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IN RECENT YEARS, there has been a growing realization that to best conserve biodiversity, we
should be identifying and conserving representative spaces in conjunction with preserving
individual species. If we can identify the appropriate representative spaces to be protected,
then these will contain specieswe wish to conserve, aswell as asuite of factors necessary for
the health of those species, such as habitat and community structure. Furthermore, represen-
tative protected spaces can serve to protect a broad range of organisms, therefore helping to
slow the alarming rate of species decline. Considering that perhaps as many as two-thirds of
al species have yet to be catalogued, establishing representative protected spaces seems
essential. Considerable efforts are also being directed worldwide to establishing marine pro-
tected areas (MPAS). However, choosing which areas to protect has historically been driven
“more by opportunity than design, scenery rather than science” (Hackman 1995). Certainly
many existing MPAs have been selected primarily on the basis of their local biological char-
acteristics or scenic coastal features. A network of MPAS should not be restricted to sites
about which the most is known or to those that are the easiest to declare.

A carefully planned, scientifically based network of representative natural areas, that pro-
tects the habitats and ecological processes on which species depend, can help ensure that
marine biodiversity is conserved. The systematic identification of marine habitat types and
the delineation of their boundariesin a consistent classificationis abasis for selecting exam-
ples of Canada's marine areas that can contribute to a representative network of MPASs.

Therefore, we have developed a hierarchical framework for MPA planning. This framework
is firmly based on ecological principles and on the enduring and recurrent geophysical and
oceanographic features of the marine environment. The framework uses an ecologically
based hierarchical classification of marine environments to determine the diversity of phys-
ical habitat types and, when followed to its logical conclusions, reflects the range of condi-
tionsthat influence species distribution in Canadian waters. It is basically acommunity-level
analysis of marine systems and differs from classifications previously developed (e.g.,
Harper et a. 1993) in a number of ways:

¢ The classification described in this report uses physical attributes alone and essentially
predicts the expected species assemblages on the basis of documented enduring or recur-
rent geophysical characteristics. A mgjor advantage of this approach is that the range of
conditions that influence the distribution of organisms can be delineated into geographic
units (referred to here as seascapes) by using already mapped geophysical features or by
using remote sensing of appropriate surrogate variables. Most importantly, boundaries
between habitat types can be defined, even where we lack detailed biological data

e This classification recognizes and classifies the two major marine environments (the
pelagic realm and the benthic realm), which have fundamentally different communities
and are driven by different ecological processes.
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» By relying on enduring and recurrent geophysical features, this classification identifies
“natural” habitat types even in areas heavily affected by human use. Biodiversity in
these highly disturbed areas might be impoverished or, at least, very different from that
which occurred previously, but could recover over time if the source of the distur-
bances was removed.

The strengths of the framework are its abilities to do the following:

* Provide adefensible marine classification for Canada's oceans based on aminimal set
of key physiographic and oceanographic factors

« Systematically identify habitat types relating to marine communities and delineate their
boundaries in a consistent classification, ensuring that the full range of examples
depicting Canada's marine diversity are properly identified

« Provide ahierarchical system that both has a global perspective and considers the
differences between benthic and pelagic systems, enabling the identification of various
finer levels of seascapes down to the delineation of habitats

* Definearationa and attainable goal for a system of MPAs in Canada

» Provide a mechanism with which to evaluate and assess the contribution to the system
of al candidate MPAs, including those identified for reasons other than representation
(e.g., unique features, endangered species habitat, fisheries management)

No other approach to marine classification systems provides al of these advantages.
The framework proposed here should capture, in a network of systematically selected
MPAs, agreater level of biodiversity than other conservation approaches based solely
on geography, indicator species, distinctive communities, and so on.

As a systematic and logical framework that all agencies and jurisdictions can use for their
own purposes, the framework has a variety of potential applications. It can be used as the
following:

* A common basisin the first step to determine representative MPAs or to assess MPA
proposals from an ecological perspective

« A framework within which to plan and manage Canada' s marine environment
¢ A framework to monitor and report on the state of Canada’s network of MPAs

Similar frameworks for the hierarchical classification of al other aguatic habitats (estuar-
ies, streams, rivers, lakes) could also be developed on the basis of the same fundamental
principles and similarly selected geophysical factors. This has not been done here because
each type of aguatic habitat would require a different array of factorsin its own hierarchi-
cal classification.



The following arguments may be put forward against using this classification and the
framework to determine a representative system of MPAS:

. Why not just choose distinctive or specia areas for MPAS? Such an approach would

mean that MPAs would comprise only those communities about which we have some
information. This approach ignores the importance of including representative areas
within MPAs, and it also assumes that the important species and areas are the ones we
currently know about.

. There is not enough correlation between the biological communities and the physical

factors. In this report, we advocate that the physical approach is essentially the only
practicable approach in Canadian oceans where biological data are lacking over broad
areas. A biological framework is not easily transportable to or reproducible across
regions or coasts, and thus would not provide a consistent national framework for a
country such as Canada, with its vast coastline along three different oceans. However,
wherever biological data do exist, this information should be used in conjunction with
the framework to optimize any decision making.

The framework was developed through the collaborative efforts of World Wildlife Fund
Canada and various academic and agency personnel.

Thisreport is divided into four parts:

1

4.

Part 1 is primarily about Canada s marine biodiversity and the potential role of MPAs
in conservation. Part 1 includes an outline of WWF Canada's Endangered Spaces
Campaign.

. Part 2 compares physical and biological influences on marine ecosystems. It provides

the rational e and establishes the parameters for the physical approach to the framework
outlined in Part 3.

. Part 3 outlines the general principles for designing a hierarchical framework and out-

lines the proposed national framework for marine conservation, as well as the various
assumptions, limitations and caveats that also need to be considered.

Part 4 describes how the framework may be used to select and assess candidate MPAS.

Appendix 1 is a practical example of applying the classification framework developed in
this report to the Scotian Shelf on Canada’s east coast.
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Canadas Marine Biodiversity

Introduction

Canada is a maritime nation bordered by three oceans; 11 of the 13 provinces and territo-
ries have coastal components. Canada possesses the longest coastline in the world (almost
244,000 km when the coastlines of most islands are included), the largest archipelago and
the second largest continental shelf (3.7 million km2) of any country in the world (DFO
1997). Canada's marine environment extends from the coastline to the boundary of the
200-nautical-mile (nm) exclusive economic zone (EEZ) and covers an area of approxi-
mately 5.08 million square kilometres (an area equivalent to 53% of Canada’s land area);
this marine area also represents approximately 1.3 per cent of the surface area of the
world's oceans. Various jurisdictional zones of Canada's marine environment are shown in
Figure 1.

Figure 1. SCHEMATIC MAP OF CANADA’'S MARINE REALM

| Provincial or

Territorial Waters
LAND

International
Federal Waters Waters
B
EEZ 200 nm

Canada has three marine regions:
» The Arctic. The Arctic region of Canada contains the longest of the three Canadian

coastlines (162,000 km representing two-thirds of the country’s total coastline). The arc-
tic and subarctic seas of Canada cover avast area, from the Beaufort Sea in the west to
Baffin Bay in the east, and from north of Ellesmere Island to Hudson Bay in the south.
The fragile environment of these arctic and subarctic regions supports vastly different
species and alower species diversity than those of the south. Characterized by its remote-
ness (it is Canada's least developed frontier), harsh climatic conditions and ice cover,
which is present most of the year, the Arctic Ocean is the largest water body in the north.



The pack ice rotates slowly in a clockwise direction, and there are a half-dozen areas of
restricted size, called “ polynyas,” within the archipelago where, due to the anomalies of
three-dimensional ocean circulation and winds, the seais free of ice for most of the year.
These highly productive areas are of vital importance to arctic marine life. Extensive
open-water areas develop in late summer off the west coast of Banks Island, in the
Beaufort Sea (NABST 1994) and within Hudson Bay.

An arctic marine workshop in 1994 produced a good compilation of scientific informa-
tion available at that time, highlighting areas of specia interest (Parks Canada 1994).

¢ The Atlantic. A prominent feature of the Atlantic seaboard is the massive continental
shelf of which the eastern section is known as the Grand Banks. The width of the conti-
nental shelf varies from 110 to 520 kilometres, and its depth varies from 183 to 366
metres at the outer edges (NABST 1994). Historicaly, the continental shelf has been a
rich source of valuable biological resources such as fish, crustaceans, marine mammals
and seaweed. While some areas of the continental shelf have supported fisheries for at
least 500 years, today many of these fisheries are severely depleted. Northern cod pro-
vides the most striking example, as the spawning stock is estimated to be only 5 per cent
of its historical average.

« The Pacific. Canada's west coast stretches some 29,000 kilometres, just over 11 per cent
of the country’s total coastline. The west coast has a narrow continental shelf (less than
50 km wide) and a complex shoreline of rugged mountains, productive estuaries and
inlets, deep fjords and some 6500 islands. British Columbia has one of the most produc-
tive coastal environments in North America, with ocean activities contributing about 4.5
per cent of the total provincial gross domestic product (GDP) (about twice the value of
the mining or forestry sector). The coastal and marine ecosystems are also of primary
importance to tourism and recreational users (British Columbia 1996). British Columbia
also has some of the richest and most diverse marine florain the world, but some of these
species are rare and in need of protection (Hawkes 1994). Austin (1992) has identified
over 7000 marine species of flora and fauna, including some 1570 crustaceans (crabs,
barnacles, etc.), 785 molluscs (snails, clams, etc.), 616 annelids (segmented worms), 340
cnidarians (sea anemones, etc.) and 270 sponges; however, he estimates that at least
twice this number of species occur in British Columbiawaters.

Within each of the above marine/coastal environments, awide range of habitats and biolog-
ical communities occurs, encompassing both high-energy and low-energy zones and ranging
from exposed rocky shores, sandy beaches, algal reefs, kelp forests, coral reefs, estuaries,
bays, sea-grass beds and coastal marshes and mudflats of the temperate waters to the ice-
covered environments in the north Arctic. These ecosystems are home to a remarkable
diversity of species, from commercia fish to marine mammals to a variety of invertebrate
species and plants.
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The extent and diversity of Canada’'s marine environments have resulted in some of the
most spectacular marine life in the world: al major groups of marine organisms are repre-
sented in Canadian waters, and many species are endemic or unique to them. For example,
half the world's population of narwhal, “the unicorn of the sea,” summersin Prince Regent
Inlet, Nunavut.

Approximately 1100 species of fish are recorded in Canadian waters (Ocean Voice
International 1996), and a wide variety of marine mammals occur, including beluga and
narwhal, and gray, bowhead, minke, humpback and killer whales, as well as sperm, north-
ern bottlenose, blue and right whal es farther offshore. Many other marine mammals such as
dolphins, porpoises, seals, walruses, sea lions and sea otters can a so be found in Canadian
waters.

The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) lists over 50
marine-associated species as extinct, endangered, threatened or vulnerable (COSEWIC
1999). Species listed as endangered include the beluga and the bowhead and northern right
whales. Threatened species include the harbour porpoise, sea otter, humpback whale and
beluga (eastern Hudson Bay population). Some marine mammal populations that were
once exploited commercially and some that are traditionally used by Aboriginal people are
experiencing difficulty in recovering to viable or manageable levels. Some species were
affected in the past by whaling or fur hunting; pollution, collisions with ships, fishing prac-
tices and other human activities continue to affect them today. Many endangered and
threatened speciesin need of protection are key to ecosystem functioning and are also valu-
able from an economic or a socia perspective.

What Is Biological Diversity and Why Protect It?

Biodiversity is, put simply, the richness and variety of life in the natural world. The inter-
national Convention on Biological Diversity (UNEP 1994) defines biodiversity as “the
variability among living organisms from all sources, including ... terrestrial, marine and
other aguatic ecosystems and the ecologica complexes of which they are a part; this
includes diversity within species, between species and of ecosystems.” The term “biodiver-
sity” therefore encompasses genetic, species and ecological diversity, aswell asthe variety
of responses to environmental change.

The Convention on Biological Diversity refers to endangered species, threatened habitats
and ecosystem management in specific sections on the following:

« Conserving biodiversity by establishing protected areas (Article 8)

» Recovering endangered species and degraded ecosystems (Article 8)

« Protecting the traditional knowledge of Aboriginal people (Article 8)

* Integrating principles of sustainable use into decision making (Article 10)

« Applying economic and social incentives for conservation (Article 11)



The reasons for protecting biological diversity are complex, but they fall into three mgjor
categories (The Nature Conservancy Great Lakes Program 1994):

1. Loss of diversity generally weakens entire natural systems. Every species plays arole
in maintaining healthy ecosystems. When simplified by the loss of diversity, ecosys-
tems become more susceptible to natural and artificial perturbations.

2. Biological diversity represents one of our greatest resources. Our marine areas contain
innumerable raw materialsthat could provide new sources of food, fibre and medicines,
and new discoveries continually contribute to scientific and industrial innovations. The
pharmaceutical potential of thousands of yet-to-be-discovered marine products to pro-
vide lifesaving or commonly used drugs is amost untapped. Nature has repeatedly
proved to be a much better chemist than humans—over 60 per cent of all anti-tumour
agents and anti-infection agents introduced worldwide over thelast 15 years have had a
natural product structure in their background (Newman 1998). Only over the last cou-
ple of decades has the immense potential of the marine environment as a source of
undiscovered chemical structures begun to emerge. For example, recent research indi-
cates that the synthesis of a protein produced by mussels (which in nature helps the
shellfish stick to rocks) may be useful for closing wounds that otherwise would require
stitches. Given that we know so little about our marine resources, the potentia for life-
saving or beneficial pharmaceuticals is enormous and is expanding every year.

3. Humans benefit from natural areas and depend on healthy ecosystems. The natural
world supplies our air, water and food, and supports human economic activity.
Furthermore, species and natural systems are intrinsically valuable.

Threats to Marine Biodiversity and How MPAs Might Help

Many marine areas have a range of biota rivalling or exceeding that of tropical forests.
However, the diversity of life in our oceans is now being atered dramatically by rapidly
increasing human activities. Although there are differing views of present and potential
threats to coastal and marine biodiversity, those shown in Table 1 are among the most
important.

It must be stressed that MPAs aone will not save biologica diversity in the oceans.
However, MPAs are very effective in conserving habitats and biological communities,
especialy if such MPAs have been chosen using a science-based representative frame-
work. For example, coral reefs are particularly well suited to protected area status because
they are physically defined areas harbouring a characteristic diversity of species (Thorne-
Miller and Catena 1991). Other benthic communities may also receive adequate protection
from an MPA, but pelagic communities are less amenable to such methods. Similarly, if
MPAs are likely to be significantly influenced by impacts originating outside the MPA
(e.g., pollution from mainland runoff), then the MPA status may have only partial benefit.
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Table 1. THREATS TO MARINE BIODIVERSITY

Risk or Speed
of Degradation
of Biodiversity

Threatening Process

Can the Risk to
Biodiversity Be
Reduced by an MPA?

High

\J

Lowa

Physical habitat destruction (e.g., dredging)

Blast fishing using explosives

Toxic pollution (e.g., chemical spills)

Chemical fishing (e.g., using cyanide)

Introduction of exotic organisms

Loss of genetic variability

Biological invasions

Overexploitation/overfishing

Bioaccumulation of noxious materials (e.g., heavy metals)
Indirect pollution (e.g., pesticides, herbicides in runoff)
Disease/parasite infection

Depletion of spawning sites

Sea dumping of dredge spoil

Incidental take/by-catch

Destruction of adjoining watersheds

Impacts of adjacent land-use practices (e.g., aquaculture)
Effluent discharge (e.g., sewage, pulp/paper mill effluent)
Natural events (e.g., cyclones, tsunamis)

Direct marine pollution, ocean dumping

Downstream impacts from dams, dikes, etc.

Net/debris entanglement

Siltation

Noise pollution

Toxic blooms/red tides

Thermal pollution

Rising sea temperatures (climatic change)

Rising sea level (climatic change)

Salinity changes

Take by Aboriginal people

Yes
Yes
Maybe
Yes
Maybe
Yes
Maybe
Yes
Maybe
Maybe
Maybe
Yes
Yes
Yes
Maybe
Maybe
Maybe
No
Yes
Maybe
Maybe
Maybe
Maybe
Maybe
Yes
No
No
No

Maybe




aThe high-low scale on the left side of this table is approximate; it seeks only to indicate
that some threatening processes have a higher risk and/or speed of degradation of marine
biodiversity than others. Moreover, the relative order of the various threatening processes
on this scale is open to conjecture. However, it is important to note that MPAs are able to
address only some of these issues.

The effectiveness of the protection afforded by an MPA to marine animals and plants that
occur within it will therefore depend largely on these factors:

¢ Thesize of the area protected
* The activities that are restricted and allowed within the MPA boundaries

¢ The MPA designation and whether it restricts polluting activities that occur outside the
MPA but that threaten life within the MPA

In protecting and conserving marine biodiversity, it isimportant to recognize that biodiver-
sity can be understood, conserved and managed aong a range of spatial and temporal
scales. Biodiversity occurs at the scale of large marine ecosystems, such as major oceanic
ecosystems, and may be defined by broad-scale processes such as oceanography (i.e., cur-
rents and upwellings) and trophodynamics, as well as coastal and oceanic physiography
and topography. Biodiversity also occurs at other scales, whether considered as communi-
ties, habitats or specific sites. At these finer scales, patterns in biodiversity may be domi-
nated by physical processes, such as cyclones, storm events, the tidal range, changes in
wave exposure, and the type of substratum, or by biological processes, such as competition
and predation.
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MPAs and aRepresentative System

Introduction to MPAs

Compared to protected areas for terrestrial conservation and management, MPAs are a
recent concept. Some countries had established MPAs prior to the first World Conference
on National Parksin 1962, but this conference was probably the first time the need for pro-
tection of coastal and marine areas was recognized internationally. However, the need for a
systematic and representative approach to establishing protected areas in marine environ-
ments was not articulated clearly until the International Conference on Marine Parks and
Protected Areas, convened by the World Conservation Union (IUCN) in Tokyo in 1975
(Kenchington 1996).

Today, there are over 1300 MPAsin more than 80 countries. These MPAsrangein sizefrom
several hundred square metres to 339,750 square kilometres (the largest being the Great
Barrier Reef Marine Park in Australia). Thiswide range of MPAs has been established for a
variety of purposes:

» To preserve natural communities and free them from exploitation

* To help preserve important fisheries

» To protect historical and cultural resources

» To establish parksfor diving

In Canada, there are approximately 155 protected areas with a marine component, 106 in

British Columbia (ML SS nd) and 49 in the northwest Atlantic and Arctic areas (Kelleher et
al. 1995). These MPAs may be designated as any of the following:

» National wildlife areas, declared under Canadian wildlife legisation

» Migratory bird sanctuaries, declared under Canadian wildlife legislation
» National parksand reserves, declared under national parkslegislation

* Nationa marine parks, declared under national parkslegislation

* Provincial parks, declared under provincial legislation



Most of these MPASs have been established to conserve habitat for endangered species or to
protect significant features. However, it isnot clear to what extent these MPAs contribute to
the protection of Canada’s marine diversity, as many are extremely small and offer little
protection or limited enforcement. It is virtually impossible to determine their contribution
to an overall system without an ecological context in which to assess them, that is, arepre-
sentative framework that also considers the ecological processes that are essential to main-
tain their long-term viability.

What Is a Representative System of MPAS?

Hundreds of articles and texts have been written about MPAs throughout the world, and
many of these works refer to the importance of MPAs in representing marine biodiversity
and preserving ecological processes. Few of these works, however, actually define arepre-
sentative MPA system or provide aframework for determining how arepresentative system
should be identified and how MPAs should be located to achieve ecological representation
or to maximize marine biodiversity.

A representative system of MPAs s one that samples the full range of environmental gradi-
ents, or habitat types, at a given scale. Declaring MPAs in the right place and of the right
size and the right configuration will most efficiently complete a representative system and
help protect biodiversity over the long term. The Canadian Environmental Advisory
Council (1991) stated:

Priority must be placed on protecting representative natural areas. They are the corner-
stone of a network of protected areas because of their significant contribution to con-
serving biological diversity and sustaining ecological processes.

There needs to be a systematic, science-based framework within which to choose MPAs
and assess progress toward a representative system. The purpose of this report isto devel-
op aframework that provides the basis for mapping Canada’s oceans down to the level of
habitat types, referred to here as seascapes. The representative system would be complete
once all the seascapes have been sampled, or captured within a set of MPAs.

However, MPAs chosen on a representative basis will not automatically include all the
unique and special marine features we might want to protect. These features can be identi-
fied and MPAs designed to incorporate them. In other words, not all MPAs need to be
selected strictly by representation criteria. MPASs that are chosen to protect special marine
features can till contribute to completing a representative system provided that they meet
ecologicaly based protection criteria (e.g., size, level of protection, connectivity). An
analysis of what these MPAs contribute to the representative system can be completed in
hindsight. It must be said, however, that this approach will not achieve a complete repre-
sentative system in the most efficient manner.
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This part of the report describes in more detail the broader concept of MPAs declared for a
wide range of reasons and outlines the role of representation within this broader context. A
clear distinction between M PAs chosen for representation and those chosen for other values
isimportant for a number of reasons:

1. While ecological representation is an important concept and is a sound basis upon which
to plan MPAs, not al government agencies with responsibility for MPAs have represen-
tation as a mandate.!

2. The majority of existing MPAs in Canada, while providing varying degrees of ecologi-
cal protection, nonethel ess do contribute to marine conservation even if only by increas-
ing public awareness.

3. Given the legidative mandate of those agencies that are able to declare reserves in
marine areas, it is important to understand how the determination of a representative
framework provides a systematic basis against which the role of existing MPAs may be
assessed.

A representative approach to planning MPAsis not anew concept, but it has yet to be wide-
ly accepted or implemented. Before explaining how the representative framework can be
used to further the network of MPAs in Canada, it isimportant to first outline the broader
concepts of MPAs as historically viewed and implemented by agencies.

The Broad Context of MPAs

One definition of an MPA that is commonly used throughout the world is that of the [UCN
(Kelleher and Kenchington 1992):

[An MPA ig] 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 meansto protect part or all of the enclosed environment.

Some users have found certain difficulties in applying this definition; for example,
Nijkamp and Peet (1994) have these objections:

* ThelUCN definition refers primarily to terrain rather than to marine waters, which
seems to emphasize the value of the seabed rather than the value of the overlying water
or associated floraand fauna.

» Thereferenceto faunaand floraistoo restrictive as it might exclude such marine
features as ocean vents, upwelling areas, and so on.

* Anareathat isreserved by law is not necessarily protected by law.



The AIDEnvironment study (Nijkamp and Peet 1994) therefore suggests a modified defin-
ition of an MPA:

[An MPA is] any area of sea or ocean—where appropriate in combination with con-
tiguous intertidal areas—together with associated natural and cultural features in the
water column, within, or on top of the seabed, for which measures have been taken for
the purpose of protecting part or all of the enclosed environment.

By either definition, a plethora of areas throughout the world could be termed MPAs.
Ballantine (1991) cites some 40 names in common use around the globe for areas current-
ly set aside for the protection of parts of the sea. He includes the following:

» Marine park * Marinewildlife reserve

* Marinereserve * Marinewilderness area

* Marine nature reserve » Maritime park

* Marine habitat reserve e Marine sanctuary

» Marine protected area * Marineliferefuge

» National seashore » Marine conservation area

The varying definitions and multitude of labels may add to the debate by causing misun-
derstanding and uncertainty. MPAs aso range from small, highly protected “no-take”
reserves that sustain species and maintain natural resources to very large, multiple-use
areas in which the use and removal of resources is permitted but controlled to ensure that
conservation goals are achieved. The intention underlying the use of specific terminology
must be clarified.

Definitions

For the purposes of this report, let us assume a very basic and generic definition of an
MPA:

An MPA isany marine area set aside under legisation to protect marine values.

Within this definition, the “marine values’ may be virtually anything, including one or
more of the following:

» Conservation values ¢ Recreational values
e Commercial values » Scenery/aesthetics
» Enhancement of special species ¢ Uniquefeatures

» Scientific importance e Cultura values

» Historic features e Traditional uses
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Given that many types of MPAs exist and that confusion has resulted from terminology
being used in different ways in different documents, the terms used in this report are
defined as follows:

¢ A multiple-use MPA isan MPA in which the use and removal of resources may be per-
mitted, but such use is controlled to ensure that long-term conservation goals are not
compromised. Multiple-use MPAs generally have a spectrum of zones within them, with
some zones alowing greater use and removal of resources than other zones (e.g., no-
take zones are commonly designated as one of the zones of a multiple-use MPA).

* A no-take MPA isaspecial type of MPA (or a zone within a multiple-use MPA) where
(a) any removal of marine species and modification or extraction of marine resources
(by such means as fishing, trawling, dredging, mining, drilling) is prohibited, and (b)
other human disturbance is restricted.

« A biospherereserveisaprotected area, generaly large, that has highly protected core
areas surrounded by partially protected buffer areas and an outer transition zone. Both
the buffer zone and the outer zone may alow some ecologicaly sustainable use of
resources (e.g., low-impact use and traditional use) and aso should have facilities for
research and monitoring; such activities within these areas should not compromise the
integrity of the core area. The biosphere reserve concept was developed for terrestrial
reserves but is considered by some? also to have application for marine environments
and hence MPAs (Price and Humphrey 1993).

As outlined below, MPAs may be created to preserve awide range of values, and the goal
or purpose of an MPA will influence the type of MPA and consequently its design and
selection and, ultimately, its name.

What Are the Potential Benefits of MPAS?

MPAs can provide awide range of benefits, some of which are noted in Box 1.

Numerous publications have expanded on the wide range of benefits of MPAs; for exam-
ple, at aworkshop at the University of British Columbia in February 1997, the advantages
of no-take marine reserves were comprehensively discussed (Pitcher 1997). Box 2 summa-
rizes the benefits that can reasonably be expected with an appropriate system of no-take
marine reserves (which should be accompanied by other marine management measures).3
These benefits can be grouped as follows:

1. Protection of ecosystem structure, function and integrity

2. Increased knowledge and understanding of marine systems
3. Improved nonconsumptive opportunities
4

. Potential fishery benefits



Box 1. POTENTIAL BENEFITS OF MPAs

Protect many different kinds of habitat in all marine and aquatic regions of Canada.
Protect critical habitat for rare and endangered species, such as the northern right whale and the beluga.

