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Preface

The 6" Bay of Fundy Workshop was held from September 29" to October 2", 2004 at the
Annapolis Basin Conference Centre, Cornwallis Park, Nova Scotia. The years 2004—2005 mark the
400" anniversary of the arrival of Samuel de Champlain and a small group of French colonists in the
Bay of Fundy and the establishment of the first enduring European settlement in Canada. In the 400
years since, there have been profound changes in the Bay’s ecosystems. On this anniversary it seemed
timely to consider what has happened to the Bay during these four centuries, reflect upon its present
condition, and discuss what needs be done to ensure its continued ecological integrity and productivity.
Fittingly, the Workshop theme was “The Changing Bay of Fundy—Beyond 400 Years™.

The Workshop attracted 165 participants, including a large contingent of students. A total of 65
papers and 26 posters, record numbers for a BoFEP Workshop, were presented in ten scientific ses-
sions. Three plenary talks pertaining to the Workshop themes were also given. Following the final
plenary session, participants formed three round tables to discuss the future of the Bay of Fundy in
relation to the health of the Bay, the management of the Bay and the coastal communities of the Bay.
After the banquet, members of the public joined delegates in a “Fundy Festival and Showcase”, at
which Moira Brown, a Senior Scientist at the New England Aquarium, gave an illustrated talk entitled
“Struggling in an Urban Ocean—The Plight of the North Atlantic Right Whale”.

A number of awards were presented at the Workshop banquet. The first BoFEP “Environmental
Stewardship Award” was presented to Patricia Hinch, a “Special Recognition Award” was presented to
Graham Daborn, and awards were given for the best papers and posters presented by students at the
Workshop.

The BoFEP Annual General Meeting was held during the Workshop. An offer by Huntsman
Marine Science Centre to host the 7" BoFEP Bay of Fundy Science Workshop in St. Andrews, New
Brunswick, in the autumn of 2006 was accepted. We look forward to seeing you all there.

Jon A. Percy?, Alison J. Evans?, Peter G. Wells®, and Susan J. Rolston*
Workshop Chairs and Editors
March 2005

! Sea Pen Communications

2 Coastal Planners

3 Environmental Conservation Branch, Environment Canada
4 Seawinds Consulting Services

Xiii



Overview of the Workshop

The 6" BoFEP Bay of Fundy Workshop was held from September 29" to October 2", 2004 at
the Annapolis Basin Conference Centre, Cornwallis Park, Nova Scotia. The years 2004-2005 mark the
400" anniversary of the arrival of Samuel de Champlain and a small group of French colonists in the
Bay of Fundy and the establishment upon its shores of their fortified Habitation at Port Royal, the first
enduring European settlement in Canada. In the 400 years since, there have been profound changes in
the Bay’s ecosystems, in the abundance and diversity of its natural resources, and in the number and
nature of the human communities along its coasts. Thus, on this significant anniversary, it seems timely
to consider what has happened to the Bay over the past four centuries, reflect upon its present condition,
and discuss what needs be done to ensure continued productivity and ecological integrity of this unique
ecosystem during the centuries to come. Fittingly, the Workshop theme was “The Changing Bay of
Fundy—Beyond 400 Years”. Appropriately, it convened just across the Annapolis Basin from, and
within sight of, the defensive embrasures of the reconstructed Port Royal Habitation. The Workshop
attracted 165 participants from around the Bay of Fundy and the northern Gulf of Maine, including a
large, enthusiastic contingent of student researchers, and several overseas visitors.

Plenary Presentations

In keeping with the theme, on each of the three days of the workshop, keynote speakers were
invited to give an opening plenary presentation focusing on the past, present and future, respectively, of
the Bay of Fundy. The three invited presentations were:

“Early Perspectives on the Fundy Environment”
Heather MacLeod, St. Mary’s University, Halifax, NS

Heather stresses the importance of the writings of some of the early explorers and colonists of
the Bay of Fundy in understanding the history and natural history of this region. Their descriptive
commentaries provide valuable insights into the native inhabitants, environments and natural resources
of a region still relatively unsullied by European influences. Their descriptions and quantitations are
especially good for the many abundant natural products deemed to be marketable commodities. The
historic documents provide “important baseline data of ecosystems operating at their prime”, from
which we can trace Fundy’s subsequent history and sketch out the changes in populations and econo-
mies over the 400 years until the present day. It is very much a history of resource exploitation, largely
in an unsustainable manner, both on the land and in the sea.

Heather describes the role of the early fur traders in the initial exploration and economic devel-
opment of the area. However, excessive hunting and trapping soon led to the collapse of the local fur
trade and hastened its westward migration into virgin areas of New France. Nevertheless, there were
still the vast, seemingly limitless, tracts of old growth Acadian forest, dense with giant hemlocks, pines,
oaks, maples and birches, many 300 to 400 years old and measuring five feet or more in diameter. This
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Overview

was very much the landscape of Longfellow’s Evangeline, “the forest primeval, the murmuring pines
and hemlocks, bearded with moss and in garments green”. Over the following centuries, a booming
timber industry transformed the primeval forests and entire watersheds, first selectively removing prime
softwoods for spars and sawlogs, and later clearcutting vast swaths for timber and pulp production.
Sawmills and dams sprang up on virtually every river in the region, with devastating consequences for
anadromous fish populations already reeling from overharvesting.

A wide variety of other wildlife and waterfowl was also available for harvest, not to mention the
teeming marine life of the coastal waters. In the early days, there were almost unimaginably large
schools of pelagic and demersal fish, including vast numbers of huge cod and halibut, the likes of which
are seldom seen nowadays. Most rivers were choked in late spring with incredible runs of anadromous
fish such as salmon, shad and striped bass. Over the centuries, unregulated harvesting reduced most of
them to pitiful remnant populations, some now struggling on the verge of extirpation. Heather recounts
the plight of the shad as a representative example of what has happened to so many other fish stocks.
There was also extensive dyking of productive marshlands by the Acadians and subsequent generations
of farmers, effectively transforming rich marine productivity into valuable agricultural production that
has sustained the region’s economy.

Towards the end of the 19" century came a growing appreciation of the Bay of Fundy’s aesthetic
and recreational values, as a promising destination for visitors. This interest has blossomed in recent
years into an ecotourism boom, an important and expanding economic factor in more and more coastal
communities. With this shift in attitude toward Fundy, and towards the natural world in general, has
come a growing appreciation for what has been diminished or lost over past decades and centuries.

“The Bay of Fundy at a Turning Point”
Arthur Bull, Saltwater Network, Sandy Cove, NS

Arthur opened and closed his thought-provoking presentation about the Bay of Fundy in the
present day with poetry. The first poem, Bliss Carman’s Low Tide at Grand Pré, evokes stirring images
of Fundy tides reaching out across mudflats and salt marshes, and the long-ago attachment of the Acadian
settlers to their bountiful coastal lands. The second, Bay of Fundy Crossing, a vividly descriptive verse
from Arthur’s own pen, gives a contemporary, fleeting backward glimpse at the region’s major urban
centre, Saint John, New Brunswick, with its residential sprawl and industrial blight—*oil tanks like
white pills lined upon the rock™. Thus, he neatly frames his message about the Bay between contrasting
images of a once pristine, natural ecosystem functioning at its prime and a present wounded, troubled
ecosystem rendered impoverished and threadbare by modern man’s thoughtless misuse.

Arthur goes on in a more positive vein to describe how man and nature have interacted, and still
do interact, intimately in the Bay of Fundy region. He points out the many interweaving strands of
culture, history, economics, society, and latterly, the natural sciences, which are helping us to under-
stand what the Bay of Fundy is and how it works. Here, unlike in large urban centres, the human and
natural worlds are almost always interconnected and interacting. Thus, it is vital that we think of the
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Bay holistically, to view its cultures, economies, ecosystems and sciences as part of interdependent
wholeness, if we are ever going to live sustainably and harmoniously upon its shores.

He cautions, however, that there are great world trends bearing inevitably upon coastal commu-
nities and threatening their well-being, as well as the natural resources they rely on. Firstly, there is
corporatization, whereby profit-driven, remote, corporate entities increasingly monopolize and
overexploit fisheries and other natural resources. Secondly, there is globalization, whereby powerful
multinational corporations with no links to, and little or no concern for, the needs or well-being of small
communities, extract local natural resources to satisfy insatiable international markets and their finan-
cial bottom line. In this connection, Arthur highlights an ongoing controversy over a proposal to de-
velop a mega quarry on Digby Neck, Nova Scotia, to export basalt for road building in New Jersey.
Thirdly, there is the problem of accessibility to information, whereby an exponentially growing stock-
pile of information about our natural and human worlds remains virtually inaccessible to those who
need it for making informed decisions about the future of their communities and environments.

But coastal communities have always been resilient, and many are responding to these retro-
grade trends by finding new ways to avert or blunt their impacts. To this end, there has been a remark-
able growth of diverse, community-based initiatives designed to protect and conserve the environment
and resources. This has been accompanied by a steady rise in the number of grass-roots organizations
ready to assume a more direct role in the stewardship of local resources and accept greater responsibil-
ity for their communities’ economic and social well-being.

Arthur also speaks eloguently about the intimate, almost spiritual, connections that form be-
tween the people of Fundy and this “special place on the planet”. From the time of the original native
inhabitants to the present, people living here experience some measure of profound connectivity to the
Bay’s natural rhythms and maritime processes. Many of those who now dwell around the Bay have a
special relationship with it—they have made a life on its shores and it has become a part of their very
being. Because of such intimate dependence, they should have a dominant say in what happens to their
community, their environment and their resources; in short, the “people in this place have a primary role
in determining its future”. Increasingly, coastal communities around Fundy are demonstrating a deter-
mination to assume such primacy by taking charge of their own destiny and acquiring the skills, tools
and resources to do it effectively and well.

“Challenges for Ocean Science and Ocean Management”
Arthur Hanson, International Institute for Sustainable Development, Winnipeg, MB

Art was invited to help participants shift their focus from the past and present issues confronting
the Bay of Fundy to what needs to be done to ensure a bright and productive future for the Bay and the
coastal communities dependent on it. In his presentation, he stresses the importance of thinking long
term, at least as far as the middle of this new century, rather than the present practice of devoting most
time and scarce resources to responding to present or imminent crises. In looking to the future of the
ocean, we must take into account the many new drivers that are influencing marine science and devel-

XVi



Overview

opment such as advances in biotechnology, remediation science, information technology, nanotechnology;,
and remote sensing. It is also necessary to recognize that the perceptions and attitudes of most Canadi-
ans, dwelling far from the ocean in urban centers, are increasingly alienated from the natural world. The
disparate groups claiming to speak for the ocean are mostly promoting their own interest rather than
that of the ocean. Neither should we count on governments to be that voice for the ocean.

Art suggests that there are four legs to the sustainable ocean development stool, namely, ecol-
ogy, economy, society and security, and he briefly elaborates on each of these legs. There are a number
of environmental issues that will become critical within several decades such as global warming, sea
level rise and loss of biodiversity. Immediate management action is required if we are to avert or adapt
to these crises. Furthermore, there is an urgent need for periodic comprehensive overviews of the state
of our oceans and the status of coastal communities. Marine environmental quality guidelines and
standards must be developed to guide management decisions. As people extract more and more prod-
ucts and services from the sea, we must ensure that it is done in a sustainable, economically viable
manner. To this end it is important to take full advantage of new opportunities for the sustainable use of
the oceans arising from new technologies, new collaborations and new investment approaches.

As ocean development proceeds, we need to appreciate the social dimension, recognizing who
will reap the benefit and who will bear the costs. It is also important to recognize the reality and scope
of options foreclosure, in that the decisions made about ocean use today may preclude many future
uses. It is important to make effective use of integrated coastal management and adaptive management
tools, as well as such legislative implements as the new Oceans Act and various international marine
agreements. We need to be much more efficient in acquiring and sharing ocean information widely
amongst those who require it. It is also important to enhance the capacity of coastal communities to
participate in ocean management and to broaden the capabilities of marine institutions in the region. We
also have to recognize growing security concerns that may impact on sustainable development and on
coastal communities. In concluding, Art states, “I see a clear future for BOFEP and its partners in speak-
ing out and acting on behalf of the Bay of Fundy.”

Scientific Paper and Poster Sessions

Atotal of 68 papers and 26 posters, a record numbers of submissions for a BoFEP Fundy Work-
shop, were presented in the following scientific sessions:

1. Contaminants and Ecosystem Health

While much of the Bay of Fundy marine ecosystem is considered relatively unpolluted, there
are local areas where concentrations of some contaminants are higher than natural background levels,
and where synthetic industrial compounds such as pesticides are detected. Additionally, a few contami-
nants, notably mercury, may be present at elevated concentrations through much of the region. There-
fore, a dozen papers and several posters focused on the sources, distribution, fates and effects of
contaminants in the Fundy marine environment.
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Seafood-processing plants are found in many coastal communities in Atlantic Canada. Typi-
cally, these plants release processing wastewater containing organic matter, nutrients, and bioaccumulated
toxic chemicals into the nearshore environment, raising concerns about eutrophication and other con-
taminant problems in shallow-water habitats. Corkum et al. investigated the wastewater discharged
from six seafood processing plants in various parts of the Maritimes, examined the pollution prevention
procedures that they use, and considered possible environmental impacts. This study is part of an ongo-
ing Environment Canada program aimed at developing a national strategy for more effective manage-
ment of wastewater from seafood processing plants. A study by Garron and Rutherford looks at the
toxicity of this wastewater, which may contain cleaning chemicals and pesticide residues as well as the
organic wastes. They carried out a suite of toxicity tests, including fish survival, sea urchin fertilization
and Microtox® light inhibition tests on the effluent from several processing plants. The wastewater
from the different plants varied considerably in toxicity, but most of the tests revealed that all effluents
were toxic to some degree.

The water and sediments in many confined, coastal embayments of the Bay of Fundy periodi-
cally have elevated levels of coliform bacteria that trigger costly closures of clam beds to harvesting.
Typically, the exact source of this contamination has been notoriously difficult to pinpoint. Bezanson et
al. have studied the fecal contamination on a productive clamflat in Nova Scotia’s Annapolis Basin and
attempted to identify the source. They used DNA typing to distinguish between bacteria coming from
wildlife present in brooks flowing into the cove, runoff from beef cattle pastures, influx of contami-
nated seawater into the cove, seepage from residential septic systems, and the excrement from flocks of
gulls foraging on the flats. Preliminary results from this ongoing study do not provide sufficient evi-
dence to clearly implicate any one particular source. In another paper dealing with the question of
coliform contamination in coastal waters, Sullivan reviews the results of a recent workshop devoted to
microbial source tracking (MST). This technique tests for specific genes in bacteria that may indicate
whether they originated from an animal or a human source. Such molecular fingerprinting represents a
considerable improvement over traditional fecal monitoring techniques that provide little insight into
the source of the contamination.

Several papers considered the concentrations of heavy metals, particularly mercury, present in
different compartments of the Bay of Fundy ecosystem and assessed some of the possible harmful
biological effects. In 2002, Yeats and Dalziel collected samples of water, suspended particulate matter
and bottom sediments from many sites in the Bay and analyzed them for 28 heavy metals. Most of the
metals were at, or close to, natural background levels over much of the Bay, although elevated concen-
trations of a few metals occurred in localized areas. For example, there were significant concentrations
of copper in Minas Basin, zinc near Passamaquoddy Bay, and iron and manganese in Saint John Har-
bour. The use of such data in assessing environmental quality is discussed, particularly in relation to a
specific threshold, such as areas where concentrations exceed normal background levels or are higher
than specified in toxicity guidelines designed to protect marine biota or human health. Didyk et al.
assembled the available data on parasite load and body burden of mercury to determine if this combina-
tion of stresses threatens migrating shorebirds. Parasites are most prevalent during the bird’s stopover
in Fundy, largely because their principal food, Corophium, plays host to several different types. Corophium
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also accumulates mercury, likely passing it along to the shorebirds. The level of mercury measured in
the birds agrees closely with an estimate derived from their consumption of Corophium. The neurologi-
cal and physiological effects of low levels of mercury and the added stress from parasitism may be
compromising bird migration, particularly as juveniles, which tend to have more parasites and a greater
mercury burden.

