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Introduction to Marine Protected Areas
This technical report has been created in response to Canada’s commitment to the marine
conservation targets set out by the United Nations Convention on Biological Diversity (UN CBD) to
protect 10% of its coastal and marine areas by 2020. Here we will outline Marine Protected Areas
(MPAs) in a Canadian context, the ecology of MPAs, freshwater protected areas, human-wildlife
coexistence, MPA networks, and MPA management tools.

What is a Marine Protected Area and Why do We Need Them?
MPAs are defined by the International Union for Conservation of Nature (IUCN) as “any area of
intertidal or subtidal terrain, together with its overlying water and associated flora, fauna, historical and
cultural features, which has been reserved by law or other effective means to protect part or all of the
enclosed environment” (1). The ocean covers over 70% of the Earth and provides essential ecosystem
services and yet only 7.56% of the ocean is protected and 2.05% is no-take zones, meaning industries
such as commercial fishing, mining, drilling, or other extractive activities are not permitted (2). Recent
years have seen an increased push for ocean conservation, partly due to the negative impact of declining
ocean health on ecosystem services. It is becoming more evident that human impact not only has a
deleterious effect on the terrestrial environment, but also on the marine environment. Though ocean
conservation poses different challenges, such as the difficulty of in situ research in a marine context and
imposing boundaries on a fluid environment, the decline in ocean health has promoted global
movement towards improving ocean conservation.
In 2010, the UN CBD set out 20 targets, known as the Aichi Targets, in their strategic plan for
2011-2020 (3). The targets are aimed at improving global biodiversity, including improving marine health.
Target 11 of the strategic plan states:
“By 2020, at least 17 percent of terrestrial and inland water, and 10 percent of coastal and marine areas,
especially areas of particular importance for biodiversity and ecosystem services, are conserved through
effectively and equitably managed, ecologically representative and well-connected systems of protected
areas and other effective area-based conservation measures and integrated into the wider landscapes
and seascapes.”
In the years following,
many countries, including
Canada, have worked to meet
the goal of increasing marine
protection by establishing
MPAs and other effective
area-based
conservation
measures (OECMs). For an
introduction to MPAs on a
global scale, refer to CPCIL’s
blog post, “Why MPAs are the
World’s Underwater Parks
and Aquatic Lifeline.”
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Canada’s Approach to MPAs
MPAs are essential for conserving marine environments and ecosystem services. In 2015, Canada
committed to reaching Aichi Target 11 by 2020 and in 2016, the Canadian government developed a
five-pronged approach to achieving this goal (4):
1.
2.
3.
4.
5.

Complete established processes for MPAs already underway
Establish new, large MPAs in offshore areas
Target areas that are under pressure from human activity
Advance other effective area-based conservation measures
Establish MPAs faster and more effectively

By following the above plan and adhering to standards set by the IUCN and the CBD, Canada has
achieved its goal. With the longest coastline in the world and a vast expanse of marine ecosystems,
protecting 10% is not insignificant. Currently, Canada has 14 established MPAs, which make up 6% of
Canada’s coastal and marine environments, with the additional 4% of protected coastal and marine
environment being OECMs.

Applying IUCN Standards to Canadian MPAs
In order for a country to meet Aichi Target 11, marine and coastal areas must meet the IUCN
Global Conservation Standards to MPAs. According to the IUCN, “the overriding purpose of a system of
protected areas is to increase the effectiveness of in situ biodiversity conservation” (5).
IUCN’s essential characteristics of an MPA (6):
1.
2.
3.
4.
5.

Conservation focused with nature as the priority
Defined goals and objectives which reflect these conservation values
Suitable size, location, and design that deliver the conservation values
Defined and fairly agreed boundary
Management plan or equivalent, which addresses the need for conservation of the MPA’s major
values, and achievement of its social and economic goals and objectives
6. Resources and capacity to effectively implement the MPA
MPAs differ in their level of protection, across and even within an MPA. They range from fully
protected, no-take zones to multiple use areas. Areas with the highest protection generally have greater
economic, social, and ecological benefits (7). Beyond the IUCN’s essential characteristics for MPAs, they
have outlined “Green List Standards”, which are more prescriptive in order to establish a baseline for
conservation and protection standards. The Green List Standards focus on good governance, sound
planning and design, effective management, and conservation outcomes, all of which contribute to the
overall success of an MPA (6).
Canada has made great strides towards achieving the Green List Standards in the past few years.
For example, in 2019, the Canadian government mandated that industrial activities, including offshore
oil and gas, are prohibited in MPAs, though they are permitted on a case-by-case basis in OECMs.
Additionally, the Canadian Parks and Wilderness Society (CPAWS) has outlined protection standards for
MPAs in Canada and has published reports regarding MPA collaboration with First Nations along
Canada’s Pacific Coast (8). Although Canada still has far to go to meet the IUCN’s Green List Standard,
marine conservation over the past decade has vastly improved within the country and continues in a
positive direction.
2

