Croix stakeholders do not all have the same understanding of EBM and it’s
potential outcomes, as well as and what is entail with its use and delivery. The discussion can
start with goal creation if implementation of EBM is agreed upon.
Recommendation: Coordination of activities among stakeholders
Improving communication amongst stakeholders (notably federal, provincial, and NGOs) to
ensure that there is unbiased, quality data to input for EBM decision making with as little
duplication of effort as possible, and that gaps are addressed.
Long Term:
Recommendation: Educate planners and decision makers on the advantages of EBM
EBM provides a strong, stakeholder-supported framework for development. It’s important to
ensure that planners and decision makers properly understand the benefits so that they will
consider its implementation.

7.3 Tools and Data Sources
Short Term:
Recommendation: Data sharing and harmonization at all levels of government
It is critical not only that data be available but also interoperable for studies that cover both the
American and Canadian side of the watershed. It was also revealed at the St Croix Forum and
based on survey responses that local authorities were found to do a poor job of disseminating
local data, including information on heritage conservation and local development projects. Work
needs to be done to assure that federal, provincial, and local authorities all understand what
data they are responsible for and the benefits of shared results between agencies.
In addition, one question in need of answering is often who has what data. To this effect, a local,
updated listing of experts and organizations and their work would serve as a valuable input for
EBM implementation.
Recommendation: Increased public outreach and dissemination of research
Residents are often those that drive real action in their communities. As such, it is important
that research into watershed issues be made available in a clear, understandable manner to
local residents. Be it through community meetings or local publications, issues cannot be
addressed if they are not understood.
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Long Term:
Recommendation: Increased climate research and public education
At the local level, little can be done to stop climate change. However, understanding how it will
affect the communities and the watershed – and acting on it – can be done now. Research on
increased local flood risk in St. Andrews and St. Stephen is already underway, as well as the
impact of climate change on tree species and watershed ecosystems. This research must quickly
be turned into action, however, if it is to be of preventative use.

7.4 Provincial Legislation
Short Term:
It should be noted that the legislative frameworks described in this paper can be used as tools, laws, and
regulations to help with land use and land planning. However, they cannot be used effectively if there is
no plan. The province of New Brunswick has no Provincial land use plan and no documented vision; it is
extremely difficult to determine what is relevant if there is no long term land use plan (which should
include a sustainable development plan) on which to base decisions.
Recommendation: Create a Long Term Land Use Vision or Plan
Therefore, it is recommended that the province take the necessary steps to create a long term
land use vision or plan for the entire province. This would allow the individual RSCs to, in turn,
create specific plans for their areas, and allow for an easier interaction between different RSCs
as they work together to achieve the common goal of the Provincial vision.
Recommendation: Due to the lack of a Provincial Vision, RSC10 should develop a Regional Land Use,
Land Planning and Sustainable Development Plan
In the current environment, where there lacks an overarching vision; it is recommended that the
RSC10 develop a regional land use, land planning and sustainable development plan, and
determine how the area of study fits into this plan. The RSC10 needs to ask itself “what do we
want the area to be like? Are we interested in economic development? Are we interested in
sustainable economic development? How much conservation do we want? What do we want
the area to be like in 5 years, 10 years, 20 years, 50 years, and 100 years? Do we want industry
and what kind of industry? And, how will we achieve this vision?” With a plan in place, the
relevance of the Acts will be clearer.
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Recommendation: The Province of New Brunswick needs to be congruent with the way it subdivides its
regions
Furthermore, when reading and sorting through the many acts and regulations; it became
evident that the Province has been divided into many different regions depending on which Act
is being read. The lack of congruity in subdivisions, depending on the reason for the division
should be examined. The province was divided into 12 Regional Service Districts for the
provision of easier service delivery, thus perhaps school districts should match the RSCs, the
health care districts should match, etc. Relevant to EBM, division according to ecosystems is
recommended, but assumed that at the current time, and in the foreseeable future this would
not be implemented.
Recommendation: Clarification of the Purpose of every Act
Modernizing the provincial legislation and regulatory framework (currently work is being done
on this) - at the beginning of every Act there should be a small section on the "purpose" of the
act, and work should continue on redacting duplicate, obsolete redundant and unenforceable
regulations.
Short and Long Term:
Recommendation: Improve transparency and participation of stakeholders in the management of the
watershed
US-Canada Regulations
Recommendation: Work with the US agencies to align watershed goals and regulations
RSCs and Service Delivery
Recommendation: In respect to service delivery, the Province should put RSCs in charge of service
delivery, instead of the Province itself providing services to the Local Service Districts
The Local Service Districts have an existing department that is responsible for the delivery all
services (garbage removal, planning, policing, recreation centers, cultural centers, road work
etc.) Even though the Province has created these new subdivisions, these do not provide any
essential services (except waste disposal) in their commissions. Like most other provinces in
Canada, NB tried to step away from this type of costly and inefficient service delivery system but
ended up creating another layer of bureaucracy on top of the existing one.
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Long Term:
Recommendation: Improve transparency and participation of stakeholders in the management of the
watershed

7.5 Conclusions
The St. Croix Watershed is a critical ecosystem whose importance extends far beyond any one value. Be
it from the ecological services it provides, the habitat for endangered species, as a source of revenue for
local residents, or its simple beauty, the preservation of the watershed must be a key consideration for
residents and governments on both sides of the border. Ecosystem Based Management as outlined in
this report provides a framework for ensuring that needs of all stakeholders are taken into careful
consideration in any development project. This report also identifies a number of gaps in planning
processes, and public outreach that should be addressed. NGOs also have a crucial role to play in
promoting responsible development strategies and helping to assure a sound future for the St. Croix
Watershed and all those who call it home.
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Appendices