Fundy’s salt marshes are a sink for heavy metals adhering to the accumulating sediments. Hung
and Chmura investigated the distribution of five heavy metals in sediments collected from seven salt
marshes scattered along Fundy’s New Brunswick coast. They analyzed sediments deposited over a five-
year period at undisturbed sites that were remote from point sources of metal pollution. Concentrations
of lithium, lead, zinc, copper, and arsenic varied with the characteristics of the sediments, but were
mostly close to natural background levels for the Bay. Nevertheless, it was possible to detect an influ-
ence from some major contaminant sources, such as elevated lead levels in marshes near Saint John and
an adjacent coal-burning power plant. Methylated mercury is a particular concern because of its greater
toxicity and tendency to bioaccumulate and biomagnify in the food chain. Harding et al. consider the
presence of methyl mercury in various compartments in the Fundy ecosystem, including rivers flowing
into the Bay, sea water entering and leaving the the Bay, bottom sediments, plankton, pelagic organ-
isms, seaweeds, benthic invertebrates, demersal and pelagic fish, and marine mammals. Their results
support the concept of food chain biomagnification, with the methyl mercury concentration increasing
by several orders of magnitude from sea water to tuna. Sunderland presents an ecosystem-scale model
of mercury dynamics in Passamaquoddy Bay that illustrates the various components and linkages con-
sidered in assessing its potential impacts. These include the anthropogenic sources of mercury, its depo-
sition in coastal habitats, its cycling within the aquatic system, and its uptake and retention by organisms.
The model clearly shows the importance of already contaminated sediments as a reservoir that is con-
tinually releasing methyl mercury back into the water, and thus slowing any traces of recovery even
after anthropogenic inputs are reduced or eliminated. The author outlines a methodology for assessing
risks that methyl mercury pose to ecosystems and to human health.

Engel et al. studied the levels of contaminants and incidence of endocrine disruption and leukemia
in mussels collected along gradients near aquaculture sites, municipal sewage outfalls, and industrial
sites (pulp mill, fish plant, and ferry terminal) in Passamaquoddy Bay, New Brunswick, and Annapolis
Basin, Nova Scotia. Adverse physiological effects were detectable in mussels collected close to all
pollution sources, with some evidence of impaired reproductive function. The concentration of a con-
taminant measured in the sediment may bear little relation to the amount that is actually available to
organisms, to be taken up and thereby cause adverse physiological effects. Hellou et al. used the bur-
rowing amphipod Corophium volutator to assess the bioavailability of polycyclic aromatic hydrocar-
bons (PAHS) present in, and added to, sediments collected in Halifax Harbour. The study demonstrates
the role of sediment characteristics and the physico-chemical nature of the chemical in influencing its
bioavailability.

A recent proposal to develop a mega quarry close to the shore on Digby Neck, Nova Scotia, in
order to mine basalt for export has many people concerned about adverse environmental effects of such

Xix



Overview

a project. Mahtab et al. describe some major concerns, including the likely effects of shock waves on
fish and marine mammals, increased sedimentation nearshore, release of contaminants from explosive
residues, hydrological drawdown of local groundwater, as well as shipping-related threats such as the
introduction of invasive marine species in ballast water and vessel collisions with, or disturbance of,
endangered right whales and other marine mammals.

2. Ecology of Seabirds and Shorebirds

Several informative papers on the ecology of marine birds focused on the seabirds colonizing
islands around the mouth of the Bay and the migratory shorebirds foraging on the mudflats of the upper
Bay. Black and Diamond tracked radio-tagged Arctic and Common Terns at Machias Seal Island to
determine where they feed in relation to the colony. Early results suggest that Common Terns feed
widely, both near the coast as well as farther offshore. In contrast, Arctic Terns tend to feed well off-
shore. Additional studies in offshore areas where the foraging ranges overlap may determine if they are
competing for food or using different parts of the habitat. Another study reveals that the numbers of
Red-necked Phalaropes making a migratory stop-over at Deer and Campobello islands in southeastern
New Brunswick declined dramatically in the late 1980s, from millions in 1986 to none observed by
1990. Chardine compares results from his plankton surveys in the area with ones conducted before this
decline. The abundance of the Phalarope’s principal food, the copepod Calanus finmarchicus, has also
declined in the surface waters of this area of the Bay. This may explain the decline in Phalaropes,
although the reason for this change in the copepod community is unknown. Minich and Diamond also
provide evidence of changes in the availability of food for other marine birds nesting on nearby Machias
Seal Island. Analysis of data on the food provided to chicks of Common Terns, Razorbills and Atlantic
Puffins clearly reveal that over the past decade there has been a marked shift from herring to less
nutritious crustaceans, particularly euphausiids, with adverse affects on growth, fledging success and
productivity of the birds. The cause of this shift is also unknown. In an award winning presentation,
Sprague et al. examine factors affecting the movements of sandpipers during their migratory stopover
on the mudflats of the upper Bay. By radio tracking individual birds, they were able to assess the use of
different roosting sites and feeding areas and thus determine the factors influencing their selection, such
as food availability, presence of predators and particular landscape features. Preliminary analysis indi-
cates that the birds’ fidelity to particular mudflats varies in different areas of the Bay. In another study
involving sandpipers, Hicklin analyzed his extensive database of banding results with respect to the
frequency and timing of recaptures of banded birds. Particular groups of birds are recaptured together
year after year, suggesting that the returning visitors are not simply random assemblages but rather,
well-structured groups of individuals remaining together for extended periods. Genetic studies will be
required to ascertain if these are, in fact, family groups.

3. Coastal Development and Sediment Flux
Sediment is a dominant feature in the upper Bay of Fundy ecosystem. Papers in this session

explore the complex movements of fine sediments and the likely impacts that causeway construction or
removal may have on their dynamics. Kolstee discusses the dynamic and cyclic nature of many Fundy
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mudflats, even under seemingly natural conditions, that make it extremely difficult to predict their
response to man-made modifications of coastal areas. Crewe et al. have studied movements of bottom
sediments in the Salmon River Estuary at the head of Cobequid Bay. They report a steady landward
migration of sediment during the summer, gradually infilling and restricting the estuary channels. This
may contribute to winter flooding, which is characteristic of this region. The presentation by Curran et
al. describes the dramatic changes in hydrology and sediment distribution in the Petitcodiac River after
causeway construction at Moncton. Examining the hydrodynamics and oceanography of the estuary
below the causeway, they find that the routine opening and closing of the structure’s control gates can
have a significant effect on flow, temperature and salinity for a great distance downstream. Bugden et
al. give an overview of the effects of the causeways on both the Peticodiac and Avon rivers on sediment
accumulation, navigation, fish passage, fishing and municipal effluent dilution. Kolstee provides insights
into the likely effects of removal of the causeway across the Avon River at Windsor, Nova Scotia,
including loss of agricultural land, increased risk of urban and rural flooding, loss of recreational oppor-
tunities, effects on fish passage, and erosion of riverbanks. On a related topic, Daborn et al. consider
some of the ecological implications of the further twinning of Nova Scotia’s Highway 101, which could
involve a widening of the existing causeway across the Avon River. This is likely to alter the adjacent,
extensive and biologically productive mudflat and salt marsh complex that has formed during the 30
years since the causeway was built.

4. Sustainable Use and Management of the Bay of Fundy

The Bay of Fundy region is in the forefront of efforts to promote community-based manage-
ment of natural resources and to encourage communities to play a more active stewardship role in
protecting and conserving their environment. Bigney gives an overview of a community-based man-
agement pilot project in Scotia-Fundy that was designed to involve coastal communities in the manage-
ment of groundfish stocks and the allocation of quota amongst fishermen. She describes the roles of the
key players in the process and touches upon the successes as well as problems encountered. This pilot
project suggests that such a shared management approach is a positive step in fostering sustainable
coastal communities, provided that several changes are made in the existing regulatory regime. McCuaig
summarizes the results of a recent project of BOFEP’s Minas Basin Working Group that involved work-
ing closely with coastal communities around the Basin to identify and assign priority to issues that
might be adversely affecting the health of the watershed and Basin. These initial community consulta-
tions are being followed up by efforts to engage groups and individuals in the communities to develop
strategies for tackling some of the more pressing problems. The Clean Annapolis River Project (CARP)
is a very successful, community-based, environmental organization that has for a decade and a half
been engaged in monitoring and improving the ecological health of Nova Scotia’s Annapolis River and
its watershed. Hawboldt discusses some of the tools used in fostering effective multidisciplinary ap-
proaches to the conservation and restoration of local aquatic ecosystems. Aesop’s fable of the gradual
intrusion of a camel into its owner’s tent serves as an analogy for the step-by-step approach needed to
gain the trust, support and participation of all the stakeholders in a project. TeKamp surveys the role of
the coastal planner and outlines what is required to ensure effective coastal planning in Nova Scotia. He
explains how the role of the coastal planner differs from that of more traditional land use planners and
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describes the changes needed in existing management and governance structures to facilitate develop-
ment of an effective coastal planning system.

5. Science, Mapping and Information Management

Minas Basin’s long-held claim to having the “World’s highest tides” has been periodically chal-
lenged by those who consider that Leaf Basin in Ungava Bay deserves the title. O’Reilly et al. attempt
to resolve the controversy by comparing new results from tide gauges in Ungava Bay with those from a
long-term tidal monitoring station at Burntcoat Head in Cobequid Bay. While the average amplitude for
Fundy is 0.2 m greater than for Ungava, the difference is statistically insignificant, causing the authors
to declare the contest a draw and affirm that both share the accolades and “bragging rights”. Parlee and
McKenzie describe the role and activities of the Canadian Climate Impacts and Adaptations Network
(C-CIARN) and its ongoing efforts to understand climate change and to develop strategies to adapt to
the expected consequences. They review the results of a 2003 C-CIARN workshop that considered the
vulnerability of Bay of Fundy coastal areas to climate change and tried to identify gaps in our knowl-
edge, particularly about likely effects on coastal communities, infrastructure, health and natural re-
sources. The findings are being used to develop a research agenda on climate change that is directly
relevant to the Fundy region. Laflamme and Percy describe the Atlantic Region Sensitivity Mapping
Program for managing and mapping environmental and other information required during environmen-
tal emergencies. This Web-based geographic information system (GIS) is a flexible tool for planning
and response coordination that is readily accessible to all governmental and industry groups responding
to hazardous material spills. It can, among other things, track marine spills, indicate shoreline sensitiv-
ity, show video clips of shorelines, identify natural resources at risk and suggest appropriate responses.
Remote sensing is another high-tech tool increasingly important in many environmental fields. Ripley
et al. outline the use of a compact airborne spectrographic imager (CASI) for assessing seagrass beds in
the shallow, dark waters of a large river in northeast Florida, thereby demonstrating its utility for use in
other optically dark waters, such as the Bay of Fundy. A great deal of environmental information is
stored in a wide array of digital databases and other archives and the rate of acquisition is increasing
steadily. Unfortunately, this information is not always readily accessible to those who most require it.
Boxall et al. suggest that one solution to this problem is the creation of digital geolibraries, consisting
of collections of digital data with a spatial dimension, that can be readily and widely accessed. The
authors examine the potential for expansion of digital geolibraries and issues to be addressed for them
to reach full potential. Particular attention is paid to steps to create an effective digital geolibrary for the
Bay of Fundy-Gulf of Maine region.

6. Fish, Fisheries and Aquaculture

The fishing industry has long been an economic mainstay of many coastal communities around
the Bay of Fundy. During the past two to three decades, finfish aquaculture has rapidly expanded and
the harvest of many wild fish stocks has declined. Isaacman and Beazley use historic, archaeological
and anecdotal information to describe how the fish populations in the Avon River, particularly anadromous
species such as salmon, have changed since European settlement of the region. Almost all have de-
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clined precipitously, particularly within the last century. The authors consider some of the likely causes
of these declines and conclude that a variety of human activities contributed, the most significant being
hydroelectric dam construction on tributaries during the 1920s and 1930s. Faced with such declines,
there have been many attempts to rebuild anadromous fish populations in rivers around the Bay of
Fundy. Carr et al. describe an unsuccessful effort to enhance the population of Atlantic salmon in a
New Brunswick river by releasing adults reared to maturity in a local hatchery. Most of the released fish
stayed in a lake close to the hatchery. Few if any migrated upriver to the spawning grounds and none of
them appear to have produced any offspring. Finfish aquaculture is often reported to have adverse
effects on coastal ecosystems, particularly on benthic communities. Pohle and Wildish surveyed benthic
macrofauunal assemblages at stations in Letang Inlet in southwestern New Brunswick before and after
the expansion of the aquaculture industry in the 1980s. Between 1975 and 2000 there were major
alterations in the benthic community, including changes in biodiversity, dominant species, trophic struc-
ture and extirpation of some species. Identifying the cause is complicated by the fact that a pulp and
paper mill built in the early 1970s initially enriched benthic habitats in the inlet. Stringent effluent
controls decreased this source of organic input over ensuing decades, while aquacultural detritus in-
creasingly enriched the benthic habitat. Whales are an important component of the Fundy ecosystem. A
major portion of the North Atlantic right whale population summers near the mouth of the Bay of
Fundy. Entanglement in fishing gear, both here and along the east coast migration route, is a major
causes of death of these endangered animals. Merriman and Smith describe preliminary results of a
project to develop and test different types of fishing gear that might prevent or reduce such entangle-
ments.

7. Protecting Special Places

In recent years there has been a growing interest, and some progress, in identifying and protect-
ing special or sensitive marine areas in and around the Fundy region. Rangeley et al. recount the efforts
of the World Wildlife Fund (WWF) in fostering the development of a network of marine protected areas
(MPAS) in the Gulf of Maine-Scotian Shelf region. They outline the criteria being used to identify
marine areas that should be protected, the principles involved in the systematic planning of a protected
areas network, the desired protection standards, and the indicators of effective management. The over-
all goal is to preserve representative examples of many different habitats within a large geographic
region and use the MPAs as a tool in regional conservation planning. In a similar vein, Sheppard
considers the possibility of creating a marine reserve in the Bay of Fundy by means of the National
Marine Conservation Areas (NMCA) Program of Parks Canada. She confirmed the widespread interest
in such a reserve by interviewing diverse members of the Bay of Fundy community. She outlines sev-
eral of the steps needed to achieve NMCA designation, including creation of a non-governmental sec-
retariat to provide leadership, launching of a campaign of public education and consultation, obtaining
the commitment of potential partners, and securing adequate funding and other resources. Biosphere
reserves may provide another, more flexible approach to environmental conservation than do tradi-
tional protected areas. Canning reviews the concept and goals of the biosphere reserve approach to
ecosystem conservation. She discusses progress in the development of a proposed reserve in the upper
Bay of Fundy and some of the problems encountered in gaining the support of communities within the
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area. The evolution of this project demonstrates the need to begin consultations with local communities
early in the planning process, the importance of an effective education campaign, and the desirability of
starting with a manageable small area and gradually expanding.