References
1. Kelleher, G. (1999). Guidelines for Marine Protected Areas. Retrieved from:
https://www.iucn.org/sites/dev/files/import/downloads/mpaguid.pdf
2. Protected Planet. (2020). Marine Protected Areas. Retrieved from:
https://www.protectedplanet.net/en/thematic-areas/marine-protected-areas
3. Convention on Biological Diversity. (n.d.). Aichi Biodiversity Targets. Retrieved from:
https://www.cbd.int/sp/targets/
4. Schram, C., Ladell, K., Mitchell, J., & Chute, C. (2019). From one to ten: Canada’s approach to
achieving marine conservation targets. Aquatic Conservation: Marine and Freshwater
Ecosystems, 29(S2), 170–180.
5. Dudley, N. (2008). Guidelines for applying protected area management categories. In Best
Practice Protected Area Guidelines (Vol. 21). https://doi.org/10.1177/001312458001200408
6. IUCN WCPA. (2018). Applying IUCN’s Global Conservation Standards to Marine Protected Areas
(MPA). Retrieved from:
https://www.iucn.org/sites/dev/files/content/documents/applying_mpa_global_standards_v12
0218_nk_v2.pdf
7. Cabral, R. B., Bradley, D., Mayorga, J., Goodell, W., Friedlander, A. M., Sala, E., Costello, C., &
Gaines, S. D. (2020). A global network of marine protected areas for food. Proceedings of the
National Academy of Sciences, 117(45), 28134 – 28139.
8. Gardner, J. (2009). First Nations and Marine Protected Areas Summary Report: An introduction to
First Nations Rights, Concerns and Interests Related to MPAs on Canada’s Pacific Coast. Retrieved
from:
http://137.122.145.24/bulletinBoard/First%20Nations%20and%20MPAs%20Summary%20Report
%20-%20Final%20Oct%202009.pdf

3

Ecology of Marine Protected Areas
MPAs exist globally to protect biodiversity and ecosystem services associated with marine and
coastal habitats. They help marine ecosystems adapt to the impacts of climate change such as ocean
acidification, rising sea levels and sea surface temperatures, and storm intensification (1). The ecology of
MPAs, therefore, is diverse, interconnected, and transient in order to accommodate the conservation
goals of MPAs. Conserving marine or coastal ecosystems differs from terrestrial conservation in many
ways. Marine environments are less restricted, and survival of species are less linked to specific sites due
to the transient nature of many marine species (2). Marine habitats are also more sensitive to human
activity (2). Conservation initiatives are therefore more focused on habitats or areas that are important
for commercial or recreational use, such as mangroves, barrier islands, wetlands, and reefs, as opposed
to specific species (2).