A1

Appendix A: Climate Change Effects in the Province of New Brunswick
The Province of New Brunswick has recently developed a Climate Change Action Plan 2014-2020. This is
an update of the previous Plan that covered the period between 2007 and 2012. The current Plan (20142020) addresses both mitigation and adaptation to climate change. Climate models predict average
global temperature to increase towards the higher end of the 1.4 to 5.8 degree Celsius (°C) by year 2100
relatively to 1990 (Government of New Brunswick, 2014). As noted in the climate portion of the report,
the impacts of climate change are seen in the form of extreme precipitation events. Moreover, other
consequences such as accelerated coastal erosion or inland and coastal flooding are registered.
In terms of temperature, annual average temperatures in the region are forecast to increase. In the St.
Croix River Watershed area, temperatures are predicted to rise 1.4°C to 2.2°C in winter and 0.8°C to
1.9°C in summer by the year 2100 (Government of New Brunswick, 2014).
During the summer, increased temperatures and drought may reduce the volume of water in soils for
extended periods, impacting agricultural crops. Reduced volumes of the surface waters can result in
reduced water quality. Smaller volumes of water will increase temperature more quickly, which then
provides a favorable condition for bacterial growth. Since the water from these surface waters is used
for irrigation, the risk of exposing crops to contamination is increased (Government of New Brunswick,
2014).
Due to rising average winter temperatures, there is an increased likelihood of more winter thaws and a
higher percentage of winter precipitation. By the year 2100, winter precipitation may increase by 2030%. This situation will lead to increased likelihoods of “higher winter flow rates in rivers and streams,
earlier and reduced spring freshet, and increased risks of early ice-jam flooding in susceptible areas.
[Moreover,] winter minimum temperatures (usually occurring at night) are predicted to rise at a faster
rate than average temperatures” (Government of New Brunswick, 2014). As seen in previous rainfall
events, the latter have direct and direct implications to human health and safety, especially for coastal
communities at even higher risk from flooding; some of the indirect effects may include drinking water
infrastructure damage.
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Appendix B: Joint Initiatives between Maine and New Brunswick
Boundary Water Treaty (1909)
The IJC has a St. Croix Board that advises it on local issues and hosts an annual meeting in the St. Croix
Valley to receive public input. The IJC has studied international water level management on the St. Croix
in response to concerns by lake residents. Between 1995 and 1997, federal agencies carried out
computer modelling for the IJC to examine the interactions of the St. Croix’s seven controlled basins.
The study showed residents how the various demands on the system are balanced and increased local
appreciation of the diverse uses made of the St. Croix water resources (Maine Rivers, 2005).
IJC Mandate and Governance
The International Joint Commission’s mandate stipulates that the IJC “prevents and resolves disputes
between Canada and the United States under the 1909 Boundary Waters Treaty and pursues the
common good of both counties as an independent and objective adviser to the two governments”
(Laitta, 2012).
Governments encouraged the IJC to develop an “ecosystem approach” to the management of
transboundary waters. Some of the issues to get to this solution involved the absence of singular data
structures which was leading to less cost effectiveness or redundancies issues.
International Waterway Commission
Under similar legislation, Maine and New Brunswick established the St. Croix International Waterway
Commission in the 1980s to create and assist in implanting a cooperative state-provincial management
plan for the St. Croix Watershed area. This long-term plan outlines a range of environmental, cultural,
recreational and development goals for the area and is being implemented voluntarily by local interests
and governments. The IWC “serves as a catalyst, information source, planning entity and cross-border
delivery vehicle for this cooperative effort” (Maine Rivers, 2005).
St. Croix River Watershed Board
The St. Croix River Watershed Board is funded by the IJC and is sought to assist local stakeholders
through development of watershed-based tools such as mapping and modeling projects, reports and
workshops. The objective of the Board is to assist stakeholders in both the US and Canada in the
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planning and management of the watershed as well as ensuring that any transboundary water resource
issue is resolved locally and in a collaborative manner (The Quoddy Tides, 2007). The Board assists in
preventing and resolving disputes over the boundary waters of the St. Croix River, monitors ecological
health of these waters and ensures that the dams in the area are compliant with the
Commission’s Orders of Approval.
International Watershed Initiative
The IJC introduced the idea of an International Watershed Initiative (IWI) in its 1997 report. In
November 1998, both the Canadian and American governments asked the IJC to “further define the
general framework under which watershed boards would operate, including, but not limited to
mandate, scope of activities, and operating principles, recognizing that boards would be modified to
meet the special circumstances of each watershed.” In consulting with stakeholders including the two
governments, relevant states and provinces, tribes and First Nations and local interests, the concept was
further developed. IWI activities complements the activities of the IJC.
IJC Commissioners and staff are working to strengthen the capacity of the boards by providing funding
for selected projects in projects such as harmonized transboundary watershed maps and geographic
information system (GIS) data. The St. Croix River Board has made the greatest progress and, in April
2007, it was designated “the first full-fledged International Watershed Board” (IJC, 2014).
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Appendix C: Provincial Legislation
Agricultural Land Protection and Development Act
REGULATION 97-83 (Registry of Agricultural Land Regulation) -Defines what can be registered as agricultural land (once land is registered as agricultural land it
remains as agricultural land until it is unregistered)
-Provides the provision of the creation of Agricultural Land Owners Associations (which may
promote and facilitate the stewardship, protection and improvement of agricultural land;
facilitate the provision and distribution of water sources and supply systems for irrigation for
agricultural land and manage the construction, operation and maintenance of the water and
distribution; facilitate and provide drainage of agricultural land; may advise local
governments and minister previously mentioned activities and other land use laws as they
relate to agricultural land)
-Refers to section 77 of the Community Planning Act with respect to land use and planning
within the context of incorporated and unincorporated areas
-Provides the provision for ditch and drain construction (including the placement and
maintenance and repair through adjacent land)
-Recognizes required setback distances for construction
-When considering land planning from a holistic and sustainable perspective; agriculture
and agricultural land planning is important to the “big picture”. There are both economic
considerations as well as recognizing that the population needs to eat as well as
recognizing the trend of the consumer preference of locally produced food is increasing.
Assessment and Planning Appeal Board
REGULATION 2001-89 (General Regulation) -Establishes the Authority of the Assessment and Planning Appeal Board (An independent body that provides citizens
with a process for appealing decisions made in relation to property tax assessments, land
use planning and municipal heritage preservation
-Divides New Brunswick into 11 assessment regions (St. Croix Watershed falls into region 8)
One of the many different “divisions” of the province. This should align with the RSC
divisions. When considering land use planning, this is the avenue for changing decisions
made in the past, to help make a better plan for the future.
Business Improvement Areas
-Allows for an area within a municipality to be a “business improvement area” (via municipal
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by-laws); allows for municipal owned land within the area to be used for purposed related to
the “improvement”
Important for planning within a municipality, municipal planning should ultimately be
done in order to achieve the goals of the entire RSC, and this is a tool to allow the
municipality to do so.
Cemetery Companies
REGULATION 94-129 (General Regulation)

-Establishes in law the regulations for establishing or extending cemeteries in the province
-Regulations set forth environmental considerations for cemeteries, land planning and
management within the confines of the cemetery, and punishable offenses
Holistically, very important to the vision of an area. A cemetery is part of a community and
for many a very important part. The whole vision needs to include such areas.

Clean Air
REGULATION 97-131 (Appeal Regulation)
REGULATION 97-132 (Ozone Depleting Substances and Other
Halocarbons Regulation)
REGULATION 97-133 (Air Quality Regulation)
REGULATION 98-41 (Administrative Penalties Regulation)
REGULATION 2001-98 (Public Participation Regulation)

-The purpose of this Act and the regulations is to support and promote the protection,
restoration, enhancement and wise use of the environment in keeping with the following
principles:
 controlling the release of contaminants and ameliorating their impacts is essential
to the maintenance of ecosystem integrity, the protection of human health and the
general well-being of society;
 in making decisions under this Act and the regulations, the Government of New
Brunswick should consider the potential impacts on biotic and abiotic processes
that have shaped natural ecosystems over time, and should endeavour to
accommodate and sustain such processes;
 all persons, both individual and corporate, should be encouraged to adopt practices
that will prevent or minimize the creation of contaminants;
 the use of resources and the environment should not compromise the health or the
economic or social well-being of future generations;
 all persons should be responsible for the consequences of their actions on the
environment;
 the Government of New Brunswick should allow residents of New Brunswick to
have access to information about activities that pose or may pose a threat to their
health or to the environment;
 the Government of New Brunswick should provide opportunities for the public to
participate in decisions related to matters that pose or may pose a threat to their
health or to the environment and should consider the advice provided;
 scientific information should be a fundamental part of the decision-making process
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in the administration of this Act and the regulations, but lack of full scientific
certainty should not delay or deter the implementation of measures to prevent the
release of contaminants or the spread of contamination where there are threats of
serious or irreversible damage to the environment;


the Government of New Brunswick should consider the potential impacts of
contaminants released in New Brunswick on ecosystems outside its borders, and
should encourage the taking of similar actions by the governments of other 
jurisdictions; and
the Government of New Brunswick should consider the principles set out in this section in
the development and implementation of all of its regulations, policies, programs and
practices
In all forms of development there are regulations that must be met with respect to
the clean air act.
Clean Environment
REGULATION 82-126 (Water Quality Regulation)
REGULATION 84-179 (Appeal Regulation)
REGULATION 87-83 (Environmental Impact Assessment
Regulation)
REGULATION 87-97 (Petroleum Product Storage and Handling
Regulation)
REGULATION 2002-19 (Used Oil Regulation)
REGULATION 2008-54 (Designated Materials Regulation)

-Establishes the legal authority of the Minister of the Environment and Local Government
to: control, reduce, limit, eliminate, alter the manner of release, and procedures to be
followed regarding any contaminant into the environment.
-The regulations define what is a contaminant and the levels of contamination
-Environmental Impact Assessment defines what activities (major projects, development or
otherwise) require approval from the Minister to proceed and set forth the process to follow
to apply for approval
In all forms of development there are regulations that must be met with respect to the
clean environment act.

Clean Water
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REGULATION 90-78 (Appeal Regulation)
REGULATION 90-79 (Water Well Regulation)

REGULATION 90-80 (Watercourse and Wetland Alteration
Regulation)
REGULATION 90-120 (Protected Area Exemption Regulation)
REGULATION 93-201 (Fees for Industrial Approvals
Regulation) REGULATION 93-203 (Potable Water Regulation)

-Establishes the legal authority of the Minister of the Environment and Local
Government to: control, reduce, limit, eliminate, alter the manner of release, and
procedures to be followed regarding any contaminant into water.
-Allows for the Province to enter into agreements regarding water with the Government
of Canada, other Provinces/Territories, Municipalities, The United States of America or
other persons

REGULATION 2000-47 (Wellfield Protected Area Designation
Order)

-Gives the authority to force offenders to return the water (environment) back to what
is was before actions commenced

REGULATION 2001-83 (Watershed Protected Area Designation
Order)
REGULATION 2002-13 (Water Classification Regulation)

-Regulations define water standards, qualities, exemptions, permits, what is protected
(and exemptions)
In all forms of development there are regulations that must be met with respect to the
clean water act.