Craig describes the work of the Environmental Monitoring and Assessment Network (EMAN)
in creating an effective monitoring and research network linking selected sites across the country, in-
cluding ones adjacent to the Bay of Fundy. The network provides the information needed for effective,
large-scale, ecosystem management and guidance in setting management priorities. The author reviews
the standardized monitoring and sampling protocols that EMAN has developed, the methods of data
management and interpretation, and the communication tools for monitoring ecosystem trends locally
and over wide areas. Fisheries and Oceans Canada (DFO) and its partners have designated the Mus-
quash Estuary in southwestern New Brunswick a candidate Marine Protected Area, an important first
step towards full protection of the area under the new Oceans Act. In another award winning paper,
Ng’ang’a and Nicholls characterize the hydrographic and bathymetric features that have been used in
defining the limits of the proposed Musquash protected area, particularly its seaward boundary. They
present results from multibeam bottom surveys that identified a variety of natural and man-made sub-
marine features. Because of the dynamic nature of the flushing regime, current flow and sediment
movements in the estuary, the researchers recommend establishment of a buffer zone just outside of the
estuary to better protect the salt marshes and other valued features of the planned protected area.

8. Monitoring Environmental Impacts in Coastal Areas

Munkittrick et al. describe the development of an environmental monitoring program for Saint
John Harbour, using two local fish species. Their study examines the applicability to marine environ-
ments of a method of assessing cumulative effects that has been successfully used with freshwater fish
populations. However, this particular marine system is more complicated to assess because it involves
several different stressors that affect the performance of the fish populations. McLatchy et al. also use
a local fish, the mummichog, in a study aimed at developing protocols for the use of estuarine fish for
monitoring industrial effluents. Artificial stream exposures and lab bioassays served to identify con-
taminants in effluents from a pulp and paper mill in Saint John, New Brunswick. Reproductive hor-
mone endpoints are used to assess the sources and characteristics of bioactive chemicals in the effluent.
Marine benthic invertebrates have also been used as sentinels in monitoring the health of the environ-
ment. Edgell and Rochette employ the periwinkle to assess the biological effects of industrial efflu-
ents. They measure such variables as population demographics, size at maturity and fecundity of snail
populations along a gradient of industrial discharge. Methven et al. examine the temporal variability in
the structure of fish assemblages in shallow waters around Saint John Harbour in order to understand
how this might affect the design of sampling programs. Of 20 species collected, only 8 dominated the
community and 11 were very rarely encountered. The assemblage was extremely dynamic, with signifi-
cant short-term community variability associated with tidal and daily cycles combined with a relatively
simple benthic habitat structure. Westhead reports on the first successful attempt to use a traditionally
freshwater habitat assessment technique in the marine intertidal environment. She uses the reference
condition approach to assess the state of intertidal mudflats surrounding Minas Basin, particularly in
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relation to the frequent, large-scale disturbance of the sediments by commercial clam and baitworm
harvesting in the area. Theriault et al. describe a project to develop monitoring tools for detecting the
environmental effects of liquid effluents released from fish processing plants around the southern Gulf
of St. Lawrence. They use fish community structure and sentinel species approaches to monitor the
effects of the plants. Community volunteers also participated in a related monitoring program designed
to assess the health of estuarine and coastal shorelines in their areas. Similarly, volunteers play a key
role in monitoring water quality in the Annapolis River in Nova Scotia. Sharpe describes the Clean
Annapolis River Project’s very successful River Guardian Program, particularly considering its strengths,
successes and weaknesses. He emphasizes the importance of multi-agency partnerships and discusses
how this program could serve as a model for other community-based environmental monitoring pro-
grams in the Fundy region.

9. Coastal Habitat—Eelgrass and Salt Marsh

Salt marshes are found around the Bay of Fundy, while eelgrass beds are largely restricted to the
outer Bay where the much lower suspended sediment load permits light to penetrate deeper into the
water column. Hanson summarizes the outcome of a workshop held in late 2003 that considered the
health of eelgrass communities in Eastern Canada. Participants discussed changes in its distribution
and abundance, the importance of eelgrass in coastal ecosystems, and some of the possible causes for
the dramatic declines seen in many areas. Eutrophication, the invasion of green crabs and other envi-
ronmental changes are probably all contributing factors. There is clearly an urgent need for a compre-
hensive program of mapping eelgrass beds, and trend analysis to facilitate the conservation of this
important habitat. One such mapping approach is described by Gagnon et al. who used a compact
airborne spectrographic imager (CASI) to map the distribution of marine plants in shallow waters around
islands in Mahone Bay, NS. This study focuses on the invasive species Codium fragile and its pattern
and rate of spread in the area. However, the technique could also be used for mapping resource species
such as rockweed, Irish moss and kelp as well as other productive habitats such as eelgrass beds.

Several papers were devoted to aspects of salt marsh ecology, attesting to the great importance
of this habitat in the Bay of Fundy. The paper by van Proosdij and Townsend documents the sediment
accumulation and marsh grass colonization of the extensive mudflat that began to form immediately
below the Windsor Causeway soon after construction was completed in 1970. Aerial photographs re-
veal that for more than two decades there was little evidence of any marsh grass. However, by 1992 the
built-up sediment had consolidated sufficiently for the cord grass Spartina alterniflora to gain a firm
foothold and to begin spreading exponentially over the area. The formation of satellite colonies by ice
rafting of rhizome material is an important factor in this rapid spread. Ollerhead et al. also analyzed
historical aerial photographs to document changes over a 60-year period in the seaward margins and
tidal creek networks in salt marshes around Cumberland Basin in the upper Bay of Fundy. They ob-
served several cycles of salt marsh expansion and contraction. By evaluating some of the geomorphic
controls on the stability of marsh margins and tidal creeks they hope to better understand the dynamic
nature and cyclic evolution of salt marshes and thus more accurately predict future changes. Baker and
van Proosdij also use historical aerial photographs of Cobequid Bay, situated in the other arm of the
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upper Bay of Fundy, to look at long-term (1938-1994) changes in salt marshes. Prior to this, there were
major losses of salt marsh as a result of reclamation (dyking) and erosion. Between 1938 and 1975, the
net salt marsh expanse in the Bay decreased only slightly, although there were significant increases or
decreases in size in specific locations. From 1975 to 1994 there was a noticeable net expansion in salt
marsh habitat. The study suggests that large changes in the area of individual salt marshes can occur
rapidly, followed by a period of relative equilibrium until the next large change occurs.

It has long been known that salt marshes are important habitat for many species of wildlife.
Hanson surveyed salt marsh bird populations in 160 marshes throughout the Maritimes, looking par-
ticularly at habitat characteristics such as vegetation type, marsh size, proximity to ponds, etc., in rela-
tion to the type and abundance of birds present. The species richness is greater in larger marshes and the
density of some, but not all, species was positively correlated with marsh size. These results are helpful
in establishing policies and conservation activities for marshes that will ensure the maintenance of
optimum bird habitat. Noel et al. look at a restored salt marsh that had been used as agricultural land for
more than a century. Saints Rest Marsh, near Saint John, NB, originally dyked between 1786 and 1864,
was eventually abandoned and flooded in the 1950s. Several palaeoecological techniques are used to
identify and corroborate the depth of the historical surface (reclamation surface) of the farmland. These
include the presence of fossil rhizomes of marsh grasses, changes in sediment color, plant pollen, and
the presence of spores of fungi usually associated with cattle droppings. Bowron describes recent and
ongoing efforts to conserve a salt marsh and educate the public about the ecological importance of such
coastal wetlands. The objective is to eventually restore a more natural flow to the salt marsh at Cheverie
Creek, Nova Scotia, by eliminating a tidal restriction created by an undersized culvert. The results of a
pre-restoration monitoring program here and at a nearby reference marsh will be used to monitor the
recovery of the marsh after a larger culvert has been installed. Part of this study also involves identify-
ing marshes with similar tidal restrictions along Fundy’s Nova Scotia coast that might be additional
candidate sites for restoration projects.

10. Ecosystem Modeling in a Macrotidal Estuary—Cobscook Bay, Maine

A contingent of researchers from the United States present a suite of papers that gives an excel-
lent overview of aspects of the oceanography and marine biology of Cobscook Bay, located at the
mouth of the Bay of Fundy adjacent to Passamaquoddy Bay. Brooks describes results derived from a
circulation model developed for the Cobscook-Passamaquoddy Bay system that estimates tidal flush-
ing rates and circulation patterns. The model clearly shows that neutral particles carried in the tidal flow
readily cross the border in both directions. This suggests that diseases associated with salmon aquaculture
could spread quickly through the whole system. Such cross-boundary tidal coupling of the bays empha-
sizes the need for international integrated management planning for the whole area, particularly with
regard to locating aquaculture sites. Brooks also looks at another implication of the dynamic tidal
circulation within this complex of bays; namely, the possibility of harnessing the water’s considerable
energy to produce electricity. His analysis suggests that modern, low-head turbines moored in the chan-
nels between some islands and headlands could generate sufficient electricity at fairly low cost with
little if any adverse effects on the environment, fisheries or navigation. Garside et al. examine the
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distribution and sources of dissolved nutrients in Cobscook Bay. They find that the Bay is nutrient rich
throughout the year and, with more nutrients present in the surface waters than primary producers can
readily use, potentially eutrophic. Most of these nutrients are imported into the area from the Gulf of
Maine as a result of upwelling of cold, nutrient rich, deeper waters. Except in a few very localized areas,
the input of nutrients into the Bay from human activities is relatively insignificant. The year-round
elevated nutrient level fuels the Bay’s high biological productivity and thus is of great ecological and
economic importance to the region. Seaweed and eelgrass contribute much of this productivity. Vadas
and Beal estimate the seasonal and annual productivity of several of the dominant plant species found
in Cobscook Bay. In terms of the rate of turnover of biomass and the quantity of carbon produced each
year, rockweeds are the most productive of the cold-water assemblages and contribute the largest amounts
of carbon to this marine system.

Trott considers changes in intertidal macroinvertebrates that have occurred over a 20-35 year
period by comparing results of his recent surveys with earlier studies at the same sites. He finds dra-
matic changes in composition of the intertidal community, indicating that a significant faunal shift has
taken place. Assemblages characteristic of hard substrate have been replaced by well-established mus-
sel beds with a much reduced faunal diversity. It is thought that this change is largely attributable to
increased siltation arising from large-scale scallop and sea urchin dragging operations in the Bay that
stir up large quantities of bottom sediments. In addition, the expanding mussel beds facilitate the depo-
sition and accumulation of this suspended sediment in the intertidal zone. Larsen also provides data on
the benthic macrofauna collected almost three decades ago at various sites in Cobscook Bay, but in this
instance from subtidal habitats. Infaunal burrowers and tube dwellers are abundant at certain stations
while others are dominated by surface-dwelling epifauna . These distinct communities are chiefly de-
fined by the strength of the tidal current, which in turn determines the bottom substrate. Infauna domi-
nate in the sandy sheltered coves while epifauna thrive in the current-swept channels. The decades-old
data may chiefly be useful as a baseline against which to measure the ecological impacts of subsequent
port and aquaculture developments in the region. Campbell details a sweeping synthesis of all the
energy inputs and transfers that underlie the biological productivity and ecological organization of the
Cobscook Bay ecosystem by applying the concepts of emergy analysis. This approach is based on an
alternate value system for energy that has objective measures of ecological costs and benefits of differ-
ent ecosystem components and processes. He describes how such an emergy analysis can be employed
in planning and decision making in coastal marine ecosystems and concludes that salmon aquaculture
may be a good human use of the Bay’s rich emergy signature.

11. Poster Session
The 26 posters presented at the workshop are grouped into the following four themes:
a) Salt Marshes and Tidal Restrictions

Given the considerable importance of salt marshes to the productivity of the marine ecosystem
in the upper Bay of Fundy, it is not surprising that several posters focused on this habitat, particularly in
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relation to its loss, degradation and opportunities for restoration. Campbell and van Proosdij analyzed
aerial photographs taken over 25-year period (1977-2002) to measure changes in the spatial pattern and
area of a salt marsh near Kingsport, Nova Scotia. Their preliminary results suggest that there is an
approximate balance between erosion and accretion of marsh in this area. Although these results need
to be better ground-truthed for accuracy, the project demonstrates the potential utility of geographic
information systems (GIS) for monitoring spatial changes in salt marshes over time. Robinson et al.
also use GIS to assess historical changes in agricultural dykeland practices and their effects on the salt
marshes in Cobequid Bay in the upper Bay of Fundy. They note the degree of modification of each
marsh and rate intertidal habitat as being eroded, accreted or converted to agricultural land. There is a
great deal of variation in the extent of erosion and accretion of different marshes at different times,
indicating very dynamic and complex processes taking place in the region. van Proosdij et al. compare
the suspended particulate matter concentrations and sediment deposition rates at three low salt marshes
in the Minas Basin, as part of ongoing studies of sediment dynamics in the region. Samples collected
over 15 tidal cycles at several marsh elevations reveal the greatest deposition occurring at the still
evolving marsh just below the Windsor Causeway. Eisan and Van Proosdij have incorporated into a
GIS database environmental and other data collected as part of an audit of tidally restricted salt marshes
along Fundy’s New Brunswick coast. In addition to classifying the marshes as restricted or partially
restricted, note is also made of accessibility, land use, density and suitability as salmon habitat. Query-
ing this database will assist in identifying and assigning priority to marsh areas potentially suitable for
restoration projects.

In an award winning student poster, Chiasson and van Proosdij assess some of the factors
controlling vegetation characteristics in a partially tidally-restricted salt marsh at Cheverie Creek, flow-
ing into the Minas Basin. They consider species richness, density and mean vegetation height in relation
to marsh elevation, organic matter, frequency and duration of flooding, and distance from the creek.
The only significant correlation is between elevation and species richness. An undersized culvert im-
pedes tidal flow into the marsh and this vegetation study provides a baseline for monitoring recovery if
the restriction is ever removed. Gregory presents baseline data for another likely marsh restoration
project, involving a Ducks Unlimited freshwater impoundment on the Cogmagun River in the Minas
Basin watershed. The dykes here are not being maintained and are periodically naturally breached by
the tides. Salt marsh recovery is expected to occur gradually as the dyke system continues to fail.
Vegetation and fish, as well as temperature, salinity and depth, are being studied within the impound-
ment and in an adjacent salt marsh. The results will help understand how such reclaimed land reverts to
salt marsh and thus aid in planning other intentional restoration projects. Dobek et al. report on the
ongoing development of a digital database of georeferenced information about a wide range of environ-
mental measurements collected in the Southern Bight of the Minas Basin and its watershed at different
times. The data serves as a baseline for monitoring any changes or cumulative impacts that may occur
following construction or removal of tidal barriers in the region. A poster by Harvey et al. summarizes
the results of a comprehensive audit of tidal barriers carried out by the Conservation Council of New
Brunswick and partners along the northern shore of the Bay of Fundy. The resulting database, which
indicates the type and location of each restriction as well as the current flow and general site character-
istics, identifies specific salt marsh areas and migratory fish stocks that might be threatened by the
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restriction. It also identifies sites where the restrictions could be removed or their environmental effects
reduced at minimal cost.

b) Biology, Ecology and Habitat Protection/Restoration

In another award-winning poster, Paesani examines the variation in the genetic makeup of the
common marine diatom, Thalassiosira nordenskioeldii, collected at three different sites in the Bay of
Fundy. A knowledge of their spatial and temporal genetic variation can be useful in ascertaining the
adaptability of this microalgae. The degree of genetic variability may be indicative of the ability of the
population to respond successfully to changing environmental conditions. Drolet and Barbeau report
on the distribution and scale of patchiness of the burrowing amphipod Corophium volutator in its
mudflat habitat in the upper Bay of Fundy. Although the distribution pattern seems to consist largely of
patches of about 10 cm and one meter, a significant level of unexplained variation suggests that patches
smaller than 10 cm may also be present. Such statistical information about the population may be useful
in designing sampling programs to look at some of the factors that influence distribution and patch size.