Ecological Success in MPAs
The ecological success of MPAs
is largely dependent on the level of
protection and management. MPAs
with low levels of protection may
prevent ecological degradation but are
unlikely to assist in improving
biodiversity or ecosystem health (3).
Similarly, poorly managed MPAs can
have little to no effect on marine health
(3). A highly protected and well
managed MPA reaps many benefits,
such as increased ecological and genetic
diversity,
and
greater
species
abundance, size, and biomass (4). The
biomass of fish and crustaceans within
MPAs can be 2-5 times greater than in
fished areas (4).
MPAs also contribute to marine research by serving as control areas for research purposes.
Varying levels of protection within and across MPAs allow researchers to determine the effects of human
impact and climate change on marine health in protected areas versus unprotected areas (5).
Many studies have shown that MPAs are more efficient in protecting ecosystem services when
they contribute to the protection of a variety of ecosystems and bioregions. This is especially true when
MPAs reinforce protection in areas of high biodiversity such as reefs, coastlines, and wetlands (3,6,7). As
of 2017, seven countries had established 80% of the surface of MPAs in the ocean (3). The race to reach
Aichi Target 11 by 2020 has resulted in the construction of large, remote MPAs in order to increase the
surface area protected by MPAs and reach the goal of Target 11 (8). Protecting large patches of open
ocean is important for pelagic biodiversity, however, these MPAs are not as effective in conserving
species and ecosystems as MPAs targeting vulnerable habitats such as mangroves and barrier islands (9).
In order to achieve ecological success, MPAs must be diverse in size and location, interconnected, and
protect all bioregions to some degree (9).
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Threats to Biodiversity
Some of the most significant threats to ocean biodiversity are climate change, high human
impact, exploitation of resources, pollution, invasive species, and changes to water chemistry (9). MPAs
offer a refuge from negative pressures and threats to biodiversity. Open marine ecosystems often require
less facilitated restoration than terrestrial ecosystems (10). These open systems allow for natural
recovery through recolonization by propagules and influx of nutrients from surrounding areas (10). By
protecting an area from the impacts of overfishing, dredging, or offshore resource extraction, marine
ecosystems may be able to restore balance without further intervention, though semi-terrestrial plant
life, such as mangroves and saltmarshes can be replanted to assist in recovery (10).
Marine environments are highly sensitive to outside or surrounding pressures. Overflow effects
from outside MPA boundaries can often be deleterious to the ecosystem within (2). A study of the
effects of noise pollution on whale communication found that within MPAs, the noise pollution from
seismic surveys or vessel traffic in surrounding areas disrupted communication and led to population
declines (11). For these reasons, it is important to have large enough MPAs or MPAs with expansive
buffer zones to account for negative overflow effects.
Increasing buffer zones can also assist with the health of entire trophic systems. Following the
collapse of cod populations in eastern Canada, a moratorium was placed on cod fishing. This caused
pressure from commercial fisheries to shift to other species such as lobster and halibut, further straining
an already vulnerable trophic system. Protecting interconnected trophic levels by expanding buffer
zones, even for short periods of time, has shown to improve overall ecosystem health (9).

Impacts of Climate Change
The impacts of climate change on marine ecosystems are varied and largely negative. Though
MPAs are not able to prevent storm intensification or sea level rise, they are able to ensure sensitive
ecosystems are more resilient to pressures from climate change (1). Healthy and intact marine
environments are more able to withstand the negative effects of climate change (1). Interconnected
MPAs also account for changing ocean temperatures. With changes in ocean temperatures, many
species’ ranges are shifting. By creating MPA pathways, population or species range shifts can be
accommodated and continue to be protected even if the range extends beyond the original MPA (12).
Additionally, oceans have absorbed one third of human CO2 emissions. Ensuring the longevity of
ecosystems acting as
carbon sinks, such as salt
marshes, seagrass beds,
and
mangroves
help
mitigate the effects of
atmospheric carbon (12)
(Figure 2). Overall, healthy
marine ecosystems can
better
withstand the
effects of climate change
as well as mitigate
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negative effects of climate change on humans.
As of 2018, just 13% of the world’s oceans were classified as marine wilderness, or areas devoid
of intense human activity (13). MPAs are a vital step in ensuring the ocean remains wild. Canada is doing
its part in protecting marine ecosystems, but still has far to go if we are going to adequately protect the
diversity of marine life from coast to coast to coast.
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Freshwater Protected Areas
MPAs are increasingly receiving
more coverage and recognition as an
invaluable tool in the protection and
rejuvenation of important marine
species diversity. However, freshwater
biodiversity still continues to decline in
rivers, lakes and wetlands, threatened
by irrigation, invasive species, changes
in hydrology, pollution, and industrial
and domestic overuse (1). Freshwater
fish have become the world’s most
endangered group of vertebrates after
amphibians and may become extinct in
the next 20-25 years (2). It is also
projected that the extinction rate of freshwater species will be about five times more than of terrestrial
species and three times more than coastal marine species. Canada constitutes 20% of the world’s surface
freshwater (3) and is considered abundant in this precious resource. Nevertheless, freshwater here is
also in peril, with the Great Lakes falling victim to algal blooms (4) (Figure 1), the South Saskatchewan
River in Alberta being overexploited (5), and the Great Slave Lake in the Northwest Territories becoming
contaminated by mining run-off and waste (6). Freshwater protected areas (FWPAs) are one solution
proposed to combat such changes, established to safeguard inland freshwaters that are crucial to human
society and wildlife. FWPAs and the conservation of freshwater resources have been found to be central
to sustaining biodiversity (7), as freshwater ecosystems have the greatest species diversity per unit area
(8). They also provide ecosystem services and sustain economies and communities, providing benefit for
fishing, tourism and agriculture to name a few.