Help protect key ecological functions and processes, such as upwellings, which are the “engines” of
marine and freshwater systems.

Serve as source or seed-bank locations for the production of eggs and larvae of commercial and recre-
ational species, which may then move from MPAs to ““seed’ adjacent marine areas.

Prevent overfishing by providing refuges to an intensely harvested species.

Provide alternative and supplementary economic opportunities through such activities as whale watch-
ing, scuba diving, boating, sightseeing and ecotourism.

Serve as natural laboratories for the study of marine systems and as ecological benchmarks against
which human impacts and environmental trends can be monitored and measured.

Serve as storehouses for currently undiscovered marine products that may one day lead to the discovery
and production of new food sources or lifesaving drugs.

Lessen the effects of future management errors, accidents or unfavourable environmental changes, such
as changes in sea temperatures.

Assist in the reestablishment of linkages between species that have been depleted or suppressed by
exploitation (e.g., overfishing) and thus help reestablish, at least locally, ecological integrity.

Fulfill Canada’s international obligations as a signatory to the Convention on Biological Diversity.

When the information shown in Box 2 wasfirst developed by Sobel (1996), he qualified the
benefits of marine reserves with the following observations:

The benefits grouped under ecosystem protection were among the most important and
best documented by the panel of experts.

The priority placed on ecosystem protection reflects the view that ecosystem protection
is necessary, if not sufficient, to deliver the other listed benefits.

Some categories overlap.
Many benefits would accrue even from imperfectly designed marine reserves.

The broad definition of ecosystem protection parallels the needs of biodiversity conser-
vation as recognized elsewhere.

Certain benefits to fisheries might be more sensitive to design but need additional test-
ing in countries with a strong research capacity.
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Box 2. EXPECTED BENEFITS OF AN APPROPRIATE SYSTEM OF NO-TAKE MARINE RESERVES

Protection of Ecosystem Structure,
Function and Integrity

Protect the structure of physical habitat from
damage by fishing gear and from other
anthropogenic and incidental impacts.

Maintain high-quality feeding areas for fish
and wildlife.

Protect biodiversity at all levels.
Restore population size and age structure.

Restore community composition (species
presence and abundance).

Promote ecosystem management.

Protect the genetic composition of populations
from direct and indirect selection by fisheries.

Encourage a holistic approach to management.

Allow the distinction between natural and
anthropogenic changes.

Protect ecological processes, including keystone
species, cascading effects, threshold effects,
second order effects, food web and trophic
structure, and system resilience to stress.

Increased Knowledge and Understanding of
Marine Systems

Provide long-term monitoring sites.
Provide focus for study.

Provide continuity of knowledge in
undisturbed sites.

Reduce risks to long-term experiments.

Provide opportunity to restore or
maintain natural behaviour.

Provide experimental sites that require
natural areas.

Provide natural reference areas for
assessing anthropogenic effects
(including fisheries).

Improved Nonconsumptive Opportunities

Enhance and diversify economic opportunities
and social activities.

Provide wilderness opportunities.
Enhance aesthetic experiences.
Promote ecotourism.

Enhance spiritual connection.
Improve appreciation of conservation.
Enhance educational opportunities.
Enhance nonconsumptive recreation.
Diversify the economy.

Increase opportunities for sustainable
employment.

Create public awareness about the
environment.

Potential Fisheries Benefits

Increase abundance of overfished stocks within
the reserve.

Export juveniles, eggs or adults to fisheries
outside of the reserve.

Provide resource protection even when data are
lacking.

Provide undisturbed spawning habitats and
conditions.

Simplify enforcement and monitoring.
Reduce by-catch mortality.

Provide control areas for research on
fisheries management.

Reduce conflict within and between
sectors.

Restore natural community structure in the
reserve (e.g., age structures and predator—prey
distributions).



How MPAs Can Benefit Endangered,
Threatened or Rare Species

The following sections on various aspects of conservation are adapted from a DFO discus-
sion paper (1997), which outlines the conservation role of MPAS.

CONSERVATION OF KEYSTONE SPECIES

MPAs can assist in maintaining or reestablishing keystone species by protecting them from
activities that affect their populations. The disappearance of a keystone species can alter or
disrupt the species structure and the functioning of an entire community, as occurred, for
example, following the exploitation of sea otters along the Pacific Coast. “As the popula-
tions of sea otters declined because of trapping, their prey, the sea urchin, exploded in num-
bers. Sea urchin food (kelp) disappeared, leaving ‘sea urchin barrens,’ a dramaticaly
diminished habitat and a drastically changed community” (DFO 1997).

In this case, the damage was done before scientists and managers were aware of the key-
stonerole of the sea otter. Reintroduction of the sea otter by conservation agenciesin recent
decades has reversed the ecological processes and led to a return of the kelp along with
other algal species, crustaceans, squid, fish and other organisms (Wilson 1993). Remote
natural refuges offered protection that ensured the survival of the sea otter and provided the
opportunity to reintroduce them to their former ranges.

CONSERVATION OF VALUABLE SPECIES
The DFO discussion paper (1997) notes the following:

Oceans contain innumerable raw materials that could provide new sources of food,
fiber and medicines, and that could contribute to scientific and industrial innovations.
... We cannot know in advance which species are likely to be important. For example,
species such as sea urchins, sea cucumbers, rock crabs and Jonah crabs were once
thought to be of no commercia value, but have developed into locally significant fish-
eries.

As has aready been pointed out in this report, the pharmaceutical potential of our oceansis
virtually unknown, and only in recent decades has it begun to be explored.

CONSERVATION OF MARINE MAMMALS

Many marine mammals and their critical habitats can benefit from MPAS; consequently,
such species and habitats are specificaly identified in the Oceans Act as being worthy of
specia protection through the establishment of MPAs. To limit the impact of detrimental
activities, the “ design of an MPA must consider the temporal and other special requirements
related to calving and feeding grounds, which can change over time. For example, highly
migratory species such as whales require national or even international networks of MPAs
to protect them throughout their ranges’ (DFO 1997).
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CONSERVATION OF UNIQUE HABITATS

MPAs designed to protect unique habitats have various benefits. “If a unique habitat has a
rare species which is endemic to an area, protection of that habitat is a means of preventing
the extinction of aspecies’ (DFO 1997). For example,

some benthic communities are associated with specialized environments such as
hydrothermal vents, isolated seamounts, and oceanic trenches or canyons. These unusual
and isolated habitats result in confined ecological communities. The species endemic to
these habitats may be at risk because of their limited means of dispersing to recolonize
other areas. (DFO 1997)

Much remains to be learned about patterns of marine endemism; growing scientific evidence
indicates that many marine species are far less widely distributed than was previously
thought (Norse 1993). Many offshore benthic organisms, for example, are relatively restrict-
ed in range.

Unique habitats can also be seen as having intrinsic value—that is, they are valuable because
they are unique. Again, it isimportant to stress that a representative framework will not auto-
matically include such unique or distinctive communities; these need to be identified sepa-
rately to ensure they are protected in MPAs.

CONSERVATION OF BIODIVERSITY AND PRODUCTIVE ECOSYSTEMS

MPAs can provide an important tool for protecting marine biodiversity, as well as for main-
taining productive marine ecosystems. Marine biodiversity can be adversely affected in
numerous ways, including exploitation and overharvesting (particularly overfishing), physi-
cal destruction of habitats, pollution, incidental take and the introduction of exotic organisms.

A number of highly productive ecosystems will benefit from the protection afforded by an
MPA:

For example, many estuaries are highly productive, providing critical habitats for the
life stages of a variety of fish and other species. Estuaries are under considerable stress
throughout Canada, requiring greater levels of protection from both ocean and land-
based activities. Similarly, upwelling and mixing areas typically have high productivity
and support the life stages of a variety of fish, mammal, and other species. Upwelling
occurs under specific conditions in coastal locations, such as the west coast of
Vancouver Idand, in the St. Lawrence Estuary (at the mouth of the Saguenay River),
and on the Atlantic offshore. Other highly productive and diverse ecosystems include
offshore banks, kelp forests, and deep sea features such as sea vents. (DFO 1997)

Through strategic ecosystem-scale management and the judicial placement and man-
agement of MPAS, the impacts of human use and activity can be regulated so that they
do not exceed the sustainable self-repair capacity of biodiversity and natural systems.



However, to protect areas of high biodiversity and highly productive ecosystems, an
MPA typically needs to be large—encompassing a variety of critical ecosystem compo-
nents. This presents a unique management challenge, since it is often necessary to coor-
dinate protection objectives with a variety of human activities. Consequently, the wide
variety of factors and influences affecting productivity and biodiversity need to be con-
sidered in the devel opment of MPAsfor this purpose. Often “no take” areas or zones are
required in order to ensure that critical ecosystem functions and key species and com-
munities are maintained. (DFO 1997)

CONSERVATION OF INTANGIBLE VALUES

Although intangible values are not quantifiable, many people believe that biodiversity has
intrinsic value and consider the loss of any speciesto be ethically unacceptable.

Studies show that, in considering habitat restoration, people place a higher value on the
existence of a species than on its potential for use (Vain and Bromley 1994). MPAS pro-
vide an opportunity to protect species and habitats that are considered valuable from
these perspectives. (DFO 1997)

Benefits of MPAs for Scientific Research*

The establishment of MPAs provides opportunities to achieve other benefits, including those
resulting from marine scientific research. While such research may involve the testing of
management approaches, the greatest value of research is in studying relatively untouched
marine areas and in comparing them with others that have been subject to human use and
activities.

The OceansAct (sections 35 and 42) enabl es the establishment of MPAs for marine scientif-
ic research. Such research can

further our understanding of how ecosystems function and how conservation strategies
contribute to the recovery of marine species and communities.... Improved scientific
knowledge will aid in coastal management and fisheries management. It can aso
address major gapsin our current understanding, reduce uncertainty, and provide abasis
for adaptive management and future planning. (DFO 1997)

Global Recognition of MPAs

MPAs are now recognized internationally as being an essential and fundamental component
of marine conservation and are referred to within many international agreements, including
the following:

» The United Nations Convention on the Law of the Sea (UNCLOS)

» The Convention on Biological Diversity and the accompanying Jakarta Mandate on
Marine and Coastal Biological Diversity
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« The Global Program of Action

*« MARPOL 73/78 and the more recent International Maritime Organization (IMO) guide-
lines

* TheWorld Heritage Convention

Why Have So Few MPAs Been Declared in Canada?

As Sobel (1996) states, “ Despite overwhelming scientific evidence, empirical observations
and common sense, many people remain unconvinced or unaware that significant marine
biodiversity losses have aready occurred, are continuing to occur and will continue to
occur.” Thereis, therefore, areal and urgent need to do something to remedy the paucity of
Canadian MPAs. Many reasons are given by those who oppose MPAs or by those who are
cautious about the declaration of MPAS:

* Thereisno scientific proof that reserves work.
* MPAs may be effective elsewhere, but that doesn’t mean they will work here.

» The concept makes sense, but not enough information exists to properly design the
perfect system.

» Theresources aren’t really in trouble; it'sjust anatural cycle.

« Theresources are in trouble, but the problem is due to some other factor such as
global warming or outside influences over which we have no control.

» Theprinciple is good, but put them somewhere else (i.e.," not in my backyard”).
» Fishing isaready heavily regulated; the regulations just need time to work.

* Itisnot economically viable to reduce the area available for fishing.

There are encouraging signs that the federal government has recognized the need to declare
some MPAs quickly and at the same time is beginning to design a comprehensive plan for a
system of MPAs:

There is a balance to be sought between the need to act on critical areas immediately
and the need to be systematic in looking at an overall MPA network. The judgment of
government staff and users in discussions has been that we do not need to wait for full
network systems plans to identify some of the known high priority areas. Indeed, wait-
ing for such plans can delay overdue action. Typically, certain important areas are des-
ignated in advance of a systems plan. The best approach isto begin consideration of pri-
ority areas while at the same time proceeding on a systematic basis, conducting
overviews of marine regionsto identify candidate MPAs. (DFO 1997)



How Many Benefits Can a Representative System
of MPAs Provide?

Itisclear that MPAs provide awide range of benefits, all of which areimportant for marine
conservation. The extent to which an MPA offers benefits in addition to its contribution to
representation (i.e., which seascapesit has sampled) will depend on the size and location of
the MPA and various other factors. A carefully planned, scientific analysis of seascapesisa
sound basis for conserving marine biodiversity for the following reasons:

¢ The systematic identification of marine habitats and the delineation of their boundaries
in a consistent classification can ensure that the full range of Canada’s marine habitat
types are properly identified and can be protected, not just those areas about which we
know the most.

¢ A representative system of MPAs can help ensure that all the essential elements of
marine community diversity in Canada are secured by protecting a sample of al the
habitats and the ecological processes on which species depend. Thisis something that no
other approach to determining MPASs can ensure.

There are three essential steps in completing a national system of MPAs that will most
effectively conserve marine biodiversity:

1. There must be arational approach to determining ecological representation. The purpose
of thisreport is to provide the framework necessary for thisfirst step.

2. There must be a method to systematically choose a network of candidate MPAs that
samples all habitat typesidentified in step 1.

3. There must be further assessment of candidate MPAs to ensure, wherever possible, that
other important, unique or distinctive ecological features are incorporated. Candidate
sites must also be further assessed using other non-ecological criteria (e.g., economic,
political, social, legal or pragmatic reasons). If, for valid reasons, the candidate MPAs
initially chosen are deemed inappropriate, then other candidate MPAs are similarly
assessed, leading to finalization of acceptable MPAs and ultimately to a representative
network of MPAs.
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Canada’'s Biodiversity Strategy
and the Role of MPAs

Introduction

Large areas of the world's coastal and marine environment are under considerable ecologi-
cal stress due to a number of threats, the most significant being pollution, overfishing and
habitat destruction resulting from the physical alteration of the seabed or the coastline
(Kelleher 1994). More pollution, including agricultural runoff, sewage, sediments from
construction and deforestation, and airborne emissions, enters marine waters from land-
based activities than from any other source (World Resources Institute 1994).

Canada’s Biodiversity Strategy
Mathews-Amos (1997) describes the status of marine conservation:

Clearly something needs to be done because current efforts at protecting biological
diversity—both marine and terrestrial—are not enough. Marine conservation biology
efforts are at least two decades behind terrestrial efforts, but, like a mythical sea mon-
ster emerging from the deep ocean, the mysterious marine problems now showing their
faces are too aarming for scientists and policy makers to ignore any longer.

Canada's response to the international Convention on Biological Diversity was the devel op-
ment of anational strategy—the Canadian Biodiversity Strategy—which has six goals (Env-
ironment Canada 1995). The six goals of the Canadian strategy are as follows:

1. Conserve biodiversity by
« maintaining populations of native floraand faunain their functioning ecosystems,
* establishing and managing protected areas;
« using biological resources and ecosystems sustainably.

2. Improve understanding of ecosystems and increase capability to manage resources by
 undertaking appropriate research and using traditional knowledge;
 undertaking integrated planning and ecological management;
« improving information and data management systems and monitoring.

3. Promote conservation and sustainable use.
4. Maintain or develop incentives and legidation to achieve conservation.
5. Cooperate with global partnersin conservation.

6. Assist Aborigina communitiesin implementing the biodiversity strategy.



The Role of MPAs

While MPAs might provide protection for valuable features in specific areas, the tradition-
al approach for MPAs usually meant that the surrounding and connecting seas and
upstream land areas remained subject to resource extraction, harvesting and management
by other resource agencies or, in some cases, subject to no management at al. Thorne-
Miller and Catena (1991) suggest five requirements for the effective protection of marine
biological diversity:

Regulation of land-based and maritime sources of pollution
Coastal zone management

Direct regulation of marine resources

Establishment of MPAs

Use of economic incentives and disincentives

These five requirements are discussed below.

1. Regulation of land-based and maritime sources of pollution. While this requirement

does not provide for direct protection of species, it attacks the single greatest threat to
marine species and marine ecosystems, particularly pollution that causes long-term
damage. By far the greatest source of pollution of the seais land-based human activity;
mainland environmental problems are usually reflected in marine problems (e.g., soil
erosion results in suspended particles, often with nutrients attached as ions, being con-
veyed to the seq).

Aswell, spills of hazardous materials such as oil are a continuing threat. No country in
the world has the capacity to combat a major oil spill adequately. While avoiding spills
isfar more important than preparing for their cleanup, such spills are inevitable, so ade-
quate preparation for dealing with them is crucial.

. Coastal zone management. This requirement recognizes the interrelated functions of

the coastal zone and the need to avoid segregated “ sector” management, which regulates
particular activities without taking into account other activities affecting the same
resources. Since it is not always possible to set aside totally protected areas, integrated
coastal management is becoming increasingly accepted as the most effective means of
dealing with such complex issues and areas.

. Direct regulation of marineresour ces. The regulation of fisheries and other harvesting

activities in the oceans is becoming increasingly critical as overfishing by commercial
and recreational interests becomes more prevalent. Virtually every international marine
fishery is considered by most experts to be inadequately managed for ecological sus-
tainability (Kelleher 1994). Regulations need to cover more than just catch limits on tar-
get species; regulations regarding nontarget species (or by-catch)—including fish
species, marine mammals and turtles—are necessary. In addition, a range of other fish-
ery management techniques (e.g., species quotas, gear restrictions; and regulation of
times, areas and numbers of licences) should be applied.
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4. Establishment of MPAs. MPAs will make akey contribution to the long-term viability
and maintenance of marine ecosystems if the network of MPAs has a representative
basis and if the MPAs are adeguate in size and connectivity. However, as outlined
above, MPAs should be regarded as only part of integrated marine or coastal manage-
ment. MPAs should exist within the context of large sustainable-use management areas,
rather than as isolated, highly protected enclaves within heavily used aress.

5. Use of economic incentives and disincentives. Frequently, both regulatory and man-
agement approaches fail to maintain the necessary level of biological diversity. Until
recently, governments have used economic incentives to encourage the exploitation of
natural resources, often well beyond their natural capacity to replenish themselves.
Those economic policies can be altered so that the sustainable use of resources becomes
the guiding principle for economic incentives. McNeely (1988) and Thorne-Miller and
Catena (1991) both suggest such methods at the community, national and international
levels.

The Oceans Management Strategy (OMS), Part |1 of Canada's Oceans Act, identifies three
complementary initiatives that will be part of a national strategy for managing Canada's
oceans. These legidated initiatives include MPAS; integrated management of activitiesin
estuaries, coastal waters and marine waters; and marine environmental quality. The OMS
will provide the basis for incorporating MPAS into a broader national planning framework
for the coastal zone. At the same time, stakeholders will participate in developing the over-
all vision of MPAsfor Canada

The Oceans Act also states that the national strategy will be based on the principles of sus-
tainable devel opment, integrated management and precautionary approaches. Consequent-
ly, the application of these principles will be an integral part of developing and implement-
ing the MPA program.

In recent years there has been increased focus on defining goals and principles for the
management of natural systems (e.g., Agee and Johnson 1998; Kessler et al. 1992; Norton
1992; Grumbine 1994). Edyvane (1996) identifies several dominant themes that must be
understood before natural systems can be managed:

¢ Thehierarchical nature or structure of ecosystems (i.e., the need to adopt a systems
perspective)

¢ Thedefinition of ecological boundaries (which inevitably do not correspond to artifi-
cidly determined administrative or political boundaries)

» The maintenance of ecological integrity (protecting biodiversity, patterns and process-
es, maintaining viable populations and natural disturbance regimes; and facilitating
species reintroductions)

» Theimportance of data collection, monitoring and adaptive management
¢ Theneed for interdisciplinary research (e.g., bioeconomic analysis)

« Theimportance of scenario modelling and decision support systems



« Therole of spatial modelling and geographic information systems
¢ Theneed for interagency cooperation and organizational change
¢ The need to investigate human effects on ecosystem structure and function

» Theimportance of human socia values

MPAs are an integral and critical component of the management of coastal and marine
resources. To achieve aviable system of MPAs, however, the effects of surrounding marine
and terrestrial areas must be recognized and managed. Therefore, the quality, quantity and
accessibility of ecological data and human-use information available to decision makers
must be improved.
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WWEF Canada’'s Endangered
Spaces Campaign

The goal of WWF Canada's Endangered Spaces Campaign has been the completion of a
national network of protected areas that will adequately represent al of Canada's terrestrial
natural regions by the year 2000, and marine natural regions (including the Great Lakes) by
the year 2010. The importance of completing such a representative network of protected
areas has won international acceptance in conservation planning fora. Furthermore, the
Convention on Biological Diversity commits Canada to establishing a system of protected
aress.

Underlying the WWF Canada goal is the belief that conservation of biodiversity will not be
achievable without a well-planned, science-based system of properly protected areas.

Asin the methodology for identifying terrestrial protected areas published by WWF Canada
in 1995, the methodology for identifying representative areas in marine systems should be
based on ecological principles and should identify a distinct goal. It isimportant to remem-
ber that the focus of the WWF Canada campaign is on ecological representation rather than
on protecting some arbitrary percentage of the country’s marine areas.

WWF Canada’s objectives for this report are to do the following:

« Develop a nationally consistent framework for the planning and establishment of a
nationwide system of ecologically representative MPAs to ensure that they address
marine representation within Canada's three oceans.

* Increase awareness among relevant governments, agencies, interest groups and the
Canadian public regarding the objectives of and needs for developing a representative
network of MPASs.

WWF Canada has the view that, in terms of the level of environmenta protection they
afford, many MPAs currently existing in Canada are inadequate due to the types of activities
that may be allowed within them (that is, the existing legislation does not prohibit certain
activities considered incompatible with the goals of an MPA). For this reason, WWF Canada
has determined the minimum protection standard it considers necessary for an area to be
deemed an effective MPA. This standard is described in Box 3.



Box 3. WWF CANADA'S MINIMUM PROTECTION STANDARD FOR MPAs

WWF Canada recognizes MPAs in which large-scale habitat disturbance by industrial activities or commer-
cial resource extraction (i.e., dredging, mining, oil or gas development, drilling, bottom trawling, dumping,
dragging, finfish aquaculture or any other activity that severely affects the benthos or jeopardizes the eco-
logical integrity of the MPA) is not permitted but within which certain fishing practices are allowed.

This standard does not prohibit fishing practices that do not cause habitat disturbance or do not result in
the widespread extraction of marine resources. Other fishing activities should be considered on a case-by-
case basis, depending on the ecological sensitivity of the area and the specific conservation objectives of
the MPA.

This standard is suggested by WWF Canada to be the minimum for any MPA that is declared in Canada. An
MPA must meet this standard to be considered by WWF Canada as contributing to its ecological represen-
tation targets.

Of the approximately 155 MPAs established in Canada, the majoritys do not meet the
WWF Canada minimum protection standard and therefore are vulnerable to industrial
activities.

WWEF Canada monitors progress toward the goal of a representative MPA system by
reviewing the selection of candidate areas on the basis of ecological representation. All
future MPAs declared in Canadawill be assessed against the minimum protection standard,
as well as the representation framework developed in this report.

Canada’s Marine
Biodiversity and the
Need for Marine
Protected Areas

5 Only three existing Canadian
MPAs (i.e., Fathom Five
National Marine Park, Pacific
Rim National Park Reserve and
Saguenay-St. Lawrence Marine
Park) meet the WWF Canada
standard. All other Canadian
MPAs either allow resource
extraction or have no policy on
the issues of habitat distur-
bance or widespread resource
extraction; of the 106 MPAs in
British Columbia, MLSS (nd)
maintains that 90 per cent pro-
vide little or no ecosystem
protection.
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Comparison Between Marine
and Terrestrial Ecosystems

Introduction

Of all the species known to science, about 80 per cent areterrestrial, but there are more
orders and phylain the sea. In fact, all phyla of animals are found in the sea, amajority
of these in benthic environments, and one third of the phyla are exclusively marine. If
plants and protista [bacteria, fungi, algae and protozoa] are also considered, at least 80
per cent of al phyla include marine species. In addition, the relative abundance of
marine species may be greater, since most marine species are unknown. (Thorne-Miller
and Catena 1991)

For marine conservation to be successful, the similarities and differences between marine
and terrestrial ecosystems need to be understood. Any attempt to protect marine biodiversi-
ty simply by applying terrestrial conservation methods will encounter difficulties. Marine
ecosystems are more connected than terrestrial ecosystems, and therefore physical influ-
ences tend to propagate over a broader area and over longer periods of time. Unlike in ter-
restrial ecosystems, the fundamental attributes, biological characteristics and even the
species of marine ecosystems are not directly observable.

Similarities Between Terrestrial and Marine Ecosystems
At avery broad conceptual level, marine and terrestrial ecosystems have many similarities:

« Both are composed of interacting physical and biological components, with energy
from the sun driving most systems.

* Both are complex patchworks of differing environments that are occupied by different
communities and species.

¢ Both marine and terrestrial species show agradient in diversity with latitude—that is,
species diversity generally increases with decreasing latitude (Thorne-Miller and
Catena 1991).

« Inboth ecosystems, the primary zones of biological activity tend to be concentrated
nearer the surface (i.e., the land—air and the sea—air interface).



Differences Between Terrestrial and Marine Ecosystems

Many differences exist between marine and terrestrial ecosystems. These differences can be
found in such variables as space and time scales of physical processes; mobile versus sessile
life styles; and size, growth rate and factors relating to trophic position (Steele et al. 1993;
Steele 1995). Differences are aso related to the fundamental physical properties of water
itself (e.g., Sverdrup et a. 1942).

PHYSICAL AND BIOLOGICAL DIFFERENCES

Size: The combined seas are far larger in area than the combined land masses. The Pacific
Ocean aone could easily contain all the continents. Even moreimportant isthe differencein
volume between marine and terrestrial habitats. Life on land extends roughly from the tops
of treesto afew metres below ground—avertical extent of about 30 to 40 metres. Although
birds, bats, arthropods and bacteria may periodically rise above these heights, the area
above the treetops is more properly seen as one suited to temporary dispersal, rather than as
an essential habitat, since species must return to the ground or trees for resources, reproduc-
tion and shelter. The average depth of the oceans is 3800 metres, all of it containing living
creatures. The sea's habitable volume is therefore hundreds of times greater than that of the
land.