Community Funding
REGULATION 86-143 (Groups of Municipalities and Rural -Establishes the calculations for municipal, rural community and local service district tax base
Communities Regulation)
-Allows for revenue estimates (setting budgets) for communities
-Establishes the funding calculations for communities (comprised of the core
funding component and the equalization component)
-Groups the municipalities into relative fiscal capacity for equalization purposes: the Town
of St. Stephen falls into group C; the Town of Saint Andrews falls into group D; the Village of
McAdam falls into group D
In government, fiscal capacity is the limiting factor to services provided. If RSC 10 wants to
increase fiscal capacity it needs to develop a plan that will maximize income of all of the
LSDs and municipalities in the area.
Community Planning
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REGULATION 80-159 (Provincial Subdivision Regulation)
REGULATION 84-217 (Designated Easements Regulation)
REGULATION 84-292 (Provincial Set-back Regulation)
REGULATION 2002-45 (Provincial Building Regulation, 2002)
REGULATION 2009-31 (Fees Regulation)

Highway
REGULATION 82-164 (Highways Regulation)
REGULATION 94-89 (Controlled Access Highways in Charlotte
County Regulation)
REGULATION 2010-55 (Highway Act)

-Sets outs the framework for land use planning processes for municipalities, rural
communities and the provincial government which provides services to the LSDs Sets our parameters that for planning
There are certain regulations that must be abided by for all planning. Once the vision is
determined, follow the regulations set out this Act.

-Establishes the legal authority for all things road related: placement, requirements,
setbacks etc.
-Very important for unincorporated areas (new developments, new roadways, access roads
The Province is responsible for highways, communication between RSC10 and the
Province, such that future highway development best serves the vision of both the
Province and the RSC10.

Municipalities
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REGULATION 84-86 (Residential Properties Maintenance and
Occupancy Code Approval Regulation)
REGULATION 84-168 (Local Service Districts Regulation)
REGULATION 85-6 (Municipalities Order)
REGULATION 89-108 (Blasting Code Approval Regulation)
REGULATION 2005-95 (Rural Community Incorporation and
Restructuring Regulation)
REGULATION 2005-96 (Municipal Incorporation and Restructuring
Regulation)

-Establishes the legal framework for the creation of municipalities and unincorporated areas
(including responsibilities, essential services, authority of by-laws)
-Establishes the territorial limits of cities and towns and all alterations
-Allows municipalities to acquire land or an interest in land that is adjacent to
the municipality and to use the land to provide the service
-Allows for expropriation
-Allows for the incorporation of an area of inhabitants into a municipality
-Allows for the amalgamation, annexation, or territorial decrease of municipal limits
-Requires the creation of a planning statements for newly created
incorporated municipalities
The boundaries of the Municipalities and LSDs all fit in the boundaries of RSC10. Generally
within the area of study the boundaries also fit along the edges of the watershed. This is
an important piece of legislation. How the RSC plans to develop and plan the area will
ultimately determine how relevant this particular act is.

Regional Service Delivery
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REGULATION 2012-91 (Region Boundaries Regulation)
REGULATION 2012-109 (General Regulation)

-Establishes the boundaries of the 12 Regional Service Districts Establishes the 12 Regional Service Commissions (RSC)

-RSCs must (mandatory) provide:
  Regional planning services 
 Solid waste disposal 
-RSCs can (voluntary) provide:
 Policing 
  Pooling of resources for emergency planning 
  Pooling of resources for recreation/cultural and other public facilities 
 Pooling of resources for administration/financial services 
-RSCs may acquire land/property
-RSCs must prepare “Regional Plan” and provide land use planning which includes: zoning bylaws, subdivision by-laws, locations of streets or land for public services
Divides the Province into 12 Regional Service Districts. The development of this Act is the
ignition to this project. This Act offers a modern solution to service delivery for the
Province. However by only making mandatory planning and solid waste disposal there is
room for improvement. If RSC were to create a vision for the area and include all possible
services as a form for delivery and work with surrounding RSCs, the EBM could be a very
useful and successful tool.
Topsoil Preservation
REGULATION 95-66 (General Regulation)

-Establishes the rules and regulations regarding the removal and transportation of topsoil
-Establishes the tools for remediation
Though not directly related to land planning, yet a very important aspect of environmental
conservation, and should be considered moving forward.

Unsightly Premises
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-Gives authority to Rural Communities and Municipalities to legally remove unsightly
premises
-Requires landowners to maintain their properties to a certain standard
-Is a tool to be used to legally require landowners to maintain their properties and has
repercussions and penalties for those who are in contravention
-Provides a legal tool for a municipality or Rural Community to recoup all costs associated
with clean-up
Moving forward with a vision, this is a tool to help achieve the vision of the area. Helping
to solve, what do we want our municipality to look like? How does it fit into the bigger
picture of the region?
Bituminous Shale
REGULATION 87-14 (Licence to Search, Development Permit and
Lease Regulation)

-All bituminous shale (and associated by-products) is separate from soil, and thus belongs to
the crown
-No one can explore for bituminous shale unless they have a geophysical licence or permit

Very pertinent to current development atmosphere in New Brunswick. Ultimately the
Province of New Brunswick owns the shale, and can and will make the ultimate decision on
the development of bituminous shale, very active communication between RSC10 (the area
of the study) and the Province to help shape how they wish to proceed with shale
development in the area. Again the first step is to determine what the vision/goal of the
area is.
Crown Lands and Forests
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REGULATION 86-160 (Timber Regulation)
REGULATION 2009-62 (Lands Administration Regulation)

-Regulates:
-Development, utilization, protection and integrated management of crown lands
-Encouragement of private forest lands, as the primary source of timber for wood
processing facilities in the Province
-Conservation officers (who and what)



Conservation officer (or forest service officer) may determine and demarcate the
legal boundaries of parcels of land that are wholly situated on Crown Lands, in
connection with the issuing of leases or licenses under this act 

-Acquisition, sale and leases
-Licences:
 Forest Management Agreement: 
o Industrial Plan (10 year plan)
o Management Plan (25 year plan)
o Operating Plan (1 year plan)
 Management Plan: 
o Describe the objective
o Describe the manner of management which must include:






































Silviculture



Timber Harvesting

Fire Protection



Road construction and maintenance

Forest reconstruction

Fish and Wildlife habitat

Watershed protection

General land management



Other matters prescribed by regulations



Sub-licenses 

-Use of timber from crown lands

 -Protection of Forests Pesticide use Roads
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-Re-vesting of abandoned lands

Relevance is dependent on the vision/goal for the area, but forestry is a major industry in
New Brunswick. The area of study has seen the forest industry in the past, currently the
wood situation in the area isn’t conducive for the industry currently (due to harvesting in
the past) however with the appropriate long term plan and a favourable economic market
the industry could develop in the future.
Mining
REGULATION 86-98 (General Regulation)

-Applies to minerals, the ownership vested in Crown and all mines, and those not owned by
Crown
-The types of natural minerals in natural environment = property of province
-All land in the Province is open for prospecting and registration of mineral claims
Regulates:
 Prospecting licences
 Mineral Claims
 Regional Surveys and Drilling
 Mining Leases
 Boundary Surveys
 Royalties
 Collections
 Use of Lands, Damages, Securities
-A mineral claim or mining lease does not confer on the holder thereof any right of
possession of land covered by the mineral claim or mining lease
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Very pertinent to current development atmosphere in New Brunswick. Ultimately the
Province of New Brunswick owns the minerals, and can and will make the ultimate
decision on mining development in the area, very active communication between RSC10
(the area of the study) and the Province to help shape how they wish to proceed with
mining development in the area. Again the first step is to determine what the vision/goal
of the area is (and for the Province).
Oil and Natural Gas
REGULATION 86-190 (Survey System Regulation)
REGULATION 86-191 (Geophysical Exploration Regulation)
REGULATION 2001-66 (Licence to Search and Lease Regulation)

All oil and natural gas is property separate from the soil and is vested in the Crown
-Exploration rights
 Licences required
-Access
-Geophysical Exploration
 Licences 
-The survey System Regulation divides the province up into a grid
**For all things related to Oil and Natural Gas, individuals, companies, corporation (etc)
must abide by all rules and regulations as set out by the Province in this Act**
Very pertinent to current development atmosphere in New Brunswick. Ultimately the
Province of New Brunswick owns all oil and natural gas “in the ground”, and can and will
make the ultimate decision on oil and natural gas development in the area, very active
communication between RSC10 (the area of the study) and the Province to help shape how
they wish to proceed with oil and natural gas development in the area. Again the first step
is to determine what the vision/goal of the area is (and for the Province). Another
Provincial division, understandably there needs to be more for the grid to work, however
having the Regional Service Districts as outer boarder should be done to simplify.