Challenges
Despite
their
benefits, few FWPAs exist,
and freshwater habitats
are usually included as a
part
of
terrestrial
reserves, which does not
ensure their protection.
Activities such as dam
building (Figure 2), road
infrastructure or the diversion of water can still occur within or on the fringes of park boundaries, having
negative impacts on freshwater ecosystems (2). An effective FWPA system is lacking in most parts of the
world, and many of those that are implemented are by chance due to being a part of a larger
encompassing terrestrial protected area (9). Research and study in the area of FWPAs is also deficient,
with traditional theories of conservation misaligning with the freshwater realm and insufficient
8

monitoring to support their implementation (10). Furthermore, conservation planning in the case of
freshwater has been traditionally lagging largely due to the spatial and temporal connectivity
complexities that characterize freshwater systems (8). A myriad of political, economic and cultural facets
can also make FWPA planning difficult, with jurisdictional divisions within and across national boundaries
(as is the case in the Great Lakes) obstructing efforts to create freshwater exclusive protected areas (2).
Such problems are worsened in the case of river systems due to the long distances that they can
traverse. Freshwater habitats are also central sites of human settlement, and as such, the formation of
FWPAs can require several negotiation and consultation phases with local communities and relevant
stakeholders (11).

Opportunities
Several prospects
and management strategies
exist to unlock the potential
of FWPAs. One such method
is the Ramsar Convention on
Wetlands of International
Importance (RAMSAR), the
first of the global nature
conservation conventions
(12)
and
the
most
extensive list of sites
focusing
on
wetland
conservation (9). Signed in 1971, RAMSAR provides an international framework for the conservation and
sustainable use of wetlands around the world, including lakes and rivers, underground aquifers, swamps
and marshes, wet grasslands, peatlands, oases, brackish estuaries, deltas and tidal flats, mangroves and
other coastal areas, coral reefs, and all human-made sites such as fishponds, rice paddies, reservoirs and
salt pans (12). Canada has 37 designated RAMSAR sites, implemented through the North American
Wetlands Conservation Act and the Canadian Federal Government Policy on Wetland Conservation (13).
This includes the Queen Maud Gulf Migratory Bird Sanctuary (Figure 3), which is also the second largest
RAMSAR site in the world (11). In addition, a system for heritage or wild rivers can serve as a good
representation of traditional protected area management better fitting the freshwater environment (14).
The Canadian Heritage Rivers System (CHRS), created in 1984, is one such example of this (15). It is a
collaborative effort between the federal, provincial and territorial governments, aimed to promote,
protect, and enhance Canada's river heritage (16). The CHRS works with local managers and stewardship
groups to ensure the ecological integrity of their associated designated rivers. However, a gap that
remains to be addressed is that the CHRS does not prohibit or mandate any activities (14). Furthermore,
to overcome multi-jurisdictional obstacles, the International Joint Commission (IJC) was set up by the
Boundary Waters Treaty as a bi-national organization between the governments of Canada and the
United States to cooperatively manage waters along the border (17). The IJC is an example of a
collaborative freshwater management approach to the improvement of water quality and other issues
that benefits both nations. Other examples of freshwater stewardship within the vein of protected areas
include inland fishery reserves, riparian buffer zones (14), integrated connectivity and watershed
planning (8), and increased research and monitoring (18).
9