Viscosity and density: Terrestrial and marine ecosystems differ markedly in their physical
properties. For example, the water overlying the seabed is 60 times more viscous than air
and has greater surface tension than the air overlying the land. Water is a so about 850 times
denser than air; this property provides buoyancy, alowing organisms, many of them very
different from organisms existing on land, to survive without the need for powerful sup-
porting structures. Seawater’s buoyancy and viscosity keep food particles suspended and
result in an environment—the pelagic realm—without analogue in the terrestrial environ-
ment. Specialized subcomponents of this realm, just beneath or at the sea—air interface, are
the plueston and neuston.

Temperature: The strong seasonal and long-term temperature fluctuations in the terrestrial
climate contrast with the moderate temperature fluctuations in the marine environment.
Seawater has a much greater heat capacity than air, therefore temperatures change more
slowly in the sea than they do on land. The higher viscosity of seawater makes it circulate
more slowly than air.

Benthic and pelagic realms. The oceans contain two distinct realms, each with its own
communities: the pelagic realm (the water column from the surface to the bottom) and the
benthic realm (the seabed and the layer of water immediately above it). Even within the
pelagic realm, conditions vary dramatically with depth, which affects community structure.
For example, due to changes in pressure and available light and nutrients, the communities
inhabiting the top 20 metres of the ocean are very different from communities 1000 metres
below the surface. The benthic realm can be compared to terrestrial ecosystems, where
species either live on the ground (or seabed) or are dependent on it for habitat and resources.
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However, a significant difference between the benthic realm and terrestrial ecosystems is
that most of the benthic realm is below the photic zone, that is, below the depth where
enough light penetrates for photosynthesis to occur. Therefore, unlike in most terrestrial
ecosystems, most of the benthic community does not have primary producers but must rely
on resources that settle from the upper pelagic zone. The pelagic realm has no counterpart
in terrestrial ecosystems as there are no terrestrial species (let alone whole communities)
that are completely independent of the ground or ground-based resources.

M obility and fluidity: Thefluid nature of the marine environment meansthat many marine
species are widely dispersed, and individuals can be far ranging. In addition to enhancing
cross-fertilization and dispersal, water motion also enhances the migration and aggregation
of marine species (especially those in pelagic systems). Water also dissolves and circulates
nutrients (Denman and Powell 1984; Mackas et al. 1985; Thorne-Miller and Catena 1991).
Even marine species that can be considered static as mature forms (e.g., many molluscs and
seaweeds) usually have highly mobile larval or dispersive reproductive phases, and their
populations may be controlled by mabile predators. This means that it may be extremely
difficult for such speciesto be managed as spatially defined populations. Similarly, the sed-
iments of the substrate are themselves often so mobile that land erosion cycles seem slow
and mild in comparison (Balantine 1991).

Circulation: Although both terrestrial and aguatic environments exhibit patterns of circula-
tion, that is, circulation of the water in the oceans and of the atmosphere above land and
water, the two are not strictly comparable. In the oceans, the medium—water—contains the
organisms themselves; aguatic organisms live in the medium, flow with it and are dominat-
ed by it. In contrast, the presence of organisms in the atmosphere is strictly temporary.
Thus, in the ocean, recruitment failure in one region may be reversed by passive recruit-
ment from another area. On land, a similar process generally requires active migration
(National Research Council 1994). Even for benthic communities, movements of the over-
lying waters are essential for the transport of food resources; the atmosphere does not fulfill
asimilar function for terrestrial communities.

Light: Compared to the terrestrial realm, afar greater portion of the marine realm does not
receive light. Light is necessary for primary production through photosynthesis, except at
hydrothermal vents, which are dependent on their own chemosynthetic producers.
Therefore, essentially no organic matter is produced in the vast, unlit depths of the ocean
(the dysphotic and aphatic zones), and species in these dark areas must depend on the flux
of organic matter from the productive surface layer.

Primary production: The most obvious biological difference between terrestrial and
marine ecosystems may bein the types and source of primary production (Steele 1991b). In
terrestrial ecosystems, primary producers (mainly vascular plants such as trees and grass)
constitute the great majority of biomass, and individuals are often large. In contrast, the
dominant primary producers in marine ecosystems—the phytoplankton—are generally
microscopic and can reproduce rapidly. Consequently, they have much higher turnover
rates compared to the forests or prairies of terrestrial ecosystems.



Interrestrial ecosystems, the biomass of primary producerstendsto be highly conserved (e.g.,
in woody plants). In contrast, in marine ecosystems the biomass of primary producers is
rapidly processed, either by consumers or reducers. Therefore, marine sediments are typical-
ly much lower in organic carbon than terrestrial soils and become progressively lower still
with increasing depth. Even marine macrophytic plants (e.g., agae and sea-grass angio-
sperms), though often perennial, have short generation times compared to terrestrial plants.
No marine plants have the longevity of terrestrial gymnosperms and angiosperms. At lower
latitudes, the partially seawater-adapted mangroves (emergents) are recent reinvaders of
marine waters.

Ecological response to environmental change: Other important differences between terres-
trial and marine ecosystems result from—or are associated with—the temporal and spatial
scales of ecological response to changes in the physical environment (Steele 1974, 1985,
19914, 1991b; Parsons 1991; Longhurst 1981; Cole et al. 1989) and are related to the funda-
mental differences in the communities of primary producers and to the properties of water.
The high storage of biomass in terrestrial organisms and organic detritus tends to decouple
biological and physical processes to some degree. In the oceans, however, the space and time
scales of physical and biological processes are nearly coincident; biological communities can
respond rapidly to physical processes. Spatial variation and distribution of primary producers
on land are largely related to topography and soil; such processes occur more slowly on land
than in marine ecosystems. On land, largely as a function of the longer generation times of
larger organisms, population and community cycles may depend more on biological than on
immediate physical processes (Steele et a. 1993). However, at all spatial scales, physical
changes in the atmosphere are faster than in the ocean. Cyclonic systems in the atmosphere
have typical diameters of about 1000 kilometres and last for about aweek. Equivalent eddies
in the ocean have diameters of about 100 kilometres and can last for months or years (Steele
1995). Thus we have the apparent paradox of “slowly responding” terrestrial communities
buffeted by a faster moving atmosphere, while in the oceans we have “quickly responding”
communities within aslowly reacting and insulating ocean!

Bedrock type: Unlike in terrestrial ecosystems, bedrock type and geological composition
apparently have little influence on the biota of the marine benthos. Thisis at least partially a
function of the global constancy of the composition of seawater. Within the intertidal and sub-
tidal euphotic zone, macrophytic algae are attached to rocks of al types. Within these same
zones where soft substrates exist, it istidal velocity and wave motion that determine substrate
grain size and together they become the main determinants of community composition.

Ecological boundaries: Terrestrial environments have more pronounced physical boundaries
between ecosystems. Especially at finer scales, it may be difficult to identify distinct bound-
aries between marine ecosystems because they are so dynamic and because pelagic and ben-
thic realms require separate consideration. This does not mean there are no distinct marine
ecosystems, but generally the boundaries are more transitional. Nevertheless, it is still appro-
priate to examine the broad marine ecological characteristics and to define representative
habitat types in terms of their related enduring geophysical factors or recurrent processes.
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Longitudinal diversity gradients: In addition to the latitudinal gradients observed in both
terrestrial and marine environments, a longitudinal diversity gradient exists in the marine
environment, decreasing from west to east in both the Atlantic and Pacific Oceans. Aswell,
fauna in the Pacific Ocean (e.g., coral reefs) are more diverse on the whole than in the
Atlantic Ocean (Thorne-Miller and Catena 1991). The greater diversity in the western part
of these oceans can be related to the eccentric circulation pattern within them, whereby the
western part receives water from low latitudes (with higher species diversity) at high veloc-
ity (e.g., the Gulf Stream in the Atlantic Ocean and the Kuroshio, or Japanese Current, in
the Pacific Ocean), while the eastern part receives water at lower velocity from higher |ati-
tudes (with lower species diversity). The greater overall species diversity of the Pacific
Ocean is generally explained in terms of its greater geological age.

Faunal diversity at higher taxonomic levels: At higher taxonomic levels, the diversity of
marine fauna is much greater than the diversity of terrestrial fauna (Ray and McCormick-
Ray 1992); all phyla of animals are represented in the oceans. Some taxa, for example, the
fishes, are extraordinarily diverse; others are less diverse, although in “lower” phyla
undoubtedly many species remain to be described.

Life span and body size: In the open ocean, thereis aregular increase in life span and in
body size with increasing trophic level (Sheldon et al. 1972), whereasin terrestrial systems
these patterns are not so clear (Steele 1991b).

Human Perspectives and Considerations

Observability of marine ecosystems: A very basic difference between marine and terres-
trial ecosystemsisthat most of the marine environment is hidden from human sight, result-
ing in major differencesin our knowledge and understanding of these ecosystems. Our “out
of sight, out of mind” mentality and the vastness of our oceans have both contributed to the
misguided belief that the oceans can harmlessly absorb whatever we drop into them.
Similarly, because the sea is remote and is an aien environment, demonstrating the need
for marine protection has been difficult. The collapse of commercial fisheriesin many areas
of the world has begun to raise awareness of the need for marine conservation.

Difficulties of marine research: Research and monitoring are far more difficult in and
under the water than they are on land. The exponential increase in the cost of obtaining data
from increasing water depths explains why so little is known about the sea, especially the
deep oceans. The difficulty and expense of maintaining even moderately stable working
conditions at sea are so great that most marine research and management is virtually “hit
and run,” after which the researchers and managers come home to land. Furthermore, far
fewer people are employed to investigate or manage marine ecosystems, yet the marine
areas to be investigated and administered are far greater than terrestrial areas.



Known extinction rates: While current estimates of species loss in terrestrial ecosystems
are frightening, because of the lack of study little is known about, or even predicted for,
species extinctions in marine ecosystems. Canada is not without examples, though, which
include the extinction of the great auk, Labrador duck and eelgrass limpet and, more recent-
ly, the near disappearance of the barndoor skate. Recent evidence shows that many marine
species worldwide are in dire straits, especially those with commercia vaue (e.g., whales,
sea turtles, dugongs and many fish species).

Owner ship: Until very recently, it was commonly accepted that no one owned a piece of the
sea or any of its resources (this is now changing following successful sea claims by
Aborigina people). Certainly in the more developed countries, it has long been felt, and
generdly still is, that marine resources were there for the taking or using by anyone who had
the skill and initiative to do so (Ballantine 1991). Today, governments are taking on specific
responsibilities for some marine areas, but unfortunately most marine environments remain
subject to the “tragedy of the commons.” Responsibility for international waters is ham-
pered by the mobility of water masses and connectedness of oceanic and territorial seas.

Resour ce extraction: During terrestrial resource extraction, the physical landscape is often
altered dramatically and visibly. It has recently been realized that the harvesting of marine
resources can also dramatically alter the sea floor on alarge scale. Much of the floor of the
North Sea, for example, resembles a plowed field due to trawling activities. Marine conser-
vation requires regulation of all types of resource extraction, including those that directly
disrupt the physical seascape (e.g., oil drilling and mining), and activities, such as commer-
cia harvesting (e.g., bottom dredging, bottom trawling and dragging) and aquaculture that
perturb the seafloor at smaller scales but over broad areas.

Delineating park boundaries: On land, it is easy to mark park boundaries using signs or
natural features. At sea, the absence of obvious geographical features makes it difficult for
marine users to determine if they are inside a protected area and when to curtail their har-
vesting activities. However, it is hoped that the increasingly common use of global position-
ing systems (GPS) makes this a diminishing concern.

Biogeochemical Linkages

The sea is biogeochemically “downstream” from the land; thus virtually any substance
released into the ecosphereis carried seaward. This has obviousimplications for marine pol-
[ution as many inputs into marine systems have terrestrial origins.

The natural hydrological cycle flows from the land to the sea. Water is returned via the
atmosphere to precipitate on land. Erosion of the earth’s crust is therefore a one-way process
from land to receiving waters. The assumption generally made is that, over geological time,
inputs to lakes and oceans are balanced by “output” in the form of sedimentation. The ocean
sediments, in turn, move laterally with the spreading sea floor and eventually are subducted
at tectonic plate margins to form new crustal rocks.
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Because of these natural cycles and processes, it is often assumed that lakes and oceans are,
in fact, dependent on such inputs from land, especially the input of plant nutrients to drive
biologica production. Thisis only partially true for lakes and is not true for the oceans as a
whole. Inputsto lakes and oceans come from drai nage basin runoff, the atmosphere, internal
recycling and animal migrations.

Discussion

It is obvious that marine ecosystems are significantly different from terrestrial ones, and
serious problems can arise if it is assumed that knowledge gained from terrestrial ecosys-
tems can be applied directly to marine contexts (as Rice [1985] warned, “ marine ecosystems
are not simply wet salty terrestrial ones’!). The principles used in designing marine reserves
will often be very different from principles that have been derived from experience on land.

Management of marine areas or marine species is exceedingly complex and will likely
require aknowledge of both terrestrial and marine environments. For example, some marine
species also spend time in terrestrial environments; furthermore, many species spend large
parts of their life cycle outside protected areas. Consider, for example, the green turtle.
Within the Great Barrier Reef region of Australia, green turtles lay their eggs on the main-
land or islands (i.e., outside the marine ecosystem). Once the young emerge from the eggs
(and if the young survive), they move into nearshore marine areas where they feed on sea-
weed and sea grasses. They then migrate thousands of kilometres in the open sea to other
countries where they are frequently hunted and caught; those females that survive return
every two to eight years to nest on the same stretch of beach in Australia where they were
born. This behaviour means that, for effective conservation of this species alone, state juris-
dictions (both terrestrial and marine) and federal jurisdictions, as well as a number of inter-
national jurisdictions (both those governing the open sea and those within other countries)
must be considered. Furthermore, the world's largest MPA is still not large enough to
encompass the full life cycle of the green turtle.

While there are many similarities between terrestrial and marine systems, the concluding
remarks by Rice (1985) are appropriate advice for those proposing to make decisions about
marine areas.

When | began to work with marine ecosystems, my serious problems arose not through
lack of understanding of the ecosystem (although | often did—and may still—lack that
understanding). The most serious problems arose when | assumed some knowledge |
had gained in other contexts would transfer readily to marine contexts. It is NOT the
case so often that one is better off assuming it is never the case, and occasionally being
pleasantly surprised.

The next section examines the ecological factors, many of which are unique to the marine
environment, that influence the distribution of marine species and community structure.



Defining Enduring and
Recurrent Features in the
Marine Environment

Introduction

As our understanding of the relationships between biological characteristics and physical
factors within ecosystems has evolved, so has our ability to use ecological principles to
determine which are the most appropriate spaces for protection. In terrestrial ecosystems,
the term “enduring features’ has a specific meaning—the enduring elements of the land-
scape; in terms of human life spans, these elements do not change, and they are known to
control and influence the diversity of biological systems. For the purposes of identifying
terrestrial protected spaces, enduring features are closely associated with terrestrial abiotic
(or physical) features (Kavanagh and lacobelli 1995). These stable abiotic features primar-
ily define landforms that have been demonstrated to play a significant role in the distribu-
tion and diversity of floraand faunaat small to medium scales. Furthermore, landforms can
be readily mapped, and, in Canada, considerable information at various scales is available
to accomplish such mapping.

Using the terrestrial representation paradigm (Hills 1961) as a starting point, Geomatics
(1996) deduced the equivalent key abictic attributes of the marine environment, including
both oceanographic and physiographic factors, that control biotic responses and hence
marine biological communities. These attributes are those abiotic components of the
ecosystem that are observable and measurable, that are presumed to control the distribution
and diversity of marine species and communities (though sometimesin a dynamic fashion)
and that collectively define physical habitat types, and could serve as surrogates for the var-
ious types of biologica communities. These attributes are used to identify major ecological
units, referred to as seascapes.

Such seascapes were considered to be the most useful way to define the basic ecological
unit for two reasons:

1. Seascapes are basically stable, recurrent or predictable in time and space and generally
are not subject to human or natural disturbances.

2. Seascape parameters have been mapped at a variety of scalesfor most of Canada,
whereas biological mapping isincomplete and inconsistent in its format.
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We realize that biological communities must ultimately be recognized on the basis of their
species composition. However, because physical characteristics alone are considered to be
sufficiently reliable indicators of the major types of biological communities, physical char-
acteristics can be used to separate representative areas at the higher levels of the hierarchy
of classification.

An examination of the marine ecologica literature shows that many factors have been
invoked to explain the nature and distributions of marine biota. These factors can be broad-
ly grouped into three categories:

» Biological factors
» Oceanographic factors
« Physiographic factors

Undoubtedly, some combination of biological and physical parameters will normally be
required to explain where a particular species, or community, is found. It is often assumed
that the fundamental niche of any species (i.e., the theoretical multidimensional space that it
could occupy) can be described largely in terms of the physical environmental and resource
requirements of that species. It is usually further assumed that the actual or realized niche of
that species is constrained within this fundamental niche, predominantly due to restrictions
imposed by biological interactions (e.g., competitors, predators). Recognizing the funda-
mental niche will be crucial when considering areas heavily atered by human activities
(e.g., most of the continental shelf). Simply mapping where species are today would not
reflect their historical distributions. For example, bottom trawling has been an ongoing
activity on the Scotian Shelf for nearly 100 years and has significantly altered the benthic
community structure and composition by not allowing the development of |ater seral stages.
Current species distributions and densities are likely to be very different from those that
would be there if the environment were allowed to recover from these human-related distur-
bances.

A paralel argument can be made for the real distribution of a speciesin terms of the habitat
that it actually occupies, which islikely to be determined by some combination of physical
and biological constraints. Nevertheless, the correlation between the distribution of species
(or communities) and physical factors is sufficient to permit description of their distribu-
tions from a knowledge of the physical factors aone.

Several biological, physiographic and oceanographic characteristics that could be consid-
ered to either determine or be correlated with the distribution of marine biota are presented
in Table 2. The various roles of these characteristics in shaping marine communities and
their suitability for classifying marine enduring features or recurrent processes are discussed
in the remainder of Part 2.



Table 2. FACTORS DETERMINING, CORRELATED WITH OR CONTROLLING THE NATURE AND DISTRIBUTION

OF MARINE BIOTA

Biological Factors

Oceanographic Factors

Physiographic Factors

Predation

Resources (nutrients and food)

Competition
Life-history patterns

Mutualisms

Recruitment mechanisms

Migrant species
Larval dispersal
Buoyancy and sinking
Desiccation resistance
Osmotic tolerance
Spatial use

Patchiness

Seasonal cycles
Biological succession
Human activities

Productivity

Water masses and salinity

Temperature

Temperature gradients,

temperature anomalies

and upwellings
Ice cover and ice scour

Segregation of benthic
and pelagic realms

Water motions

Convergences and divergences
Stratification, mixing and nutrients

Light penetration and turbidity

Depth and pressure

Tidal amplitude and currents

Exposure to atmosphere

and waves

Tsunamis, storm surges,
hurricanes and water spouts

Geological activities
Geographical position and latitude

Geological history of the
ocean basin

Water depth
Relief (slope)
Substrate (sediment) particle size
Basin morphometry (topography)

Geology (rock type)

Note: Some factors may be relevant to more than one category.

Biological Factors

Although biological factors are obviously important in determining local species composi-
tions, generally these factors are not areliable or informative basis for an overall synthesis
of the factors that shape marine biological community types or their distributions. In short,
we have a poor understanding of the way these factors operate at larger ecological scales.
Three essential questions need to be answered:

» How do these factors operate to shape marine communities?

» How can we predict the effects of these factors?

» How can we measure and map these factors in space and time?
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The distribution of a species may often be limited by some combination of predation and
availability of resources, or by competition with other species. Rarely do we know the actu-
al situation, and it is to be expected that biological factors limiting the distribution of a
species will fluctuate in space and time. There is still considerable debate, for example, as
to whether competition or predation is the major biological factor in determining commu-
nity composition. We have no overall theory that we could apply to marine communities as
to how these two major factors may interact or how each might become dominant or sec-
ondary in space and time. Therefore, we cannot hope to find in these factors any general
relationships on which to base a conservation strategy.

Similar arguments apply to life-history patterns. Although the strategies underlying several
life-history types are becoming understood (e.g., Roff 1992), such theory will not yet form
afoundation for defining seascapes. To some degree, life-history patterns should be corre-
lated with the various types of seascapes, although this correlation largely remains to be
investigated and documented. Life-history patterns, mutualisms, recruitment mechanisms,
use of the environment by migrant species, and larval dispersal will all need to be assessed
as part of the process of selecting MPAs; these factors, however, cannot contribute mean-
ingfully to the definition of seascapes. By migrant species we mean those vertebrates
(birds, mammals and fish) and invertebrates that either use marine resources in more than
one geographical area or use other environments (i.e., freshwater or terrestrial environ-
ments) for part of their life cycle. The congregation of migrants at certain seasons of the
year may indicate a local surge of biological productivity that is related to temperature
anomalies or other physical parameters. Such considerations are important criteria for the
selection of MPASs.

Biological factors such as buoyancy and sinking, desiccation resistance and osmotic toler-
ance are properly considered both to be a function of the physical environment and to be
physiological properties of the organisms themselves. Therefore, we can capture the habitat
types for organisms possessing these different physiological abilities by mapping mixing
versus stratification of the water column, extent and type of the intertidal zone, and so on.

The next five biological factorslisted in Table 2 also involve complex interactions between
organisms and the geophysical environment. It should be noted that the list in Table 2 isby
no means complete— ongoing research is exploring the multitude of ways in which organ-
isms make spatial use of or are spatially constrained by their environments. We recognize
the major distinction between how pelagic and benthic organisms make spatial use of their
environments (see the discussion of physiographic factors below).

Patchiness (e.g., overdispersion, heterogeneity in population distributions) is awell-known
and extensively documented phenomenon, in both pelagic and benthic realms, that results
from the complex interplay of biological and physical factors. Patchinessisapervasive fea-
ture of the distribution of life on the planet and is fundamental to the trophodynamic func-
tioning of aquatic ecosystems. Nevertheless, because patchiness is prevalent at al spatial
scales, we cannot useit as afactor in our classification system.



The phenomena of seasonal cycles and biological succession (e.g., seasonal, interannual
and interdecadal succession) in marine communities are still poorly understood. The fac-
torsinvolved often can be separately identified, but the subtleties of their interactions have
usualy defied analysis, even at a relatively crude taxonomic level; for example, the often
inverse seasonal relationships between phytoplankton growth and macrophytic algal
growth have been analyzed only in ageneral way (Mann 1976).

Human activities can extensively alter the local species composition of marine communi-
ties. However, the purpose of the classification system presented in this report is to recog-
nize and distinguish between the fundamental marine community types, irrespective of
human actions. A biological classification system based on current species assemblages
will not identify the potential of areas intensely affected by human impacts to regain their
native assemblages if those impacts were removed. The identification of pristine habitats,
especialy where the species themselves provide habitat structure (e.g., kelp forests, deep-
water corals or eelgrass beds), might be very helpful in the selection of individual MPAs.

Productivity could be used as an index of seascapes. We can judge animal productivity only
crudely in spatial terms, and only for a very few species, essentialy as yields of commer-
cialy important species of fish, invertebrates and marine mammals. For phytoplankton and
intertidal macrophytic algae, we can assess, by remote or airborne sensing, the instanta-
neous biomass (an index of production) over broad geographical areas. However, the pro-
ductivity of both primary producers and fish can be qualitatively linked to the mixing
regime of the water column (Pingree 1978), which has already been indexed by mappable
oceanographic and physiographic factors, specifically to depth and the stratification and
mixing regime.

Interestingly, in marine environments biological diversity tends to vary inversely (though
weakly) with productivity. Thus areas of high productivity tend to be areas of lower species
diversity and vice versa.

FAILINGS COMMON TO ALL SPECIES-LEVEL APPROACHES TO MARINE CONSERVATION

All species-level approaches to marine conservation suffer from the same kinds of defi-

ciencies:

« Any individual species may become extinct locally, thereby depriving us of our classi-
fication criterion.

« Any classification based on a species-level approach requires that the distributions of
those species be known in some detail over broad geographic aress.

« Different specieswill be “indicators’ or “umbrellas’ for each region. Therefore, any
classification system based on such criteria automatically would be applicable to that
area aone, and hence would have no broad geographic applicability.

» Because of ongoing human-related disturbance, current species data often are not
reflective of historical distributions.
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Furthermore, various groups of biologists, naturalists, conservationists or environmental
managers are likely to have a particular interest in or responsibility for selected taxonomic
groups of plants or animals. In the marine environment, the taxonomic groups of predomi-
nant economic or conservation interest typically are birds, marine mammals and fish. The
first two groups, at least, are unlikely to be efficient indicators of seascapes for several rea-
sons. Birds and marine mammals are migratory or seasona in occurrence, and therefore
their use of the marine environment varies spatially and at different times of the year. They
are likely to aggregate or be more common in regions of high productivity (e.g., tidal mud
flats, marshes, upwelling areas, gyres and frontal systems), which themselves are typically
of lower than average species diversity.

If we simply proceed in this way, selecting MPAs on a case-by-case basis, we leave the
whole issue of conservation of other taxonomic groups (i.e., the vast majority of species
that are neither birds nor marine mammals) completely unaddressed in any systematic way.
As noted above, there is little evidence to suggest that these groups of charismatic
megafauna can act as efficient umbrella groups for the conservation of other species.
Although we accept that classification systems used for conservation purposes must ulti-
mately correspond to species distributions, attempts to achieve such classifications by
working directly at the species level are not an efficient way to proceed. Note that the
dynamics of individual species populations (e.g., their migrations) will need to be consid-
ered again in the process of selecting MPASs.

Oceanographic Factors

Numerous oceanographic factors (characteristics of water and water movement) may be
involved in defining marine habitats. Those given in Table 2 by no means constitute a com-
plete list; they are, perhaps, the factors about which most is known. Some of these factors,
specifically a variety of types of water motion, may prove problematic or impossible to
derive from mappable or remotely sensed data. However, for most of the important factors,
correlated or surrogate variables should suffice.

WATER MASSES AND SALINITY

Water masses are recoghized and mapped on the basis of their combined salinity and tem-
perature characteristics. There is no functional relationship between temperature and salin-
ity, but certain usual or “preferred” combinations do occur, and the distribution of such
associations can be traced over wide areas of the oceans. At the broadest geographic scales
water masses are well correlated with major differences between biological community
types in both the pelagic and benthic realms. However, outside estuarine habitats, salinity
has little direct biological significance in the open oceans, and temperature is the operative
variable in biogeographic distributions.