Environment Canada’s Environmental Damages Fund (EDF) is a special holding account set up
to manage funds acquired as compensation for environmental degradation caused by pollution inci-
dents. Hennigar et al. note that the fund operates on the polluter pays principle for income and then
provides compensatory awards for eligible damages resulting from incidents such as oil spills, toxic
chemical releases or habitat disruption. This process ensures that any compensation paid for pollution
incidents in the Bay of Fundy supports remedial activities to restore the Bay’s ecosystems. The poster
provides an overview of the general EDF framework and notes some projects the Fund has supported.
Underground explosions, such as those used to fracture rock in quarrying operations, produce several
different types of seismic waves. Roma and Mahtab analyze the effects of such factors as distance
from a body of water, depth of explosion, weight of charge, substrate type, and shape of excavation on
the attenuation of Rayleigh waves, which are readily transmitted from solids to liquids. They conclude
that adequate protection of nearby coastal fish habitat from these rolling, surface waves requires that the
setback distances for explosives be much greater than the Department of Fisheries and Oceans guide-
lines based on body waves. Baltzer’s Bog is a 72-hectare wetland in the Annapolis Valley that has been
subjected to peat mining for several years. Public pressure closed the operation, but only after about
three-quarters of the bog area had been severely degraded. Manning et al. describe ongoing efforts to
restore the area as a functioning and productive wetland. Some of the options being investigated in-
clude blocking drainage ditches, recreating a variable topography, encouraging wetland vegetation, and
establishing a protective buffer zone.

c¢) Ecosystem Tools and Technigues—Fundy Organizations

Buzeta et al. present the results of an ongoing study of the invertebrate communities of sublittoral,
hard-bottom habitats around the mouth of the Bay of Fundy. By analyzing extensive historic transect
data and information from long-term oceanographic monitoring programs, they are mapping large-
scale patterns of species richness in the region and thereby locate areas of high biodiversity and produc-
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tivity. This information may help identify areas suitable for legal protection and assist in creating a
framework for their management and conservation. Several posters focus on the development and use
of Web-based GIS tools for the presentation, analysis and sharing of environmental data. Pancura and
Lines describe a prototype, on-line GIS mapping system designed to assist users in assessing the im-
pacts of different climate change scenarios on specific geographic regions. This system, particularly
intended for those studying climate change impacts and adaptations, uses both historical and predicted
data on maximum and minimum temperature and precipitation for sites throughout Atlantic Canada.
The program is being upgraded to increase its accuracy and its ability to create a wider range of future
climate scenarios.

A number of papers and posters describe the use of aerial photographs to study changes in salt
marshes over time. Most of them rely on time-consuming manual digitization of the geographic infor-
mation. Mahoney and Hanson describe a much faster automated classification system used for identi-
fying and mapping areas of salt marsh from aerial photographs. Such an approach is particularly useful
for monitoring temporal changes in the extent of salt marsh habitat over broad geographic areas. Ng’ang’a
discusses the challenges he faced in acquiring, analyzing and mapping the diverse types of environmen-
tal data collected in connection with developing the proposal for the Musquash marine protected area.
He uses an Internet-based GIS program (Caris Spatial Fusion™) to synthesize and retrieve the large
amounts of information needed to identify and characterize the many options available to the decision-
making process. Martin et al. at the Atlantic Reference Centre at Huntsman Marine Science Centre
have completed development of an interactive Web-based database containing information about ma-
rine species found in the Bay of Fundy, including marine algae, most macroinvertebrates, fish, shorebirds
and marine mammals. The Species Information System (SIS) provides readily accessible information
about a species’ taxonomy, habitat, and any particular scientific, ecological, economic or social value,
as well as references to relevant taxonomic and ecological information.

Several BoFEP Working Groups presented posters outlining their recent activities. Singh et al.
describe the objectives and projects of the Sublittoral Ecology and Habitat Conservation Working Group.
This group disseminates information about the sublittoral ecosystems of the outer Bay of Fundy and
locates and defines the extent of benthic habitats of high conservation and ecological value. This aids in
identifying priority areas for protection and highlights any important information gaps that need to be
addressed. The group also maintains linkages with relevant organizations working in the Fundy region.
The Minas Basin Working Group, one of the oldest of the working groups, seeks to facilitate coopera-
tive activities and partnerships in order to sustain the environmental quality of the Minas Basin ecosys-
tem and its watersheds and to promote the sustainable use of its natural resources. Brylinsky et al.
describe a series of recent consultations with groups in communities around the Basin to identify their
priority environmental issues and to help them develop action plans to tackle some of the more pressing
issues. The working group is also actively involved in projects pertaining to groundwater resources in
the watershed, promoting coastal planning, examining impacts of causeway construction or removal,
and identifying suitable indicators of marine environmental quality for the Minas Basin. Etheridge
outlines the UNESCO Biosphere Reserve Program that is designed to foster the health and integrity of
human communities as well as the ecosystems they inhabit and depend on. He reviews the effort being
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made to have the upper Bay of Fundy region in New Brunswick designated a biosphere reserve, high-
lighting some of the advances and a few problems encountered along the way. He describes the ongoing
efforts to build an effective organizational framework, acquire adequate funding, engage the communi-
ties of the region, and develop a strong, persuasive case for creating such a reserve in the Bay of Fundy.

d) Contaminants—Fates and Effects

Municipal sewage effluents contain a variety of endocrine disrupting compounds (EDCs) that
mimic natural reproductive hormones and thus may alter the sexual development of aquatic organisms.
Robinson et al. examine the amount, behaviour and fate of estrogenic EDCs released through sewage
outfalls into Halifax Harbour. Relatively high concentrations occur near the outfalls. However, the
amounts present in sediment samples decline rapidly within 48 hours after collection and are undetectable
by two weeks. Adsorption onto organic particles seems to be an important process that speeds up the
breakdown of the compounds by micro-organisms. There have been several fish kills in rivers on Prince
Edward Island attributed to the runoff of widely used agricultural pesticides. Hellou et al. analyzed
water and sediment samples, collected near two rivers that flow into Summerside Harbour, for 18
commonly used pesticides. Concentrations are below the detection limits in all samples except one. A
more complex analytical procedure is being used to enhance sensitivity and quantify any trace amounts.
Wells et al. provide a comprehensive overview of studies being undertaken by members of BoFEP’s
Corophium Working Group. These include an examination of factors controlling the amphipods’ distri-
bution and abundance, characterization of their sediment habitat, assessment of the seasonal dynamics
of the populations and ascertaining the effects of polycyclic aromatic hydrocarbons on them. Other
related studies focus on the ecology of their principal diatom food and predation on Corophium by
shorebirds. These amphipods are also being used in toxicological bioassays. Members of the working
group are also contributing to a comprehensive review and bibliography on Corophium volutator. Wells
et al. present a summary of the sampling procedures, collection sites and the results obtained during the
first nine years (1993-2001) of the Gulf of Maine Council on the Marine Environment (GOMCME)
GulfWatch contaminant-monitoring program. Analysis of blue mussels collected at many sites around
the Gulf of Maine, including several in the Bay of Fundy, provides a concise overview of the geo-
graphic distribution and temporal trends in the concentration of several key contaminants. In 2002,
GOMCME sponsored a workshop to look at sewage management issues in the Gulf of Maine-Bay of
Fundy. The objective was to find ways to enhance wastewater management practices in the region and
to clarify some of the links between sewage discharges and human and ecosystem health. Hinch et al.
review the principal recommendations from the workshop and consider the progress being made in
implementing them.

Round Tables at the Workshop

Following the future-oriented plenary session on the final morning of the workshop, the partici-
pants formed three round tables to discuss the future of the Bay of Fundy in relation to:
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1. The Health of the Bay
2. The Management of the Bay and its Resources
3. The Coastal Communities of the Bay

The ensuing discussions were thought provoking and animated. However, in the short time
available it was only possible to focus on a limited number of facets of each of these broad topics.
Nevertheless, a number of very interesting points were explored by each group and presented in the
final plenary session. These discussions are summarized as follows:

1. The Health of the Bay Round Table

We found it impossible to select a small number of topics that we could all agree on and instead
created a shopping-list of issues that were considered important by various people in the group. The
most critical concerns raised, in no particular order of priority, included the following:

* reduction in biodiversity

* introduction of invasive species

* intertidal harvesting and the resulting habitat disturbance

» presence of a variety of contaminants in water, sediments and biota

» biological effects of low levels of contaminants

 climate change consequences

» water quality concerns, particularly in relation to sewage and heavy metals
» environmental impacts of physical barriers (dams and causeways) on rivers

 environmental impacts of habitat restoration efforts (such as causeway removal or dyke breach-
inQ)

Next we considered useful techniques that are available to assess changes in ecosystem health
associated with the above issues. It was noted that many innovative techniques had been described in
the various papers and posters presented during this workshop. A number of concerns were raised.
There is a need to clearly define biodiversity in the Bay of Fundy context in order to be able to develop
effective programs to monitor this critical indicator of overall ecosystem health. There is also a need to
understand the functioning and ecological importance of salt marshes in a broader context, particularly
in relation to the marine productivity of the Bay. It is also important to develop effective ways for
measuring and monitoring the short and long-term impacts of human activities in the intertidal zone.

A number of gaps in our knowledge need to be addressed in order to develop effective ways of
assessing and monitoring the state of the Bay. We need to develop a regionally appropriate suite of
marine environmental quality criteria, particularly a comprehensive set of guidelines that include both
biotic and environmental components. The more important biological, chemical and physical interac-
tions occurring within the Bay’s ecosystem need to be much better understood—we need to better
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understand how the system works. There is also a special need to identify a number of sensitive indica-
tors that will provide an early warning of a general deterioration in ecosystem health.

There was general agreement that it would be worthwhile to expand the terms of reference of
the existing BoFEP Contaminants and Ecosystem Health Working Group in order to further explore
many of the ideas raised by the round table and to seek creative ways of addressing some of the impor-
tant issues identified.

2. The Management of the Bay and its Resources Round Table

In the limited time available, we focused our discussions on a) a few points pertaining to the
acquisition and dissemination of the information required for effective management and on b) some of
the roles that BoFEP might play with regard to management of the Bay of Fundy.

A. Data Collection, Sharing and Management

Data Sharing. Data can serve multiple purposes, but often it does not because it is not in an
organization’s mission or mandate to use it or make it available for other purposes. Indeed, the mandate
of an organization may specifically proscribe sharing of information or data. How are we to co-share
information if it is not in the mandate of the organization that collected the data? Who funds the collec-
tion of this data? How do you release mapping and other data in view of some of these ownership
issues? There is a clear need for protocols on information sharing and decision making. In addition, co-
sharing of information and its management is often an issue of leadership.

Communication. How are we to communicate the information to others? How do we dissemi-
nate it to different user groups? How do we get information to people in a timely manner (e.g., emer-
gency measures)? Data is not always available to all, however, the data needs to be processed and the
information made available to all that require it. The need for data processing is a strong argument in
support of information management protocols that could be developed to address the requirements of
data processing.

Use of the information. The user-base of data and information broadens over time, as different
community and other groups are given access to the data in a useable form. This allows them to increase
the sophistication of their questions. However, care is needed in making information available to the
public in order to ensure that it is understood and used properly. There is a concern about the possible
misuse of information provided, including illegal misuse.

Demand-Driven Information. The provision of information should be demand-driven, and the
demand side (who wants information?) needs to be defined. There may be many different players on the
demand side. This brings us to the question of scale. Knowing who wants the information enables us to
develop effective ways of getting the information to them. We need to do this for different types, scales
and levels of groups.

XXXiii



Overview

Scale. Information needs to be provided on a scale useful to the recipient—on a *‘macro’ scale,
for large institutions such as the government of Canada and on a ‘micro’ scale for local or community
groups such as the Minas Basin Working Group.

Participation. A great deal of ocean management pertains to living and non-living resource
management, which traditionally does not involve the public. It is not sufficient to just hold an informa-
tion workshop for the public to attend; we must allow for public input into management plans before
they are even developed. However, it is not clear how best to get them all to the table.

Information Systems. There needs to be an integrated approach to incorporating information
systems into the management process. ldeally, everybody should have access to a regional database of
Fundy information, possibly by means of a consortium agreement in which all organizations provide
some of the funding in return for access to the information. The information system should have one
central official portal, but with a distributed system of databases. The important questions are: where
will it be located and who will maintain it over the long term?

Digital Library. Adigital library makes it possible to scale up and down, but where do we have
the capacity for such a digital library? Dalhousie University has the capacity, but not the funding, for
such a system. However, if it could secure the funding to initially set it up, it might have some perma-
nence, since once it becomes part of such an institution it usually doesn’t “die off” easily. We have yet
to scratch the surface of the technological capabilities, the possibilities for information sharing and
enhancing the information management design process. Georgia Basin in British Columbia/Washing-
ton is an example of how such technologies can improve communication. It is essential to have good
information accessible at a central location, but it must be part of a distributed information system.

B. Ideas for BoFEP: Future Role in Managing the Bay, Linkages

Role of BoFEP. To what extent does BoFEP speak for the Bay of Fundy at present? What role
should BoFEP play in the management of the Bay, particularly in integrated management? Should it
play an active role? Or is its principal role advocacy, information dissemination and providing advice?
How do we communicate amongst ourselves and with our partners on an ongoing basis and not just at
periodic meetings? We need to let people know what BoFEP is doing.

Federal/Provincial Agreements. A good example of such an agreement is the Canada/BC fed-
eral/provincial memorandum of understanding (MOU) recently put in place to implement the Oceans
Act. Details of this agreement can be found in the next Atlantic Coastal Zone Information Steering
Committee (ACZISC) e-newsletter update. The Bay of Fundy could be part of a similar East Coast
MOU in the future. It would be helpful if BOFEP could be there to influence it, to make sure that the
interests of the whole Bay of Fundy are considered, not just specific provincial interests. Specifically,
BoFEP could coordinate management on an ecosystem level, to ensure that the Bay of Fundy is man-
aged as an ecosystem, rather than simply drawing a line through it and stating that New Brunswick and
Nova Scotia are responsible for their respective sides. What should be the role of local areas in a large-
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scale MOU such as this? That public participation needs to be built into the design process for the
agreement is a clear message from direct experience with land-use planning

ESSIM. It is important to understand and share with other areas the ESSIM (Eastern Scotian
Shelf Integrated Management) Project and its process. A draft management plan will be ready for spring
2005. ESSIM is developing a series of ecological use and human use objectives. The former is moving
forward and has about 170 objectives that are becoming very well organized. The framework for hu-
man-use objectives is more difficult as there are few appropriate examples in the world or in the agency
(i.e. DFO) itself. BoFEP has linkages to community-based groups whereas ESSIM does not. Perhaps
the two organizations could develop a working relationship and learn from each other.

3. The Coastal Communities of the Bay Round Table

The discussion focused primarily on what is going on in the Bay’s coastal communities with
respect to their participation in the management of renewable resources and how to enhance this partici-
pation. It was an opportunity to tell some of the more informative community stories from the region, to
share some of the successful collaborative experiences, and to learn from and support each other in our
ongoing efforts.

For example, in northern Maine, a network of lobster fishermen has been working effectively
together for a number of years. Shocked by the dramatic collapse of the groundfishery, these fishermen
wanted to make sure that a similar thing didn’t happen to their lobster fishery. Initially, the group was
rather small and it took some time to build the necessary level of trust among those involved. Typically,
fishermen are fiercely independent and sharing information about their resource and their activities
doesn’t come naturally. However, they managed to develop a set of mutually acceptable principles that
facilitated their working together in a trusting and constructive manner. They managed to get beyond
their initial self-interest and came to recognize their many mutual interests and the benefits of working
together effectively as a team to address the issues and protect their livelihoods.

In Atlantic Canada, the Atlantic Coastal Action Program (ACAP) supported by Environment
Canada is probably one of the most successful government-initiated programs involved with commu-
nity social and economic development and promoting the sustainability of coastal communities.