Pipeline Act, 2005
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REGULATION 2006-2 (Pipeline Regulation)
REGULATION 2006-3 (Pipeline Filing Regulation)

Applies to all pipelines in the Province (except those wholly contained within a property)
-Regulates construction and operation (permits and licences)
 Take up/removal of pipelines
 Changes to existing pipelines
 Abandonment
 Construction under buildings
 Construction and operation over land, roads, water
 Construction near mines or quarries
-Acquisition of land
Very pertinent to the current economic and political atmosphere in New Brunswick (for
example the Energy East Pipeline). The Province will make the final decision on the
location of such pipelines it is up to the RSC10 (and area of study) to have an open dialogue
with the Province regarding such projects. The first step is to determine the vision/goal for
the area and Province.

Protected Natural Areas
REGULATION 2003-8 (Establishment of Protected Natural Areas
Regulation)
REGULATION 2004-57 (General Regulation)

-The purpose of this Act is to protect the biological diversity of fauna and flora within the
Province and the relationship between such fauna and flora and the environment by
protecting, conserving and managing lands that
(a) are representative of ecosystems or natural landscapes within the Province,
(b) contain unique or unusual assemblages of fauna or flora,
(c) contain, in its natural habitat, native fauna or flora that is rare or endangered,
(d) contain ecologically sensitive fauna, flora or habitats,
(e) contain unique or rare examples of botanical, zoological, pedological or geological
phenomena, or
(f) contain ecosystems that have been altered by humans and that offer opportunities for
the study of the recovery of the ecosystems from such alteration
-while providing opportunities for public access to those lands or portions of those lands for
outdoor recreational activities, educational activities and scientific research that have
minimal environmental impact
-Establishment of protected natural areas
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-Alteration of the boundaries of or abolishment of protected natural areas on Crown
Lands/Private Lands
-Activities within a protected natural area
 Class I
 Class II
-Locations of the protected natural areas
 St. Croix River Islands (Class I)
Very relevant to the St. Croix watershed area. First step is to determine the vision/goal for
the area.
Property
-Defines both real and personal property under the law
-Defines the right of the property owner, landlord and tenant, the rights and responsibilities
Relevant to the land use and land planning.
Quarriable Substances
REGULATION 93-92 (General Regulation)

-Defines quarriable substances as: ordinary stone, building stone, sand, gravel, peat, clay
and soil
-Applies to all Crown land and any shore area
-Quarriable substances are vested in the owner of the land in or on which they be
-No person shall remove or take a quarriable substance from a shore area
-Requires Quarry permits and Quarry leases (for Crown land)
-Legislates peat explorations and peat leases as well
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Quarriable substances belong to the land owner, (exceptions noted above). Depending on
the vision for the area and on the composition of the land (whether quarriable substances
exist) active communication between RSC10 and landowners will need to occur if quarries
are not desired in the area.
St. Croix International Waterway Commission
-The Province of New Brunswick recognizes the common heritage of the citizens of
the Province and the citizens of the State of Maine, of the United States of America
-The Province of New Brunswick recognizes that the management of the resources of the
St. Croix International Waterway, which forms part of the boundary between the two
jurisdictions, is a matter of special concern to the citizens of both jurisdictions
The objects and purposes of the Commission are
(a) to encourage the conservation and management of the natural resources of the
Waterway
(b) to coordinate the efforts of the Province and the State of Maine in managing
and developing the resources of the Waterway
(c) to promote preservation and public awareness of the heritage of the early inhabitants
of the Waterway, including that of native peoples and the early European settlers
(d) to encourage the use of the natural and historical resources of the Waterway
for educational and recreational purposes
(e) to encourage tourism in the Waterway
(f) to establish working committees to study the present and potential utilization of
the resources of the Waterway and to recommend resource management strategies to
the Commission
(g) to encourage the conservation and management of the forest resources of the
Waterway while facilitating the optimal commercial utilization of this resource
(h) to encourage and facilitate consultation with residents of the Waterway and groups
who make significant use of the Waterway
(i) to encourage the development of public education programs to promote public
awareness of the joint efforts of the Province and the State of Maine in developing
and implementing resource management strategies for the Waterway

The first step is to determine the land use, land planning and development goal for the
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watershed and how it fits into the RSC10 land use, land planning and development goal.
Working with our American neighbours that the goals on both side of the border match.

Territorial Division
-Divides the Province in 15 Counties
-Each County is divided into Parishes
-There is one Shire Town or County Town per County
(The area of study is Charlotte County, divided into 15 parishes, not all are relevant to
this project, the Town of Saint Andrews is the Shire or County Town)
Another division of the Province, different from others. Statistics Canada uses this division
for census data.
Underground Storage
-This Act applies to the exploration for and the construction and operation of
underground storage facilities for fluids
-Legislates the requirement or permits and or licences for underground storage
This Act is relevant depending on the land use and land planning decisions and vision to
be determined.
Species at Risk
REGULATION 2013-38 (List of Species at Risk Regulation)
REGULATION 2013-39 (Prohibitions Regulation)

-The purposes of this Act are to prevent wildlife species from being extirpated from the
Province, to provide for the recovery of wildlife species that are extirpated, endangered
or threatened as a result of human activity and to conserve species of special concern to
prevent them from becoming endangered or threatened
-In preparing or adopting a management plan, a recovery strategy or an action plan, and in
undertaking a protection assessment, the Minister shall consider the principle that, if there
is a threat of serious or irreversible damage to a wildlife species, lack of full scientific
certainty shall not be used as a reason for postponing cost-effective measures to avoid or
minimize the threat
-Requires the adoption of management plans for species of special concern
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-Ensures that an assessment is conducted as to whether the recovery of a wildlife
species that is listed as an extirpated species, an endangered species or a threatened
species is feasible
-Defines recovery strategy as:








A recovery strategy constitutes advice to governments, landowners and others as
to the requirements that, in the opinion of the Minister, will assist in the recovery
or survival of a wildlife species and shall include: 
o a description of the wildlife species, 
o a description of the biophysical and functional attributes that meet the
habitat needs of the wildlife species, 
o a description of the threats to the survival and recovery of the wildlife
species and a description of the broad strategies to be taken to
address those threats, 
o a statement of the population and distribution objectives that will assist in
the recovery or survival of the wildlife species, if it is possible to formulate
those objectives, and 
o a general description of the research and management activities that are
needed to meet the objectives 
o -Allows for the creation of an action plan 
o -Allows for the protection and for protection orders 
o -Allows for recommendation of prohibitions and of habitat designation
o -Permits
o -Power of enforcement
o -Schedule A list the mammals, birds, reptiles, arthropods and vascular
plants that are considered to be species at risks

SARA is a powerful act. An inventory of species at risk in the area, and the location of their
habitat (in a map/GIS form) would be very helpful in creating a land use and development
plan
Aquaculture
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REGULATION 91-158 (General Regulation)

-The Minister may designate an area in a body of water as an aquaculture bay management
area
-Legislates and regulates: permits and licences
-A licensee shall maintain the health, genetic and grade standards for aquacultural produce
established by or in accordance with the regulations
-A licensee shall immediately report to the Minister or to an inspector the presence of
disease, disease agents, parasites, toxins or contaminants at the licensee’s aquaculture site
-The Minister may designate land that is under the Minister’s administration and control as
aquaculture land
Could be relevant depending on the decision made regarding economic development
interacting with the land use and land planning decision.

Conservation Easements
REGULATION 98-58 (General Regulation)

-A conservation easement shall be granted only for one or more of the following purposes:
(a) the conservation of ecologically sensitive land
(b) the protection, enhancement or restoration of natural ecosystems
(c) the protection or restoration of wildlife habitat or wildlife
(d) the conservation of habitat of rare or endangered plant or animal species
(e) the conservation or protection of soil, air, land or water
(f) the conservation of significant biological, morphological, geological or palaeontological
features
(g) the conservation of places of value due to their archaeological, palaeontological, historic,
cultural, natural, scientific or design importance
(h) the protection or use of land for outdoor recreation
(i) the use of land for public education
(j) any other purpose prescribed by regulation
-A conservation easement is a voluntary agreement entered into between the grantor of the
conservation easement and the holder of the conservation easement that:
(a) grants rights and privileges to the holder of the conservation easement respecting land
that relate to the purposes for which the conservation easement is granted
(b) may impose obligations, either positive or negative, on the holder of the conservation
easement, the grantor of the conservation easement or any subsequent owner of the land
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respecting that land that relate to the purposes for which the conservation easement is
granted

The land use and land planning vision of the St. Croix Watershed may emphasize
conservation, this act is relevant to the development and maintenance of
conservation areas.
National Parks
-Legislates the right of the Minister to give land to the Federal Government designated as
a National Park
Something to consider with respect to the St. Croix Watershed area, with respect to
protecting the natural area and having financial support to do so. Possibly not the whole
area, but part of the area, this could fit in with the land use and land development plan.
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Appendix D: Federal Legislation
Act
Agricultural
and
Rural Development
Act (ARDA)

Regulations

Relevance
Allows for joint Agriculture/Rural economic development
projects between the federal government and individual
provinces, projects types include:
(a) projects for the more efficient use and economic
development of rural lands specified in the agreement;
(b) projects for
(i) the development and conservation of water supplies
for agricultural or other rural purposes, and
(ii) soil improvement and the conservation of rural lands
in the province or in any area of the province specified
in the agreement; or
(c) projects for the development of income and
employment opportunities in rural areas specified in the
agreement and the improvement of standards of living in
those areas
Relevant to land use and land planning, there is the
potential for financial support from the federal
government for the development of agricultural
land.