The Lake Superior National Marine Conservation Area
The Lake Superior National Marine
Conservation Area (NMCA), operated by Parks
Canada and located near Thunder Bay, Ontario,
is the largest FWPA in the world (19) (Figure 4).
It has a surface area of 10,000 km2 , covering a
third of the Canadian portion of Lake Superior,
and is home is 70 species of freshwater fish,
including lake herring, walleye, yellow perch,
lake whitefish, lake trout and brook trout. Other
species include herring gulls, woodland caribou,
cormorants, great blue herons, wolves, bald
eagles, osprey, peregrine falcons, bears, moose
and white pelicans. The extent of the NMCA
includes the lakebed, islands and shorelands. In addition to the ecology, it also houses important
historical and geological structures – fossils that date back 2.1 billion years ago, showcasing the
beginnings of life on earth, shipwrecks, and indications of human presence going back at least 5000
years by the pictographs found in the park (20). Besides protecting the region’s ecological, geological and
historical significance, the NMCA has a high potential for tourism, providing boating, fishing, kayaking
and other recreational opportunities (21).
FWPAs such as the Lake Superior NMCA have a strong potential to conserve falling freshwater
biodiversity and protect it from ongoing threats. While they cannot be the only strategy, FWPAs should
form a larger, encompassing management approach to safeguard freshwater ecosystems and ensure
their life-sustaining functionality.
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Human Wildlife Coexistence in Marine Protected Areas
The purpose of MPAs is to protect marine and coastal ecosystems. The result of protecting these
ecosystems is inherently beneficial to humans due to the positive effect MPAs have on ecosystem
services (1). At this point in time, we have polluted the ocean, overfished, dredged, and generally
mismanaged the world’s greatest natural resource. Sea surface temperatures are rising, species are dying
or else being inadvertently introduced where they do not belong (2). Without the ecosystem services
offered by marine and coastal environments, the world’s economy will suffer (3). Without mangroves to
prevent erosion, people’s homes are being swallowed by the sea (4). Without coral reefs, we’re losing
one of the greatest habitats for marine life that is the sole livelihood for many coastal communities
around the globe (5). Without coastal wetlands and healthy marine flora, carbon sequestration will
diminish (6). We need MPAs to reverse or prevent further damage to coastal and marine environments.
Protecting 10% of the earth’s marine environment is not enough to reverse the current state of disaster,
but it is a start.

Tourism and Fisheries
Human-wildlife
coexistence within MPAs
primarily focuses on tourism,
extracting natural resources,
and stakeholder relationships.
In 2018 the output value of
the
commercial
fishing
industry in Canada was 3.7
billion CAD (7). Marine
tourism in British Columbia
alone is worth 3.8 billion CAD
annually (8). Over 74,000
Canadians make their living
from fishing or fishing-related activities (7). It follows that healthy marine environments are vital to the
success of the Canadian economy. A recent study of marine ecotourism on the Pacific coast of Canada
determined that just 18% of the total economic value of marine tourism that took place in the area was
within MPAs (9). The same study found a positive link between marine tourism and areas of high
biodiversity, demonstrating that healthy and intact ecosystems are a key attractant in marine tourism (9).
Furthermore, introducing marine ecotourism to coastal communities often has the benefit of
boosting local economy and creating jobs (10). The added benefit of MPAs to ensure sustainable
ecotourism has positive repercussions on local communities, including changing attitudes towards
marine life. People who may not have otherwise taken an interest in marine conservation find that it is
now in their best interest to prioritize conservation (10).
Though it may seem counterintuitive, restricting fishing activities in MPAs can in fact boost the
success of fisheries (11). Poorly managed and overfished fisheries benefit from having MPAs in close
proximity, and can they often serve as a substitute for fishery reforms (1). MPAs provide a habitat for fish
populations to rebound and thrive, which eventually leads to a spillover effect into the surrounding areas
(1). The spillover effect occurs when there is spillover of larvae and adult fish into areas surrounding
MPAs, increasing fishing yield and surrounding ecosystem health (1). According to a recent study, adding
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5% more MPA coverage of the global ocean will generate 87% of the maximum possible spillover benefit
from extra protection and produce 9 million metric tons of extra food per year (1).
Protecting an additional 5% of the ocean with well-managed, strategically placed MPAs would
cost 2-6 billion USD annually to manage, and the spillover effect would produce a revenue of 15-19
billion USD annually (1). Another study of the effects of spillover from MPAs found that total catch in the
surrounding area began to increase just one year after the MPA was implemented (11). In well-managed
fisheries, MPAs may have little to no effect on the total catch, though in some cases can decrease overall
catch (1). However, the non-market value of MPAs, such as carbon sequestration and preventing coastal
erosion, must be considered in tandem to any financial losses that well-managed fisheries might incur.