It was noted that there are many organizations throughout the region dealing with different
aspects of environmental conservation, the sustainable use of natural resources, and the economic and
social well-being of coastal communities. The number of such groups is increasing steadily in response
to the proliferating issues, with a resulting increase in competition amongst them for limited volunteers
and funds. There is concern about the likelihood of burn-out amongst volunteers who are involved in
too many issues with inadequate support. It was noted that, typically, the more successful organizations
have at least one part or full-time paid staff person to co-ordinate the organization’s activities and to
provide much-needed support to the volunteers.

XXXV



Overview

It is important to find ways of encouraging and assisting the many different groups to work
together to advance their goals jointly and to reduce overlap and duplication of effort. It might also
prove advantageous if several such groups could work together to prepare joint proposals for submis-
sion to potential funders instead of regarding each other as competitors for the limited funds available.
Foundations and other funding groups are more inclined to look favourably on broader, more diverse
projects involving several different, but complementary, partners. Innovative multi-partner projects
that engage the public often catch the eye of funders.

Although some coordination of community groups may be beneficial, it is probably not neces-
sary, or even desirable, to have a large umbrella organization to coordinate the efforts of the many
individual organizations. However, there should be a centralized clearinghouse as a source of relevant,
up-to-date information that could be easily accessed by the different groups. This might include a data-
base of potential funding sources, information on government policies and program initiatives, and
sources of technical expertise and other support. It was noted that a principal objective of BoFEP is to
facilitate the sharing of scientific and other information amongst its partners and with community groups
all around the Bay. Its several working groups, its website and the now biennial Fundy science work-
shops play important roles in information sharing, as well as in fostering collaborative conservation and
research activities among interested groups.

BoFEP Awards

A number of awards were presented at the Workshop Banquet. The first BoFEP “Environmental
Stewardship Award” was presented to Patricia Rae Hinch of the Nova Scotia Department of Environ-
ment and Labour. This award recognizes an individual who has “contributed significantly to the envi-
ronmental health/sustainability of the Bay of Fundy”, preferably someone best described as an “unsung
hero”, who has worked hard behind the scenes, out of the limelight, in advancing the Mission and
within the Principles of BoFEP. Pat Hinch was recognized for her steadfast vision, energy and dedica-
tion toward a healthy Bay of Fundy and Gulf of Maine during recent times when provincial coastal
policies and commitments have been in a period of uncertainity and change. She exemplifies an indi-
vidual who cares about our coasts, coastal communities and marine resources, and one who translates
such concern into action, making significant contributions to sustainability of the ecosystem. BoFEP
was proud to honour Pat with its first Environmental Stewardship Award as a fitting tribute to her
achievements over many years on behalf of the Bay of Fundy.

A “Special Recognition Award” was presented to Graham Daborn of the Acadia Centre for
Estuarine Research at Acadia University. The award recognizes his long-standing leadership of the Bay
of Fundy Ecosystem Partnership, both as a founding member and the first BoOFEP Chair, a position he
has served with exceptional dedication and ability for seven years.

Awards were also presented for the best papers and posters presented by students during the
Workshop. The winners were:
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First Place Paper—Ashley Sprague, University of New Brunswick, Fredericton, NB. “Factors
Affecting Movement of Semipalmated Sandpipers (Calidris pusilla) Migrating Through the Upper Bay
of Fundy”

Second Place Paper—Sam Ng’gang’a, University of New Brunswick, Fredericton, NB. “The
Proposed Musquash MPA: A Case Study on Boundary Delimitation Concepts”

First Place Poster—Vanessa Paesani, Mount Allison University, Sackville, NB. “Intraspecific
Genetic Variation in the Centric Diatom Thalassiosira nordenskioeldii Cleve”

Second Place Poster—Nancy Chiasson, Saint Mary’s University, Halifax, NS. “Controls on the
Distribution of Vegetation Characteristics in a Tidally Restricted Macrotidal Salt Marsh”

Fundy Festival And Showcase

Members of the public joined delegates in a Fundy Festival and Showcase held immediately
after the workshop banquet on Friday evening.

In the keynote presentation of the evening, Moira Brown, a Senior Scientist at the New England
Agquarium, gave an illustrated talk entitled “Struggling in an Urban Ocean—The Plight of the North
Atlantic Right Whale™.

In her presentation Moira provides a fascinating overview of several aspects of her extensive
research on North Atlantic right whales carried out in the Bay of Fundy over the last 25 years. She
reviews the long history of whaling in the western North Atlantic that has led to the present greatly
reduced population of only 350 right whales, which are now classified as endangered. A right whale
catalogue, comprising photographs and sighting information of individually identified, and often named,
animals has proven extremely useful in understanding their migratory patterns, reproductive character-
istics, social behaviour and family relationships. Yet, despite years of study, it is still a mystery as to
where fully two-thirds of the whales spend the winter or where they go to mate. Almost all of the young
seem to be born in December and January, in the warmer waters off the southeastern United States. In
spring, two-thirds of the mothers with calves begin moving north to a summer nursery area around the
mouth of the Bay of Fundy, while the destination of the other third is unknown. Moira discusses some
of the likely causes of the exceptionally low reproductive rate and the high mortality rate that is hamper-
ing the recovery of the population. Much of this mortality stems from the whales becoming entangled in
fishing gear or being struck by ships. Given the perilous state of the population, a great deal of effort is
being devoted to reducing the number of accidental deaths. This is accomplished by encouraging fish-
ermen to modify their gear to reduce the likelihood of entanglement, and by working with maritime
regulatory agencies to move shipping lanes away from areas frequented by whales, and with vessel
operators to alert them to the presence of whales in their vicinity.
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Moira also describes some of the innovative genetic research that she and her colleagues are
carrying out on the whales. This work is not only helping to develop family trees linking related indi-
viduals, but is also yielding some useful insights into historical whaling activities in eastern Canada and
the likely abundance of right whales when commercial hunting began. In spite of the many difficulties
and daunting challenges, Moira remains optimistic that the right whales can continue to survive in the
“urban ocean” that we have created along the east coast of North America, provided that Canada and the
United States jointly launch a comprehensive recovery program without delay.

This presentation was followed by a public viewing of the Fundy Showcase, comprising some
15 informative displays presented by organizations from all around the Bay of Fundy, as well as the
many scientific posters presented at the workshop.

Plans for the 7" BoFEP Bay of Fundy Science Workshop

At the BoFEP Annual General Meeting held during the 6" Workshop, it was agreed that the 7t
BoFEP Bay of Fundy Science Workshop, sponsored by the Huntsman Marine Sciences Centre, will be
convened at The Fairmont Algonquin Hotel in St. Andrews, New Brunswick from October 250-27,
2006. The Workshop theme will be *“Challenges in Environmental Management in the Bay of Fundy-
Gulf of Maine”.
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Awards Presented at the Workshop

First BoFEP Environmental Stewardship Award

Patricia Rae Hinch, Nova Scotia Department of Environment and Labour

This award recognizes an individual who has “contributed significantly to the environmental health/

sustainability of the Bay of Fundy”, preferably someone best described as an “unsung hero”, who has

worked hard behind the scenes, out of the limelight, in advancing the mission and within the princi-
ples of BoFEP. Pat Hinch was recognized for her steadfast vision, energy and dedication toward a
healthy Bay of Fundy and Gulf of Maine during recent times when provincial coastal policies and
commitments have been in a period of uncertainity and change. She exemplifies an individual who

cares about our coasts, coastal communities and marine resources, and one who translates such
concern into action, making significant contributions to sustainability of the ecosystem. BoFEP was
proud to honour Pat with its first Environmental Stewardship Award as a fitting tribute to her
achievements over many years on behalf of the Bay of Fundy.

Special Recognition Award

Graham Daborn, Acadia Centre for Estuarine Research, Acadia University

This award recognizes Graham’s long-standing leadership of the Bay of Fundy Ecosystem Partner-
ship, both as a founding member and its first Chair, a position he has served in with distinction,
dedication and ability during the first years of BoFEP’s existence.

First Place Student Paper

Ashley Sprague, University of New Brunswick, Fredericton, NB
Factors Affecting Movement of Semipalmated Sandpipers (Calidris pusilla) Migrating
Through the Upper Bay of Fundy

Second Place Student Paper
Sam Ng’gang’a, University of New Brunswick, Fredericton, NB
The Proposed Musquash MPA: A Case Study on Boundary Delimitation Concepts
First Place Student Poster
Vanessa Paesani, Mount Allison University, Sackville, NB
Intraspecific Genetic Variation in the Centric Diatom Thalassiosira nordenskioeldii Cleve
Second Place Student Poster

Nancy Chiasson, Saint Mary’s University, Halifax, NS
Controls on the Distribution of Vegetation Characteristics in a Tidally Restricted

Macrotidal Salt Marsh
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The Bay of Fundy Ecosystem Partnership (BoFEP)

The Bay of Fundy Ecosystem Partnership (BoFEP) was formed to identify and try to understand
the problems confronting the Bay and to find ways of working together to resolve them. It is a flexible
and still evolving organisation for encouraging and facilitating communication and co-operation among
individuals and groups with a stake or an interest in Fundy and its resources. BoFEP is set up as a
“Virtual Institute”, whose main objective is to foster wise conservation and management of the Bay’s
natural resources and diverse habitats, by disseminating information, monitoring the state of the eco-
system and encouraging co-operative research, conservation and other activities.

BoFEP welcomes all partners who share the vision of a healthy, diverse, productive Bay of
Fundy, be they individuals, community groups, First Nation groups, resource harvesters, scientists,
resource managers, coastal zone planners, businesses, government agencies, industries or academic
institutions. By sharing our knowledge and coordinating our individual efforts we can ensure that present
and future generations will be able to benefit from Fundy’s rich and varied bounty and continue to
appreciate its awesome beauty and diversity.

To learn more about BoFEP visit: <http://www.bofep.org>

Gulf of Maine Council on the Marine Environment (GOMCME)

The Gulf of Maine Council on the Marine Environment is a United States-Canadian partnership
of government and non-government organizations working to maintain and enhance environmental
quality in the Gulf of Maine to allow for sustainable resource use by existing and future generations.
The governors and premiers of the five Gulf jurisdictions—Massachusetts, New Hampshire, Maine,
New Brunswick, and Nova Scotia—created the Council in 1989 as a regional forum to exchange infor-
mation and engage in long-term planning. The Council organizes conferences and workshops; offers
grants and recognition awards; conducts environmental monitoring; provides science translation to
management; raises public awareness about the Gulf; and connects people, organizations, and informa-
tion. The Councilors are leaders of state, provincial, and federal agencies, non-government organiza-
tions, and the private sector. With no central office, the Council is administered through an annual
Secretariat that rotates among the jurisdictions.

BoFEP and GOMCME are now formally linked through an agreement (2004—2007) that pro-
motes shared goals and objectives, and common projects in the Gulf of Maine.

To learn more about GPAC visit: <http://www.gulfofmaine.org>
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Environment Canada

Environment Canada is responsible for preserving and enhancing the quality of the natural
environment, including water, air and soil quality; conserving Canada’s renewable resources, including
migratory birds and other non-domestic flora and fauna; conserving and protecting Canada’s water
resources; carrying out meteorology; enforcing the rules made by the Canada-United States Interna-
tional Joint Commission relating to boundary waters; and coordinating environmental policies and
programs for the federal government. Environment Canada’s seeks to make sustainable development a
reality in Canada by helping Canadians live and prosper in an environment that needs to be respected,
protected and conserved. With approximately 4,700 employees and a more than half billion dollar
budget, Environment Canada works in communities across Canada and with thousands of partners in
every province and territory and around the globe.

To learn more about EC’s programs visit: <http://www.ec.gc.ca/envhome.htmi>
Acadia Centre for Estuarine Research

The primary objective of the Acadia Centre for Estuarine Research is to focus research attention
on the estuaries and nearshore coastal waters of Eastern Canada, with emphasis on the estuarine sys-
tems of the Bay of Fundy and the hydrographically-related Gulf of Maine and Georges Bank. The
Centre was established in September 1985 with a grant from the Centres of Specialization Fund, ad-
ministered by the Secretary of the State of Canada. Space and additional funds were provided by Acadia
University. The Centre actively encourages cooperative, multidisciplinary research programmes that
involve scientists and students from regional, national and international institutions.

To learn more about ACER, visit: <http://ace.acadiau.ca/science/cer/home.htm>
Bay of Fundy Marine Resource Centre

The Bay of Fundy Marine Resource Centre (MRC) offers services, facilities and technical sup-
port to achieve viable and sustainable coastal communities in the Bay of Fundy region based on innova-
tion, learning and community stewardship of natural resources. Work at the Centre is focused on
community-based resource management, aquaculture, regional marine tourism promotion and market-
ing, digital data storage and retrieval, training within the fisheries, and ecological, market, legal, tech-
nological and social research and information relating to marine resources. MRC, a not-for-profit
organization, was established in 1997 by the Western Valley Development Authority and the Fundy
Fixed Gear Council. MRC’s facilities, located in Cornwallis Park, Annapolis County, include meeting
and training facilities, a walk-in information and referral centre with on-line access to information on
marine-related topics, training classroom, and a GIS mapping centre (Coastal Marine Resource Map-
ping Project).

To learn more about MRC visit: <http://www.bfmrc.ns.ca/>
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Plenary Lecture: The Past

EARLY PERSPECTIVES ON
THE FUNDY ENVIRONMENT

Heather MacLeod,
Atlantic Canada Studies, Saint Mary’s University
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The Changing Bay of Fundy — Beyond 400 Years

Heather MacLeod teaches environmental studies in the Atlantic Canada Studies graduate program at
Saint Mary’s University, Halifax, Nova Scotia. Her academic research interests include regional envi-
ronmental history, landscape perception, ecological identity and ‘environment and behavior’.
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Abstract

Early 17" and 18" century European narrative accounts of the Bay of Fundy environment pro-
vide baseline records of ecological abundance that seem fantastical by contemporary environmental
realities. Since natural history played an important role in the struggle for empire, explorers and travel
writers penned “discovery’ literature that catalogued the land, rivers, harbours and flora and fauna with
commaodity value as subtext. Local natural history written by early resident colonists provided a sense
of the impact of early land use, the need to better understand nature to improve community livelihoods
and the necessity of preventing the overexploitation of nature. Also revealed are the considerable ef-
forts made to understand and explain ecological change and natural history phenomena before a scien-
tific vocabulary or profession existed to label and define such patterns. Altogether, these written accounts
provide an overview of Fundy watershed ecological patterns and environmental issues identified by
17" 18" and 19" century observers.

Introduction

This year, 2004, marks the 400" anniversary of the arrival of French colonists to the Bay of
Fundy, the beginning of colonization attempts and the first written texts on the region. Narrative ac-
counts from early 1600s onwards offer a sense of how the Bay of Fundy was perceived and used by
humans in the 17", 18" and 19" centuries. These early accounts serve as key sources on Fundy’s envi-
ronmental history as it was conveyed by diverse peoples—aboriginal inhabitants, early explorers, mis-
sionaries, travel writers, colonists, traders, naturalists, and officials of two imperial powers.

The history of the contact and colonization period in this region spans three centuries, since
settlement attempts in the Maritimes developed slowly until the late 1700s. Even though written knowl-
edge of Acadia begins with the French in 1604 and the subsequent Acadian inhabitation had reached
10,000 by 1755, this region as a whole was sparsely populated and traded back and forth between the
French and English as a strategic economic zone buffering bigger colonial territories. The Atlantic
region offered great wealth in the cod fishery—an economic activity which bankrolled many European
ports, but which could be pursued by seasonal visits without the expense of maintaining a colony while
settlement efforts were concentrated elsewhere. Significant population increases only came with the
British establishment of Halifax and the subsequent arrival of planters, loyalists and many other colo-
nists who often settled on the favoured sites of the Mi’kmaq, Maliseet and Passamaquoddy peoples and
in the process transformed ecologies and landscapes.