Water masses can, in some respects, be considered as analogues of the major climatic
regions of terrestrial environments. Both temperature (which is important biologically)
and salinity need to be identified to define the origins, movements and extent of the distri-
bution of water masses. A water mass will change in temperature seasonally by atmos-
pheric interactions (salinity is far less seasonally variable).

TEMPERATURE

Temperature is a major determinant of oceanic communities because of its positive rela-
tionship to growth and its frequent inverse relationship to biodiversity and nutrient supply
(see the discussion of upwellings below). Temperatures are relatively stable within the
oceans and far less seasonal fluctuation occurs there than in terrestrial systems.
Furthermore, in terrestrial systems no precise analogue exists for the differing role of tem-
perature on pelagic and benthic marine systems:

 Inthe pelagic realm, temperatures often dictate what occurs.

* Inthe benthic or demersal realm, temperatures contribute significantly to what occurs.

The temperatures of bottom waters may be quite different from those at the surface
because of ocean currents, upwellings and tidal effects on inshore areas. Water tempera-
tures associated with the benthos are more constant than those of surface waters, except at
the relatively shallow depths in the littoral and sublittoral zone. Water temperatures in
deeper waters may be influenced significantly by ocean currents. Bottom topography also
has an influence on water temperature, with pockets of warmer (but more saline) waters
often being trapped for periodsin large basins (e.g., Emerald Basin off the coast of Nova
Scotid). Since temperatures of bottom waters may not be congruent with temperatures of
surface waters, we have another argument for treating pelagic and benthic realms sepa-
rately.

Because large areas of the oceans experience approximately the same seasonal averages
and range of temperatures, temperature itself will be a discriminant between community
types primarily at the largest scales. However, temperature may also be a discriminant at
finer scales, for example, within sheltered coastal waters and estuaries, where local tem-
peratures may exceed those in surrounding waters (see the discussion of temperature gra-
dients and temperature anomalies below).

Note that because marine waters are continuous, any limits set by temperature intervals
must have some element of arbitrariness. In the relevant literature, there is some discus-
sion about the most useful temperature parameters to use: maximums, minimums, means
or seasonal ranges.
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TEMPERATURE GRADIENTS, TEMPERATURE ANOMALIES AND UPWELLINGS

A common feature of marine areas exploited by migrant species is high productivity of
resources. The common link between such areas is some sort of temperature anomaly or
sharp temperature gradient. Thus areas characterized by upwellings, which carry nutrient-
rich waters to the surface, will also be characterized by temperatures that are lower than
those of the surrounding waters. During the summer months, rich intertidal mud flats will
generate temperatures higher than those of surrounding marine areas, thus heating overly-
ing waters. Productive frontal systems between stratified and nonstratified waters (see the
discussion of stratification below) also show strong horizontal temperature gradients.

Temperature anomalies are well documented as being associated with upwellings, areas of
high productivity where cold, deep water is driven to the surface by oceanic circulation
forces or by topographic obstructions to the flow of water. Such upwellings stimulate pri-
mary production while retaining the cold water anomaly. The waters off southwest Nova
Scotia may be an example of this phenomenon. Many other examples are associated with
the world's major fisheries (e.g., those along the coast of Peru and Chile). An upwelling of
cold water due to mechanical or topographic features may bring small fish and other organ-
ismsto the surface, providing rich feeding areas (e.g., the waters off Briar Island in the Bay
of Fundy) for migrant species such as birds, mammals and fish.

High production is also well documented as being associated with the temperature anom-
aies of frontal regions, which are defined as the transition areas between well-mixed, cold
waters and stratified, warmer waters. Mixed water means high nutrients but poor light con-
ditions; stratified water means good light conditions but limited nutrients. The frontal zone
isaregion of high production due to the compromise between adequate light and adequate
nutrients.

Areas of upwellings generally are productive regions, and plant growth is stimulated
because of the rich nutrients supplied from the cold waters. The following can be used to
map such areas:

¢ Temperature anomalies
* Models of the stratification parameter (see the discussion of stratification below)

» Direct observations of lack of stratification

While the geographic location of upwellings is predictable, their timing may not be and
may depend on unpredictable meteorological events. The development of upwellings
varies seasonaly and annually. The water column typically is mixed, and stratification is
weak or absent.



ICE COVER AND ICE SCOUR

Ice cover may be permanent, seasonal, variable or absent; its extent will be adiscriminating
factor over the broadest geographical areas. The presence of permanent ice greatly restricts
marine productivity, but except for inshore areas—or in the Arctic, where effects of ice can
reach to considerable depths—ice does not have an impact on the subtidal benthos. The
physical effects of ice scour and glaciers have the greatest impact on shallow-water marine
communities, especialy inintertidal regions, primarily by reducing community diversity or
restricting some organisms to crevices. Seasonal ice (as a reflection of temperature) has a
major impact in seasonally eliminating or enhancing production; again, the seasonal extent
of ice cover will be adiscriminating factor only at the broadest geographical extent.

SEGREGATION OF BENTHIC AND PELAGIC REALMS

As noted already, the marine environment is significantly different from the terrestrial envi-
ronment in that the former has two distinct realms; this has no recognized analogue in ter-
restrial systems. Benthic and pelagic realms, each of which has functionally different com-
munities, can be distinguished in marine waters. At the scale of mapping used in this study,
the demersal layer is effectively benthic, and hence only two levels are mapped.

From the perspective of ecological representation, differences between the pelagic and ben-
thic environments in terms of physical, oceanographic and biological conditions are highly
significant. The principles controlling pelagic species can be different from those control-
ling benthic ones. Thisis one reason for separating oceanographic and physiographic para-
meters and for separate consideration of pelagic and benthic communities. Oceanographic
factors will be of significance to both pelagic and benthic communities, whereas physio-
graphic factors will be of significance primarily to benthic communities. Species and,
indeed, whole communities occupy the pelagic realm and have no reference to the underly-
ing benthic realm for any of their life cycle (and vice versa). Conversely, many benthic
organisms use the pelagic zone for dispersal stages, and pelagic species may use some
aspect of the benthos for reproduction.

WATER MOTIONS

Natural bodies of water show motions of several types. Water motion is an essential feature
of the oceans, and a proper perspective on the scale of water movements is essential to an
understanding of aquatic ecosystem functioning. Ultimately, three forces cause all motion
of the earth’s water bodies: the sun’s radiation, the earth’s rotation on its own axis and the
gravitational effects of the sun and the moon. Geological and atmospheric effects, which
cause tsunamis, storms, and so on, constitute a minor fourth factor. Water motion may be
generated by winds, tides or currents. The frequency and strength of the movement of water
have a profound effect on biological communities.
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Water movements vary in scale from molecular diffusion to entire oceanic circulation. The
list of observable and distinguishable phenomena is quite extensive, and only the major
phenomena resulting from water motions (rather than the mechanisms causing these phe-
nomena) are associated with differences in community types and will be considered here.
Major ocean currents, such as the Gulf Stream or Labrador Current, are predictable cur-
rents, as are the diurnal tides that flush the inshore waters along the coast.

CONVERGENCES AND DIVERGENCES

The locations where oceanic water masses meet (convergences) or rise to the surface and
disperse (divergences) are extraordinarily important to the overall productivity. Conver-
gences and divergences typically are regions of much higher than average productivity at
trophic levels from phytoplankton to fish. However, these regions are much more clearly
defined in the tropics, subtropics and southern oceans than they are at northern latitudes,
and convergences and divergences typically are restricted to oceanic waters. Therefore,
although global marine conservation initiatives would certainly need to include these phe-
nomena in a seascape framework, they will not feature in a Canadian framework.

STRATIFICATION, MIXING AND NUTRIENTS

Within the pelagic realm, phytoplankton have two main requirements for growth that fun-
damentally are at odds with one another: light and nutrients. To obtain sufficient light, phy-
toplankton must be retained within the upper water column (the photic, or euphotic, zone).
For this retention within the euphotic zone to occur, the water column should be stratified
so that phytoplankton remain in the euphotic zone and do not get moved into deeper zones
where light is insufficient. However, replenishment of nutrients within the euphotic zone
requires deep mixing of the water column. Nutrient replenishment isimpeded by stratifi-
cation, and deep mixing removes phytoplankton from the euphotic zone. The temporal and
spatial changes of the water column between deeply mixed and strongly stratified are,
therefore, fundamental to marine productivity.

Arctic waters typically mix in early summer and then become stratified, mainly as a result
of vertical differencesin salinity. In subarctic waters, stratification can be due to a combi-
nation of salinity and temperature effects. In temperate and subtropical waters, stratifica-
tion of the water column is primarily due to temperature, but it may also result from a
change in sdinity. In coastal waters, stratification may be associated with seasonal fresh-
water runoff from land that in turn may also be related to the cycle of primary production
(see the discussion of nutrients below). Seasonally ice-free areas of the Arctic Ocean expe-
rience such effects (Roff and Legendre 1986), as do coastal waters with high runoff (e.g.,
Hallfors et al. 1981; Kullenberg 1981), for example some areas of the Pacific coast.
Locations may be predictable from a combination of terrestrial landforms (mountains),
rainfall distribution and drainage basin outflow to the sea.



All temperate oceanic and fresh waters typically mix vertically in spring and fall, but they
may, or may not, become stratified in the summer. Two forces cause near-surface water
mixing: tides and winds. The effects of wind mixing are difficult to formulate, but they are
more uniformly distributed than the effects of tides. In the oceans, when the depth of the
water column exceeds about 50 metres, winds cannot prevent the water column from strat-
ifying during the annual heating cycle, but tidal action can.

Mixing and stabilization regimes are largely determined by two factors, the stratification
parameter and the water depth. The stratification parameter measures the tendency of the
water column to stabilize under the influence of a surface heat flux, in the presence of mix-
ing due to tidal stirring. This parameter is defined as the ratio of potentia energy from the
sun, which tends to stratify the water column, to the rate of tidal energy dissipation, which
maintains well-mixed conditions in the water column. The length of the mixing period and
the timing and intensity of stratification during the seasonal heating cycle can be effective-
ly described by the stratification parameter, S, where S equals log10[|H|/Cd . U3] and |H| is
water depth, U is the averaged tidal current velocity and Cd is friction/drag coefficient
(Pingree 1978).

Pingree (1978) argued that the critical value of the stratification parameter, which is when
Sequals 1.5, will determine the position of summer boundary fronts separating well-mixed
waters from well-stratified waters. Wind-generated waves are never strong enough to pre-
vent stratification at values of S greater than 1.5 (Pingree 1978). Infrared satellite images of
sea surface temperatures, as well as measurements at sea, provide confirmatory evidence of
theimportance of the tidal stratification parameter as an index of mixing on the continental
shelf. Thus regions characterized by high values of the stratification parameter may be
associated with well-stratified water conditionsin the summer months, whereas low values
characterize areas where the water column remains mixed throughout the year. The stratifi-
cation scale spans, in effect, a range of conditions from those in which mixing and stabi-
lization are dominated by weather to those in which they are dominated by tida stirring.

The stratification parameter appears to be the only parameter that delineates pelagic com-
munities horizontally at a scale below that of water masses and that is reproducible and
mappable from remotely sensed or modelled data. Stratification and light penetration are
also the only parameters available to delineate pelagic communities vertically. This vertical
stratification of a water column separates its communities both spatially and temporally.
Although the phytoplankton community varies substantially through an annual cycle at any
location, the broad features of its character can be captured by the stratification parameter.
Stratified and nonstratified waters will differ, both in their annual productivity regimes and
in their annual community structures. Thus many banks and coastal regions of high tidal
amplitude will remain unstratified and may retain or accumulate populations of important
pelagic species (e.g., larval fish, lobsters). Where data are directly available, the intensity of
stratification is the rate of change of density with depth.
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Values of the dtratification parameter are almost fixed geographically and are annually
reproducible, leading to a defined spatial pattern of development of seasona thermoclines.
For open waters, athough the rate of change of density with depth is adirect measure of the
intensity of water column stratification, it must be measured in situ. Frontal systems (where
S=1.5) areidentifiable from their temperature gradients in satellite images (see the discus-
sion of temperature gradients and anomalies above). Frontal systemsthat separate stratified
and nonstratified waters are highly productive because they represent areas of compromise
between sufficient light and sufficient nutrient supply for pelagic plants. Though they may
vary from year to year and change in intensity, frontal systems can nevertheless be consid-
ered recurrent oceanographic features.

The stratification parameter also appears to define population boundaries, recruitment
cells, gyral systems and migration limits for at least some pelagic species (Bradford and
Iles 1992; lles and Sinclair 1982). In the North Sea, for example, the spatial pattern of the
ultimate predator, the European fishing fleets, closely reflects the distribution of the strati-
fication parameter (Pingree 1978). Very conspicuousisthe large, relatively unfished region
of the central and northern North Sea, which approximates the well-stratified deep regions
where Sis greater than 2. Also noteworthy is the region of most intense fishing activity,
which generally corresponds to the shallow areas where Sisless than 2.

Stratification is also significant in the demarcation of benthic communities (Wildish 1977).
Dyer (1973) and Pritchard (1955) describe high-current areas as increasing the availability
of nutrients to sessile organisms, since high-current areas are almost always well mixed,
resulting typically in areas of high biological productivity (Zacharias and Howes, in prep.).

LIGHT PENETRATION AND TURBIDITY

Light provides the energy for photosynthesis and primary production in most marine
ecosystems. The penetration of light into the water column is attenuated with depth and tur-
bidity, and both parameters are important determinants of the vertical distribution of pelag-
ic and benthic vegetation. The euphotic, dysphotic and aphotic zones are functional zones
that limit the development and types of biological communities. The division between the
euphoatic (where photosynthesis can occur) and nonphotic zones is more significant than the
further subdivisions (dysphotic and aphotic) within the nonphotic zone because beyond the
limits of the euphotic zone we find communities that cannot photosynthesize. At these
depths, energy for consumers is imported from other areas, predominantly by vertical set-
tling of detritus. Consequently, the whole trophic structure of communities below the
euphotic zone is different from those within it.

The compensation point is defined as the depth at which the rate of photosynthesis exceeds
the rate of respiration. The measurement of this depth is highly variable between inshore
and offshore waters and at different times of the year. For example, in estuaries, the euphot-
ic zone may be less than 2 metres in depth, while in oceanic waters, it may exceed 200
metres. Similarly in the Arctic Ocean, the euphotic zone may exceed 100 metres in depth
during the spring and suddenly decrease to only afew metres in depth during the summer



phytoplankton bloom. For the purposes of this study, 50 metres was chosen as areasonable
depth to separate the euphotic zone from the dysphotic zone; the euphotic zone, therefore,
includes al the littoral regions and shallow banks and shoals to a depth of 50 metres.
However, it should be realized that the actual depth of the euphotic zone increases with
water depth itself, from the coast toward the edge of the shelf into oceanic waters.

The biomass and productivity of phytoplankton can be estimated from ocean colour and
water clarity (e.g., Bukata et al. 1995). Within the benthic euphatic zone (i.e., al nearshore
and shelf areas that are shallower than 50 m), productivity is largely reflected in the bio-
mass of the attached macrophytes or interstitial microphytes.

DEPTH AND PRESSURE

The increase in pressure with water depth has a significant impact on organisms. With
every 10 metres of depth, the water pressure increases 1 atmosphere (with the greatest
change from 0 to 1 atmosphere occurring in the top 10 m). With increasing depth, the
amount of food available declines exponentially as a function of surface productivity.
Additional physical, chemical and biological changes lead to a decrease of dissolved oxy-
gen and an increase of dissolved carbon dioxide.

Both the pelagic and benthic realms can be divided into three classes (distinguished by the
prefixes epi-, meso- and bathy-) that are also defined by depth but in which the controlling
physical factor for organismsis probably water pressure rather than the presence or absence
of light. The epipelagic realm is essentially within the uppermost part of the water column
and is characterized by communities of plankton and fish. Organisms that live in the
mesopelagic and bathypelagic regions have evolved in response to the enduring factor of
pressure and are adapted to the physical conditions and dilute resource concentrations of
these regions; these organisms rarely move into the epipelagic region. However, some fish
and invertebrates in the bathypelagic zone (such as the sergestid prawns and myctophid
fishes) do migrate into the upper two layers of the water column at night. Where bathy-
pel agic zones are occupied by specially adapted fish or invertebrates, the actual populations
may be low except in areas where food is more abundant, such as around sea mounts.

TIDAL AMPLITUDE AND CURRENTS

Local currents can derive from several oceanographic processes, including general oceanic
circulation, water masses and tides. In coastal waters, currents due to tides are generally the
most predictable and best-documented currents. Tidal amplitude, together with bottom
slope, determinesthe vertical and horizontal extent of theintertidal zone. Tidal currents and
bottom slope determine, in part, the type of substrate, which in turn acts as a determinant of
benthic community type.
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Water movement determines the following major substrate types and their associated ben-
thic communities:

« Erosiona areas, where high current speeds remove particles from the substrate, leaving
a hard bottom of rock, boulders and gravel

* Depositional areas, where water movement is slow enough to allow suspended parti-
clesto settle, leaving a soft bottom of mud and silt

Water movements caused by tides, ocean currents and waves are also associated with the
degree of exposure of littoral communities, and thisis of major importance to the devel op-
ment of the various community types in both intertidal and subtidal regions (see the dis-
cussion of exposure below). In areas of high-energy water motion, the water motion tends
to wash sediments out of the littoral zone into areas with lower-energy regimes, either
those that are in deeper water or those that are more protected, such as bays or gullies.
Below the littoral zone, sediment movement is still affected by high-energy currents.

EXPOSURE TO ATMOSPHERE AND WAVES
Exposure occurs in two ways:

¢ Through wave action

¢ Through desiccation

Neither type of exposure is a discriminating variable for pelagic communities. Although
wind-induced waves may have some influence on pelagic organisms, waves are unpre-
dictable and random in space and time.

In the benthos, exposure is only significant for the intertidal and immediate subtidal
regions. Coastlines that are highly exposed have different intertidal and nearshore biota
from protected shorelines as a result of the mechanical wave action on the shore and the
shallow seabed. The intensity of wave action that can develop is related to fetch, whichis
predominantly a function of the distance over which waves are propagated and the angle
and development of the shoreline. Fetch can be determined from maps and meteorol ogical
records.

A different form of exposure for littoral communities is recurrent exposure to desiccation
by the atmosphere during a tidal cycle. Exposure is strongly correlated with tidal ampli-
tude, substrate slope and substrate particle size along a spectrum from bedrock to mud
(Levinton 1982). Both types of exposure exert considerable influence on the type of benth-
ic plant and animal communities that develop in amarine region.



TSUNAMIS, STORM SURGES, HURRICANES AND WATER SPOUTS

These massively destructive atmospheric events are now more or less predictable in terms of
location of impact and scale of effect, at least at short time scales. Although considerable
local destruction to coastal marine communities may result from these phenomena, over a
period of years (for most intertidal communities) to decades (for coral reefs and mangroves),
the local communities may generally become reestablished in approximately their original
composition. Such phenomena, which have profound local effects on shaping marine com-
munities, should be thought of as resetting the ecological “clock of succession.” These phe-
nomena should not be considered as belonging to the same category of determinants of com-
munity type as the oceanographic factors previously discussed, except in so far as they are
recurrent within time scales and may determine whether certain community structures exist.

USING OCEANOGRAPHIC FACTORS IN A MARINE CLASSIFICATION

In the discussion on biological factors, we concluded that biological criteria are not an effi-
cient method on which to build a broadly applicable marine classification. Many of the
oceanographic factors discussed do consistently and predictably influence species distribu-
tions and are mappable on a broad scale, and therefore oceanographic factors can be appro-
priate factors to use in developing a classification. However, oceanographic factors by them-
selves do not determine community distributions; below we discuss the influence of physio-
graphic factors on marine ecology.

Physiographic Factors

Physiographic characteristics are those features that can be recognized broadly as aspects of
the “marine landform” and that in essence relate to the substrate and topography of the bot-
tom of the sea. Included are certain geographical features such as position, which is acombi-
nation of latitude, longitude and the spatia relationships of land masses that separate oceans
or areas of ocean.

The physiography of the shoreline and seabed determines the broad sweep of biological com-
munities, though an overlying geological and geographical context is responsible for large-
scale differencesin biological communities. Therefore, the location of an area, whether in the
Atlantic, Pacific or Arctic Ocean, affects the prevailing currents and winds and the connec-
tions with biota elsewhere. The physiography of coastlines and the sea bottom is one of the
easiest components to map and, with satellite and airborne sensing technologies, consider-
able accuracy is possible.

GEOLOGICAL ACTIVITIES

Modern day geological activities do periodically affect marine communities, but not in any
regular or predictable way that could be used to distinguish community types. One important
exception is degp-sea vents, which have extraordinary communities. Deep-sea vents could be
excellent MPA candidates, but the vents are so unusual, and clearly identifiable without using
surrogates, that they are not helpful as criteria for determining broad-scale habitat types.
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GEOGRAPHICAL POSITION AND LATITUDE

As was mentioned above, the geographical position and latitude of an area affect the pre-
vailing currents and winds and the connections to biota elsewhere, and are therefore
responsible for ocean-scale differences between community types. These major features
form the basis for the two-factor separation of the Arctic, Atlantic and Pacific Oceans into
regions defined largely by geographical position and temperature.

The latitude of an area is an indication of seasona temperature and the amount of light
available for primary production. However, at any given latitude in the marine environ-
ment, the temperature of the water mass may be significantly at variance with that predict-
ed from local solar radiation. The Labrador Current and the Gulf Stream are good exam-
ples. Definition of broad-scale community features in terms of water masses is therefore
more fundamental than their definition in terms of latitude. At afiner scale, stratification of
water masses is also a better predictor of community type and of the timing of events than
is latitude.

GEOLOGICAL HISTORY OF THE OCEAN BASIN

Any classification of the three oceans adjoining Canada must recognize that they have dif-
ferent geological and biological histories. Although there are profound differences in
species composition among the oceans, it is evident that traffic of species between them is
still occurring, and we can expect such changes in species distributions to continue over
geological time and certainly to be accelerated by human actions. A fundamental axiom of
this classification system is that, despite significant differences in the species assemblages
observed in the three oceans, these species will be organized into (or can be recognized as
belonging to) the same fundamental sets of biotopes. Thus ecological organization of
species into functional assemblages (here termed “communities’) follows essentially the
same pattern in all oceans, irrespective of the absolute number of species or the exact iden-
tity of the species themselves.

WATER DEPTH

Water depth may be subsumed under relief (see the discussion of relief below) and vice
versa. Depth itself isnot acritical physiographic determinant of marine communities; how-
ever, depth is a surrogate for a variety of factors that al vary with depth in the vertical
plane. Thus, light intensity diminishes exponentially with depth, which therefore defines
the photic and nonphotic zones. Depth is also a surrogate variable for pressure.
Temperature also decreases with depth, from ambient surface values to a nearly constant
0°C to 2°C in the deepest oceanic waters. Concentrations of particulate organic carbon (the
detrital flux from the euphotic zone) also decrease exponentially with depth (Suess 1980),
while oxygen concentrations decline and carbon dioxide concentrations increase with
depth. Depth istherefore an index of avariety of concurrently changing physical and chem-
ical conditions that collectively influence the nature of biological communities in both the
pelagic and benthic realms.



Vertical changesin these biological communities are observable, but, especialy in the pelag-
ic realm where organisms form a series of overlapping distributions and vertical migration
ranges, divisions should be regarded as typically gradual rather than distinct. Nevertheless,
some communities, for example, the nektonic community forming the deep scattering layer,
may show very significant coherencein their vertical distributions and in the extent and tim-
ing of their vertical migrations. Several schemes that vertically segregate the pelagic and
benthic realms recognize divisions comprising the euphotic zone, depths covering the conti-
nental shelf (i.e., down to 200 m), depths beyond that to about 2000 metres and thence to
hadal regions of 6000 metres and beyond.

The general trend in benthic communities is that both substrate type and community type
become less variable with increasing depth. In the depths of the oceans, the zoobenthos tends
to converge to only a few community types, and many species may be cosmopolitan. The
tendency isfor the bottom itself to be composed largely of silty mud, for current speedsto be
low and for the community to become dominated by deposit feeders and scavengers.

RELIEF (SLOPE)

The relief or slope at the shoreline and within coastal and marine waters is highly variable.
While dope intervals are sometimes mapped, slope is more often inferred from vertical
changes in height in relation to horizontal distance (i.e., a steeper slope where bathymetric
contours are closer together). Depth and hence slope generally are mapped in more detail in
areas of navigable waters.

Aresas of high relief tend to have irregular bottom morphologies and high elevation ranges,
areas of low relief have uniform slopes with small elevation gradients (Zacharias and
Howes, in prep.). Areas of high relief provide habitat for numerous species assemblages and
generaly indicate high species richness, diversity and biomass (Lamb and Edgell 1986);
relief isalso an indirect indication of mixing (Zacharias and Howes, in prep.). Sediment sta-
bility is dependent on slope and other variables, while the angle of repose of marine sedi-
ments depends on particle size and the degree of water motion. Marine slopes suitable for
stable sediment accumulation are at much lower angles than are terrestrial slopes for similar
particle sizes (mass movements of materials on marine slopes have been known to occur at
anglesaslow as 1°).

The shoreline slope, in combination with local tidal amplitude, determines the extent of the
intertidal zone. Slope and exposure aso influence the substrate type in intertidal regions.
Steep slopes and high exposure lead to bare rock, while intertidal mud flats occur at the
opposite end of the slope and energy spectrum.

Relief and slope generally are considered to be secondary diagnostics when compared to
such factors as substrate type, current speed and exposure. Relief and slope may, however,
become useful as predictors of local substrate type under some circumstancesin which direct
data on substrate type is not available (e.g., in regions of the Arctic). In most cases where
substrate type and current velocities are known, relief and slope may add little information
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concerning biological community types. These two characteristics may be useful diagnos-
tics, however, at the edge of the continental shelf where the change in substrate slope itself,
in concert with current activity, may enhance local benthic production by processes not yet
well understood.