Atlantic Fisheries
Restructuring Act

The purpose of this Act is to facilitate the development
of viable Atlantic Fisheries that are competitive and
privately-owned through the restructuring of fishery
enterprises
Relevant to the area, especially economic
development, Working with the other RSCs to
develop sustainable fisheries.
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Canada
National
Marine
Conservation Areas
Act

-The federal government recognizes that the protection
of natural, self-regulating marine ecosystems is
important for the maintenance of biological diversity
-Therefore the Government of Canada is committed to
adopting the precautionary principle in the conservation
and management of the marine environment so that,
where there are threats of environmental damage, lack
of scientific certainty is not used as a reason for
postponing preventive measures
-Marine conservation areas are established in
accordance with this Act for the purpose of protecting
and conserving representative marine areas for the
benefit, education and enjoyment of the people of
Canada and the world
-Marine conservation areas shall be managed and used
in a sustainable manner that meets the needs of present
and future generations without compromising the
structure and function of the ecosystems, including the
submerged lands and water column, with which they are
associated.
-Each marine conservation area shall be divided into
zones, which must include at least one zone that fosters
and encourages ecologically sustainable use of marine
resources and at least one zone that fully protects
special features or sensitive elements of ecosystems,
and may include other types of zones

Relevant to the St. Croix Watershed,
Canada Water Act

-Recognizing the importance
as a resource for all
Canadians, this
Act allows
for the Federal and
Provincial governments to jointly come together under
an agreement for the management of water
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Relevant to the St. Croix watershed
Canadian
Environmental
Assessment

2012



Act,

Cost
Recovery
Regulations (
SOR/2012146)
Prescribed
Information
for
the
Description of
a Designated
Project
Regulations (
SOR/2012148)
Regulations
Designating
Physical
Activities (SO
R/2012-147)

The purpose of CEAA 2012 is to:
 Protect components of the environment that are
within federal legislative
authority
from
significant adverse environmental
effects
caused
by
a
designated
project
 Ensure that designated projects are considered
and carried out in a careful and precautionary
manner when the exercise of a power
or
performance of a duty or function by a federal
authority is required for the project to proceed
 Promote cooperation and coordination between
federal
and
provincial
governments


Promote communication and cooperation with
Aboriginal
peoples



Ensure that opportunities are
meaningful
public



Ensure that environmental assessments are 
completed
in
a
timely
manner



Ensure that projects proposed to be carried out
on federal lands and projects that are outside of
Canada that the federal government intends to
carry out or fund, are considered in a careful 
and precautionary manner in order to avoid
significant adverse environmental effects



Encourage federal authorities to take action in a
manner that promotes sustainable development 
Encourage further studies of the cumulative
effects of physical activities in a region and the
consideration of the study results in
environmental assessments 



provided for
participation
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Relevant to the land use and land planning and
development of the area.
Development could
trigger
a
Federal
Environmental
Impact
Assessment, depending on the scope of the project
and the plan and vision of the area.
-It is the “catch all” act, to help ensure that all potentially
toxic substances are not inadvertently exempt from
federal oversight as a result of unforeseen legislative
loopholes
-Contributes to sustainable development through
pollution prevention and to protect the environment,
human life and health from the risks associated with
toxic substances
-Multiple regulations

Canadian
Environmental
Protection
Act,
1999

Relevant to the sustainable development, land use
and land planning for the area.
-Manages Canadian Fisheries:
 Protects fish
 Protects fish habitat (reproduction habitat,
growing habitat, survival habitat)
 Pollution prevention

Fisheries Act

Migratory
Convention
1994

Birds
Act,

Migratory
Bird
Sanctuary
Regulatio
ns (C.R.C
.,
c.
1036)
Migratory
Birds
Regulatio
ns (C.R.C

Relevant to the St. Croix Watershed. Development
will be limited to the regulations posted in the Act.
-Provides for the protection of migratory
birds
through:
 The Migratory Birds Regulations
 The Migratory Birds Sanctuary Regulations
-Manages the hunting of migrating game birds
through regulations and sets forth objectives and
guidelines
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.,
1035)

Species at Risk Act

c.

Relevant to the St. Croix Watershed.
Development will be limited to the regulations
posted in the Act.
-The purpose:
 To prevent wildlife species in Canada from
disappearing
 To provide for the recovery of wildlife
species that no longer exist in the wild in
Canada,
 To provide for the recovery of wildlife
endangered, or threatened as a result of
human activity
 To manage species of special concern to
prevent them from becoming endangered or
threatened
-A series of measures applicable across Canada
provides the means to accomplish these goals.
-Establish how governments, organizations, and
individuals in Canada can work together
-Implements a species assessment process to
ensure the protection and recovery of species
-Legislates for sanctions and for offences.
-Provides for the issuing of permits or the
conclusion of agreements for certain scientific or
educational activities and for the implementation of
special emergency measures
-Encourages the various governments in Canada to
cooperate to protect wildlife species in this country
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SARA is a powerful act. An inventory of species
at risk in the area, and the location of their
habitat (in a map/GIS form) would be very
helpful in creating a land use and development
plan
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Appendix E: Ecosystem Management Meta-Analysis
Authors: Dragos Flueraru and James Maclellan.
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1.0 Introduction
As we have seen in the main body of this report, (Section 3.0 BOX 2) a fundamental problem associated
with management, and\or economic planning is that knowledge is never given to any individual (or
institution) in its totality. We could also add that knowledge is constantly evolving, not just in terms of
facts but also methods, and techniques for guiding decision making (planning). This dilemma is
understood as both a key advantage of economic markets which use evolving price signals to distribute
the calculation of the ‘economic problem of society’, and as a disadvantage for central planning which
must interpret knowledge which “never exists in concentrated or integrated form but solely as the
dispersed bits of incomplete and frequently contradictory knowledge which all the separate individuals
possess.” (Hayek 1945) Not surprisingly, this is bad news for Ecosystem Based Management (EBM)
insofar as it cannot be approached in a comprehensive, timely, and definitive manner. Since Hayek
identified this dilemma though, new tools have been developed which allow us to draw a rough image
of the ‘totality’ of created knowledge.
A simple internet search for ‘ecosystem based management’ identifies almost six million web pages
using the Google search engine (GoogleTM search on April 22nd, 2015). It would appear therefore as if
we are awash in information. Yet aside from the simple ranking algorithms used by Google, the
information on the web is fundamentally unstructured, and therefore difficult to navigate and utilise
(Economist 2010). Hayek (1945) is still correct therefore in assuming that we do not have access to the
‘totality’ of knowledge; fortunately it’s not all bad news. While ‘totality’ may remain an illusion,
methods now exist that allow us to probe the structure of the information landscape (Maclellan 2008;
MacLellan et al 2011; Fanelli et al 2014). By providing a rough outline of the EBM knowledge domain,
we may not only enable access to data that was previously hidden, but identify trends that might not
have been apparent. Furthermore, this form of analysis may facilitate the integration of knowledge,
which is an essential and continual task for both ecosystem science, and management.