The origin of the word “‘Fundy”’ is believed to be traceable to 16" century Spanish and Portu-
guese mariners. Their use of the word “Rio Fondo” (meaning deep river) on early imprecise maps was
thought to refer to the Bay (Ganong 1892). By the time of Champlain’s maps, Fundy was fairly accu-
rately portrayed and now named Bay Francoise. The lands surrounding the Bay were known by two
early names, Arcadia and L’Acadie, before the establishment of ‘Acadia’ as the regional identifier.
Italians mapping North America in the 1500s labelled the northeast coast as ‘Arcadia’, which eventu-
ally came to refer to the Fundy-New England area. This may have alluded to Arcadia—the mythical
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Greek land of pastoral tranquility and pleasing landscapes. However, the origin of *Acadia’ was more
likely derived from the Mi’kmaq word ‘Acadie’, meaning ‘dwelling place’. French explorers use of the
Mi’kmag term to refer to these lands appears to be expressed by the related names—Coste de Cadie,
L’Arcadie, and Lacadie, and L’ Acadie—which cartographers applied on various maps (Rayburn 1990;
Brown 1888: 33). ‘Acadie’ referred to the dwelling place of the Mi’kmagq as a people and could also
mean the dwelling place of plants or animals when affixed to place names. Shubenacadie, as an exam-
ple, meant the dwelling place of groundnuts. Mi’kmag place names reflected an intimate knowledge of
the ecology of their land. Colonial place names created by the British often honoured British leaders
and British places but sometimes also reflected local ecology in the 17t and 18" centuries (e.g., Salmon
River, Caribou)—ecological references that often no longer still apply.

Since exploration was driven by economic interests, natural history played an important role in
the struggle for empire as gaining environmental knowledge of new territories meant better understand-
ing of how to exploit resources, develop colonies, generate profits and ultimately consolidate European
power. From 1600 to the 1800s, French and English ‘discovery’ literature contained natural history in
the form of systematic accounts of natural phenomena. Even at the end of the 19" century, such texts
continued to be written as guides to potential British immigrants on “the lay of the land” or more specifi-
cally, where the ‘good land’ could be found. Narrative accounts catalogued and classified the land in
terms of its spatial features (rivers, valleys, harbours, bays, fishing banks), its substrate (soils and min-
eral deposits), and its wildlife (trees, plants, birds, animals, fish), often with commaodity value as subtext.
Residents penned more detailed accounts of the natural history of specific flora and fauna and the
ecological changes that came with settlement and resource use, generally as a critique of land use
practices or a concern with better understanding nature in order to improve livelihoods and community
economies. Mi’kmaq speeches also reveal the ecological changes in the land taking place that were
destroying their way of life.

Early Perceptions of Fundy Landscapes and Ecology

The first significant description of the Fundy watersheds begins with Champlain as he coursed
along the Bay looking for copper and iron mines, good harbours and navigable rivers. Marc Lescarbot
provides more details in his account of the 1606 Port Royal habitation in which he pays considerable
attention to the Annapolis Basin and the meadow land of the Annapolis Valley.

[The harbour] was a wonderous site for us to see, its fair extent and the moun-
tains and hills than environed it... We explored the country up the river, where
we found continuous meadows for more than twelve leagues, among which flow
numerous brooks, rising in the neighbouring hills and mountains. It is like unto
the land God promised to his people: “The Lord thy God bringeth thee into a
good land, a land of brooks of water, of fountains and depths that spring out of
the valleys and hills, a land where in thou shalt eat bread without scarceness,
thou shall not lack for anything.” (Lescarbot 1911: 312, 314)
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Through the centuries the Annapolis Valley and upper Fundy watershed lands were often de-
scribed in biblical terms as the ‘Eden’ of Nova Scotia, since their fertile soils stood in contrast to
granite, rocky headlands of the Atlantic coast that were frequently judged to be sterile unless featuring
‘beech hills” or drumlins. For Europeans, the meadowlands or intervales found along rivers symbolized
good soils and potential agricultural prosperity. One goal of the Port Royal habitation was to cultivate
the soil and grow grain, which the expedition did—returning to France with a harvest of wheat and rye
to report on (Lescarbot 1911: 317). Meadowed river valleys and their coastal estuaries were also pre-
ferred locations for the Mi’kmagq as these sites offered good hunting and fishing, and for the Maliseet of
the Saint John River Valley, good soils for planting corn. Early observers noticed that the larger mead-
ows, marshlands and fertile soils of Fundy estuaries and valleys were attributable to its soft-rock geol-
ogy and immense tidal range. As Lescarbot explained, “the expansive meadows of Port Royal are caused
by the high tides especially those of March and September, which overflow the banks in this district and
hinder the trees from taking root” (Lescarbot 1911: 321). The significant presence of meadowland was
commented on in accounts from the 1600s through to the mid-1800s. By the 19" century, it was also
noted that the overhunting of beaver resulted in more meadowland since abandoned beaver dams re-
leased pond waters and the exposed land grew up in grass (Gesner 1849: 171).

Watersheds were important to the fur trade. Established as a fur-trading fort, Port Royal was
situated in proximity to a significant watershed where aboriginal people hunted, lived and traveled.
Along the Bay of Fundy, forts emerged on the Cumberland Basin, Minas Basin, Annapolis Basin and
the Saint John River. Records reveal that fur trading activity was quite intense, for both Aboriginal
people and colonists. As one example, over a ten-year period (1765 to 1775) colonists in one settlement
on the Saint John River, exported to New England: “40,000 beaver skins, 11,022 musquash, 6,050
martin, 870 otter, 258 fisher, 522 mink, 120 fox, 140 sable, 74 racoon, 67 loupcerine, 8 wolverines, 5
bear, 2 wolf, 50 caribou, 85 deer and 1,113 moose besides 2,265 pounds of castor oil and 3,000 pounds
of feathers” (quoted by Raymond 1910: 309). Under this kind of hunting pressure, the beaver and
moose were extirpated from watersheds at different times throughout the 17", 18" and 19" centuries,
while bird populations declined through the feather trade, habitat destruction, sport hunting and egg
harvesting—the latter would particularly apply to Grand Manan Island (Thurston 1990: 128-9).

Forests were pervasive unless natural conditions such as wet soils discouraged tree growth. To
see a landscape so dominated by trees was strange and oppressive for French and English observers.
Early accounts reveal that large areas featured trees characteristic of the climax forest of northeastern
North America—the Eastern Hemlock, White Pine, northern hardwood forest, also known as the Acadian
Forest. In a mature state this forest would include Red Spruce, Hemlock and White Pine; and Sugar
Maple, Yellow Birch and American Beech—with trees frequently five or more feet in diameter and as
old as 300 or 400 years, if conditions were optimal (Gesner 1849: 96). The size and mix of species
varied by soil drainage, topography and climate. As a result, the impression of forests varied with
locality, from “beautiful and wonderfully high” forests at St. Croix (Lescarbot 1911: 249) to “miserable
spruce, fit to be inhabited only by wild beasts” along other portions of the Fundy coast (Campbell 1792:
101). Particularly impressive were the forests growing on the slopes of river valleys including those of
the Shubenacadie, Avon, Stewiacke and Saint John. Here were found an abundance of “the finest oaks,
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elms, maples, beech and yellow birch”. As Nicholas Deny’s noted in 1685, “those woods of the coasts
are nothing in comparison with those which are inland and on the upper parts of the rivers. The trees
there are much more beautiful in height and thickness, and stand more open and less confused. One
could chase a moose on horseback.” The Mi’kmagq frequently preferred these more open, parkland-like
forests with large mature trees. As they told Denys, “there are not little trees [there] which hinder ... the
hunting of the moose” (Denys 1971: 112, 377). A 1764 account of the Saint John River Valley affirms
this, describing the forests bordering the extensive intervale as being “very park-like as far as the eye
could see with extremely large, tall trees, chiefly hardwoods and no underbrush, so that you could drive
a cart and oxen through the trees” (quoted by Raymond 1910: 357). In this area, big pine trees for large
masts were found farther back, bordering the smaller rivers. Pine woods were also noted to be pecu-
liarly open and easy to traverse, as were hemlock woods. This stood in contrast to the tangled, dense
growth of spruce woods which were castigated as being very difficult to pass through and indicative of
poor, thin soils.

Beyond an abundance of trees, there were descriptions of great ecological abundance of many
types of wildlife. First and foremost were accounts of prolific marine life. The numbers of cod were
marvelled at, as was their great size and fatness. Fish “six fingers thick” were a common catch (Lescarbot
1911: 363). In 1852 Moses Perley reported that, “the largest cod, designated bank cod, came from the
deep waters off Nova Scotia, and the entrance to the Bay of Fundy, between Brier Island and Grand
Manan, often attaining a great weight, sometimes more that 70 or 80 pounds” (Perley 1852: 209).
Mackerel were so plentiful it was “impossible to conceive of the extent of their armies; shoals are seen
from two to five miles in diameter and so closely crowded that the sea is rendered smooth...living
masses of fish obstructing the passage of boats” (Gesner 1849: 138). Halibut attained an enormous size,
weighing half a ton and upwards, and the effort needed to land them was the curse of fishermen (Gesner
1849: 122; Perley 1852: 155). An account of Port Royal by Richard Guthrie in 1629 described “lobsters
as big as little children” (Griffiths and Reid 1992: 504)—crustaceans that could be caught from under-
neath rocks close to the shore without use of a net or boat (Lescarbot 1911: 320). Denys described an
infinity of huge scallops and immense oysters larger than a shoe and very plump that were common in
harbours (Denys 1971: 356). In the early 1600s, the Governor of Acadia remarked that the sea was
‘paved with salmon’. On Salmon River the smallest size salmon were reported to be 3 feet long and
elsewhere sturgeon were seen “eight, ten, eleven and twelve feet in length, as thick in body as a sheep”
(quoted Dunfield 1985: 12, 16). One of the most amazing sights was the spring spawning runs of fish
coming up streams. Pierre Biard wrote in 1611, “Anyone who has not seen it could scarcely believe it.
You cannot put your hand into the water without encountering them” (Whitehead 1991: 36). Equally
amazing, was the endless abundance of shad in the Bay of Fundy during the summer months, described
by Amos Seaman as an “inexhaustible supply” (Perley 1852: 152).

Writers also commented on the multitudes of seabirds on certain islands and waterfow! on the
Fundy salt marshes. The scene so impressed Acadians that the name Tantramar was derived from the
Acadian word “tintamarre”, meaning the mighty roar of wingbeats during waterfowl migratory stopo-
vers. Also striking were the great flocks of passenger pigeons that Deny’s described as “plaguing us by
their abundance” (Denys 1971: 199).
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Although this biological bountifulness varied by season and circumstance, the sheer number of
these descriptions of plentitude serve to verify the claims even if hyperbole and bias were sometimes at
work. Today, tales of such ecological abundance are unimaginable by contemporary environmental
realities, given the over-exploitation and depletion of the ocean’s fish, declining bird populations, en-
dangered species and other indicators of a weakened web of life. Early descriptions of such ecological
abundance provide important baseline data of ecosystems operating at prime (Pauly and MacLean 2003:
21; National Research Council 1995: 57).

Land Use and Ecological Concerns

The introduction of European agricultural practices began with the Acadian dyking of the exten-
sive upper Fundy salt marshes to create fertile farmlands. When colonists later took over the dykelands
of the deported Acadians, the structures were in need of repair. This resulted in early environmental
legislation—the 1760 “Act for Appointing Commissioners of Sewers’, whereby communities chose
officials to monitor dykes and oversee repairs. It took some time for the newcomers to establish flour-
ishing dykeland agriculture like that of the Acadians. In the 19" century, dykeland hay became a major
crop when prosperous lumbering and mining interests needed hay to fuel their horses—a cash crop that
only lost its value when cars replaced horses. The expanse of dykelands significantly altered upper
Fundy watersheds. By the 1980s, the total area of dykeland protected in New Brunswick and Nova
Scotia totalled 33,000 hectares or 82,000 acres (Province of Nova Scotia 1987: 5, 42). Changes to
Fundy salt marsh ecology that came with dyking were first examined by New Brunswick scientist W. F.
Ganong in his 1903 paper, “The Vegetation of the Bay of Fundy Salt and Diked Marshes: An Ecological
Study” (Thurston 1990: 82).

The transition to agriculture in the rest of the Fundy area represented the more traditional en-
gagement with ‘making land’—cutting and burning down forests. Location of good soils was an enigma
beyond those to be expected in river valleys. Forest trees were used as a gauge for soil fertility and there
were many delusions in discovering the nature of soils beneath ground cover (Haliburton 1829: 361).
Also mysterious was the new growth that occurred after trees were felled. The fact that beech trees were
not the first to spring up after a grove of old beech trees was cut down was puzzling and figuring out the
rotation of what trees grew after different types of forests were cleared remained a topic of considerable
debate in the 1800s. Pioneer ecologist and surveyor Titus Smith, who keenly studied the transforma-
tions occurring in these landscapes, was one of the first to write a detailed account explaining the stages
of forest succession in his “Natural History of Nova Scotia” article which appeared in London’s Maga-
zine of Natural History in 1835.

The timber industry transformed Fundy watersheds, as it was the foundation of much of the
New Brunswick and Nova Scotia economy in the 19 century comprising the lumbering, shipbuilding
and carrying trade. First, white pines were sought after for masts, then for square timber and sawn logs
when the lumber business accelerated in the early 1800s due to British market demand. Trees were
removed from coastal areas and river valleys where they could be easily transported downstream to sea-
going vessels. By 1835, barely a tributary of major rivers remained unexploited and sawmills were
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pervasive—Nova Scotia had 1,401 by 1861 (Census of Canada 1875). This resulted in decades of
struggle between government officials and mill owners over sawdust pollution, which accelerated in
the late 19" century when New Brunswick exported 500 million board feet of lumber each year (Allardyce
1995: 122). Sawmill operations got bigger, with two of the largest Fundy coast enterprises at the mouths
of the Salmon and Point Wolfe rivers. Sawmill dams, mill rubbish and sawdust significantly altered
river ecology. Naturalist Moses H. Perley who was commissioned by the provincial government in
1850 to conduct a study of the New Brunswick fisheries, feared for the future of the shad weir fishery at
the mouth of the Salmon River. “The catch of herring, he noted, was already falling away, and if precau-
tions were not taken, the shad he feared, would go the same way. The real crisis however, was in the
salmon streams along the shore” (quoted by Allardyce 1995: 121). River obstructions impeded migrat-
ing salmon causing population decline and the occasional presence of fish ladders did not seem to
alleviate the problem. First sawdust regulations were legislated provincially (Nova Scotia 1854) and
later federally (1887), however, without adequate enforcement they were ineffective. Moreover, lumber
barons were prepared to exert their political influence, even using bribery—making the classic argu-
ment of jobs versus the environment—rather than comply with the legislation. Fishing interests were
small compared to that of the large lumber interests and widespread complaints had no real impact. As
one fisherman protested, “Instead of netting herring in the morning, I have seen nets full of mill trash
that took till noon to pick out” (quoted by Allardyce 1995: 128). In 1894 the fishery minister made the
case that science had proven that sawdust harmed the gills of shad, but that argument had little effect, as
in 1900 the question was still ‘under study’. By the end of the century, the shad fishery was in decline,
which many feared was attributable to the sawdust pollution shad encountered on their spawning run up
the Saint John River. Later it would be learned that river obstructions and pollution along the American
eastern seaboard during shad spawning runs were largely responsible for this decline.