SUBSTRATE (SEDIMENT) PARTICLE SIZE

Substrate or sediment particle size is a dominant influence on benthic and demersal com-
munities. The type of marine benthic community and the types of organisms that can live
within or on the substrate are substantially determined by particle size along a spectrum
from solid rock to mud (Levinton 1982). These distinctions between the communities of
hard versus soft substrates have been recognized for many years; indeed, whole ecological
volumes are devoted solely to one type of community or to the other (e.g., Stephenson and
Stephenson [1972] for rocky shores; Eltringham [1971] for communities on soft sub-
strates). Communities on hard substrates, in both intertidal areas and immediate subtidal
areas, generally are dominated by macrophytic algae and a variety of epibenthic molluscs
and crustacea, with few species managing to burrow successfully into the substrateitself. In
sharp contrast, communities on soft substrates are dominated by burrowing species of
worms and molluscs, and plant life may be restricted to microphytic algae on the sediment
itself. Although there are various gradients between these extremes of community type, and
mixtures may be found in regions where the substrate itself is mixed in character, neverthe-
less, these major community types are readily recognizable.

Below the water level, slope and current speed interact to determine substrate particle size
and sediment and community type. In high-energy (erosional) areas of higher slope and
current speed, exposed substrate or coarse sediments (e.g., stones and gravel) will predom-
inate. In lower energy (depositional) areas having lower slope and current speed, finer mud
and silts will be found. In the deep regions of the sea, away from the influence of surface
currents, wave motion and tidal effects, the velocities of currents are low and sedimentation
of fine materialsisthe norm. Different biological community types are therefore associated
with erosional and depositional areas.

Sediments may be mud, sand or gravel, and they may be transported considerable distances
along a coast or within an estuary prior to settling on the bottom. Sediment transport rates
are dependent on the direction and velocity of the current, as well as on grain size.
Sediment stability is dependent on slope (see the discussion of slope above) and other vari-
ables, while the angle of repose of marine sediments depends on particle size and the
degree of water motion. The substrate type at the extremes of the erosional and deposition-
a regimestendsto berelatively constant, although there may be very significant changesin
sediment accumulation or erosion over the years as the result of storm activity in coastal
waters. Thus, sand and gravel environments typically experience the greatest changes in
sediment quantity and mobility over the years. For this reason, the species diversity of
plants and animals tends to be highest on rocky shores and again on muddy shores, with the
more mobile sandy or gravel substrates typically showing much lower species numbers.



This important distinction between community types is strongly related to the sedimentary
regime and water motion. Thus communities characterized by suspension feeders, which
take particles directly from the water column, dominate in areas of relatively coarse sedi-
ments and high current velocities (which bring food to the zone). In contrast, communities
characterized by deposit feeders dominate in regions of fine sediments and low current
velocities, where fine particulate matter settles directly onto the bottom (Wildish 1977). The
predictable current speeds are predominantly tidally generated (Pingree 1978; Eisma 1988).

Information on sediment composition is available directly or can be derived as a surrogate
from slope, bottom morphology and geological characteristics. Substrate particle sizeisfre-
quently classified according to a “Wentworth,” or mean particle size, scale, which can be
reduced and simplified to the following categories:

e Clay or silt—0.0 millimetres to 0.5 millimetres
« Sand or pebble—0.5 millimetres to 30 millimetres
» Cobble or boulder—greater than 30 millimetres

BASIN MORPHOMETRY (TOPOGRAPHY)

The general morphometry or topography of aregion (e.g., an estuary, inlet, basin) can exert
asignificant effect on the character of a coastal region. At alarge scale, an entire basin may
have a natura period of oscillation that reinforces that of the local tidal frequency. In such a
case, resonance occurs, and very high tides and rapid tidal currents are observed. A prime
example of thisin Canadian waters is the Bay of Fundy. In such conditions, the high tidal
range and fast currents may determine that the local substrate consists of coarse particles or
even bare rock for considerable distances. At the opposite extreme, where a local basin
experiences low tides, sedimentary areas may predominate. However, because the tidal
amplitude and nature of the substrate can be independently obtained, and because substrate
typeis aso afunction of wave action, these factors should be assessed directly rather than
be interpreted from morphometric characteristics.

GEOLOGY (ROCK TYPE)

Unlike in the terrestrial environment, where local geology can have significant effects on
the vegetation type and resultant animal communities, in the oceans the geological rock type
is generaly not a significant factor in the development of community type. The major
exception to thisis that different geological types may generate different substrate particle
sizes (see the discussion of substrate particle size above). Rock type may be sedimentary,
metamorphic or igneous and may include granite, hard and soft sandstone, limestone, shale,
and so on. The erosion potentia of the parent material has an effect on the particle size of
the substrate of shorelines and, in turn, on the type of associated benthic organisms.
Sedimentary bedrock is most likely to be affected by erosional processes while the crys-
talline igneous and metamorphic materials are more likely to be resistant to them.

Marine Science
and Ecosystems

53m



Planning for
Representative Marine
Protected Areas:

A Framework for
Canada’s Oceans

m 54

There is no strong correspondence between rock type and community composition mainly
because the major marine angiosperms are rooted in soft sediments. Here they are buffered
by the composition of seawater itself, the effect of which overshadows any residual effects
of substrate particle type. Macrophytic algae possess holdfasts that anchor them to the hard
substrate, irrespective of its geological type, and their resources are derived from the water
itself. The same is true of the various invertebrates of rocky shores.

Below the low-tide levels, and with a few exceptions of solid rock, virtualy all the seabed
consists of some form of sediment (see the discussion of substrate particle size above).
Consequently, bedrock and geology have minimal influence on aguatic organisms (in con-
trast to the determining role of geology and landformsin terrestrial ecosystems).

USING PHYSIOGRAPHIC FACTORS IN A MARINE CLASSIFICATION

Physiographic factors, like oceanographic factors, influence species and community distri-
butions. Furthermore, physiographic factors are more easily mapped than either biological
or oceanographic factors. Physiographic factors, though not sufficient on their own, are
ideal criteriato usein building a marine classification. Part 3 of this report outlines which
combination of physiographic and oceanographic factors were chosen to create a classifi-
cation of marine habitat types.

Conclusions

We should recognize that any community type will vary in its species composition depend-
ing on the relative influences of many biological factors. Thus the presence or absence of a
keystone species may have dramatic effects upon the relative abundance of other species
within a community. For example, the subtidal community of temperate rocky shores can
vary greatly in relative species composition from dominance by macrophytic algae
(Laminarians) to dominance by sea urchins to almost bare rock, depending on local preda-
tor—prey dynamics. However, al these apparently different communities are, in fact, phas-
es of evolution of the same community type—the same biotope shifted along the axis of
relative species composition. Such variations in relative abundance of component species
must not distract us from the recognition of fundamental biotopes.

Marine community types (as opposed to communities of specific species) are recognizable
across widely separated geographical areas. Thus, we can recognize subtidal communities
dominated by macrophytic algae in the Atlantic, Pacific and Arctic Oceans. In each geo-
graphical region, the species present and the speci es assemblages are different, but the same
types of communities with different species playing equivalent ecological roles are recog-
nizable, irrespective of the specific geographical location. Thisis precisely what we need to
specify the various types of seascapesin ahierarchical classification that can be used irre-
spective of geography.



A Review of the Correspondence
Between Biological and
Geophysical Factors

The close association between physiographic and oceanographic characteristics and biolog-
ical community types in the oceans has been realized for many years. Hedgpeth (1957) and
Thorson (1957) were among the earlier authors to compile data and describe relationships
between the phyto- and zoobenthos and physiographic features in the marine environment.
More recently, Warwick and Uncles (1980) and Hiscock (1995) have further explored and
codified these relationships statistically and systematically. There is now little doubt that we
can, in many circumstances, extrapolate reliably from a knowledge of geophysical proper-
ties to the expected type of benthic community (i.e., the local biotope).

In the case of intertidal communities, the stark differences between the communities of hard
rocky substrates and soft muddy substrates are evident even to the casual observer.
Photosynthetic productivity in fringing communities is high in the macrophytic agae of
rocky shores, low in sand and gravel, and then high again in mud flats with either micro-
phytic algae or the angiosperms of salt marshes. In deeper waters, the predominant differ-
ence is between communities in areas of high currents and coarse substrates, which consist
predominantly of suspension feeders (Levinton 1995), and communities inhabiting regions
of slower currents, which consist predominantly of deposit feeders. These relationships,
though codified in many studies, are still imperfectly understood in process terms, and dif-
ferences in community structure may well be related to the degree or seasonality of pelagic
—benthic coupling (e.g., Chevrier et a. 1991).

There has long been an appreciation that community composition and structure in the pelag-
ic realm is related to the origin and character of water masses, which are described funda
mentally by their salinity and temperature. Some of the earliest statistical analyses of such
relationships were undertaken by Colebrook (1964) and Fager and McGowan (1963). More
recent analyses confirm the broad-scale relationships between water masses and several
groups within planktonic communities, including the confounding factors of depth and dis-
tance from shore (Thorrington-Smith 1971; Tremblay and Roff 1983; Roff et a. 1986).
Within these temperature and salinity regimes, the presence or absence of stratification of
the water column also contributes to the character, seasonal cycle of production and com-
munity structure of the plankton, although less attention has been paid statistically to the
local analyses of these relationships. However, it is clear that the fundamental differencesin
production regimes between stratified and unstratified regions can affect the fisheries.
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Thus Pingree (1978) has shown a close relationship between the distribution of the top
predator in the North Sea (i.e., the fishing fleets), quantitative fish distributions and the sea-
sonal patterns of water-column stratification. It is clear that these patterns of seasonal strat-
ification also delimit the mixing regimes of contiguous water masses and can define genet-
ically distinct subpopulations of fish (e.g., llesand Sinclair 1982).

Whereas planktonic communities drift within the water column and benthic communities
are largely fixed within or on top of the substrate, fish are capable of independent move-
ment. Relationships between the fish community and geophysical factors are therefore
more complex, and, at the very least, we should recognize that fish can be predominantly
pelagic or predominantly demersal (i.e., species that are bottom referenced, even if they do
not live in contact with the bottom) or may exhibit tendencies to move between the two
realms. In addition, associations between fish communities and physical factors may be
undertaken to investigate biodiversity and productivity or to document environmental
degradation. Nevertheless, relationships between species assemblages and physiographic
and oceanographic factors are still evident, although these associations may change over
the years (perhaps as afunction of climate changes) and through developmental stages and
fish ages. Thus spawning areas, nursery areas and areas of adult distributions may al be
different (e.g., Haegele and Schweigert 1985). Analyses of demersal fish communities
clearly show the same sorts of relationships between geophysical factors and distributions
that are seen in the planktonic and benthic communities (e.g., Swartzman et al. 1992;
Mahon and Sandeman 1985). However, the assemblages identified may exhibit more com-
plex distribution behaviours when analyzed over time, due to such factors as seasonal
migrations and fishing impacts.



A Classification for
Marine Conservation



Planning for
Representative Marine
Protected Areas:

A Framework for
Canada’s Oceans

m 58

General Principlesof a
Hierarchical Classification for
Marine Conservation

Summary of Key Points

The previous sections of this report outlined the key ecological factors that influence species
distributions and community structure. These factors will be used in this section to design a
classification system for Canada’'s oceans. This classification system can be used as a basis
for marine planning, including designing a representative network of MPAs. The following
summarizes the key concepts discussed so far:

1

Marine systems are basicaly different from terrestrial ones but, like them, consist of
interacting physical and biological components, which, at least theoretically, can be used
asindicators in separating seascapes.

. Marine systems exhibit more complex spatial-temporal relationships than terrestrial sys-

tems; this has made the development of comparable frameworks for MPA planning more
difficult.

. Using stable, enduring features as a basis for delineating marine natural regionsis diffi-

cult because two very different communities—the pel agic and the benthic—exist and
can be either strongly coupled or largely independent.

. Unlike terrestrial enduring features, the equivalent ecological attributes of marine

ecosystems may change spatially and temporally in predictable or unpredictable ways,
particularly in pelagic seascapes.

. In marine environments, we can recognize two broad sets of ecological attributes:

» Enduring physiographic features (the closest analogue of terrestrial enduring features)

» Recurrent oceanographic features or processes that may not be permanent but may
reoccur daily, monthly, seasonally or yearly in a predictable fashion in the same geo-
graphical area

. The advantage of using physical parameters to delineate marine natural regions is that,

certainly at coarse to medium scales of anaysis, they control the distribution of organ-
isms. Thus whileindividual species are locally prone to population changes, invasions or
extinctions, the larger assemblages or communities will persist and can be represented by
their enduring or recurrent physical correlates.



7. Because marine systems are so dynamic, it is difficult to identify distinct boundaries
within them, particularly when using traditional mapping techniques. Nevertheless, it is
still appropriate to examine marine ecological characteristics and to define habitat types
in terms of their relationships to enduring physical factors or recurrent processes. While

such a classification will not account for large-scale or unpredictable disturbances such

as hurricanes, communities generally reestablish themselves in due course on the basis

of the enduring physiographic and recurrent oceanographic factors.

Guiding Design Principles

The identification of appropriate guiding principlesfor the design of aclassification system
for marine ecosystems is fundamental to the success of this project. The identification of
these principles is similar to the preparatory work conducted by Peterson and Peterson
(1991) intheir terrestrial representation study. A set of key design principlesis necessary to
do the following:

Guide the development and implementation of the marine representation methodology
and framework

Guide the ecological integrity requirements for marine endangered spaces and develop
anetwork of MPAs

Enable a gap analysis approach to identify those areas that best sample the seascapes
required to complete a system of MPAs

The following principles were used to guide our classification of seascapes:

1

An approach based on marine enduring features should be used to classify marine
habitat types that directly or indirectly determine the distribution of marine biological
diversity.

. Data describing marine enduring features used to delineate seascapes should be avail-

able, either directly or via suitable surrogates at comparable scales, for all areasto be
evaluated to ensure consistency of interpretation and comparison.

. A community-level analysis of biological diversity should be done for al areas.

. The marine enduring features should include a range of fundamental physiographic

and oceanographic factors.

. The classification of seascapes should be hierarchical so that description occurs on

different spatial scales, allowing for the identification and ultimate protection of
lower-level classification unitsin the system (Watson 1997).

. The classification system should have a global perspective in which the higher levels

of classification are defined by global processes (Watson 1997).
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10.

11

12.

. The classification system should be constructed so that the upper levels of the hierar-

chy discriminate between the most broadly different community types and the lower
levels of the hierarchy discriminate between more closely related community types.

. The classification system must have predictive power and describe the relationships

between physical environments and biotic communities (Watson 1997).

. The classification system should be logical, easy to use and stable (or naturally adapt-

able) through time.

The classification system should clearly delineate repeating community or habitat
types based on scal able and nonscalable marine enduring features, incorporating a
minimal set of key physiographic and oceanographic factors.

Given the obvious and profound differences between pelagic and benthic communi-
ties, it will be necessary to consider these realms separately and subsequently to com-
bine these “layers’ to assist in determining MPAS.

Selection of MPAswill require a separate analysis of further ecological information,
for example, of individual species at the population level and ecological processes at
the ecosystem level. This second step will also require socioeconomic evaluation of
aternatives. MPAs may be contained within a seascape or may contain several
Seascapes.



A National Classification
System for Marine Conservation

To produce a useful planning tool for MPA planners and fisheries managers, the extent and
delineation of seascapes must be known. By designing and applying a theoretical construct
using the factors described in Part 2 and using available data sources and appropriate surro-
gates for each factor, we can delineate geographic units that represent habitat types. Table 3
outlines the national marine classification system; the specific parameters used to define
seascapes and the rationale for specific categorization of parameters are described in the fol-
lowing sections.

The factors chosen as the basis for this classification system were considered to be the most
appropriate at each level in the hierarchy. To create the most stringent classification system, a
variable is used at only one level in the hierarchy. This implies that the variable controls
processes at that particular level. While physical parameters are best used at coarser scales of
resolution, biological parameters can be used at finer scales for local verification of physical
correlates (Maxwell et al. 1995). Physical environmental parameters and biological community
types can be expected to converge at the finest scales as joint descriptors of species distribu-
tions.

The hierarchy itself is constructed in such a way that the upper levels discriminate first
between the most broadly different community types. At the lower levels of the hierarchy,
community types are progressively more closely related. Thus our hierarchy is analogous to
the Natural System of Classification which is used for the taxonomic classifications of organ-
isms. Inevitably, it may not aways be possible to judge the precise sequence in which factors
should enter the classification system as discriminators of differences among communities.
Only a rigorous statistical analysis (i.e., a variant of the taxonomic cladistic analyses) will
reveal whether the most appropriate sequence of descriptors has been selected.

Using GIS software, each level of the hierarchy is merged with the others to produce seascape-
level boundaries. At the lowest level of the hierarchy (Level 8), seascape units are defined.

At Level 6, we can distinguish natural regions. Natural regions are here defined as broad
oceanographic and biophysical areas characterized by similarities in water-mass characteris-
tics and searice conditions. Theoretically, the pelagic and benthic environments themselves are
ecologically distinct at broad enough levels to be classified as individual natural regions. The
result would be acolumn of water with anywhere from two to five vertically segregated natur-
al regions. For visua display and for planning purposes, these separations are not defined or
delineated during mapping. Therefore, the entire water column from surface to substrate forms
one functional zone defining a natural region.
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Planning for At the lower levels of the hierarchy, the criteria of stratification, slope, exposure and sub-

Representative Marine strate are merged into the GIS within the natural region boundaries. The combination of a
Protected Areas: pelagic layer overlying a benthic layer forms ecologically unique sets of conditions. Each
A Framework for set of unique conditions defines a seascape, creating the basic functional unit of the hierar-
Canada’s Oceans chy. Each seascape, therefore, has a unique set of characteristics derived from the higher

levels of the hierarchy. It isimportant to stress that a seascape is a combination of pelagic
and benthic habitat types, and that a seascape can be identified anywhere that a defined set
of ecological conditionsrecurs. In other words, while the set of ecological conditions defin-
ing a seascape is unique, there will often be several locations where that set of conditions
(i.e., that seascape) can be found.

Table 3. A NATIONAL FRAMEWORK FOR MARINE CLASSIFICATION

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
Environment Type Geographic Range Temperature Sea-Ice Cover

Lotic (streams and rivers) Not considered in this framework

Lentic (lakes) Not considered in this framework

Estuarine Not considered in this framework

Marine Arctic Ocean basin Arctic (avg. temp. < 0°C, ice 9-12 months) Permanent
Atlantic Ocean basin Subarctic (avg. temp. > 0°C, ice 6-9 months)  Seasonal (90% frequency of occurrence)
Pacific Ocean basin Boreal (avg. temp. > 0°C, ice 1-6 months) Variable (25-90% frequency of occurrence)

Temperate Absent (includes polynyas)
(avg. temp. > 0°C, < 18°C, ice < 1 month)

Subtropical
(avg. temp. > 6°C winter, > 18°C summer)
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Level 1: Environment Type

Any classification framework for aquatic environments must recognize the fundamental sim-
ilarities and differences among them. This analysiswill concentrate on physical—chemical dif-
ferences among these environments, but major biological differenceswill aso be discussed.

Natural bodies of water can be categorized as belonging to the following types of environ-

ments:

» Freshwater |otic (streams and rivers)

* Freshwater lentic (lakes)

 Estuarine (junctions of fresh and marine waters) « Marine (seas and oceans)

A Classification for
Marine Conservation

LEVEL 5
Segregation of Pelagic
and Benthic Realms

LEVEL 6
Vertical Segregation

LEVEL 7
Mixing and Wave Action

LEVEL 8
Benthic Substrate

Pelagic

Benthic

Pelagic

Epipelagic (0-200 m)
Mesopelagic (200-1000 m)
Bathypelagic (1000-2000 m)

Abyssal/hadal (> 2000 m)

Benthic
Euphotic (0-50 m)

Dysphotic/aphotic (50-200 m)

Bathyal (200-2000 m)

Abyssal/hadal (> 2000 m)

Pelagic—Stratification
Stratified epipelagic (S > 2)
Nonstratified epipelagic (S < 1)

Frontal epipelagic (1 <S<2)

Benthic-Exposure
Exposed: fetch > 500 km (euphotic)

Moderately exposed:

fetch > 50 km, < 500 km (euphotic)

Sheltered: fetch < 50 km (euphotic)

Slope
Low slope < 1° (> 50 m depth)

High slope > 1° (> 50 m depth)

Benthic-Sediments
Claysfsilts (0.0-0.5 mm)

Sand/pebbles (0.5-30 mm)

Cobble/boulders (> 30 mm)
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While the above aguatic environments have many features in common, each has its own
unique set of properties and its own suite of relationships between geophysical characteris-
tics and biologica communities. Although some relationships may traverse the boundaries
of environment type, it would be a mistake to extrapolate relationships uncritically from
one environment type to another. Thus, while asimilar framework for the hierarchical clas-
sification of each of these groups of aguatic environments could be developed on the basis
of the same fundamental principles, each would require a different array of factorsin its
own hierarchical classification. This has not been done here, but a classification framework
for the Great Lakes is currently in development.

This report and framework outlines a classification system only for the marine environ-
ment. There is no perfect definition of what constitutes the marine environment. Since it
dominates our planet, a more relevant question might be, What does not constitute part of
the marine environment? For the purposes of this framework, the marine environment is
considered to include oceans, seas, bays and the outer reaches of estuaries where the ambi-
ent salinity exceeds about 30 parts per thousand. Thus we are considering all those marine
waters of full-strength salinity or where dilution by fresh water amounts to only about 10
per cent.

Level 2: Geographic Range

Each of the three oceans surrounding Canada contains its own distinct complement and
diversity of species. These species, however, are arrayed within the same recognizable sets
or assemblages of species (i.e., communities). Although the species themselves differ, we
can till recognize the same community types. We can a so recognize the same ecosystem-
level dynamicsin al three oceans. The Pacific Ocean, with itslonger evolutionary history,
has a richer species diversity and more distinct species assemblages than the Arctic and
Atlantic Oceans. The Atlantic coast of Canadais strongly affected by the westward-intensi-
fied currents of the subpolar and subtropical gyres—the Gulf Stream and the Labrador
Current respectively. In contrast, the Pacific coast of Canada lies under the eastern waters
of corresponding gyres, with weaker currents producing a temperate area that is transition-
a in character between arctic and subtropical waters.

The exchange of water between the Arctic and Atlantic Oceans is substantial, with deep
Atlantic Ocean waters reaching to the mouth of Hudson Bay and surface Arctic Ocean
waters affecting the Scotian Shelf. Thus the division between these oceansis as much aver-
tical as ahorizontal phenomenon. In contrast, in the Pacific Ocean, the narrow and shallow
Bering Strait substantially reduces the exchange between the Arctic and Pacific Oceans.

The division between the Arctic and Atlantic Oceans used in this framework is based on
sea-ice frequency and the previously defined extents of the Arctic and Atlantic basins
(Dunbar 1968; Brown et a. 1975).



Level 3: Temperature

The third level of the hierarchical classification is based on a combination of temperature
and searice frequency. In this step, the differences between the Pacific, Atlantic and Arctic
Oceans are recognized and are further subdivided into definable thermal regimes.

Temperature is often regarded as the most important single factor governing the distribution
and behaviour of organisms on earth (e.g., Gunter 1957). It will become clear that tempera-
tureis an important determinant of communities at both broad and local spatial scales. Very
few species have geographical ranges covering the entire range of observed aguatic tem-
peratures. Those that apparently do, so-called cosmopolitan species, will probably be found
to consist of species complexes.

Within the oceans, the distributions of temperature and salinity are partially confounded
and are often used in combination to describe the origins and movements of water masses
and their associated fauna and flora. However, temperature alone can serve as an indicator
of water masses, at least for surface waters over a restricted geographic range (e.g., the
Canadian coastline).

In physical terms, the Arctic Ocean has the lowest sdlinity, largely as a consequence of the
huge amount of seasonal freshwater runoff that, due to the surrounding land masses, cannot
easily escape. Stratification in the Arctic Ocean is, therefore, at least as much a conse-
quence of salinity as it is of vertical temperature gradients. The greater ice cover of the
Arctic Ocean also tends to uncouple it from (at least) seasonal interaction with the atmos-
phere; perhaps surprisingly, however, it has become clear that atmospheric transport is a
major source of pollutantsin the Arctic.

Temperature regimes are distinctly different between the three oceans, and this factor forms
part of the rationale for their separation at Level 3. Arctic waters vary in temperature from
below to just above 0°C. The Canadian Atlantic Ocean exhibits a far greater range of tem-
perature than the Canadian Pacific Ocean, a consequence of the larger pattern of circulation
in these two oceans.

In the ecologicad literature, it is often stated that arctic communities are mainly physically
accommodated, whereas tropical ones are predominantly biologically accommodated. This
is generally deduced from the greater fluctuations in seasonal cycles of biologica produc-
tion and abundance in the Arctic compared to the temperate and tropical regions, which in
turn is taken as evidence of a lack of strong biological control between trophic levels.
However, temperature fluctuations themselves are no greater in arctic waters than they are
in tropical waters. Rather, it is subtle and environmentally important processes of runoff
and stratification that trigger the great seasona production cycles of arctic and subarctic
waters. It seemslikely that the slower reproductive cycles of arctic marine fauna, compared
to the faster ones at higher temperatures in tropical waters, cannot keep pace with these
explosions of the primary producers. However, in advancing these comparisons, we should
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be aware that our perceptions are coloured by two things: first, there is considerable confu-
sion between the Arctic proper and the subarctic region, and second, we have far greater
understanding of terrestrial than of marine arctic biological processes. Most of our know-
ledge, in fact, derives from the terrestrial subarctic regions.

Subarctic, boreal and temperate waters typically support the greatest commercial fisheries.
Production is lower in arctic waters because of lower temperatures, lower plant productivi-
ty and the short growing season. Production istypically lower in tropical waters because of
permanent vertical stratification that prevents significant return of nutrients to surface
waters.

ARCTIC WATERS

Separation of arctic and subarctic waters largely follows Dunbar (1968). In the Antarctic,
polar and subpolar waters are readily distinguished; indeed, they are physically separated
by atemperature discontinuity at the Antarctic convergence. Separation in the Arctic is not
so dramatic, and characteristics of surface waters can be variable. Indeed, the subarctic
zone has no true counterpart in the southern hemisphere. Arctic waters typically remain at
or below 0°C throughout the year. They generally remain vertically stratified throughout
the year, predominantly as aresult of salinity stratification. A large part of the Arctic Ocean
remains ice covered throughout the year, and floating ice is typical throughout the year.
Marine arctic waters have a lower productivity and lower species diversity than marine
subarctic waters.