2.0 Method
In the following meta-analysis of ecosystem management, we begin our assessment at the broadest
possible scale (Section 3.0), and then iteratively working our way down towards the knowledge
domains\networks associated with Ecosystem Based Management in the Atlantic region of Canada
(Section 6.0). By strategically shifting across scales in this way, our hope to contextualise the activities
associated with EBM knowledge production in the Atlantic. The challenge in attempting such an
assessment lies in organizing\ deciphering\ integrating the vast quantity of information that is currently
available regarding ecosystem based management; a direct assessment (i.e. a literature review of all
possible content) is infeasible. Nevertheless we can tease out the dynamic structure of the knowledge
domain by altering our methods as we move from broad to local scales. Essential to our task is to
associate the various components of management concerning the environment, with the products and
the producers of this knowledge. This is accomplished by relating the content of knowledge products
(i.e. books, texts, report, peer reviewed articles, etc.) to the major themes associated with EBM.
The various traits associated with knowledge products (i.e. author(s), title, abstract, citation counts,
publisher, and keywords) will be used to categorise articles, texts, etc., so as to discern some sense of
content, relevance and informational value. In this way we will attempt to identify a structure for the
EBM literature in the hope that patterns inherent to the field will become apparent. This should provide
researchers\practitioners with an awareness of relative occurrence of critical ecosystem management
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issues and trends. To accomplish this we must first address the six questions of content analysis
(Krippendorf, 2004):
1) Which data are analyzed?
2) How are they defined?
3) What is the population from which they are drawn?
4) What is the context relative to which the data are analyzed?
5) What are the boundaries of the analysis?
6) What is the target of the inferences?
In our case, we can easily define our data, the population it comes from, how it is defined, its limits, and
for whom and to what end it is intended. The data is derived from the vast Google and SCOPUS
literature datasets. For our broadest assessment we utilise the Goggle N-Gram dataset which is the
result of Google’s efforts to digitize millions of books in partnership with various libraries. In this dataset
we can examine relative word pairings to get a broad sense of how related concepts compare in terms
of usage across this dataset. The second, SCOPUS dataset is far more structured; it covers the physical
sciences, life sciences, health sciences and social sciences. It is the largest abstract and citation database
of research literature, with over 22,000 titles from over 5,000 publishers, of which 20,000 are peerreviewed journals in the scientific, technical, medical, and social sciences (including arts and humanities)
(Elsevier 2015). For a more detailed overview of the methods used, refer to (MacLellan 2002; 2008;
2014).

3.0 Google NGRAM Assessment: Environmental Management Paradigms
Ecosystem Based Management (EBM) is just one of a number of fields concerned with managing
society’s relationship with the environment. To assess the relative importance of these various
management paradigms, and to therefore contextualize EBM in a broad sense, we have utilized Google’s
NGRAM trend analysis tool. Google Inc. has digitized millions of books in partnership with various
libraries which can then be scanned for key words and key word phrases or n-grams, where an n-gram is
a contiguous sequence of n items or words within a sequence of text. This analysis is facilitated by the
NGram search tool (Michel et al. 2010) that is accessible via the web (Google Inc. 2011)). Using this tool
we can pair different words (search terms) and compare the relative occurrence of these phrase
combinations. Thus “ecosystem based management” and “ecosystem management” represents 3, and
2-gram sequences which Google NGRAM compares to all other sequences in their sample of books
written in English and published in the United States. We also examined “resource management” and
“environmental management”.
As is evident from our results in Figure 1, ‘resource management’ and ‘environmental management’ are
far more popular terms than those associated with the ‘ecosystem’ concept. In fact ‘ecosystem
management’ does not appear in broad usage until the 1990s, while resource management emerged as
far back as the 1960s. The implications are: 1) ecosystem management represents only one form of
management associated with the environment; 2) the term ‘resource management’ is used far more
often (up to 500% more often) than ecosystem based management; and 3) ‘ecosystem management’, is
used dramatically more often that ‘ecosystem based management’. For this reason we will use this
search term in the remainder of our analysis. Oddly, the use of all these terms seems to have peaked
around the turn of this century; this may be the result of issues such as ‘climate change’ garnering more
attention in the research community (i.e. the ‘climate change’ term overtakes ‘resource management’
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by 1997, and by 2008 is more than twice as popular), but there could also be a political explanation
(Godin 2005) i. This speculation will be examined in greater depth at a later time.

Figure 1: Google N-Gram analysis of environmental management types (Accessed April
2015; GoogleTM)

4.0 EM Bibliometric Assessment
In the second phase of our analysis we explore the SCOPUS dataset to assess and capture current trends
in ecosystem-based management (EBM) literature. This approach has been widely used in health
sciences, and increasingly in environmental science (MacLellan 2007; 2008; 2014), through the use of
SCOPUS or Web of Knowledge (WOK). However to our knowledge this has not been applied to the field
of ‘Ecosystem Based Management’. Using the SCOPUS population of records, publications were sought
that contained the terms “ecosystem management” in their title, abstract or keywords ii.
In the following sections we examine the structure of the EBM knowledge domain: by examining
content associated with the field; by identifying functional categorizations within the literature; and by
varying the scope of our analysis across three scales (International; Canadian; and the Atlantic region).
In the first analysis (Section 4.1) we are looking for patterns in the focus of the literature. We also
briefly examine the relative weight associated with methodological and disciplinary distinctions, as well
as environmental issues (Section 4.2). This content analysis is repeated for both the International
literature, and literature associated with Canadian researchers (Eyzaguirre et al 2014) iii. Finally (Section
4.3), we examine the functional distinction between sources of information in the context of EBM. To
accomplish this we adopt a functional categorization developed by Maclellan and Innes (2002) to assess
Ecosystem Management Decision Support Systems in British Columbia.
More specifically, a keyword, title and abstract search of the total SCOPUS database (a database with
worldwide coverage and 55 million documents on record) were performed simultaneously for
“ecosystem management” and four disciplines in turn: “climate”, “agriculture”, forest”, “marine” and
“conservation”. As such, articles were classified under their respective categories for the period of 1980
to 2014. A second similar search was conducted for “ecosystem management” and “social”,
“adaptation”, “economic” and “impact assessment” for the period of 1980 to 2014. To provide more
A32

specified analysis in the Canadian context, the procedure above (for all nine keywords) was repeated
using literature exclusively produced by Canadian institutions and publishers.
4.1 SCOPUS: EM Knowledge Domain
Using the search term “ecosystem management” we acquired a dataset of over 55,000 articles, which
when plotted over time (Figure 2) clearly indicates an academic field that has been growing in a nonlinear fashion since 1990s. Obviously it is not possible to read 55,000 articles, or to even scan the
abstracts associated with this many articles. But we can make sense of this dataset in a number of
revealing ways. We can begin for instance, by identifying the most cited articles iv which include:
Costanza et al 1997 (5377 cites); Vitousek et al 1997 (3487 cites); Mack et al 2000 (2614 cites); Jackson
et. Al. 2001 (2548); and Hooper et al 2005 (2236 cites). While it is useful to be aware of the importance
of these articles on an individual basis, no comprehensive relationship appears between these articles v.

Figure 2: ’Ecosystem Management’ knowledge domain over time. Y axis represents
the number of articles per category. Note many articles fit into multiple categories.

More effectively we can begin to see patterns in how the field is structured by identifying the journals
which publish the greatest number of EBM articles. By assuming these journals are focused on specific
topics, we can start to broadly make sense of the field. In Figure 3 we can see that the top journal
related to EBM is devoted to forest ecosystems (i.e. 1476 in Forest Ecology and Management), while
agricultural (i.e. 436 in Agriculture Ecosystems and Environment), and coastal ecosystems (i.e. 416 in
Ocean and Coastal Management) are far less represented. Alternatively the issue of biological
conservation is highly represented in two leading journals (i.e. 1097 in Biological Conservation and
Conservation Biology). Finally, those journals that purport to specifically focus on management are
clearly one of the most highly represented classes of journals (i.e. 3869 for Forest Ecology and
Management, Environmental Management, Journal of Environmental Management, Ocean and Coastal
Management).
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Figure 3: Journals associated with ecosystem management ranked according to the
number of relevant articles.