During the mid-1800s, Fundy fisheries included shad, cod, pollock, halibut, salmon, herring,
hake and flounder—most of which were reported by Perley to be plentiful in specific areas of the Bay of
Fundy during particular months but occasionally scarce with fluctuating environmental conditions.
Shad was such an important fishery in the Cumberland Basin that a Nova Scotia Act of the Legislature
was passed in 1840, appointing overseers to enforce regulations on the setting of nets. Since shad from
the head of the Bay were considered the fattest and tastiest, they were in greatest demand and a lively
export trade to Boston developed. The traditional ecological knowledge of shad by Fundy fishers in the
19" century put forth that shad came in three distinct summer runs, moved with the strongest current,
and came to Fundy not to spawn, but to feast on shad worms on the upper mudflats, the evidence of
which was found in their stomachs. Opinions flared over which shad fishing methods were most over-
exploitive—weir-nets, stake-nets or drift nets—and why Fundy fishermen should improve their meth-
ods of drying and curing shad, as specific places were notorious for poor quality product which resulted
in low prices for everyone in the vicinity. Fisherman were also critical of damage done to fishing grounds
when fishing schooners indiscriminately dumped offal overboard—a common practice. Perley’s 1852
report made numerous recommendations: halt the fishing of spawning herring on Grand Manan to
protect stock; stop the obstruction of rivers by mill dams and sawdust; increase the value of the fishery
by enacting inspection laws; legislate the use of stake-nets and weir-nets for specific seasons only;
instruct fishermen on proper cure methods; establish schools for fishermen; regulate net mesh size to
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protect juvenile salmon and shad; and enforce existing laws (Perley 1852: 145-155, 177). As insightful
directives, some of them still have currency today. By the end of the 19" century the fishery would
change with the federal fishery act, the development of lobster and herring canneries, new technologies
such as purse seines and trawling, and the start up of the Digby scallop fishery in the 1890s. Dramatic
changes would follow with the decline of the salt fish trade that came with refrigeration and replace-
ment of schooners with industrial trawlers in the first half of the 20" century. Fear of resource over
exploitation grew as new technologies increased harvesting capacity. Fisheries science would advance
with the establishment of the St. Andrews Biological Station in 1899. Up to this point, fisheries science
had been restricted to “describing and identifying various fish species and determining their distribu-
tion” (Johnstone 1977: 22).

The study of natural history was practiced by numerous people, many self taught, who made
important contributions, but by the latter half of the 19" century scientific professionalization had de-
veloped with the advent of knowledge specialization, university science departments and government
regulatory agencies. Luminaries who pioneered 19" century study of the Bay of Fundy included Sir
William Dawson, Sir William Logan, Sir Charles Lyell, W. F. Ganong, Abraham Gesner, Moses Perley
plus numerous other individuals who wrote articles on Fundy tides, gaspereau, salmon, geology and
any number of topics for the Nova Scotia Institute of Science and the Natural History Society of New
Brunswick which were formed in the early 1860s.

By the end of the 19" century, the Bay of Fundy also became an aesthetic landscape for the
nascent tourism industry as Americans flocked to the ‘Land of Evangeline’ to witness “the mythical
poetry of the Bay of Fundy” and its “forest primeval” under the influence of Longfellow’s best-seller—
and the marketing savvy of local railway companies. This generated a new type of discovery literature
as Americans penned dozens of books on ‘Evangeline’s Land’, often in a deliberate search for the
landscapes mythologized in Longfellow’s poem, “this is the forest primeval, the murmuring pines and
the hemlocks, bearded with moss and in garments green”, as they explored Grand Pré, Fundy shores
and Acadian villages (Griffiths 1982). By the late 1800s it was an ‘old growth’ landscape long gone.
The widespread concerns over the over-exploitation of many life forms—tree, birds, fish and ‘game
animals’—fostered the conservation movement of the early 1900s and the beginnings of more serious
wildlife protection, resource regulation and land conservation. As a result, the twentieth century would
bring many important developments to the Bay of Fundy—the establishment of protected bird sanctu-
aries, parklands and marshlands; resource management strategies; and the many valuable scientific
studies which have so vastly increased our understanding of Fundy’s amazing ecological unigueness.
Early perspectives on the Fundy environment in the 17, 18" and 19" centuries provide a rich historical
background to this ecological uniqueness.
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I would like to start off my presentation with a contest. | am going to read a poem about the Bay
of Fundy, a very famous poem by a Canadian poet. | won’t read you the whole poem, just a bit to give
you a flavour of it:

The sun goes down, and over all
These barren reaches by the tide
Such unelusive glories fall,

I almost dream they yet will bide
Until the coming of the tide.

And yet | know that not for us,

By any ecstasy of dream,

He lingers to keep luminous

A little while the grievous stream,
Which frets uncomforted of dream—

A grievous stream, that to and fro
Athrough the fields of Acadie
Goes wandering, as if to know
Why one beloved face should be
So long from home and Acadie.

I’ll stop here, it goes on for two more pages. Does anyone recognize this poem? (At this point someone
in the audience called out “Low Tide at Grand Pré” by Bliss Carman.) Very good. I’m sorry, but there is
no prize.

I have been asked to talk about the Bay of Fundy in the present, so | began this morning with this
poem because it is about someone experiencing the Bay of Fundy. The poem was written by an English
Canadian in the 1890s, responding to the Bay of Fundy, responding (obviously) to the tides, responding
to what happened in this place to the Acadians, and relating it to where he is in his own life. Even
through the fog of Victorian melancholia, we are aware of someone’s experience of this bay.

I’m going to talk about not just the Bay of Fundy in the present, but the presence of the Bay of
Fundy. Also I want to talk specifically about the way the human and the natural interact in the Bay of
Fundy, about that big overlapping zone between the world of culture, history, economics and society
and the world of biology, geology and the non-human. That’s the zone I’d like to focus on this morning
in my comments, because I think you have to look at the Bay of Fundy that way, if you want to under-
stand it at all.

A couple of nights ago | was sitting on the porch of my camp watching the sun go down over the
Bay of Fundy. | could see New Brunswick, the “Wolves” sticking up over there and the sun bright red
going down. It could have been the most remote part of this country: it seemed that pristine and wild.
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All of a sudden I heard a little putt-putt sound, the sound of an engine, and a little Cape Island boat went
across the sunset. Then I looked harder, and off in the background | saw the silhouette of a great big oil
tanker on the horizon. | kept looking, and eventually I saw all these black ducks that | hadn’t noticed
before, at least three dozen ducks. I’d never seen so many down there before, all bobbing and diving.
Then my eye wandered up onto the rocks, | saw the remains of the SS Columbo, a ship that was wrecked
on those rocks in the 1920s, with the loss of dozens of lives. This is the Bay of Fundy, | thought. That is
what the Bay of Fundy is, a complete interpenetration of the human and the natural, a place where those
two things are always interconnected.

In adult education we describe three different kinds of learning: knowledge (I know that there is
a whole lot of knowledge about the Bay of Fundy in this room, that’s knowing stuff); skills (knowing
how to do stuff, management might fall under that, for example); and finally there is awareness. | am
not going to give a scientific overview of the state of the Bay of Fundy today because | am not qualified
to do that. Today I want to talk about awareness, because that is what happens in the present. Awareness
only happens in the present. What is that moment when you say, “Ah hah, I get it”, when you finally
grasp something? And I’ll touch on some of the trends that are affecting the Bay of Fundy today in the
present and some of the responses that are emerging around the Bay in the communities and among the
people of the Bay of Fundy. Then maybe I’ll draw out a few general conclusions, a few tentative obser-
vations about all of this, with a view to, showing how we can be aware of such trends and responses.

In terms of trends, | think it is important to realize that the Bay of Fundy is a very little bay up in
the corner of northeastern North America. Most of the things that affect the Bay of Fundy originate
outside the Bay of Fundy. There are some very big trends on this planet that we are not exempt from.
Globalization, corporatization and all the other “izations”. | heard somebody use the term “Atlanticize”
the other day. So Atlanticization is apparently another one. Maybe that means making it smaller. | can
imagine at some point somebody will say ‘you know we have to Atlanticize the horizontality of inte-
grated management’. We won’t let that happen!

So we have these big trends and they affect the Bay very clearly. One of the biggest of these
trends is corporatization. | don’t mean something abstract here; I mean something that is really happen-
ing. Thinking about the town of Digby; fifteen year ago driving into Digby you drove through Conway
and drove down the main street where most of the stores were. You came to the wharf, the federal
government wharf where there were 80 to 100 independent scallop boats, the famous Digby scallop
fleet. Today, you go through Conway and it is all big box stores with a Wal-Mart coming soon. There is
clearly a completely different situation in that town. You drive down main street and come to the wharf
and the scallop boats that are there are owned by about five companies. All the quota that those boats
fish is owned by roughly five companies. The wharf they are tied up to is owned now by a private
company from outside Digby. Most of the groundfish quota is owned by the same few companies. You
can look all around the Bay of Fundy and see this same pattern, it is part of a larger pattern, this is not a
one-off thing. It is important to see this as a larger trend.
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I am not just talking about corporatization as an economic trend either, because it is just as much
an ecological trend as well. It has environmental consequences. This year in the Bay of Fundy, among
the inshore boats on the Nova Scotia side anyway, there were no groundfish taken. The groundfish in
the Bay of Fundy were not there. This is not the 1991 collapse of the northern cod, this just happened
while we were talking. So there are very severe environmental implications as well.

At the same time, globalization is affecting life around the Bay. We hear this term so often, but
we sometimes miss what it really means to us, right here. On Digby Neck it means that we have come
into a relationship with a very big need in the United States, an $80 billion need for aggregate rock for
building. The largest aggregate and cement company in the United States has discovered the Bay of
Fundy, not just White’s Cove on Digby Neck, but the whole Bay of Fundy. Here it is, right next door!
Cheap, scarcely regulated, and no royalties are necessary. What a gold mine! Many people believe that
this is not a one off activity; this is really the breaking crest of a whole wave of natural resource extrac-
tion from the Bay of Fundy that is coming on. We are dealing with these great trends, these large trends,
not just that are going to happen in the next five to ten years but are hitting us right now.

Other trends that are affecting the Bay are common to rural communities all over Canada. We
are not exempt from them either. Bay of Fundy communities are mostly rural, except for Saint John,
Moncton and Truro. When you look at rural communities you see a decline in populations, declining
access to services and information, and eroding infrastructure, e.g., wharves and roads. This is not
unique to the Bay of Fundy region. | chaired a group of rural community networks from all over the
country and they all say the same thing. | bet you could go south of the border and find rural communi-
ties dealing with the exact same thing. Those are issues that rural communities are facing everywhere.

And finally, there is a major trend related to information. People don’t even mention the “infor-
mation age’ anymore, we are so used to it. We are in the middle of that wave as well. The odd thing
about information is that is seems to always be either feast or famine. On the one hand, there is this huge
wave of information that we are dealing with all the time. In terms of the Bay of Fundy, just think about
how much information there is, how much work has been done. On the other hand, it is very hard to get
information that you need when you need it. It is hard to have access to information. The quarry for
example, the people in the community learned about the permit after it had been issued. The informa-
tion we needed to be part of that process just wasn’t there. There are so many other examples: hydraulic
dredging for clams is now happening in St. Mary’s Bay. Whether that is good, bad or indifferent, hardly
anybody knows about it. And that’s a new gear type in this area that has an effect on habitat. There is a
huge amount of information, but it is hard to get your hand on the information you need in order to do
what you want to do as a community.

The above trends (corporatization, globalization, information accessibility) are all broader trends
that come to the Bay of Fundy from elsewhere, and are not unique to this region alone. What’s interest-
ing is that when you look at the responses to these trends, you see a wealth of local, homegrown initia-
tives, many of which are unique to our region.
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Here | can only draw in broadbrush strokes, since so many varied activities are going on. | will
miss a lot, but I want to set the scene a little bit. Again, I am only going to pick a few that | am familiar
with. I could pick any range of responses, e.g., the Atlantic Coastal Action Program (ACAP) organiza-
tions. | will start with community-based management in the fisheries, particularly the ground fisheries
in Nova Scotia and New Brunswick, around the Bay of Fundy. This has been going on since 1996 and
is basically self-regulation and self-governance in the fisheries. These are not huge fisheries overall.
What is important is that they show that community-based management works and that fishermen and
fishermen’s organizations can self regulate and manage the fisheries. That continues.

You also have communities setting up resource centres like the Bay of Fundy Marine Resource
Centre, which | hope you have visited while in Cornwallis Park. These are all community-based civil
institutions in a sense. They were created to support community-based conservation and management
work. We have another centre in Eastport, Maine, the Cobscook Bay Resource Centre, new resource
centres in Meteghan, Canning, and one that is emerging in St. Andrew’s in southwest New Brunswick.
It is interesting to see these organizations coming together as a kind of network.

Saltwater Network has also been part of the same development. Saltwater Network emerged
several years ago, and is entering in its third year of operation. Saltwater Network is a kind of bioregional
community foundation that combines a grant-making network with a range of other supports for com-
munity-based management and conservation around the Gulf of Maine. It is cross-border in its organi-
zational structure. Its foundational belief is that the health of the communities around the Gulf of Maine
and the health of the marine ecosystems of the Gulf of Maine are inextricably interrelated. It is an
ongoing initiative, doing grant making, convening meetings, capacity building and linking groups around
the Gulf of Maine. Basically it emerged from informal sharing and peer support around the Gulf of
Maine.

There are lots of other community organizations pulling together in this way. For example, in
Nova Scotia there is one in Hants County on that shore and there are groups like the one on Digby Neck
or in Annapolis County that are forming in response to particular issues. In New Brunswick, there is one
in Beaver Harbour. We see more and more of such groups forming. Despite this very quick overview, it
is clear that it is not as if it is all doom and gloom. These are examples of several very powerful
responses to the major trends affecting the Bay of Fundy. This has been going on for the last ten years.
Some real momentum is building here.

This starts to get rather complex now. You see all the different trends and the different responses
all over the place. It is very difficult to sort out. One way | want to sort this out is to look at the Bay of
Fundy today, in terms of the different ways people relate to it, the different kinds of attachment. Maybe
that will help us sort out the complexity.

First there is very clearly the prehistoric attachment, that is, the attachment the Mi’kmaq,
Passamquoddy and Malaseet peoples have to the Bay of Fundy. You just have to read the Glooscap
stories and look at Blomidon to realize how deep that connection goes. When you are coming back
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from Halifax and you come over that rise at Hantsport and you look down at Blomidon and see the light
breaking across it, you have to know that it’s a special place on the planet, a place of great power and
beauty, like Ayers Rock or Delphi. There is an incredible amount of presence at Cape Blomidon. And
then there are all the historical connections, starting with the Acadian connections to the Bay of Fundy,
deriving from the whole history of the Acadian peoples. Then there is the attachment of others who
came later, like the Loyalists, and all the growth of the maritime economies around the Bay. All those
generations who lived around the Bay, all of them experienced life and death. It all makes for some very
strong and varied connections.

Another kind of connection to the Bay has to do with work. 1 think that needs to be singled out
as a very special kind of attachment. The people who actually go out on the Bay and make their liveli-
hoods and work on the water have a connection to the Bay of Fundy that is unique. It has to be recog-
nized in terms of fisheries and livelihoods and the relationship between economies and society, community
and ecologies. There is another group of people, those who are interested in the Bay of Fundy, curious
about the Bay of Fundy, ask questions about it, are studying it. They want to figure it out for a whole
range of reasons. It has to do with knowledge, understanding of research. Some of those people might
live around the Bay while others might live in Manitoba, but they all have an attachment that is more
than intellectual and they can be very highly motivated as well.

Then there is another group of people, more like corporations, who look at the Bay of Fundy
solely as a place from which to extract wealth. That is really a major human connection to the Bay of
Fundy and a growing one as well. I make the distinction here between people who work and live around
the Bay of Fundy and whose livelihoods are based on it and larger interests who are looking all over the
world for places to extract wealth from, whether it is Indonesia or Namibia or the Bay of Fundy that is
right next door. That is a very important group today as well.