SUBARCTIC WATERS

Although ice generally forms at the surface during the winter, the water mass of the marine
subarctic zone generally remains above 0°C throughout the year. This zoneis generally free
of ice during the summer, except for adventitious floes and icebergs. The marine subarctic
zone is more productive and displays greater species diversity than arctic waters. Subarctic
waters may be highly productive during the summer months or where areasremainicefree,
depending on the local regime of mixing and upwelling. Such mixing may be tidally or
topographically induced, or prevented by the reduced salinity of surface waters. The sea-ice
community itself (the epontic community) may be a significant source of fundamental
nutrition for many migratory species of fish and marine mammals.

BOREAL WATERS

The boreal zone exhibits moderate ice frequency and generaly low summer maximum
temperatures. Ice is expected to occur for at least one month and last up to six months, and
the average annual temperature is above 0°C. This zone is unique due to colder arctic
waters flowing from the north above warmer temperate waters flowing from the south.
Boreal waters may be highly productive during the summer months. Fish and marine mam-
mal species (or their subpopulations) may be widely distributed and range widely.



TEMPERATE WATERS

Temperate waters are generally free of ice throughout the year. They may approach 0°C
during the winter, but generally remain a few degrees above 0°C. These waters may attain
temperatures from 15°C to 18°C during the summer months. Higher temperatures develop
only locally in sheltered bays with low tidal amplitudes. Whether these waters become
stratified during the summer depends on local tidal amplitudes. Temperate waters general -
ly have a higher diversity of species than arctic waters, and may show a unimodal cycle
(one peak in midsummer) or bimodal cycle (peaks in spring and fall) of seasonal produc-
tion, depending on the local mixing regimes (predominantly tidally controlled, but also
subject to freshwater runoff).

SUBTROPICAL WATERS

Subtropical waters are advected to Canadian environments; they are not formed at
Canadian latitudes. On the east coast, subtropical waters form part of the Gulf Stream sys-
tem and typically are located off the continental shelf. Their mean boundary is approxi-
mately coincident with the continental shelf break, although subtropical waters can be
advected onto the continental shelf itself in the form of Gulf Stream ring water. Subtropical
waters can be defined as those attaining temperatures greater than 18°C during the summer
but not falling below 6°C during the winter. This definition appearsto apply well to the east
coast. Subtropical waters show the highest biological diversity in most taxonomic groups,
but generally lower annual production than other areas, except for the ice-covered Arctic.
Subtropical waters are typically verticaly stratified to some degree and at some depth
throughout the year, thus preventing return of nutrients from deeper waters to the euphotic
zone. On the Atlantic coast of Canada, numerous larval forms are advected north and many
form temporary or distinctive communities in deeper basins.

Level 4: Sea-Ice Cover

Seaiceisimportant in defining primary productivity potential (Harper et al. 1993). In addi-
tion, ice cover substantialy prevents vertical mixing of the water column, and therefore
prevents resupply of nutrients to surface waters. Conseguently, primary production in both
pelagic and benthic communitiesislimited in regions of permanent ice cover. Unlike fresh-
water ice, which is transparent, sea ice is highly amorphous and crystalline and strongly
attenuates the passage of light. However, sea ice develops a new community of primary
producers (the diatoms of the epontic community), which supports an important food web
of crustaceans, fish and marine mammals at high latitudes. The presence, duration and
probability of ice cover is a surrogate for other temperature-related effects, such as overall
species diversity, the magnitude of plant and fisheries production, and seasonal timing of
many events, including spring-production blooms, reproductive cycles and timing of
migrations. Many species have adapted to capitalize on the niche afforded by the character-
istics of ice and its availahility.
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PERMANENT PACK ICE

Permanent pack ice is defined as the area where no regular breakup of ice occurs and where
less than 25 per cent of the total ice mass is new ice. Very low levels of production are
expected to occur in areas of permanent seaice.

SEASONAL ICE

Seasonal iceis expected to occur annually with a probability of 9 out of 10 years at the out-
ermost extent of the zone. The iceis expected to last five to six months per year at its limit.
This zone contains a combination of pack ice and first-year drift ice. Slightly higher pro-
ductivity is expected in this zone relative to areas of permanent pack ice.

VARIABLE ICE

Separation of variableice from seasonal iceisimportant, since this zone of variable ice rep-
resents atransitional areawith ahigh degree of variation in average annual temperature and
potential ice cover. In this zone, the probability of ice forming in agiven year is between 25
per cent and 90 per cent (i.e., on average, annual searice formation occurs from 2.5 years
out of 10 to 9 years out of 10). Moderate productivity is expected in areas of variable ice
cover.

NO ICE

Areas where no sea ice occurs are contained within temperate and subtropical waters. The
probability of seaice forming in agiven year islessthan 25 per cent in these areas (i.e., on
average, sea ice forms in fewer than 2.5 years out of 10). The absence of ice allows for
greater productivity relative to areas where ice is present.

POLYNYAS

Polynyas are unique phenomena defined as enduring ice-free areas surrounded by ice. They
are zones of much higher productivity relative to adjacent habitat.

Level 5: Segregation of Pelagic and Benthic Realms

Marine systems are significantly different from terrestrial systems in having two separate
realms with functionally different communities:

«  Pelagic communities encompass all those organisms that inhabit the water column
itself.

«  Benthic communities encompass all those organisms that inhabit the substrates of

aquatic basins.

Note that at the scale of mapping used in this study, species that are demersal will be con-
Sidered as effectively benthic.



Thisdivisionisafundamental distinction of community typesrecognized in all marine biol-
ogy and marine ecology texts. Because of the fundamental differences between the organ-
isms inhabiting the water column and those that live in or on the substrates, these realms
need to be separated at an early stage in the classification. This separation into pelagic and
benthic realms constitutes Level 5 of our hierarchical framework.

In most aquatic ecosystems, these two types of communities are virtualy distinct, although
they interact. Benthic communities are sometimes further subdivided (e.g., Hedgpeth 1957)
into the following:

« Fringing communities (comprising the primary producers and consumers of the euphot-
ic zones)

« Benthic communities proper (those below the euphotic zone, dependent on a detrital
economy)

There are pros and cons to recognizing such a distinction. In our hierarchical framework,
fringing and benthic communities are considered together to avoid artificial separation of
producers and their attendant consumers.

Separation into pelagic and benthic realms represents the first step in the recognition of
hierarchies of community types within each of these two major realms. It is probably fair to
say that, to most people, separation into pelagic and benthic realms is not an immediately
obvious division. Divisions into land versus water, then into the mgjor environment types
(freshwater, estuarine, marine), then into approximate thermal regimes (arctic, subarctic,
boreal, temperate, subtropical) are likely to seem more natural and be considered to be at a
higher level than division into pelagic and benthic realms. All these arguments are con-
stituents of the decision to segregate spatially into pelagic and benthic realms at Level 5 of
the hierarchy.

Pelagic and benthic communities are often spoken of as coupled. However, it is perhaps bet-
ter to refer to them as interdependent because the degree of coupling varies in space and
time. Typica pelagic and benthic communities do not share adult species members, except
temporarily. However, there are significant two-way interactions between the communities,
involving exchange of larvae and energy. Below the euphotic zone, benthic communities
are entirely dependent on the rain of detrital material from the pelagic realm. The only
exception to thisis found in the extraordinary hydrothermal vent communities around the
oceanic ridges, which are essentially independent of resources from the overlying water col-
umn and are self-reliant on a chemosynthetic sulphur economy.

It will become apparent that the number of hierarchical levels within the pelagic ream is
smaller than the number of hierarchical levels within the benthos. We recognize this differ-
ence as being a simple consequence of the greater spatial homogeneity of community type
within the pelagic realm as compared to the benthos. (Note that spatial heterogeneity in
terms of abundance and distributions of organisms can be just as great within the pelagic
realm as within the benthos.)
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Level 6: Vertical Segregation

Within the water column, depth, pressure, light penetration and turbidity are al interrelat-
ed. From the shoreline to the continental shelf to offshore areas beyond the continental
slope, water-column depth increases, light penetrates farther (because of greater water clar-
ity and lower turbidity) and pressure increases. Along this continuum, we pass from coastal
to neritic to progressively more oceanic communities.

PELAGIC REALM

Community structure changes greatly with depth as we pass below the euphotic zone and
encounter the larger pelagic species whose populations may be concentrated into discrete
layers but neverthel ess become progressively less common with depth.

Water-column depth itself acts as a suitable discriminant of community type and also
accounts for the correlated factors of light penetration and pressure. Seasonal thermal strat-
ification isrelevant only to the upper 200 metres of the water column. Below this, the water
column almost aways exhibits some form of stratification (due to changes in temperature
and/or salinity), but seasonal variations become negligible due to the great homogenizing
effects of ocean circulation and the high heat capacity of water.

The natural classification of the pelagic environment that emerges from these considera-
tionsisasfollows:

1. Segregate the water column by depth intervals at Level 6.
2. Segregate the pelagic zone into stratified, nonstratified and frontal regions at Level 7.

The depth intervals chosen are those generally recognized in the biological oceanographic
literature as separating communities that show clear differences in species composition.

Two further points should be made:

1. Vertical migration by the animals of the pelagic realm obvioudly integrates trophody-
namic processes within these communities in the vertical plane. Nevertheless, vertical
structure in these communities is clearly defined and should be recognized as a corre-
late of increasing water-column depth.

2. We would hardly expect that an MPA would encompass only, for example, the 1000-
metre to 2000-metre depth interval of the water column. However, separate recognition
of these different communities as occupying different strata, their natural correlation
with water depth and the parallel classification of benthic communities should make
subsequent selection of MPAs amore orderly process.



BENTHIC REALM

At Level 6 of the benthic hierarchy, the factor that discriminates most significantly between
community types is depth, which isa correlate of light and pressure. Depth is chosen asthe
simplest index of theseinteracting effects. Thusthe intertidal community istypically richiin
macrophytic and microphytic plants and shelters a wide diversity of organisms adapted to
recurrent immersion and exposure. Below this, but till within the euphotic zone, lie well-
recognized community types where plant growth (again either macrophytic or microphytic)
can thrive. Below the euphotic zone, resources for animals are dependent on detrital inputs
from the euphotic zone, and the coarsest substrates are generally lost in favour of finer sed-
imentary ones. Figure 2 illustrates the depth intervals of the pelagic and benthic zones.

Figure 2. PELAGIC AND BENTHIC ZONES OF THE OCEAN
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Level 7: Mixing and Wave Action

Level 7 identifies the effects of water motion on both the pelagic and benthic realms. Tidal
currents and wave action can cause stratified waters to mix, thus affecting nutrient supply
and turbidity. Wave action aso affects the substrate type, especialy in exposed or high-
slope areas. These effects of water motion play a significant role in the distribution of
marine communities.

PELAGIC STRATIFICATION

At scales from metres to hundreds of kilometres, the pelagic realm may appear to be large-
ly homogeneous until more closely examined. A major feature of the pelagic ream isits
spatial heterogeneity, generally referred to as patchiness. However, specialized sampling
apparatus is needed to reveal these quantitative heterogeneities. Pelagic species demon-
strate agreat diversity of body size, form and taxonomic type (i.e., ahigh diversity of phyla
inhabit the pelagic realm), but species diversity itself tends to be lower than in the benthos,
perhaps as a function of qualitative environmental homogeneity. The pelagic realm itself
can be vertically subdivided, as discussed above.
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Water motion is manifested in many phenomena over a continuum of scales, some phe-
nomena are predictable or recurrent in time and space, and others are intermittent or unpre-
dictable. Clearly, reference to predictable processes or factorsis required for reliable iden-
tification of seascapes.

The only predictable factor available appears to be the stratification parameter, which dis-
tinguishes regions of the water column that become stratified during the seasonal heating
cyclefrom those that remain vertically mixed. Frontal zones (where S ~ 1.5) between these
two regions are highly productive areas that represent one type of temperature anomaly.
Although the intensity and exact location of frontal zones may vary from year to year, they
can nevertheless be considered as recurrent oceanographic features. The stratification para-
meter also describes the broad-scale type of summer nutrient regime—impoverished sur-
face waters in stratified areas versus regions of vertical nutrient replenishment—and
accounts for the effects of tidal amplitude within the pelagic realm. Note that the effects of
major ocean currents will aready have been accounted for in the distribution of tempera-
ture at Level 3 of the hierarchy.

BENTHIC EXPOSURE AND SLOPE

The next factors to discriminate in Level 7 are combined exposure and slope. Here, two
factors are selected that interact with severa others to determine community type. The
degree of exposure (i.e., to some combination of atmosphere and water motion, such as
high currents and wave action) will be of significance only in the intertidal and immediate
subtidal regions, not extending below the depth of the euphotic zone (about 50 m). In both
the intertidal and subtidal regions, exposure to water movements (predominantly tidal cur-
rents and wave action) can range from high (exposed) to low (sheltered). Such exposure,
again, is not uniformly confounded with substrate type and particle size. Thus, exposed
shoreswill have shores of solid rock or boulders, but sheltered shores may have any type of
substrate, and shores of intermediate exposure will tend to have substrates of pebbles and
sand. The type of community observed is closely correlated with the substrate type, as a
function of exposure to water motion. The degree of exposure can be at least partially
ranked as afunction of fetch, whichisin turn related to the distance over which winds can
blow onto the shoreline. In general, to assess the degree of exposure we do not require
direct measurements of tidal currents and wind speeds themselves, but only a measure of
fetch.

Below the euphotic zone, exposure to wave action isirrelevant, but currents still play arole
in determining substrate characteristics. Here, two basic types of benthic communities tend
to develop: erosional communities on coarse substrates and depositional communities on
finer substrates. Slope now becomes a confounding factor at Level 7. In the intertidal and
subtidal regions, slope predominantly determines the extent of the zones (the lower the
slope, the greater the horizontal extent, and vice versa). However, below the euphatic zone,
slope is confounded with substrate type. Areas of low slope may have coarse or fine sub-
strates, but regions of high slope will be found only with coarse substrates. Thisis because
fine substrates are inherently unstable at high slopes, and even periodic disturbances will
cause accumulated sediments to slump and dissipate. Such high-slope regions are typically



associated with the edge of the continental shelf, with sea mounts that rise above the sur-
rounding bottom and with canyons that descend below it. Typically, such areas also experi-
ence the effects of loca currents more than the surrounding flat plains, and may develop
benthic communities that differ significantly from those of regions of finer substrates at
similar depths. Thus slope may sometimes act as a partial surrogate for substrate particle
size.

Level 8: Benthic Substrate

Habitat typesin Level 8 are discriminated according to substrate type. This factor itself is,
of course, partialy confounded with depth. In shallow waters, substrates span the size spec-
trum from solid rock to fine sediments, depending on the energy of local water motion. In
deeper waters, the energy associated with water motion is greatly reduced and sedimentary
substrates predominate. With increasing depth, the strong tendency is for sediments to
become progressively finer in particle size and to have lower organic contents until, in the
deepest parts of the ocean, sediments have become almost uniformly similar in mud and silt
composition.

The increasing uniformity of substrate type with increasing depth means that in deep off-
shore areas the benthos tends to converge to only afew community types, and many species
may be cosmopolitan. Typical speciesinclude avariety of deposit feeders, especially tube-
building polychaete worms and bivalve molluscs and small epibenthic or burrowing crus-
taceans. Coarse-textured substrates are typically found in areas of stronger currents where
suspension feeders predominate. Here, larger surface-dwelling bivalves and echinoderms
may be most evident, along with a diversity of other taxa, such as sponges, sea stars,
decapods and other motile forms. Medium-textured substrates often indicate conditions and
community types intermediate between deposit-feeding and suspension-feeding communi-
ties, and may be heavily dominated by small clams, brittle stars or ascideans. Where such
substrates are kept in motion by the action of currents, the abrasive forces may greatly
reduce the local biological diversity of larger plant and invertebrate species.
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Data Requirements for
Determining Seascapes

Introduction

One of the strengths of a classification based on physiographic and oceanographic features
is that data relating to these features tend to be more consistent and readily available at a
national scale than do biologica data. Table 4 outlines, to the best of our knowledge, where
the data necessary for the classification of seascapes can be found. However, there may be
instances, especialy in the Arctic, where data are simply not available at the appropriate
scale. In such cases, decisions will need to be based on the best available information, and
an adaptive management approach should be adopted that allows better information to be
incorporated as it becomes available.

Table 4. DATA REQUIREMENTS FOR THE CLASSIFICATION OF MARINE SEASCAPES IN CANADA

Factor Location Classes/Description Source of Map/GIS Data
in Framework  Used in Framework

Environment type  Level 1 Marine—all oceanic waters ~ Marine waters can be mapped using
subject to tidal influences, either topographic maps or hydrographic
including the St.Lawrence  charts.

River
Geographic range  Level 2 Arctic Ocean The distinction between the Atlantic
Atlantic Ocean and Pacific Oceans is based on previously
Pacific Ocean defined extents of the Arctic and
Atlantic basins (Dunbar 1968; Brown et al. 1975).
Temperature Level 3 Arctic Arctic (avg. temp. < 0°C, ice 9-12 months
Subarctic Subarctic (avg. temp. > 0°C, ice 6-9 months)
Boreal Boreal (avg. temp. > 0°C, ice 1-6 months)
Temperate Temperate (avg. temp. > 0°C, < 18°C,
ice < 1 month)
Subtropical Subtropical (avg. temp. > 6°C winter,
> 18°C summer)
Sea-ice cover Level 4 Permanent ice cover Use National Atlas of Canada sea-ice map.

Seasonal ice cover
Variable ice cover
Absent (includes polynyas)

Segregation of Level 5 Pelagic This is a theoretical and management principle
pelagic and Benthic and does not require spatial data to
benthic realms segregate realms.




Consideration of Scales for Environmental Management

Edyvane (1996) suggests a scale-adapted approach to environmental management. Such an
approach requires an understanding of the spatial—temporal hierarchies of processes and pat-
terns in natural systems and recognition of the scales of human impacts, management and
monitoring in human—marine ecosystem interactions. Table 5 illustrates these processes,
impacts and management scales.

Given that arbitrary boundaries can be drawn around any biogeographic unit or units, appro-
priate scales must be defined when applying this classification framework to determine rep-
resentative MPAs. However, in the development of a representative system of MPAs, we
must consider, from a practical viewpoint, the appropriate scale for planning and manage-
ment.

For example, the following scales must be considered:

» Scalesof 1:1 million to 1:3 million may be more appropriate for developing a national
system of representative MPAs and reporting on the extent of the system on
anational scale.

Factor Location Classes/Description Source of Map/GIS Data
in Framework Used in Framework
Vertical Level 6 0-50m Use Canadian Hydrographic Service
segregation 50-200 m bathymetry series of charts to determine
200-1000 m 0-, 50-, 200- and 2000-m bathymetric
1000-2000 m contours (note other contours will be
>2000m required for slope —see below).
Mixing and wave Level 7 Stratified (S > 2) These areas will need to be determined by
action: Pelagic Frontal (1<S<2) DFO from maps or satellite images.
Stratification Nonstratified (S < 1)
Mixing and wave Level 7 Low slope (< 1°) Slope is considered a significant determinant
action: Slope Benthic High slope (> 1°) only in waters > 50 m (other factors are
offshore more important in waters < 50 m). These
(dysphotic) slope classes will be calculated using the
bathymetric contours obtained from the
Canadian Hydrographic Service.
Mixing and wave Level 7 Sheltered: fetch < 50 km Wave exposure is significant only for the
action: Exposure  Benthic Moderately exposed: fetch euphotic regions. Fetch can be calculated
nearshore > 50 km, < 500 km from knowledge of prevailing wind direction
(euphotic) Exposed: fetch > 500 km and distance over which the waves are
propagated.
Benthic substrate Level 8 Clay or silt — The Surficial Materials of Canada map
Benthic 0.0 mmto 0.5 mm (1:5 000 000) is the best-known source that
Sand or pebble — may be used to derive sediment type for

0.5 mm to 30 mm
Cobble or boulder —
greater than 30 mm

Canada’s marine waters. Gaps exist in the data
from this source, and additional data may be
available from Natural Resources Canada,
Geodetic Survey Division.
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» Scales of about 1:500 000 may be more appropriate at the level of provincia reporting.

» Scales of about 1:250 000 may be best for local planning and determining MPA bound-
aries.

A strong relationship exists between map scale and the complexity of mapping units.
Therefore, the size of mapping units for ecosystem surrogates will accordingly affect the
extent to which map units are represented in protected areas. An analysis of published reports
and maps by Pressey and Bedward (1991) shows an inverse relationship between relative
reservation status of map units and their scale (i.e., degree of subdivision). Representation is
more comprehensive for coarse-scale homogeneous map units, where much of the internal
variation may be unmapped but still captured by MPAs, than it isfor more heterogeneous map
units at afiner scale.

Table 5. SCALES OF HUMAN-MARINE ECOSYSTEM INTERACTIONS

Scale Ecosystem Major Processes and Patterns Human Impacts Management and
Monitoring
Global Biosphere Topography (ocean basins) Global warming International
Oceanography Sea-level changes
Climate (large-scale)
1000s km  Bioprovince Topography (large-scale) Global warming International
Oceanography (major currents,  Sea-level changes
temperature) Ecosystem stress
Climate Reduced biodiversity
100s km Bioregion Topography Pollution National/regional
Oceanography (upwellings, Habitat fragmentation
small currents) Overfishing
Sediment supply Species loss
Ecosystem stress
Reduced biodiversity
10s km Bio-unit Topography Pollution Local
Exposure Habitat loss
Tides Overfishing
Storms Population loss
Sediment supply Exotic introductions
Ecosystem effects
1-10 km Habitat Exposure Pollution Local
Storms Habitat loss
Community dynamics Overfishing
Tides Aquaculture
Depositional processes Dredging

Population loss
Exotic introductions
Ecosystem effects

100s m Site Depth Pollution Local
Predation Habitat loss
Competition Aquaculture
Storms Dredging

Population loss
Exotic introductions




Assumptions, Limitations
and Caveats

Introduction

Frameworks and classifications provide a valuable and meaningful basis for aggregating
information, depicting patterns, mapping marine representative areas and setting priorities.
While the approach used hereisflexible, repeatable and hierarchical, it isimportant, howev-
er, to understand what assumptions, limitations and caveats pertain to the overall framework
and the resulting classifications.

Assumptions and Limitations

Assumption 1:

Limitation:

Assumption 2:

Limitation:

Assumption 3:

Limitation:

The ecosystem- and species-level approachesfrequently applied tomarine
conservation are inherently unworkable at broad (i.e., national) scales.

These approaches to conservation have been adopted elsewhere. Two major
challenges with such approaches for MPA planning are that natural bound-
aries between marine ecosystems generally cannot be consistently defined,
and that there is no clear way to combine mapping data for individual species
distributions. These challenges make it difficult to set goals or targets for
completing an MPA system.

The framework presented in thisreport isan ecological hierarchy of habi-
tats; it isnot a spatial hierarchy of habitats.

Correspondence between habitat type and spatial scaleis, therefore, unavoid-
ably lost. The natural patterns of spatial organization of biological communi-
ties must be recognized in proceeding from seascapes to the selection of
MPAs.

By identifying habitat types, we can produce, as far as practicable, a sys-
tematic basis for helping to conserve marine biodiver sity. If we can identi-
fy the appropriate range of habitat conditions, then these should contain a
majority of the specieswe wish to preserve.

By identifying and conserving habitat types, a systematic framework for con-
servation can be developed that represents, either directly or indirectly, bio-
logical diversity at the community level. However, the seascape framework
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Assumption 4:

Limitation:

Assumption 5:

Limitation:

Assumption 6:

Limitation:

does not necessarily capture distinctive, special or unique communities or
population-level effects of habitats or species. These effects must be consid-
ered in combination with seascape representation when planning MPAs.

The framework represents, either directly or indirectly, biological diversi-
ty at the community level.

Seascapes are a convenient approximation of the complexity observed in the
real world, but they have not been extensively or rigorously tested. Therefore,
they may not yield precise answersin all situations, particularly in fine-scale
work and applications involving individual species. Seascapes must be test-
ed, refined and periodically revised as data become available.

The oceanographic and physiographic factors are indicators of biotic
responses and hence of marine biological communities.

The advantage of using physical parameters is that, certainly at the larger
scale of analysis, they control the distribution of biological organisms and
hence are indicators of the major types of biological communities. However,
biological communities must ultimately be recognized on the basis of their
species composition; biological parameters may, therefore, be more appropri-
ate at thefinest scales and be used for local verification of physical correlates.
For example, the benthic classification may contain various categories:

» Fixed animal and plant benthos: These species will dictate seascapes.

» Migratory species: These species should contribute to the setting of MPA
boundaries.

» Demersa (e.g., flat fish, cod, hake): These species may need to be con-
sidered on a population basis (i.e., species by species) in the benthic class-
ification and when determining or fine-tuning the boundaries of MPAs.

Oceanographic factors will be of significance to both pelagic and benthic
communities, whereas physiographic factors will be of significance pri-
marily to benthic communities.

This difference is one reason for separating oceanographic and physiograph-
ic parametersin the framework. Furthermore, while physiographic factors are
(relatively) stable and easy to map (using remote sensing technologies),
oceanographic factors are spatially and temporally variable during the year at
any one location.



Assumption 7:

Limitation:

Assumption 8:

Limitation:

Assumption 9:

Limitation:

Assumption 10:

Different relationships will exist between the identified seascapes and the
candidate MPAsthat may be selected in any area.

Because this framework is an ecological hierarchy and not a spatial one,
seascapes will vary considerably in size from one region to ancther and
between realms, depending on the natural heterogeneity of a region and the
organization of its representative community types. Thus it should be expect-
ed that in some areas a representative MPA will be contained wholly within a
given seascape, whereas in other areas an MPA may contain several smaller
seascapes. A prime example of the first case would be in pelagic areas or the
deep-sea benthos, and a good example of the second case would be a section
of coastline, that comprises rocky shores, sandy beaches and sheltered muddy
bays. Thus, moving from deep to shallow waters, we would probably expect
the following transition:

» Deep water: Severad MPAs each contained within a seascape

o Shallow water: An MPA containing several seascapes

Even when the seascape analysisis complete, a further processisrequired
to proceed from seascapes to MPAs; distinctive areas, special needs and
practicalities must be considered in this process.

While a scientific rationale exists for the delineation of seascapes and candi-
date MPAs, the integration of further ecological, socioeconomic, legal and
political aspects, and practicalities makes the final selection and design of
MPAs subjective and more of an art than a science. Furthermore, processes at
both the population level (e.g., migrant species) and the ecosystem level must
be considered to determine what may have been missed at the seascape level.