Aside from telling us which journals we should focus on, this information starts to provide a sense of the
relative importance of forest, marine and surprisingly for this author, agricultural ecosystems.
Nevertheless, journals themselves can publish across a wide range of topics concerning ecosystem
management (i.e. the most diverse being the most generic like Science or PLOS One) so it is important
not to over-interpret such findings.
4.2 SCOPUS EM Topic Scoping
To get a better sense of the relative importance of different topics covered within Ecosystem
Management we can return to Figure 2. In this diagram we not only see the evolution of the entire field
since 1970, but a breakdown of various subjects which make up the field of ecosystem management vi.
The result is a map of the importance of various subjects since 1970. For example, there is a clear
increase in literature related to ‘climate’, as is the more recent focus on ‘impact assessments.’
Nevertheless it is difficult to discern the relative importance of these topics in the graph as shown.
SCOPUS Search (March 2015)
Primary Search: Ecosystem Management
Secondary Search:

# Articles

conservation

32757

forest

26649

impact assessment

21643

climate

19380

economic

16918

marine

16678

agriculture

16521

social

12551

adaptation

6263
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By plotting the topics in Table 1 in proportion to one another through time, the
evolution of ecosystem management becomes apparent. In Figure 4 (i.e. search terms:
climate, conservation, agriculture, marine, forest) we can broadly discern that the issues
associated with ‘conservation’ as well as ‘forest’ and ‘marine’ habitat dominant the EBM
field. It is also clear that ‘climate’ has become a dominant issue since 1990, doubling in
magnitude to equal that of ‘forests’. We can also discern more specific patterns in the
bibliometric profile, with spikes in 1995 for agriculture, and in 1998 for ‘forests.’ By
relating these bibliometric events to actual initiatives, a fuller understanding evolves of
how the field of EBM has formed. For example the 1998 spike appears to correspond to
the events that led to the appointment of the Forest Ecosystem Management
Assessment Team (FEMAT) to resolve the logging standoff in the Pacific Northwest of
the United States (Salazar and Alper 2011).
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Figure 4: SCOPUS primary and secondary search combinations centred on 'ecosystem
management' dataset (i.e. >55,000 records), and environmental subject matter. Area
content displayed according to relative proportions. SCOPUS accessed March 2015.

We can further relate these trends to what might be called social\management issues as seen in Figure
5. The first thing to note is that as a whole, these issues consistently (i.e. from 1980 until 2015) account
for approximately 31% of the field when environmental subject matter from Figure 4 is taken for
comparison. Surprisingly the field\subject of economics has not increased proportionately through time,
as might be expected but has substantially decreased in relative proportion. Consideration of social
elements seems consistent, while adaptation which is associated with the concept of ‘adaptive
management (Holling 1978), as well as the field of climate change (MacLellan 2008), has steadily
increased through time. Furthermore, the importance of the impact assessment methodology now
appears to dominant the field where once, economic methods might have been assumed to do so. This
apparent shift in the methodological focus of ecosystem management requires more detailed analysis,
but it is worth noting that both the IPCC process and the Millennium Ecosystem Assessment are
dominated by the ‘impact assessment’ methodology.
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Figure 5: SCOPUS primary and secondary search combinations centred on 'ecosystem
management' dataset (i.e. >55,000 records), and social\management subject matter.
Area content displayed according to relative proportions. SCOPUS accessed March
2015.

Until now we have been teasing insights out of the global knowledge domain, but we can also
demarcate research of Canadian origin. To develop a Canadian EBM research dataset we begin by
identifying researchers affiliated with Canadian institutions. We then use this information to constrain a
bibliometric search for “ecosystem management” articles vii. We can further drill-down to the Atlantic
region. In this way we can see that researchers at Canadian institutions are involved with approximately
2% of all articles related to Ecosystem Management (i.e.) while those in the Atlantic region account for
about 1%, or approximately 40% of the Canadian total viii. Fortunately, as we drill-down to the Canadian
knowledge domain we can begin to examine individual articles, providing a direct indication of the
Canadian interpretation of the field.
In the Canadian EM dataset we generally see similar patterns to the global dataset (Figures 6) such as a
steadily increasing proportion of literature associated with ‘climate’ for instance. The slight exception is
relatively less literature devoted to agricultural ecosystems. In Figure 7, we also appear to match global
patterns with an increasing emphasis on ‘adaptation,’ and a focus on ‘impact assessments’. There does
seem to be a peak of economic related publications in 1996 and 2003 which needs to be confirmed.
Generally speaking then, we have seen an increase in content related to ‘impact assessments’, a
decrease in content related to ‘economics’, and a general increase in content related to ‘climate
change’. Proportionally the field appears to be dominated by articles related to ‘forests’, and to
‘conservation’ issues ix. Interestingly the social fields appear to be slightly better represented in Canada
(i.e. approximately 34%) than they are globally.

A36

100%
90%
80%
70%

climate

60%

conservation

50%
40%

agriculture

30%

marine

20%

forest

10%
2014

2012

2010

2008

2006

2004

2002

2000

1998

1996

1994

1992

1990

0%

Figure 6: SCOPUS primary and secondary search combinations centred on 'ecosystem
management' Canadian dataset (i.e. ~7400 records), and environmental subject
matter. Area content displayed according to relative proportions. SCOPUS accessed
March 2015.
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Figure 7: SCOPUS primary and secondary search combinations centred on 'ecosystem
management' Canadian dataset (i.e. ~7400 records), and social\management subject
matter. Area content displayed according to relative proportions. SCOPUS accessed
March 2015. Results are held constant over the period 1990 to 1995.

4.3 SCOPUS Ecosystem Management Functional Analysis
Now that we have a sense of the relative weighting of topics with respect to the EM knowledge domain,
we can broadly ‘see’ what Ecosystem Management concerns itself with. More detailed analysis is
certainly possible, but a continuation of this form of analysis tells us little about how EM is practiced.
The challenge is to distill an incredibly broad base of literature into a form that can be used to enlighten
management practices at the local scale. This requires that the literature is somehow interpreted on a
functional basis. To accomplish this functional analysis, a simplistic framework was used to
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conceptualize and analyze the structure of the ecosystem-based management literature based upon a
fundamental framework derived from the forest management literature (MacLellan and Innes 2002).
According to Davis and Johnson (1987) the basic elements of a forest management system are: 1) Land
Classification; 2) Growth & Yield Predictions; and 3) an Activity Schedule. Land classification divides the
land base into homogeneous strata and allows for generalization. Growth and yield models give a
projection of the expected volume of timber for commercial harvest and an activity schedule simply
describes the timing, and methods by which vegetation and other resources are manipulated to achieve
desired outcomes.

Figure 8: The basic sub-components of an Ecosystem Management Decision Support System. This corresponds to Davis and
Johnson’s (1987) categories of: Land Classification, Growth and Yield Models, and Scheduling, in a forest management
system, but is more inclusive given the context of Ecosystem Management. The dark arrow represents the dominant causal
relationships between components while the lighter arrow suggests that all components are inter-related. Adopted from
MacLellan and Innes (2002).

These elements can be described in a more fundamental sense given the management context of
ecosystem management as seen in Figure 8. Decision making includes the following steps: 1) the
consideration of a defined set of alternatives through time; 2) and the likelihood or probability of their
occurrence. 3) Assignment of ‘preferences' to the set of possible outcomes given; 4) a criteria such as
maximal or optimal desirability of chosen alternatives with respect to the preference ranking (Doyle,
1999). Given this general decision-making framework, and the more holistic nature of ecosystem
management, the following elements tend to be more ‘essential’ to ecosystem management, decision
support systems.
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1. Descriptive Data Stored as Inventories
a. Any data which describes the biotic or abiotic environment, including the social/cultural
conditions.
b. Describes both the current, as well as the past state of the forest.
2. Predictive models
a. Any model which attempts to describe a future condition of the ecosystem.
b. This includes growth and yield modeling.
c. Includes wildlife responses to habitat change.
d. Includes the projection of natural disturbances.
e. Includes any model about markets, social trends etc.
3. Possibility Vetting (Decision-making)
a. Value solicitation.
b. Appraisal of possibilities based upon value preferences.
c. Search for preferred alternatives.
d. Choice of action.
In a simplistic sense, ecosystem management entails the projection of future environmental conditions
or states and the act of choosing (or the elimination from choice  vetting) from that set. This process
starts with the classification of elements within the environment from which relationships amongst
those elements can be inferred (i.e. ecosystem science as defined by Tansley) leading to the
development of predictive models. From these, future environmental conditions can be linked to both
natural processes, and human interventions (i.e. two sides of the same coin for Tansley). Although
Figure 8 suggests that these elements are causally linked in a progressive, sequential sense, they overlap
and interact amongst each other. EBM knowledge products may therefore be categorized functionally
as: i) data generation and accumulation, ii) predictive modelling and data simulation, iii) vetting and
decision making and iv) literature with a purely theoretical, integrative, overarching, or using a meta
perspective . Knowledge products may of course belong to more than one category.
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Figure 9: SCOPUS Functional Analysis for Canada.

In Figure 9 we can see that the population of Canadian EBM literature sorts nicely along functional lines.
Generally speaking a large portion of the scientific community is involved in collecting information for,
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and in developing predicative capabilities which support decision making. Since 2007 though, EM
appears to have evolved the vetting or decision components of EBM, possibly indicating more
sophisticated decision tools. Although an elaboration of the details of these trends is beyond the scope
of this analysis, the resultant functionally classified datasets provide us with a unique opportunity, not
only to directly assess trends in the Canadian field of Ecosystem Management, but to directly identify or
link knowledge products with their authors.