MPAs and Stakeholder Involvement
MPAs, as with other conservation management strategies, have a long history of prioritizing
conservation over the social impacts that imposing protective measures might have. When MPAs are
established with the input and cooperation of all stakeholders, they are more likely to be successful and
sustainable (12). In a Canadian context, this relates particularly to Indigenous involvement in the
establishment and management of MPAs around the country. In order to properly involve Indigenous
stakeholders, MPAs must at minimum demonstrate rights and title (13). This means the introduction of a
potential MPA must ensure a traditional use study is completed, the MPA agenda must be linked to any
treaty agenda, interim agreements must be negotiated while the long process of establishing an MPA is
being completed, and finally, the MPA should be co-managed or have Indigenous driven conservation
(13).
These recommendations are included in the Canadian Parks and Wilderness Society (CPAWS)
report on collaboration with First Nations on MPAs in British Columbia, though it is far from an
exhaustive list of the vital role that Indigenous knowledge and stakeholders play in the success of MPAs.
Additionally, MPAs with no-take zones or fully protected areas must make exceptions for food, social,
and ceremonial harvesting in terms of rights-based usage for Indigenous people (13).

Costs and Benefits of MPAs
The primary costs associated with MPAs are establishing and operating an MPA and the
opportunity cost to commercial fisheries and other industries (6). Primary benefits include improving
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ecosystem health, provision of food and other materials for subsistence and commercial use, tourism
and recreation, coastal protection, restoring biodiversity, and carbon sequestration (6). The costs of
MPAs and benefits such as tourism revenue are easily quantifiable, however, many benefits such as
restoring biodiversity and carbon sequestration have a myriad of financial benefits but have non-market
value. It is particularly difficult to quantify benefits to the open ocean, arctic regions, and temperature
regions, due to limited research. These areas encompass the majority of Canadian MPAs (12).
Regardless, studies show that there is a strong relationship between higher levels of protection within an
MPA and increased financial gain (6). Proper management of MPAs is also a significant factor in the
financial success of an MPA. Improper management can disrupt the socio-economic stability of coastal
communities by removing the benefits of fisheries, and through poor management, failing to improve
ecosystem health and produce a spillover effect (12). It is therefore imperative that MPAs are
continuously supported and well-managed after they are established.
When implemented and managed properly, MPAs help facilitate a mutually beneficial
relationship between humans and wildlife (14). They also offer nature-based solutions to the growing
climate crisis (14). Continuing to support the implementation of MPAs across Canada, in sensitive
habitats as well as open ocean can mitigate negative impacts of human pressures to marine and coastal
environments and assist in the effort to ensure these vital ecosystems remain intact (14).
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Marine Protected Area Management Tools
After an MPA has been established, there are a myriad of tools that practitioners can employ in
order to assess its effectiveness and success rate. They can also be used in the planning and
development phases in delineating potential areas that are most viable wherein an MPA can be
implemented. Incorporating these measures can provide a strong evaluation of existing MPAs, and also
help define ecologically significant areas for future MPAs. Some of these include geographic information
systems (GIS), marine spatial planning/zoning, remote sensing, satellite and aerial photography, radar
imagery, acoustic data collection and mathematical modeling. Selected tools are described below in
detail.

Remote Sensing
Remote sensing is defined as the process of detecting a
region’s physical characteristics through the measurement of reflected
and emitted radiation from a satellite or aircraft (1). This technology
has been employed to track the extent of forest fires, cloud cover for
weather analysis, and most recently, mapping the topography of the
ocean and its associated areas. It is this latter application that has been
useful in the planning and monitoring of MPAs and the species and
habitats that they safeguard. It has been advocated as a key tool in
supporting the designation, mapping and monitoring protected areas
and has proven to provide standardized and credible information on
the long-term trends of ecosystem functionality on worldwide scales
(2). For instance, remote sensing was instrumental in assessing the
health of mangrove ecosystems in Kenya’s Kiunga MPA (3). In this case,
the digitized information proved to be useful for creating accurate
maps of mangrove vegetation cover, assessing species distribution and
changes over time, and investigating linkages with other ecosystems.
Remote sensing used in this study found that while certain mangrove species are less abundant than
others and may require additional conservation efforts, the overall ecosystem had a high rate of
productivity and regeneration.
It is also theorized that as MPAs are increasingly situated in the open ocean, remote sensing will
be instrumental in designating and monitoring large and expansive areas. Another study examined the
existence of chlorophyll clusters (FCPI) from northern Vancouver Island, British Columbia, to Baja
California, Mexico as an indication of phytoplankton production and seabird abundance, and to
determine biological hotspots as potential sites for MPA implementation (4) (Figure 1). It has been found
that monitoring primary production has a high probability to inform marine species distribution and in
turn, improve MPA establishment (2). Overall, remote sensing has the potential to greatly decrease
marine biodiversity losses and should be used as a tool to plan, implement and monitor MPAs.
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Geographic Information Systems
GIS is a software framework
used to capture, collect, store and
display spatial data related to the
Earth’s surface (5). It incorporates
various types of geographic data and
visualizes it into maps and 3D-imaging,
providing better insights and revealing
patters and relationships (6). It has
been used for urban planning,
environmental
impact
analysis,
navigation, natural disaster management, and most recently, in response to a global pandemic (7). In the
realm of MPAs, GIS has been employed to evaluate their efficacy and ascertain if they indeed restore
ecological and health. Applying GIS technology, a study in Hawaii found that fish biomass was 2.6 times
greater in its MPA compared to unprotected areas and that apex predator species were observed to be
more plentiful and larger in the MPAs, illustrating their effectiveness in conserving fish populations (8).
Other research shows that GIS can be used to incorporate Indigenous knowledge, artisanal fishing and
biophysical data to support MPA site selection and design (10) (Figure 2). This study showed that the
combination of geospatial tools, fieldwork, and social and natural science methods can aid in the
planning phases of an MPA. Use of GIS technology to map marine resources for marine conservation
planning purposes is steadily growing as a useful resource.