Certain oceanographic and physiographic data are available for mapping.

The data used to derive seascapes are the best available to WWF Canada;
where data are not available, surrogates have been used wherever possible.
For some areas, al types of data (including surrogates) are limited or not
available; in these instances, other approaches must be applied (e.g., model-

ling).

Data must be available, either directly or via suitable surrogates at compa-
rable scales, for all areasto be evaluated to ensure consistency of interpre-
tation and comparison.
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Limitation:

Assumption 11:

Limitation:

Assumption 12:

Limitation:

Assumption 13:

Limitation:

Assumption 14:

Limitation:

Considerable effort has been invested in the interpretation of data and infor-
mation used to determine seascapes. Some instances occur, however, in which
the scale, type and number of attributes used, the temporal differences
between data sets, and the different analytical methods used will affect the
appropriateness of the data for comparison between areas (e.g., between
oceans).

The relationships between communities and their physical environment
arethesamein all three oceans, and equivalent community types consist of
the same sets of “ecological species,” that is, species guilds or trophos-
pecies.

Until more detailed information is known, this assumption can be made. Note
that if we can verify that similar community types do, in fact, exist, we could
answer questions such as, Isthe greater species diversity of the Pacific Ocean
reflected in agreater diversity of community types or simply a greater species
diversity within them?

The delineation of seascapes as described embodies a single framework
that integrates both pelagic and benthic realms. It accounts for differenti-
ation on the basis of pelagic and benthic communities and for differentia-
tion of light regimes based on euphotic and aphotic zones.

The benthic and pelagic regions have been identified on the basis of available
knowledge, using avariety of approachesto delineate the boundaries. The fact
that the benthic and pelagic classifications are separate requires some integra-
tion for the final depiction of seascapes. While this integration is assisted by
overlaying the two classifications, some subjective interpretation is required
to determine the final seascape boundaries. These integrated boundaries must
continually be tested and validated using a range of regional and continental
data sets and analytical tools.

Thedegree of actual affinity between physical and biological attributeshas
not yet been rigorously tested for all communities.

This affinity should be tested for all communities and the results used to refine
the framework.

The habitat types identified are discrete types as opposed to continuous
ecological gradients. We have not considered whether gradients between
habitat types are just as important as or more important than habitat
types or whether such gradients should formally enter the analysis.

The habitat types identified are not simply “fuzzy” boundaries around a dis-
junction. On the contrary, some of the ecotones may be as extensive as the
core seascapes and must be recognized and managed as unique systems.



Assumption 15:

Limitation:

Assumption 16:

Limitation:

Assumption 17:

Limitation:

Assumption 18:

Limitation:

Thereare minimal linkages between terrestrial and aquatic systems.

Whilelocal estuaries, bays and nearshore areas may be strongly influenced by
freshwater runoff and other interactions with the land, the sameis not general-
ly true of waters overlying the entire continental shelf. The influence of land
on the oceans diminishes rapidly with increasing distance from the shore and
increasing depth. A proper perspective, in both evolutionary and biogeochem-
ical terms, is to view the terrestrial environment as a recent extension of the
marine benthic environment rather than to examine marine dependencies on
terrestrial systems.

Natural environments are heterogeneous across the spectrum of physical
and temporal scales (including seasonal patterns and long-term changes).
This natural heterogeneity must be taken into account when designing
MPAs.

Any assessment of heterogeneity will be biased by the level of information
available for a particular region. That is, well-studied regions will usually
appear to be more heterogeneous than less well-known regions. The lines
delimiting the seascape boundaries are approximations and may, particularly
in offshore areas, vary by up to 100 kilometres, depending on a host of factors
such as the seasonality of currents. Comparisons with other classifications
may aso be mideading if focused on the boundaries rather than on the inher-
ent characteristics of the seascapes.

The framework is naturally adaptable through time as more information
becomes available and will become progressively more useful for decision
making at finer scales.

This framework will become more useful at finer scales if agreement can be
reached as to the essential data sets that are both missing and required. Given
that federal and provincial agencies are the custodians of the waters within
their jurisdictions, any revision of the data sets for these waters should be the
responsibility of the respective agencies.

The seascapes potentially provide a meaningful framework for assessing
and reporting on a wide range of natural resource-related activities,
including planning, management, monitoring and research in marine and
coastal environments.

While this assumption is considered to be basically correct, the links between
data and information-collection activities need to be strengthened in relation
to the seascapes. Given that many potential users of the framework currently
have limited understanding of the representative basis of seascapes, the full
range of assumptions and caveats must be read in conjunction with the frame-
work and classifications.

A Classification for
Marine Conservation

8lm



Planning for
Representative Marine
Protected Areas:

A Framework for
Canada’s Oceans

m 82

Caveats

1. Note that community compositions fluctuate over time. The relevant time span is basi-

caly that of the organisms within each community. In plankton, for example, a seasonal
succession will occur within years; successive years can be expected to broadly repeat
the same pattern of seasonal succession at any given location. In the benthos, as genera-
tional succession occurs over one to 20 or more years, we expect to see interannual and
decadal succession patterns. In communities of kelp and sea urchins on hard substrates,
for example, we may see fluctuations: sometimes these communities are dominated by
plants and at other times they are dominated by sea urchins, with few plants occurring.
We should regard these as natural changes within acommunity, not as changes from one
community to another. If the region is left to itself, its composition will fluctuate natu-
rally between the extremes of domination by plants or animals. In other areas, however,
anatural succession from one community to another will occur, either within years, over
several years or over decades. We need to understand when a change in the type of com-
munity has occurred and when a change within a community type has occurred.

. Note that zonations within the littoral zones have not been presented as separate habitat

types, although in fact they are such. Classification has not been done at this level
because it is assumed that, for practical reasons, any MPA declared will encompass the
full array of habitat types, vertically organized within the local intertidal region.

. In constructing a hierarchical classification for the benthos on the basis of physiograph-

ic and oceanographic factors, we encounter three basic problems:

« Many of these factors are confounded, repetitive of one another, correlated or can act
as surrogates for each other under at least some conditions. For example, factors such
as depth, degree of shelter or exposure, and wave action can all, in some combination,
define substrate particle size.

* The sequence in which factors should be placed in the hierarchy is not generally
agreed on, and some hierarchies of classification are multidimensional.

* No hierarchical system of classification has been adequately tested through some sort
of analysis equivalent to a cladistic taxonomic analysis.

Nevertheless, there is little doubt that these factors in some combination are effective and
efficient descriptors of habitat types for the benthos.
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Guiding Principles for
Designing a System of MPAs

Introduction

This framework was developed to provide a consistent physical classification system for
the marine environment to guide the selection of MPAs. However, a classification system
alone will not be sufficient to prescribe the location and design of MPAs. Even when the
seascape analysisis complete, further exercises must be carried out to determine ecol ogical
integrity, to identify priority areas or special needs and to ensure that practicalities are con-
sidered before proceeding to the selection of MPAs.

While the major focus of this project was the development of a framework for seascape
identification, the integrity of areas to be identified must also be considered subsequently.
Interrestrial systems, thisinvolves concepts of ecosystem structure and function, including
aspects of size, naturalness and ecological disturbances. Separate identification guidelines
or decision ruleswill be needed to rank areasin terms of importance within marine systems
(e.q., sitesfor rare and endangered species).

It should be stressed that the first stage of the process—the recognition of seascapes—is a
natural one in that al areas of marine environments are included in the classification and
are separated by defined physical characteristics of the environment. In contrast, the second
stage of the process—the selection of MPAs—is a more artificia process, requiring the
input of data or information according to several somewhat arbitrary criteriarelated to con-
servation value and economic factors.

Especialy in the early stages of designing an MPA network, MPAs of an almost endless
combination of sizes and locations could sample all seascapes. Economic considerations,
connectivity analyses and value judgments (e.g., about key habitat for endangered or com-
mercial species) can be used in conjunction with seascape representation analysis to guide
the specific placement of MPAs. The key point is that seascape representation defines the
goal of acompleted network and serves to balance common anthropocentric concerns that
tend to concentrate on marine mammals and commercial fish species.

Part 4 of this report examines the criteria that can be used to move to the second stage, that
of the selection and design of MPAs.



Basic Principles for the Selection and Design of MPAs

Thackway (1996a) has reinterpreted four broad principles that should guide the identifica-
tion, selection and establishment of any MPAs (based on Salm and Price 1995):

1. Recognizethat goalswill deter mine the identification and selection processes. If the
goal isto represent all communities within abiogeographic region, then adifferent set of
identification and selection criteria would be used than if the goa is to protect critical
habitat for afishery species. An integrated goal that includes the needs of al sectors of
society (e.g., those relating to conservation, fisheries, Aboriginal peoples, tourism) is
obviously more complex, ambitious and controversia than a single-purpose goal.

2. Berealistic and practical in defining goals and objectives. There is a need for com-
mon sense, sensitivity and pragmatism regarding the aspirations and capacities of both
the local community and the managing agencies, particularly with regard to ongoing
resources for MPA management.

3. Establish and manage selected areas as components of larger ecological systems.
The objectives of the MPA program determine the identification and sel ection processes
and are important determinants of the criteria used. The representative approach out-
lined in this report addresses the wider ecological aspects. However, it isrelatively sim-
ple to prove scientifically that a particular area is unique in one or more respects, and
hence to develop a scientific case for its protection. In contrast, the concept of identify-
ing and protecting representative areas is much more difficult to communicate.

4. Maintain flexibility in designing a system of MPAs. To establish viable MPAs
requires consideration of the range of parameters that will determine the viability and
the success or acceptability of the MPA inthelocal areaand region. Once these risks and
constraints are understood, the MPA can be designed and adapted accordingly. Although
ecological criteriashould be of primary importance in identifying candidate MPAS, eco-
nomic and sociocultural priorities and issues cannot be ignored in the process of assess-
ing the feasibility of MPAs and fine-tuning the final configuration; furthermore, such
factors can make or break an MPA proposal.

Thackway (1996b) states the following:

Provided the identification and selection of MPAs is based on the sampling of represen-
tative ecosystems (i.e., assumed to represent ecological processes and components of
biodiversity) and they are adequate in terms of size and connectivity, they provide essen-
tial self-sustaining entities which act as safe-houses for reintroduction and rehabilitation
in areas which are otherwise subject to minimal management controls and regulations.
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Influence of the Goal of MPAs on Their Selection
and Design

In most countries, government agencies are responsible for establishing MPAs. However,
in some jurisdictions (including Canada), one or more natural heritage or conservation
agencies, as well as fisheries management agencies, have legisative responsibility for
establishing MPAs. The difference in the mandates of the agencies has implications for the
selection and management of MPAs and the design of their boundaries.

When an agency’saim isto design MPAs for an identifiable economic benefit, the resulting
network of MPAs will be different from one predicated solely on ecological criteria. For
example, afisheries agency may design and establish MPAsto provide “recharge” areasfor
recreational and commercia fish stocks in waters adjacent to the MPA that have been
depleted of fish through harvesting. Similarly, a management philosophy of encouraging
tourism may result in the selection of a different set of protected areas. In both instances,
the economic benefits may pervade the agency’s philosophy.

In contragt, if the key goal for an MPA is “to protect representative biological communities
[and] to act as source areas, reference areas, and reservoirs of biodiversity and species
abundance” (Great Barrier Reef Marine Park Authority 1994), then the selection and design
criteria must consider different aspects. For MPASs based primarily on ecological criteria,
Done (1996) endorses this goal as appropriate for the following reasons:

* Representation is not the sole end in itself.

« Thegoa embraces the concept that protected biological communities “serve’ the
broader biological system (through, for example, protection of “source areas’ of
spawning stocks of species fished outside the protected areas).

¢ Thegoal recognizes the importance of reference areas as a basis for monitoring the
effectiveness of management.

¢ Thegoal addresses biodiversity conservation per se.

« Thegoal acknowledges that biodiversity conservation stands or falls on maintenance
of viable species populations (species abundance).

Similarly, MPAs declared for the protection of threatened or endangered species will be dif-
ferent from those established for the conservation and protection of commercia or non-
commercia species. MPAs designed for the protection of threatened or endangered species
must provide enough suitable habitat and space to maintain the communities and the genet-
ic pools that support viable populations of these species. The success of these MPAs also
depends on the appropriate and complementary use of adjacent lands and waters.



[1I-defined objectives for MPAs often result in a dilution of the conservation effort. Thisis
a concern particularly in multiple-use MPASs that aim to accommodate al users. If the pri-
mary purpose of an MPA is accepted as being a tool for the conservation of biodiversity,
then ecological values must be given precedence over other values when selecting and
designing an MPA (Inglis 1993).

In short, the mandate of the relevant agency will determine the primary purpose for devel-
oping MPAs, and this, in turn, will determine the selection criteriaor targetsthat are used to
achieve the best fit with that primary purpose. Different criteria are needed for evaluating
ecological values versus socioeconomic values, however, Smith and Theberge (1986) note
that ecological goas and socioeconomic goals are not mutually exclusive. Areas of high
biodiversity are often aso attractive for their conservation, resource use, tourism and cul-
tural values. Such links between biological values and other social and cultural values can-
not be ignored and often play acritical rolein the success of any MPA (Kenchington 1990).
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Salection Criteriafor MPASs

Much of the existing literature on MPAs includes various lists of criteria that may be applied
in the identification and selection of MPAs. For example, Kelleher and Kenchington (1992)
suggest selection criteriafor MPAs grouped into eight categories, which have been adapted to
the seven listed in Box 4. Thislist has been adopted by the [IUCN and is often cited.

Box 4. PROPOSED CRITERIA FOR ASSESSING THE SUITABILITY OF AN AREA AS AN MPA

Naturalness

Extent to which the area has been protected

from, or has not been subject to, human-induced

change

Biogeographic Importance

Inclusion of rare biogeographic qualities or
representation of a biogeographic type or types

Inclusion of unique or unusual geological
features

Ecological Importance

Contribution to the maintenance of essential
ecological processes or life-support systems
(e.g., a source of larvae for downstream areas)

Integrity

Degree to which the area, either by itself or
in association with other protected areas,
encompasses a functional ecosystem

Inclusion of a variety of habitats

Inclusion of habitat for rare or endangered
species

Inclusion of nursery or juvenile areas
Inclusion of feeding, breeding or rest areas

Inclusion of rare or unique habitat for any
species

Preservation of genetic diversity

Economic Importance

Existing or potential contribution to economic

value (e.g., recreation, subsistence, use by tradi-
tional inhabitants, appreciation by tourists and
others, use as a refuge nursery area or source of
supply for economically important species)

Social Importance

Existing or potential value to the local, national
or international communities because of its
heritage or historical, cultural, traditional,
aesthetic, educational or recreational qualities

Scientific Importance

Value for research and monitoring
International or national importance

Potential to be listed on the world or a national
heritage list; to be declared as a biosphere
reserve; to be included in a list of areas of
international or national importance; or to be
the subject of an international or national
conservation agreement

Practicality or Feasibility

Degree of insulation from external destructive
influences

Social and political acceptability and degree
of community support

Accessibility for education, tourism and
recreation

Compatibility with existing uses, particularly
by local people

Ease of management and compatibility with
existing management regimes



To achieve a representative network of MPAs, the selection of sites could follow
these steps:

1. Systematically classify al marine habitat types using a consistent framework.

2. Systematically choose a network of candidate MPAs using the framework to incorporate
the representative patterns characteristic of each seascape.

3. Further assess the candidate MPASs, ensuring, wherever possible, that other important,
unique or distinctive features are incorporated and that other non-ecological criteria (e.g.,
socioeconomic aspects) are considered. If, for valid or critical reasons, the candidate
MPAs initially chosen are deemed inappropriate, then similarly assess other candidate
MPAs until acceptable MPAs and, ultimately, a network of representative MPAs
areidentified.

4. Develop appropriate zoning for the MPAs chosen to ensure that all the essential
elements of the ecological diversity of the marine communities remain adequately
protected in perpetuity.

Figure 3illustrates three options for designing a network of MPAsin anatural region, based
only on seascape representation (i.e., the first two steps above).

Currently, most marine management agenciesidentify and select MPAs by amanual scoring
based on a set of selection criteria (such asthat listed by Kelleher and Kenchington 1992) or
an iterative evaluation of similar criteria. Research by Pressey and Nicholls (1989) on the
value of such scoring of selection criteria compared with systematic interactive computer-
based algorithms showed that scoring methods were |ess efficient than interactive computer-
based approaches. The major advantages of such computer-based approaches are that they
provide flexibility for testing and comparing different design scenarios (or reserve options)
and for comparing the costs and benefits of these different reserve options. However, not al
agencies have access to the detailed GI S data required to use such methods.

When identifying and selecting MPASs, we need to consider the following points:

» If weareto trying to choose a set of MPAs that represent the marine biodiversity within
an area, we will need to use a systematic ecological basis for the selection process.
Decisions should be made within the context of an entire area, rather than by considering
only small locations about which more details are known.

* Many agencies and jurisdictions apply these criterialargely in isolation of neighbouring
jurisdictions and even agencies within the same jurisdiction. Thereis, therefore, aneed to
define and apply consistent and appropriate criteria and guidelines for the identification
and selection of individual MPAs.

* Where there is a multitude of identification and selection criteria, it may be difficult to
rate them all equally.

Planning a
National System of
Representative MPAs

89m



Planning for
Representative Marine
Protected Areas:

A Framework for
Canada’s Oceans

= 90

Figure 3. CONCEPTUAL OPTIONS FOR A REPRESENTATIVE NETWORK OF MPAs
IN A MARINE NATURAL REGION

Option 1 Option 2

No representation of seascape A Partial representation of seascape A
Moderate representation of seascape B Adequate representation of seascape B
Partial representation of seascape C Moderate representation of seascape C
Partial representation of seascape D Adequate representation of seascape D
Assessment Assessment

Natural region partially represented. Natural region moderately represented.

Legend
Seascape A
- Seascape B
Seascape C

" 7| Seascape D

Option 3
Adequate representation of seascapes A, B, e Maring natural region
CandD ]

D Possible MPA boundary
Assessment

Natural region adequately represented. This is
the best option for representation because
the candidate MPAs adequately represent
each of the seascapes and have connections
to surrounding seascapes.

Source: Adapted from Kavanagh and lacobelli 1995.




Ecological Principles and
Criteriafor Designing a System
of MPASs

When designing representative MPAs, we must consider additional ecological design crite-
ria. The environmental connectivity of areas, the appropriate shape and size of areserve, the
level of natural heterogeneity, the ecological vulnerability and the need for replication are
important considerations. There is no known order in which these ecological criteria should
be applied; rather, an iterative approach is recommended when developing an MPA propos-
a. Furthermore, some criteria will be more critical than others, depending on the specific
location or the circumstances.

A new principle also enters the process when proceeding from seascapes to MPAs. Whereas
our analysis of seascapes was conducted at the community level, to proceed to the MPA
level, we must take into account processes at the population level. In particular, we need to
examine what populations (e.g., migrant species) we may have missed at the community
level and how they exploit the environment spatially.

Reserve Size

Theissue of whether a candidate protected area will be adequate in size isimportant, partic-
ularly in the case of fragmented or highly modified seascapes or in areas that are undergoing
degradation. In most cases a precautionary approach would suggest that larger rather than
smaller areas should be chosen and that strictly protected areas should have appropriate
buffer zones. It is also preferable that strong conservation management principles be applied
as much as possible outside and surrounding the areas of ecological importance.

The size of a candidate MPA may be influenced by the proposed management type (see the
discussion of reserve management type below). Consequently, while an ecologica basis
should be the primary determinant of the size of areserve, its future management may also
determine the area likely to be socially and politically acceptable. In al cases, strong
involvement of user groups and the community is required in setting up the system for it to
be accepted and effective (Benzie 1996).

The principle of abuffer zone protecting a core site from human impacts is well established
and, wherever possible, should be applied to all MPAs. However, since coastal and continen-
tal-shelf environments are often linear in nature and subject to established heavy use, buffer-
ing, athough desirable, may be impracticable in some cases (Kelleher and Kenchington
1992).
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From an enforcement perspective alone, MPAs should, as ageneral rule, be large and man-
agesble rather than small and highly dispersed with complex zoning configurations.

If the goal of an MPA is primarily to protect a specific marine species, Shepherd and Brown
(1993) maintain that reserve size must be determined in relation to the internal dynamics
and size of the metapopulations in question. Small metapopulationswill require the conser-
vation of a much larger fraction of those metapopulations conserved than would large
metapopulations with many interconnecting local populations. For example, South
Australia's only long-term abalone reserve (West Island Reserve) failed to protect a
metapopulation because it was too small and enforcement was inadequate for preventing
poaching.

Reserve Networks

Ballantine (1991) stresses the need to consider the following issues when deliberating over
reserve size and number:

« Many marine populations have dispersive phases and reproduction is decoupled from
recruitment. It israrely possible to identify the parental origins of any particular popula-
tion or to specify which area(s) the offspring of one population will recruit. In any case,
the answer islikely to be different for each species (with different reproductive seasons
and length of planktonic phase) and often different in the same species for different
years (owing to current variations, whether random or systematic). It follows, therefore,
that a well-designed network of reserves (including spaced replicates) is much more
effective in promoting recruitment (including to other reserves) than afew large ones.

« Present knowledge of the interactions between different marine habitats and communi-
tiesis sufficient to show that these are common and self-sustaining, but it is not enough
to specify the size of area that would be self-sustaining. Consequently, while reserves
should contain as many representative habitats as possible, this should not override the
principle of a network.

e The minimum area of biologically useful marine reserves may be as small as a few
square kilometres (except where the entire system itself issmaller, e.g., asmall estuary).
However, in all cases, the addition of adjacent areasis highly desirable, since important
interactions with such adjoining areas are very likely.

Central to the concept of a network of MPAs is the understanding that protected areas
should operate as an interconnected group or system. The main requirement, then, is to
design protected areas so that species can move readily from one reserve to another; thisis
not necessarily done by providing strips of habitat connecting larger habitat areas, but
instead by providing habitat that maintains broad patterns of movement (Schmeigelow
1997). Other management strategies, such as temporal regulation of human activities, may
aso be critical for species movement or recruitment. Therefore, the following must be con-
sidered when configuring reserves:



» Thetype of movements important for population persistence (e.g., juvenile and adult
dispersal, foraging, seasonal migration)

» The spatial and temporal scale of these movements
e Thenatura levels of connectivity in the system

¢ The broader context in which the MPAs are located (i.e., the surrounding management
regimes)

Reserve Connectivity

Done (1996) explains that for MPASs to act as source areas and reservoirs of biodiversity
and species abundance, they need connectivity. A good source area will be one chosen to
maximize the probability that the propagules emanating from it will actually succeed. That
is, they have a higher than average probability of arriving at an appropriate habitat (either
another MPA or not) while still viable (Kelleher et a. 1994).

Done (1996) continues:

Potential protected areas will vary in the degree to which they are self-seeding and the
degree to which they rely on outside areas for replenishment of populations depl eted
due to natural attrition, harvesting or habitat degradation. There are two bases for this
variability. First, there is great variability in the buoyancy and capacity for active
swimming of the planktonic stages of different biota. Second, the current regimesto
which the planktonic stages will be exposed are regionally variable.

The following lists a number of relevant aspects for connectivity if an MPA is specifically
designed for a particular target species (based on Noss 1995):
1. Mobility or dispersal of the target species including the following:

» Species-specific habitat preferences for movement

» Dispersa distance or scale of resource utilization

« Rate of movement or dispersal

2. Other ecological characteristics of the target species (e.g., preference for a particular
structural feature; feeding requirements; mortality risks)

3. Seascape context: structural characteristics and the spatia pattern of the seascape
4. Distance between patches of suitable habitat

5. Interference from humans and predators
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Computer simulations based on best available models of underlying oceanographic and bio-
logical bases have been used both to optimize site selection based on the best use of present
knowledge (e.g., James et al. 1996) and to highlight the needs for filling gaps in data and
understanding. However, the interest in the role of source and sink sites in determining
recruitment and, therefore, their inclusionin MPAs may belie our actual capacity to identify
these effectively, particularly as these factors vary from organism to organism and from
time to time. Nevertheless, although a site may not be an important sink or source, it may
still be important in terms of its representativeness.

Reserve Shape

A considerable number of theoretical approaches to the optimum shape for reserves exist;
given the problems of the impacts associated with edge effects in terrestrial systems, the
optimum shape for areserve in such systemsis frequently believed to be circular. However,
because of the fluid and mobile nature of the marine environment, the issues associated with
edge effects on boundaries are not as relevant as they are in terrestrial reserves. Further-
more, the optimum shape for marine reserves is not the circular shape depicted in many of
the theoretical texts (i.e., acore area surrounded by concentric circles of buffer). Rather, the
optimum shape for an MPA is dependent on criteria similar to those defined for the design
of networks—such as juvenile and adult dispersal, foraging, seasona migration, natural
levels of connectivity— and the surrounding management regime.

The resulting optimum shape for an MPA (unlessit is large and encompasses a broad area)
will depend on the purpose of the MPA. If the goal is to maximize protection of a single
species, the MPA should be parallel to the coast and/or the prevailing current. If the goal is
to maximize biodiversity in the MPA, a cross-shelf configuration may be optimal. However,
anumber of practical aspects require consideration when determining the configuration of
an MPA boundary. Spatial boundaries are relevant to only some facets of integrated man-
agement of marine biodiversity, and lines on maps have limited validity when it comes to
open waters, particularly if those lines are based on seabed features.

Once the ecological determinants have been applied to a candidate area, the actual shape of
apreferred MPA, aswell as the management regimes within the MPA, can be determined on
a pragmatic and socioeconomic-egal basis. For practical reasons, it is often necessary to
align ecological boundaries with more distinguishable human-related features. Wherever
possible, these boundaries should encompass the underlying ecological boundaries. Many
pragmatic considerations can influence reserve shape:

* Recognizable boundary features and markers

» Ease of access

» Existing levels and types of uses

» Potential in terms of what might be legally declarable

¢ Potentia in terms of what might be better for enforcement and surveillance



Reserve Management Type

Whether a small no-take area is better (from a conservation standpoint) than a larger multiple-
use MPA will obviously depend on the specific circumstances. However, given that marine
ecosystems are relatively large, fluid and interconnected, it follows that a network of reserves
(including spaced replicates) could be more effective in promoting recruitment (including to
other reserves) than would be afew large reserves (see discussion of networks above). More
reserves and protected areas foster biological links that increase these advantages even fur-
ther. For example, a few unexploited marine reserves are unlikely to have any general or
widespread effects, however large the difference between their state and that of adjacent
exploited areas. In contrast, a network of such reservesis likely to have such effects, even if
we do not know, and may never know, which parts of the network achieved which results.