5.0 RESULTS AND DISCUSSION
Accepting that knowledge is incomplete, fragmentary, evolving, and distributed unevenly across
numerous actors, leads to a number of interesting conclusions regarding Ecosystem Based
Management. The most obvious of these conclusions is that some form of continual assessment is
critical if a region or locality is to remain abreast of current insights regarding the nature of ecosystems
(i.e. both natural and human). What is less obvious is that there’s been, and will continue to be, a
concurrent evolution in methods and techniques devoted to undertaking Ecosystem based
Management. Thus not only must the ‘ecosystem’ knowledge produced by scientists be continually
integrated into EBM systems, but the methods used to support decision-making must also be continually
considered. Our results would support this conclusion.
•

•

At the broadest scale of the knowledge domain, our results indicate (Section 3.0):
o ‘Ecosystem management’ represents only one form of management associated with the
environment;
o ‘Resource management’ and ‘environmental management’ are utilised far more often
than either ‘ecosystem based management’ or ‘ecosystem management’;
o ‘Ecosystem management’ is utilised dramatically more often that ‘ecosystem based
management’;
o The use of all management terms relating to the environment appear to have peaked
around the turn of this century (i.e. this may be the result of issues such as ‘climate
change’ garnering more attention in the research community);
o ‘Climate change’ had overtaken ‘resource management’ by 1997, and by 2008 its’ use
was more than twice as popular.
Concerning the global academic field associated with ‘ecosystem management’ (Section 4.1)
o The field has grown continuously in a non-linear fashion since 1990.
o The key journals associated with the field of ecosystem management include:
 Forest Ecology and Management (1476)
 Environmental Management (1202)
 Ecological Applications (813)
 Journal of Environmental Management (775)
 Plos One (763)
 Water Science and Technology (702)
 Ecological Modelling (670)
 Environmental Monitoring and Assessment (596)
 Biological Conservation (591)
 Shengtai Xuebao Acta Ecologica Sinica (555)
o The top journal related to EBM is devoted to forest ecosystems
o Biological conservation is highly represented in two leading journals (1097).
o Journals that purport to specifically focus on management are clearly one of the most
highly represented classes of journals (3869)
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•

•

•

In terms of the actual subjects or topics under consideration within the field of ecosystems
management (Section 4.2):
o Since the early 1990s, there is a clear increase in literature related to ‘climate’, as is the
more recent focus on ‘impact assessments’
o ‘Climate’ has become a dominant issue doubling in magnitude to equal that of ‘forests’.
o We can also broadly discern that the issues associated with ‘conservation’ as well as
‘forest’ and ‘marine’ habitat dominant the EBM field.
o The bibliometric record does appear to reflect specific events as with the increase in
literature associated with ‘forests’ in correspondence with the appointment of the
Forest Ecosystem Management Assessment Team (FEMAT).
o In terms of social\management subject matter, such themes consistently account for
approximately one third of the literature.
o The field\subject of economics has not increased proportionately through time.
o The concept of adaptation, which is associated with ‘adaptive management (Holling
1978), and the field of climate change (MacLellan 2008), has steadily increased through
time.
o The importance of the impact assessment methodology now appears to dominant the
field where once, economic methods might have been assumed to do so. (i.e. as a
reflection of the dominance of the IPCC process?)
Concerning the Canadian academic field associated with ‘ecosystem management’ (Section 4.1)
o In general we see similar patterns to the global dataset
 The field appears to be dominated by articles related to ‘forests’, and
‘conservation’ issues.
 There is a steadily increasing proportion of literature associated with ‘climate’.
 There is an increasing emphasis on ‘adaptation,’ a focus on ‘impact
assessments’.
 There is a decrease in content related to ‘economics’,
o There is a slight under-representation of literature (compared to the global field) of
literature devoted to agricultural ecosystems.
o There is a peak in economic related publications in 1996 and 2003 which needs to be
confirmed.
o Interestingly the social fields appear to be slightly better represented in Canada (i.e.
approximately 34%) than they are globally.
Concerning the functional distribution of articles related to EBM (Section 4.3)
o Although individual articles may appear to blur the lines of functional distinctions, when
taken in a broader context we see a strong and consistent demarcation of articles
corresponding to the three functional categories (i.e. Data; Predictive; Vetting)
associated with Ecosystem Management Decision Support Systems.
o A large portion of the scientific community appears to be involved in collecting
information for, and in developing predicative capabilities which support decision
making.
o Since 2007 there appears to have been a movement towards more articles dealing with
vetting or decision components of EBM, possibly indicating more sophisticated decision
tools.
o The resultant functionally classified datasets provide us with a unique opportunity, not
only to directly assess trends in the Canadian field of Ecosystem Management, but to
directly identify or link knowledge products with their authors.
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MacLellan has suggested that the dynamic nature of advancements in methods and techniques to
undertake EBM assumes that the development and evolution of these systems themselves must be
approached in a qualified, iterative and inclusive manner (i.e. muddling for muddlers in Lindblom’s
terminology (MacLellan 2008). Hayek (1945) aptly noted that knowledge regarding the ‘economic
problem of society’ was distributed among both scientists and local individuals whom are directly
involved in economic markets; both forms of information were essential for successfully determining
(i.e. for calculating) the social welfare of society. This local global dialectic (MacLellan 2008, 2010) is not
resolvable in a synoptic sense, but is continually updated as new information, new methods and new
values emerge. This leaves us with a fundamental dilemma centered on the utilisation of knowledge
with regard to societal welfare, whose calculation Hayek concluded was unattainable. While this may be
true (i.e. synoptic planning could never be definitely accomplished by a central authority (Lindblom
1979)), it can nevertheless be approached in a manner that reflects the qualified and evolving nature of
ecosystem knowledge.
The link between knowledge, and those whom develop it, is critically important as Hayek noted. Not
only is knowledge fragmentary and incomplete, but it can be utilised in a myriad of ways x and so
requires expertise to interpret and utilize (MacLellan 2008). In other words, how you actually integrate
such ‘systems’ will require the participation of expertise from across the knowledge spectrum, including
local participants (MacLellan 2008). Accessing and utilising scientific knowledge therefore requires
choosing the appropriate experts to participate in the creation of EBM systems; obviously those whom
have produced knowledge related to EBM are likely to be the best qualified to interpret such knowledge
within a broader functional framework. By revealing the nature and structure of these knowledge
systems, we have therefore provided a side door into calculating a broader conception of societal
welfare.
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ENDNOTES
i

As noted by Quentin Chiotti – personal communication April 28 2015.
The term ‘Ecosystem Management’ was shown to be more inclusive in Section 3.0 than ‘Ecosystem Based
Management. It is our assumption that the articles in the dataset that utilize these terms reflect a sample of the
intellectual activities occurring within the field itself. Clearly this assumption can be challenged because a large
number of journals, non-reviewed articles, books and reports are not contained within the SCOPUS dataset
(Elsevier 2015); nevertheless a complete survey is logistically unattainable and our purpose is primarily
exploratory.
iii
For an overview of how we decomposed the international literature from Canadian literature see the analysis
undertaken by MacLellan in Eyzaguirre et al (2014), page 259.
iv
For a discussion of citation indexing see Hicks et al 2015.
v
Two articles are about human impacts on ecosystems, two cover biodiversity and the most popular article is
about the valuation of ecosystem services.
vi
Topics include: climate; marine; forest; economic; impact assessment; adaptation; social; agriculture;
conservation.
vii
For an overvi ew of how we decomposed the international literature from Canadian literature see the analysis
undertaken by Maclellan in Eyzaguirre et al (2014) on page 259.
viii
Results from the global search account for 58,000 articles, results from the Canadian search account for 1122
articles or about 2% of the global total, while results for the Atlantic region account for (448) or 1% of the global
total. Surprisingly the Atlantic region accounts for approximately 40% of the Canadian total.
ix
It should be noted that the reported content proportions may be biased by the broader content selection of
SCOPUS dataset. The challenges in dealing with cross-disciplinary subject matter require that some choice be
made regarding how content is more broadly chosen. Nevertheless, SCOPUS has policies in place to ensure that
the cross disciplinary nature of their dataset is continually reviewed (Elsevier 2015).
x
A different computer, a different specialist, a different institute [results in] a different 'reality'” and thus, a
different set of potential decisions and actions (Beck 1992).
ii
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