Acoustic Data Collection
Acoustical oceanography is described
as obtaining information concerning the ocean
(physical, biological, geological, chemical, etc.)
using acoustic measurements (10). In the
simplest
terms,
certain
instruments
(hydrophones, etc.) are used to produce sound
waves and transmit them into the water. The
returning sound waves are then measured for parameters and used to obtain data (11). In other
instances, a sample population of a species may be tagged with acoustic transmitters to better
understand their behaviours, range and ecological niche (12) (Figure 3). In the context of MPAs, acoustic
data collection has proven to be useful to understand the habitat uses of keystone species in order to
better delineate the boundaries of an MPA. In a 2016 study, a larger and more encompassing MPA was
adopted by the Seychelles government after researchers used acoustic analysis to determine the ocean
space use of shark and sea turtle species. A sample population of selected species was tagged with
acoustic transmitters, which was used for marine habitat mapping and disclosed that certain species had
a more extensive distribution and range than previously thought. Therefore, redefining MPA peripheries
to better align with habitat use significantly increased the efficacy of the MPA. Acoustic technology has
also been used to monitor the marine environment in Canada. In a study conducted at the SGaan
Kinghlas-Bowie Seamount MPA near the coast of British Columbia, acoustic data revealed that vessel
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traffic in the region impacting ambient sound levels could have future implications for MPA management
(13)
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Marine Protected Area Networks
An MPA network is defined by the IUCN as, “a collection
of individual MPAs that operate co-operatively and
synergistically, at various spatial scales, and with a range of
protection levels, in order to fulfill ecological aims more
effectively and comprehensively than individual sites could
alone (1).” While an individual MPA can bring a myriad of social,
ecological, and economic benefits, it is ultimately limited in its
capacity to achieve marine sustainability because they do not
address the highly intricate and connected nature of
ecosystems (2). MPA networks strive to fulfill this gap by
ensuring connectivity between singular reserves. They are akin
to the concept of wildlife corridors, which are often
implemented in terrestrial parks to combat against
fragmentation and better facilitate the movement of species.
These corridors have shown evidence of increased habitat
connectivity and decreased wildlife fatalities, with the ones
used in Banff and Kootenay National Parks (Figure 1) reducing wildlife collisions by more than 90% (3).
They can also increase genetic diversity and combat inbreeding in isolated populations, which often
occurs when habitats are fragmented.
Established in strategic locations,
MPA networks work in similar
ways and provide parallel
benefits. They can better align
with
the
critical
habitats,
migration patterns and ecological
niches of the species that they
strive to protect. MPA networks
enhance the benefits a single MPA
brings because they are more
biologically
integrated
and
provide connectivity between
marine ecosystems, in turn improving their productivity (4). They consist of core protected habitats
connected by corridors to allow species movement between specific sites (Figure 2) (5). Certain design
principles entailing size, strategic placing, spatial distribution and management regulations and taking
into account context-specific factors can further increase the functionality and effectiveness of MPA
networks (2). Furthermore, by establishing spatial links, MPA networks maintain ecosystem processes
and improve ocean resilience to larger threats like climate change through the relocation of risks (6).
Synergically placed, the creation of protected pathways implemented in MPA networks allows
species to maintain their migratory routes, protects key habitat areas and ensures overall marine
sustainability. However, the establishment of MPA networks also comes with unique challenges, such as
difficulty of working across various jurisdictions, broader consultation of stakeholders involved, and the
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complexity of monitoring and managing a larger marine space (7). There are examples of MPA networks
established around the world, including the Scottish MPA network (8), California’s MPA network (9), and
the networks encompassing the Great Barrier Reef Marine Park (10). Canada is working to establish an
MPA network off the coast of British Columbia and is also involved in the North American MPA Network
(NAMPAN).