Many people consider the management model based on alarge multiple-use MPA with zon-
ing (e.g., the Great Barrier Reef Marine Park [GBRMP)]) to be advantageous in that it can
providefor an overal level of protection and for consistency in planning and management, as
well asenable strategically placed, small, highly protected core areas. Such amodel can serve
both to preserve biodiversity and to help sustain ecosystem integrity and allow the use of
marine resources within the larger managed area. Pressey and McNeill (1996) give the fol-
lowing argument in favour of multiple-use areas:

The multiple use model allocates activities through zoning and is considered more effec-
tive than small, isolated, highly protected areas for several reasons:

1. Ecologically, it recognizes the temporal and spatial scales at which marine
ecosystems operate;

2. Practically, it is easier to manage and potentially buffers and dilutes impacts
of activitiesin areas adjacent to strictly protected areas; and

3. Socially, it helps to resolve and manage conflicts in the use of natural resources.

However, few MPAs of a size comparable to the GBRM P have been declared to obtain max-
imum benefit as outlined by Pressey and McNeill (1996).

Reserve Replication and Redundancy

Any large disturbance in marine systems, whether natural (e.g., cyclones) or man made (e.g.,
oil spills), can destroy the very qualities of an MPA—its intrinsic values as well as its con-
nections—for which it was chosen. The need to plan for such disturbancesis, therefore, well
accepted in the field of protected area management. However, unlike in terrestrial systems,
where the recommended goal is reservation of areas large enough to accommodate any dis-
turbance, in marine systems replication or redundancy is considered a more prudent strategy.
MPAs should, therefore, be configured to minimize the likelihood that the entire representa
tion of a seascape would be degraded at any one time by natural or human disturbance.
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For example, even if one metapopulation were to suffer decline due to disease, overhar-
vesting or habitat destruction, the entire stock would be less at risk if other reserves existed
to protect other metapopulations (provided these are unlikely to al suffer the same disaster
at the same time). Essentially, the more MPAs that are declared, the greater the chance of a
variety of benefits accruing.

Seascapes and candidate M PAs generally convey no information about the relative value or
protection priority for each seascape. Pressey and McNeill (1996) therefore recommend a
specific approach:

More information on the relative value of planning units can be conveyed by analyses
that show the irreplaceability of areas (Pressey et a. 1994). These analyses produce a
map of all the individual areas being considered for reservation, indicating two things:

* Thelikelihood that any particular planning unit will be needed as part of a represent-
ative reserve system

» The extent to which the options for achieving a representation goal will be reduced if
the planning unit is made unavailable for protection

Irreplaceability puts a number on the obvious fact that there are no options for reserving
some units but many options for reserving others. Some units are totally irreplaceable,
either because they contain unique features or because they contain so much of one or
more features that the reservation goal can no longer be achieved if the unit is not
reserved. Other units are replaceable to varying degrees. A map of irreplaceability in a
region is therefore a map of options for developing a representative reserve system.

Where the goadl is to conserve biodiversity, it is necessary to identify and select priority
areas on the basis of agreed biodiversity values.



Other Selection Criteria
for MPAs

Decisions about whether any particular coastal or marine areas should be conserved, devel-
oped or left asthey are ultimately hinge on arguments regarding the relative merits of eco-
logical goals compared with socioeconomic goals. Whether to give greater weighting to
ecological goas or to socioeconomic goals (including the decision whether to establish a
conservation reserve) is primarily a political and social process like any other public policy
decision.

In developing options for MPAs, planners initially need to define a number of candidate
areas using ecological principles that recognize representativeness and that consider addi-
tional ecologica determinants such as unique and special areas. However, planners also
need to recognize that the decisions on final MPA configurations (e.g., locations, bound-
aries, size, type) will necessarily involve consideration of a much wider range of selection
criteria and other determining factors. Consequently, once the above ecological criteria
have been applied and a number of candidate M PAs have been identified, the extent of their
boundaries must be optimized. To do this, a number of subordinate criteria must be consid-
ered; such economic, social, political, legal and cultural considerations are discussed
below. However, it isimportant to realize that some of these additional criteriamay also act
to constrain the devel opment of arepresentative system of MPAs by providing reasons why
an area should not be included in an MPA.

It is rare that planners or managers have the luxury of determining an ideal boundary or
configuration for any form of conservation reserve or MPA. Rather, the precise location
and boundaries of an MPA are usually the collective decision of park planners, politicians
and the public (Ballantine 1991) and are not based strictly on any scientific formula or
checklist. Science may inform the debate and influence the outcome, but it will not be alone
in making the final decision. Ultimately, there must be enough public and user support for
MPAsto overcome the natural resistance of some special interest groups and decision mak-
ers so that they change the status quo.

In evaluating candidate MPASs, the approach used by Parks Canada in coordinating work-
shops of experts to provide the most accurate and current information on a particular loca
tion (e.g., Mercier 1995) is valuable, particularly for determining unique and specia areas
that also need to be considered when evaluating MPA proposals. Ideally, planners will use
iterative approaches using GIS techniques, in conjunction with expert opinion.

At this stage, areview of the benefits of no-take MPAs versus multiple-use MPAs is appro-
priate.
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MLSS (nd) summarizes some of the social and managerial benefits of harvest refugia (no-
take MPAS) and multiple-use MPASs (noting that these can be used in complementary fash-
ion).

Benefits of No-Take MPAS

1. Fairness and equity to user groups: No single group is favoured at the expense of oth-
ers, as harvest refugia prevent use by all fisheries.

2. Simplified management and enforcement: Because harvesting istotally prohibited,
management and enforcement are simplified. Violations can be detected easily by
fisheries officers, volunteer wardens or the public. Similarly, it is easier to communi-
cate the no-take regulations to al visitors.

3. Community involvement: Because harvest refugia can be relatively small, coastal
communities can identify areas that need protection and request legal protection for
those areas by governments.

4. Research and monitoring: No-take zones can be used to establish a baseline by
which to assess change in unprotected areas.

Benefits of Multiple-Use MPAs

1. No-take zones: More often than not, some zones within a multiple-use MPA are likely
to be designated as no-take zones.

2. Integration of human activity and conservation: Innovative solutions can dispel the
myth that conservation and resource use are incompatible.

3. Adaptive management: Zones can be reviewed on aregular basis, allowing managers
and scientists the flexibility to respond to changes in human activity and the environ-
ment (e.g., Great Barrier Reef Marine Park).

4. Development of management partners: As human activities are integrated in multiple-
use MPASs, coastal communities and stakeholders become important long-term partners
in planning and management.

5. Research and monitoring: Whereas no-take zones establish control sites for research,
multiple-use MPAs can provide opportunities for researching and monitoring the sus-
tainable use of an area.



Airspace Above an MPA

When most MPA proposals are evaluated, virtually al consideration is given to the marine
aspects alone (pelagic and benthic). Little consideration is given to the airspace above an
MPA, yet this is often a critical component for successful management of the MPA. For
example, if the conservation of whalesisapriority within an MPA and there are no controls
over aircraft, such as controls on minimum flying heights, then aircraft can have major
effects on such species, particularly if whale watching becomes a major tourist industry.

The use of hovercraft in sensitive areas today can have major effectsif such useis not man-
aged, yet it could be argued that hovercraft are operating over rather than within the marine
environment. Furthermore, with rapid advances in technology, it islikely that in lessthan a
decade some vesselswill probably be surface assisted and extremely fast (i.e., operate more
like extremely low-flying aircraft with the ability to cover huge distances quickly and easi-
ly). Consequently, an MPA should also extend some distance above the water surface; an
example of airspace being part of an MPA is the Great Barrier Reef Marine Park, where
protected airspace has been declared up to a height of 3000 feet above sealevel. While the
navigation of most aircraft is unimpeded in most zones of the park, this regulation provides
managers with the ability to apply controls when and where necessary.
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Special Areas

A representative approach to MPAs specifically does not identify special or unique sites for
protection. Rare species and special sites need to be dealt with separately from ecological-
ly representative sites.

The Oceans Act (section 35) has provision for “the conservation and protection of unique
habitats.” Other possible examples of unique areas cited in the DFO (1997) discussion
paper include “breeding areas, spawning areas, nursery areas, genetic ‘seed banks,” ‘rare
species’ habitats, polynyas, estuary zones, tidal flats, kelp forests, offshore banks, perma
nent or seasonal upwelling or mixing areas, deep sea vents, sea mounts, salt marshes, or
marine mammal habitat.” Note that some of these areas are already captured at the commu-
nity level by the delineation of seascapes; others, predominantly those at the population
level, are not.

People generally are more likely to see the point of special status for special or distinct
areas than they are to comprehend restrictions on existing uses of representative aress. It is
therefore critical that the scientific values of representative M PAs be explained.

An example of a special community that warrants protection is given by McNeill (1996).
McNeill discusses some of the biological characteristics of sea-grass beds, citing the design
of various existing MPAs that in no way reflect an understanding of the critical processes
structuring the sea-grass systems (e.g., spatial and temporal variability of species, recruit-
ment, seasonality, life cycle requirements). McNelll justifies protecting the maximum area
of sea-grass beds within estuaries and argues that their protection should override other
considerations in the design of MPAs for the following reasons:

1. Maintenance of seagrass beds and their associated communitiesis critical for the
long-term sustainability of coastal ecosystems.

2. Seagrass habitats, located within estuaries, are more vulnerable to damage and
destruction from physical disturbance and adjacent land use than many other marine
habitats.

3. Seagrasses lack resilience to disturbance; once destroyed, seagrass beds do not
readily recolonise.



Many other special or unique areas might be important to include in a system of
representative MPAS:

» Habitat for rare or threatened species

» Source areas for recruitment and replenishment
¢ Important corridors for migratory species

» Feeding, breeding or resting areas

¢ Nursery, juvenile or spawning areas

» Areas of unusually high species richness

» Natural or unspoiled areas

« Unique or unusual geological features

* Benchmark and reference sites

« Areasof cultura or traditional significance

A well-planned system of MPASs can be representative of all habitat types and still capture
awide range of these areas of special importance.
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Summary: Guiding Principles
for Choosing Individual MPAs

MPAs will often be chosen according to different ecological, economic and cultural priori-
ties. However, there are some principles that can be used to guide the selection and design
of all MPAs to maximize conservation gains.

1. MPAs should be chosen in relation to marine representation and not solely in relation

to themes or speciesthat are high in public profile.

. The precautionary principle should be adhered to, which means that lack of scientific

certainty about such aspects as where M PAs should be located, how large they should
be or how many are needed should not be used as a reason for not establishing MPAs.

. Information about special or unique biological communities, habitats or species, where

available, should be used to enhance the selection of MPAS.

. Thefollowing guidelines should be followed when determining the management plan

to ensure that MPAs maintain ecological integrity:
» Natura processes and disturbance regimes should be allowed to continue.

» Viable populations of native species should be maintained in natural patterns of
abundance and distribution.

» Species dispersal should be maintained by functionally linked, core no-take areas.

. No-take MPASs, or no-take zones within an MPA, should be established to provide

ecological benchmarks and alow for naturally functioning population interactions.

. The size and configuration of MPAs should be sufficient to do the following:

* Incorporate adiversity of marine enduring features.
¢ Maintain the long-term integrity of natural communities.

¢ Include both resident flora and fauna, as well as relevant migratory species.

. Asfar as practicable, representative samples of all communities in the MPA should be

included within one or more no-take zones.

. Significant breeding or nursery sites should be included either within no-take zones or

within an appropriate seasonal closure (that is, given a high degree of protection on
either a permanent or a seasonal basis).



10.

11

12.

Single zonings or regulatory provisions should surround areas with a discrete geo-
graphical description (i.e., if at all possible, single islands or reefs should not have
multiple zonings or split zonings, which can have major implications in terms of
public confusion and enforcement issues).

In the pattern of zones within a multiple-use MPA, sudden transitions from highly
protected areas to areas of relatively little protection should be avoided. The concept
of buffering should be applied wherever possible.

In the selection phase, al available information on human-use patterns, economic and
socia values, and Aboriginal cultural values should be considered.

Some habitat types can be sampled equally well by MPAs at a number of different
locations. Furthermore, different configurations of a candidate area can sometimes
satisfy similar ecological criteria. In these cases, the option that imposes the least
short-term and long-term cost (where cost does not refer only to monetary value)
to nearby communities and stakeholders should be adopted.
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Conclusion

WWF Canadd's god is the completion of a national network of MPAs by the year 2010.
The goal is not to create a system for the sake of having a system; rather, the goal is one of
a suite of essential actions that will help ensure the health of our oceans and Great Lakes,
aong with the sustainable use of areas outside MPAs and the proper regulation of pollu-
tants and toxins.

A system of MPAs must be more than an ad hoc collection of sites with no overarching
rationale or protection standards. Conservation of biodiversity will not be achievable with-
out a network of well-planned and scientifically based protected areas, with strong protec-
tion standards, as part of good overall oceans management.

The framework developed here is meant to help provide an ecologically sound, consistent
and transparent method to define the overall goal and to generate and assess candidate sites.
Furthermore, this framework uses physiographic and oceanographic features that are, for
the most part, readily available and that describe community diversity at a broad scale. No
one knows with certainty how many MPAs are needed in Canada, where exactly they
should be located or how large they should be to ensure conservation of our marine biodi-
versity. However, we don't have the luxury of waiting until all the information is at hand
before we begin. We must make decisions based on the best available knowledge and
incorporate new information as it becomes available. The sooner we begin and the more
people that are involved, the more effective the system of MPAs will be.
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Glossary

abiotic. Without life.

abyss. The great depths of the oceans, usually considered to be depths of 2000 to 6000 metres, a
region of low temperatures, high pressure and an absence of sunlight.

algae. The simplest plants; may be single-celled (such as diatoms) or quite large (such as sea
weeds). Livein salt or fresh water.

anadromous. Of or relating to migratory fish species, such as the Atlantic and the Pacific
salmon, that spawn in fresh water but spend most of their livesin salt water.

aphotic zone. The deepest part of the water column, where light does not penetrate.
archipelago. A group of islands.

assemblage. A neutral substitute for “community” but implying no necessary interrelationships
among species; also called species assemblage.

baseline. The low-water line along the coast as marked on large-scale charts officially recog-
nized by Canada; used for measuring the breadth of the territorial sea, except where the coast-
lineisindented or where afringe of islandsisin itsimmediate vicinity, in which case straight
baselines join appropriate points.

bathymetry. The measurement of depth in oceans, seas and lakes.

bathypelagic zone. The dark, deep part of the water column (1000-2000 m) below the euphotic
(well-lighted) zone and mesopelagic (poorly lighted) zone but above the abysso-pelagic zone.

benthic. Of or relating to organisms, both plant and animal, that live on the substrate under a
body of water; those living on the ocean floor are the epifauna, while those living within the
sediments are the infauna.

benthos. The bottom of a sea or lake; the collection of organismsliving on or in seaor lake
bottoms.

biocenosis. An assemblage of species characteristically found together. Relationships to habitat
type are not specified. A modern conception of this older term might be the biological
recurrent group.

biodiversity. The diversity of life, often discussed in terms of three hierarchical levels: genetic
diversity (diversity within species), species diversity (diversity among species) and ecosystem
diversity (diversity among ecosystems). Also called biological diversity.

biogeogr aphic region. A complex area of land and/or water composed of a cluster of interacting
ecosystems that are repeated in similar form throughout. Biogeographic regions vary in size,
with larger regions found where areas have more subdued environmental gradients.



biome. A major regional or global biotic community characterized chiefly by the dominant
forms of plant and animal life and the prevailing climate.

bioregion. An area of land and/or water whose limits are defined by the geographical distribu-
tion of biophysical attributes and ecological systems.

biosphere. That part of the earth system (air, water and rock) that supports life.
biota. The organismsin a specified area.
biotic. Living or having to do with life or living organisms.

biotone. A zone of transition between core provinces. Biotones are not simply “fuzzy” bound-
aries but represent unique transition zones between the core provinces. Biotones are unique
systems and need to be recognized for their contribution to explaining the marine environ-
ment.

biotope. An assemblage of species generally found together in a characteristic habitat.

catadromous. Of or relating to migratory fish species, such as edls, that breed in salt water but
spend most of their livesin fresh water.

cetacean. Member of the order Cetacea, primarily marine mammals (a few freshwater
cetacean species exist), with nostrils on the top of their heads. Whales, dolphins and
porpoises are cetaceans.

coastal waters. Both benthic and pelagic ecosystems that are influenced substantially by the
land.

community. A group of species that generally are assumed to be interdependent (though thisis
often not demonstrated). The term can be used in avariety of hierarchies. Communities at
larger scales can be progressively subdivided, such as spatialy, taxonomically and trophi-
caly, to finer scales. for example, the North Atlantic plankton community, the Fucus com-
munity of rocky shores and the zooplankton community.

contiguous zone. A zone that adjoins the territorial sea and over which Canada may exercise
control, such as enforcing laws relating to customs and immigration. Canada’s contiguous
zone extends 24 nautical miles from the baseline.

continental margin. The submerged prolongation of the land mass of Canada consisting of
the seabed and subsoil of the continental shelf, slope and rise but not the deep ocean floor.

continental shelf. The seabed and subsoil of the submarine areathat extends beyond the terri-
torial seathroughout the natural prolongation of the land territory to the outer edge of the
continental margin where it is beyond 200 nautical miles, or 200 nautical miles where the
margin is less than that distance; generally, the most productive part of the sea.

continental slope. The descent from the continental shelf to the deeper (abyssal) depths.

crustacean. Any of various predominantly aquatic arthropods of the class Crustacea, including
lobsters and crabs, characteristically having a segmented body, a chitinous exoskeleton and
paired jointed limbs.
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demersal species. A fish (also called groundfish), cephalopod or crustacean that spendsits
time on or near the bottom, although it can swim.

diadromous. Of or relating to species that migrate between fresh water and salt water regular-
ly during their life cycle.

dysphotic zone. The part of the water column, below the euphotic zone, that receives low lev-
els of sunlight but insufficient to support plant growth.

ecoregion. In terrestrial ecological land classification terminology, an area of land “character-
ized by distinctive ecological responses to climate as expressed by vegetation, soils, water
and fauna’ (Wickware and Rubec 1989). Ecoregions are one of several hierarchical levels
of classification and are mappable at scales of between 1:1 million and 1:3 million.
Ecoregions are the fundamental units of representation for terrestrial and marine gap analy-
sis.

ecology. The scientific study of the interaction between living things and their environment.

ecosystem. A definable part of the biosphere consisting of several interacting communities; it
receives inputs from the surrounding land, water and atmosphere, and may create outputs to
other locales. A much misused term, it is not synonymous with “habitat” or “ community.”

echinoderm. Any of numerous radially symmetrical marine invertebrates of the phylum
Echinodermata, which includes the starfishes, having an internal cal careous skeleton and
often covered with spines.

endangered species. A species whose global population has been reduced to alevel that is
close to or beneath the sustainable level for that species. Since they are in imminent danger
of becoming extinct, endangered species are protected under laws recognized by many
countries.

enduring feature. A landscape element or unit within a natural region characterized by rela-
tively uniform origin of surficial material, texture of surficial material and topography or
relief. See also marine enduring feature.

epibenthic. Living on the surface of bottom sedimentsin awater body.

estuary. An ecosystem in which ariver or stream meets the ocean; characterized by intermedi-
ate or variable salinity levels and often by high productivity.

euphotic zone. The upper part of the water column that receives sufficient light to allow plant
growth.

eutrophic. Of or relating to watersrich in plant nutrients that support high rates of plant
growth.

exclusive economic zone (EEZ). An area beyond and adjacent to the territorial sea, subject to
the specific legal regime of Canada, under which the rights and jurisdiction of Canada and
the rights and freedoms of other coastal states are governed by the relevant provisions of
the United Nations Convention on the Law of the Sea.

fauna. A broad term for animal life.



fetch. The distance travelled by unobstructed wind or waves.
fjord. A long, narrow, deep inlet of the sea between steep slopes. Also spelled “fiord.”
flora. A broad term for plant life; the plants of a particular area, region or time.

gap analysis. A technique designed to evaluate existing protected areas with regard to their
representativeness (of marine ecosystems), to determine what further representation is
required and to identify where those additional protected areas are located.

gyre. A circular ocean current.

habitat. A space with definable physical characteristics and limits within which organisms
live.

hadal. Pertaining to depths of the ocean greater than 6000 metres.
indigenous. Of or relating to any of the Aboriginal peoples of a particular region.

inshore. Of the near coastal waters extending from the coastline and estuaries out to 3 nautical
miles.

intertidal zone.The area between the high-water mark and low-water mark that is submerged
at high tide and exposed at low tide.

invertebrate. An animal without a backbone or spinal column (i.e., not vertebrate).
kelp. Any of various brown, often very large seaweeds of the order Laminariales.
littoral zone. Seeintertidal zone.

marine. Of or relating to the sea; native to, inhabiting or formed by the sea.

marine ecological principles. Statements designed to guide the development and implementa:
tion of a marine representation framework and methodology. The principles use marine
ecological attributes along with representation, mapping and ecological integrity require-
ments for a network of marine protected areas.

marine enduring feature. An abiotic marine ecological attribute that is considered most
representative of marine ecosystems, is observable and measurable, and exerts an
organizing influence on the distribution and diversity of marine species and communities.
Such features can be used to identify major representative units for the purposes of
classification, mapping and gap analysis.

marine protected area. An area set aside under legislation to protect marine values.

mollusc. A member of alarge phylum of invertebrate animals characterized by soft,
unsegmented bodies and usually having a calcareous shell.

natural region. In the ocean, a broad oceanographic and biophysical area characterized by
particular water-mass characteristics and sea-ice conditions.
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nekton. An aguatic organism, such as fish and krill (euphausiids), that can swim powerfully
enough to move against currents.

neritic. Pertaining to the water column overlying the continental shelf.

network. A group of sites related to each other or interacting on the basis of known or specified
criteriaso as to form a collective unity. Parts of the network should relate to or complement
each other in some way.

neuston. The diversity of minute or microscopic organisms that inhabit the surface layer of a body
of water.

niche. The range of environmental variables (such as temperature, salinity, nutrients) within which
a species can exist and reproduce. The preferred (or fundamental) niche is the one in which the
species performs best in the absence of competition or interference from extraneous factors.

nonphotic zone. The part of the water column where plant growth cannot occur. This zone
includes the dysphotic zone (where light isinsufficient for photosynthesis) and the aphotic
zone (where thereisno light at all).

offshore. Of the area of the exclusive economic zone extending from the border of the territorial
waters to the limit of Canada’s international marine boundary.

pelagic. Of, relating to or living in the water column of seas and oceans (as distinct from benthic).
phytoplankton. Microscopic free-floating algae that drift in sunlit surface waters.
pleuston. Organisms that float on the surface of the sea.

plankton. Small or microscopic aquatic organisms that are suspended freely in the water column;
they drift passively and cannot move against the horizontal motion of the water.

polynya. An area of open water surrounded by seaice.

precautionary principle. The guiding ecological principle that maintains that, when considering
which activities to permit, only those that have been demonstrated not to damage ecological
resources be permitted. Too often, however, activities are permitted until it has been demon-
strated that they are harmful.

productivity. Therate of biological production in an ecosystem. Primary productivity is the rate
of transformation of solar or chemical energy to living materia (biomass).

protected area. An area of land and/or sea especially dedicated to the protection and maintenance
of biological diversity and of natural and associated cultural resources, and managed under fed-
era, provincia or territorial legislation for conservation purposes.

recruitment. Theinflux of new members into a population by either reproduction or immigration.

recurrent factor. An oceanographic process that is periodic or recurring on some spatial—
temporal scale (e.g., tides). Also called recurrent process.



recurrent group. The lowest level of the community hierarchy; can be thought of as the com-
munity that constitutes the species assemblage within a habitat, and thus as a biotope.

representation assessment. The identification and delineation of the complex of marine eco-
logical attributes that defines particular seascapes for purposes of characterizing marine
ecosystems and undertaking gap analyses.

representative community. A community that istypical of its surroundings at some given
scale.

representativeness. The extent to which sites identified for, or already declared as, protected
areas reflect known biological diversity, environmental and ecological patterns and process-
es, and physical features at various scales.

sea mount. An underwater mountain rising from the ocean floor and having a submerged sum-
mit.

seascape/seascape unit. A marine area that has a distinctive combination of marine enduring
features as defined at scales of 1:250 000 to 1:500 000; used in the same sense that land-
scapes or landscape units are used in the terrestrial gap assessment methodology. See also
marine enduring feature.

seiche. A wave that oscillatesin lakes, bays or gulfs over periods from afew minutes to afew
hours as aresult of atmospheric or seismic disturbances.

spawning ground. A favoured location where aguatic organisms produce eggs (frequently the
same location each year).

species diver sity. The number of speciesin aregion; sometimes defined as both a function of
the pattern of distribution and the abundance of species.

stratification. The formation of layers of different densities (formed as afunction of salinity
and/or temperature) within the water column.

taxon. A group of organisms or populations considered to be sufficiently distinct from other
such groups to be treated as a separate unit. The plural istaxa.

terrestrial. Of or living on land (i.e., not aquatic).
tidal current. A current caused by tidal motion.
tidal range. The difference between high-water and low-water levels.

tide. The periodic variation in the surface level of the oceans and of bays, gulfs, inletsand
estuaries caused by gravitational attraction of the moon and sun.

trophic level. The position of an organism in the food chain or “food pyramid,” determined by
the number of transfers of energy that occur between the nonliving energy source and that
level.

tsunami. A very fast moving wave, incorrectly called atidal wave, that isinitiated by an
underwater disturbance, such as an earthquake, volcanic eruption or slumping.

Glossary
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upwelling. A process by which water rises from the lower depths into shallow waters, usualy
as aresult of divergence or currents moving offshore.

water mass. A volume of water that has defined salinity and temperature characteristics; water
masses might be considered to be anal ogues of the major climatic regions of terrestrial
environments.

zooplankton. Small, sometimes microscopic, animals that drift in the ocean; protozoa, crus-
taceans, jellyfish and other invertebrates that drift at various depths in the water column are
zooplankton.
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