Canada-British Columbia Marine Protected Area Network
The Department of Fisheries and Oceans is working towards establishing the Canada-British
Columbia MPA network off of Canada’s Pacific coast. The network is currently in development and is a
collaborative effort between the Government of Canada, the Government of British Columbia and First
Nations communities (11). Pacific Canada’s marine environment is richly biodiverse and productive,
making it a significant area for the establishment of an MPA network. It also hosts culturally and
historically significant facets such as archaeological sites, shipwrecks, and areas of spiritual importance
to Indigenous peoples. The Canada-British Columbia MPA network will ensure the protection of marine
ecosystems, contribute to the achievement of Canada’s conservation goals, and preserve the country’s
rich cultural heritage.

The North American Marine Protected Areas Network (NAMPAN)
NAMPAN is a significant and joint effort
between Canada, the United States and Mexico to
create a continental-wide system of MPA networks,
spanning the oceans connecting all three nations. It
was established with the support of the Biodiversity
Conservation Program of the Commission for
Environmental Cooperation in North America (CEC)
in 1999 (12). The goal of NAMPAN is to establish an
effective system of national MPA networks that
enhances and protects marine biodiversity, through
the support of tri-national managers, scientists and
policy makers. It promotes cooperation between
the three nations by addressing common
challenges that they share and provides important
learning opportunities for practitioners to
strengthen their local marine management. It
strives to build stewardship through the local, regional, national and international levels through the
exchange of knowledge and dialogue.
NAMPAN’s objective is similar to the Yellowstone to Yukon (Y2Y) initiative at the terrestrial level
(13), with the Baja California to Bering Sea region (B2B) identified as an Ecologically Significant Region
having high potential for collaborative opportunities (Figure 3) (14). It is represented by the US through
NOAA’s National Marine Protected Areas Centre, by Canada through Fisheries and Oceans Canada and
Parks Canada, and by Mexico through the Comisión Nacional de Áreas Naturales Protegidas (15).
NAMPAN also provides an opportunity to fortify the scientific literature on the behaviour of migratory
species that cross tri-national boundaries, such as wintering waterfowl travelling from Canada to the
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Yucatan Peninsula, or the gray whale, which has the longest known migration route of any mammal,
traversing from the cold waters off the coast of Alaska, to the warm, sheltered lagoons of the Baja
Peninsula (16). NAMPAN also provides regular professional development opportunities for practitioners
through webinars and conferences, with content presented by scientists and managers from all three
nations.
MPA networks support marine ecosystem functionality through encompassing temporal and
spatial scales in their design. They also better protect ecological integrity if strategically placed and
fortify the resilience of systems. MPA networks are required to maintain ecological linkages, preserve
habitat distribution patterns of species, and achieve ocean sustainability.
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Conclusion
MPAs are established around the world in an effort to safeguard marine biodiversity and
progress socioeconomic growth and development. They can be implemented to protect specific habitats
significant for commercial or recreational use, or focused on the unique ecological facets of a marine
area. Furthermore, it is equally important to enact MPAs in the freshwater realm, which often goes
overlooked in natural resource conservation. The effective establishment and management of MPAs can
enable better and mutually beneficial human-wildlife coexistence, for instance, through protection for
marine species and increased fishing income from the spillover effect. A variety of tools are used in the
scoping, development, implementation and monitoring phases of an MPA, including remote sensing and
acoustic data collection. The employment of these tools ascertains that appropriate areas of significance
are identified as potential sites for MPAs, and then monitored and managed accordingly to determine if
the MPA is meeting its objectives. Finally, the emerging concept of MPA networks strives to ensure an
even greater level of protection by preserving ecological connectivity between individual sites, and in
turn, better aligning with the migration patterns and habitats of species. When implemented effectively
and taking into consideration social, economic and ecological facets, MPAs have a strong potential to be
a formidable defense against marine ecological degradation.
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