In terms of all these different kinds of relationships, 1 would like to put forward the thought that
the first group, those people who live and work around the Bay of Fundy, those with historical attach-
ment to the place, are primary. That is, they have the primary role in the future of this place. It sounds
like such an apple pie kind of thing to say, but it doesn’t exist in any policy. It is something many people
would agree with, but the idea that the people in a place have a primary role in the future of that place is
critical. Somebody said that we live in a age when there is power without places and places without
power. | think it is very important to respond to that by saying people in this place have a primary role
in determining its future. That doesn’t mean they have the only role. That means there are a whole lot of
roles in terms of how people relate to the future of Fundy. But the people who live here are primary.
That’s why community-based management is such a critical piece in all of this.

I draw a few general conclusions and observations from all of this. The first thing is that to really
think about the health of these communities and the health of the ecosystems of the Bay of Fundy, we
are going to have to talk about change. The status quo is what is happening now and change happens by
people acting, by people getting organized and taking action. Knowledge alone does not create change.
Maps don’t create change. Databases don’t create change. Those are important tools. Change is created
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by people working together for change. That’s a critical element in the future of the Bay of Fundy. If that
doesn’t happen, then all the rest of it won’t help the future of the Bay of Fundy.

The second point is that it is very important for us to see the Bay of Fundy in a holistic way, to
really look at the culture, the economy, and the ecosystems all at once. This is not a model we are talking
about, itis a place with people init. It is very important to see the Bay as a whole. I think that if we miss
that again, we will miss the boat. We will not be able to do what we want to do. That means when you
are working on shellfish habitat conservation work, you are really doing anti-poverty work by creating
sustainable livelihoods among clam diggers. We have to start seeing our work as a whole, in a way
where the social, economic and the ecological are one piece. It takes an effort to do that because the way
our world is set up we are always being tempted to divide those spheres up. We are always being posed
the guestion, choose the economy, or choose the environment, which side are you on? | think we have
to refuse the question. | think we have to say we will only deal with the world, and the Bay, with the
whole, as it is.

How do you do that? One way is through sustained commitment. When people talk about
sustainability, the most important thing to sustain is our own personal and rural community commit-
ment to this place, almost a sense of devotion to this place. More than anything, we have to sustain hope
about the Bay of Fundy. I think we do that by connecting with the actual Bay, not a theoretical Bay, not
seven generations of the Bay down the road, but the Bay of Fundy right now, the one that people
experience and live and work in. How we maintain that commitment is likely through our own personal
experience. | would suggest that if anybody is unsure about that, | would suggest that you go swimming
in the Bay of Fundy. That will remind you that it really is there, and it really is cold. | was once at a
baptism on the beach at Sandy Cove, where an Anglican minister took an infant down to the water’s
edge to baptize him. He suddenly realized that he didn’t have holy water, so he blessed the whole Bay.
So we now know that according to Anglican liturgy, the Bay is all holy water.

Most of us feel that at some level anyway, that’s how we connect with the Bay of Fundy. In any
case, it is important to connect with it in some really primeval way in order to sustain the kind of
commitment, the kind of work that we want to do.

| started with a poem and I will end with another by a more recent writer about the Bay of Fundy.
People in the audience who came across the Bay might recognize the ferry coming into Saint John.

Bay of Fundy Crossing

(after Wang Wei)

Water matte aqua

Black vein of land
Sky-streaks radiating
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From where
the sun would be

Oil tanks like
white pills lined up on the rock

Blue diamonds
from a lighthouse
spark daylight

From smokestack pencils
lines widen to clouds

The refinery smell
of burnt sugar

An iced over buoy lays
wake ripples on the tide

woodframe houses built
right down to the water
the pale pastels

of laundry fluttering

I look back toward
the place I left

and six shades of blue
dissolve to grey

and then are gone
away for good.*

I’ll end on that note. Thank you.

1 Arthur Bull. 2000. Key to the Highway. Roseway Publishing, Lockeport, NS.
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WHO SHOULD SPEAK FOR THE OCEANS:
NEW AND EMERGING IDEAS FOR
OCEAN MANAGEMENT

Art Hanson, Distinguished Fellow,
International Institute for Sustainable Development
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Arthur J. Hanson was named an Oceans Ambassador by the Minister of Fisheries and Oceans from
June 2000 until June 2004. In August 2003, he was appointed an Officer of the Order of Canada. Art is
presently a Distinguished Fellow with the International Institute for Sustainable Development (11SD)
following his term as President and CEO of the organization from 1991-1998. Dr. Hanson is currently
a core faculty member of the Sustainable Enterprise Academy at York University, a member of the
Canada Foundation for Innovation and the Canadian Biotechnology Advisory Committee. He is a
board member of the China Council for International Co-operation on Environment and Development,
an advisor to the Volvo Environment Prize, a member of the Selection Committee for the North Ameri-
can Fund for Environmental Co-operation, and serves on numerous Canadian and international envi-
ronment and development committees. In May 1994, he was appointed by the Prime Minister of Canada
to the National Round Table on Environment and Economy. From 1978 to 1991, Dr. Hanson was
Professor of Environmental Studies at Dalhousie University, Halifax, NS, and was Director of the
University’s School for Resource and Environmental Studies for a decade.
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It is a curious situation that the sea, from which life first arose, should now be
threatened by the activities of one form of that life. But the sea, though changed
in a sinister way, will continue to exist; the threat is rather to life itself.

Rachel Carson, The Sea Around Us (1951)

When preparing my talk, | went to Rachael Carson’s book because she is a very inspiring figure.
Certainly, she was one of the first persons who sent an early and cogent signal on the problems facing
the oceans.

Making any predictions concerning the future of the Bay of Fundy is a difficult task. I would be
the last one in the world to say that | know what the Bay of Fundy is going to be like in 400 years. My
only prediction is that the Bay of Fundy is going to be here in 400 years.

It is very important to take a long-term view of the oceans. | am an ecologist by training, and
ecologists tend to have what I call medium-term views. For long-term perspectives, you have to go to
the geomorphologists and climatologists, and others like that who see phenomena in terms of thousands
of years. We need to think about the Bay of Fundy, and all marine ecosystems from a four or five
hundred-year perspective. That is the only way we are going to be able to sort out the mix of signals
from important phenomena such as climate change.

However, when looking at events that are going to affect our management decisions, | tend to
look to a much shorter horizon. First, what is the situation now? And second, what decisions are we
taking now that are going to affect us in the next twenty to twenty-five years? This time frame is by and
large that which most economic analysis currently takes us. Considering infrastructure issues, and is-
sues such as the populations of recovering whales and others, even twenty to twenty-five years is too
short. We really need to start thinking in forty to fifty year time frames, and probably even longer than
that, into the hundred-year timeframe. But use as a time frame is what you can use and do now, given all
the current constraints and opportunities, so as to influence decisions that will go into the middle of this
century at least, and in some cases beyond.

When asking those sorts of questions, most people ignore you because they say we have enough
crises on our hands now and they don’t want to take a long-term view. That is a problem. Hence, we
have to look at robust methodologies and methods such as back-casting scenario development, etc., for
forecasting. What we need least of all are linear extrapolations, which is what many people produce.
Because we have certain problems now, we extrapolate that they are going to be much bigger in the
future. But we know that the reality is that human behaviour changes and our technologies change,
making predictions of the future of the Bay difficult.
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Trends Affecting Ocean Use

I would like to talk about “biological economy”, aterm I invented. The term is extremely useful
as we are moving into an era where biology is again going to become extremely important. It always has
been, but we have new drivers now. Some of them are highly relevant to the oceans. One of the drivers
is biotechnology: whether it is for fish farming or for new medicines, biotechnology is going to have a
role in our life. Another example is bioremediation.

We are also trying to work at the level of ecosystems now. In my view, one of the great transfor-
mations in how we think about the Bay of Fundy is that we take an ecosystem approach to its manage-
ment. While we are doing it awkwardly now, if we are doing it at all, there are drivers that will push us
towards a more sophisticated understanding of biology, ecology and ecosystems. These in turn are
going to become extremely important in our future economy. Within five to ten years, these drivers are
going to become much more important, whether it is sustainable resource management of fish, whether
itis biotechnology, or whether it is ecosystem management and even, in some cases unfortunately, areas
like bioterrorism. You can see how much money is being put into disease control labs, etc. to try and
counteract what we see as the impact of invasive species (e.g., the avian flu viruses, cholera bacteria).
You might ask, what does the avian flu have to do with the Bay of Fundy, but you can think of all sorts
of other problems that might come into the Bay of Fundy through shipping and by other means. The
fundamentals of climate change are going to be mediated through biological systems. One of my pre-
dictions is that the national economy and the economy of this Bay are going to be more oriented to-
wards biological phenomena. That has a lot of implications in terms of the way we manage our activities
and the ecosystem and the knowledge base that communities will need to address change(s) in the
system.

One of the most interesting recent books is by Susan Greenfield, a neurologist from Great Brit-
ain. It is called, “Tomorrow’s People: How Twenty-first Century Technology is Changing the Way We
Think and Feel” (Allen Lane 2003). It is an astonishing look at how the combination of information
technology, nanotechnology and biotechnology will influence people’s lives in ways that will funda-
mentally alienate them from the environment and change their perspectives and their expectations.
Clearly, we have to think of how the natural system might change but, more importantly perhaps, we
have to think about how people are going to change. The kind of people Greenfield describes are your
grandchildren. When they grow up, they are going to be exposed to entirely different expectations
concerning medicine, food, computers and so forth, and that is going to have amazing implications for
how we manage ecosystems. If you live in an urban area, largely divorced from the natural world, you
are not going to think about the oceans in the way that we do now in small communities around the Bay
of Fundy.

As we look into the future, we have to think not only about the natural system changing, but the
attitudes, institutions, and perspectives of people changing. I chose the title for this talk about the future
of the Bay of Fundy, “Who Should Speak For the Oceans: New and Emerging ldeas for Ocean Manage-
ment”, for a specific set of reasons. First, we must recognize the great diversity of agencies, stakeholders
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and citizens who believe they have a legitimate role in shaping ocean management everywhere, whether
it is the Bay of Fundy, or the west coast of VVancouver Island, or the Arctic or Indonesian waters. The
reality is that there is a cacophony of voices who think they represent views about the oceans, the
different sectors, the uses and so forth. They do have legitimate roles, but most often these voices reflect
self-interest as opposed to interests of the oceans. That is my second point. The third point is that if we
take into account our best documents on oceans in Canada, including the relevant laws, and the recent
Oceans Act and Oceans Strategy, it is clear that there is much mention about partnerships and the need
to bring people to work in collaborative relationships. If we in Canada are serious about ocean manage-
ment, then the question of who speaks for the oceans and who really listens becomes very important.

The person who first drew my attention to this rather profound question was the Honourable
John Fraser, a few years ago in Vancouver. He made the point that nobody speaks for the oceans in
Canada. Nobody speaks in the way they should be speaking for the truly sustainable use of the oceans.
He was not saying that in absolute terms. | would say that the type of forum that has been going on here
for the past few days is probably one of our better efforts at actually defining that kind of voice needed
for the future. The reality is that there are often no clear voices and no clear questions. And particularly
within government, there is not much receptivity or listening capacity for oceans. Even more trouble-
some is the deafening silence on many issues. There is no voice at all. There is only a cacophony of
sound from the various sectoral interests that are often working at cross-purposes and for their own self-
interest. The ocean tends to be the loser in such a process.

Such atrajectory is dangerous. But the reality is that we do not have a clear voice for the oceans,
a clear understanding in this country, a country where most people do not live by the oceans, but rather
inland and away from the ocean experience. We must develop this oceans voice. | am not going to call
it balanced, but a more sensible arrangement of our relationship with the oceans. This will allow us to
influence the use of the oceans, and the management of our use of the oceans, towards a sustainable
future for the Bay of Fundy and every other ocean area in Canada.

An important message is that we should not expect government to be that voice. We have the
Department of Fisheries and Oceans, which is clearly not a department of oceans and fisheries. We
know all about the trials and tribulations of that. We have some twenty-five other departments in the
federal government alone that have an interest in or are assigned responsibilities in the oceans arena.
Just engaging those disparate units of government has proven extraordinarily difficult, let alone devel-
oping any kind of unified voice for the Canadian oceans.

Capacity is another important issue. In Canada, we cannot produce a current state of the oceans
report. There is no single document available in Canada that gives a comprehensive and fair assessment
of whether the oceans in Canada are in crisis, or whether the oceans are getting better in terms of
contamination or other stresses. It is even difficult to get an overview of our economic use of the
oceans. It is not that we do not spend money on the oceans; indeed, we spend billions of dollars in our
management of the use of the oceans, but we do not have an overview. This is not unique to Canada, and
it something that has been called for. Developing such a report is one way that we can develop a unified
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view of who is speaking for the oceans. The document should speak for itself. It should tell us the
condition of communities that use the oceans and the state of the oceans in Canada. But that report is
not going to come, in my view, easily out of government.

Responsibility and Accountability

Finally, looking at the third element of sustainable development, we have a very range of views
about the social dimensions of ocean use.

Both responsibility and accountability measures on the part of all of us are key to thinking about
the future of the oceans. No matter what positive or negative things we have to say about how the Bay
of Fundy will change, we will be no further ahead thirty or fifty years from now unless we address the
issue of responsibility and accountability. In my view, we will be worse off. I will only remark on
measures that could be implemented now, or be thought of now and one hundred years hence, i.e. the
current scope of people who are trying to change the course of events. Some of the measures are obvi-
ous. In looking into the future, we must recognize that whatever is said about such scenarios generally
tends to be wrong. But that is not to say you cannot use the information effectively for management
purposes. | will return to this point.

In searching for the truth, whatever that truth happens to be, we need to think carefully about
options foreclosure. In essence, what we are saying is that if we make certain decisions now, then
habitats or species might not be there in the future, or one use of a site now, such as putting up a refinery,
may preclude aquaculture or other activities down the road—that is options foreclosure. This is one of
our worries about the future of the Bay of Fundy—one use precludes another.

Equally important is the failure to recognize opportunity. Again, this is not new to anybody in
Atlantic Canada as we are all searching for opportunities. Organizations such as ACOA are funding
opportunities. In reality, we do not have much foresight to understand what these opportunities are
going to be. New technologies, new working relationships, or new investment approaches could bring
about new opportunities. A good example is sea kayaking, which has become a major economic driver
on the west coast of Canada. It started in this region a few years ago but it is pursued far more vigor-
ously out west than here. This is the kind of opportunity that was not recognized on this coast for a long
time. Since the 1980s, it has probably meant million of dollars of lost opportunity to some small coastal
communities.

The transactional costs of doing business between sectors and of having poor relationships
between sectors are also a heavy burden. The Atlantic coast petroleum industry’s figures suggest that
Canada has high transactional costs to conducting offshore development. Now, some people would say
that this is a good thing, but others say that it is bad because people are less likely to invest here. In
general, we need to understand the transactional costs of ocean uses. How long does it take to get an
environmental assessment done? How long does it take to develop the necessary knowledge base?
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These are three very practical considerations for thinking about the future of the Bay of Fundy: options
foreclosure. Failure to recognize opportunities and transactional costs.

Approaches to the Management of the Bay of Fundy

Now, let us think about the management, rather than the ecological, side of the Bay of Fundy.
That may sound backwards, but it is not. | want to go rather systematically through some of the trends,
the drivers, from outside of Canada, that is the agreements that we take on internationally or that in
some cases we helped to formulate. We need to ask the question: are these activities going to drive us as
managers in this country as we look to the future of the Bay of Fundy? I think that is the way we go
about it. Science will provide certain facts about ecosystems. Geographers and climatologists will give
us the big picture of change, but it is going to be very murky for a few years, about as murky as the water
when the Fundy tide rolls in. But we can be clear on the management directions. | think that there is a
coherent set of management and legal approaches that are now available that was not available ten years
ago. Itis going to guide us for at least the next twenty to thirty years.

If we step back from the narrower picture of the Bay of Fundy and look at the broad picture of
where the world is going, we see that there are some inflection points around the year 2030. If we do not
stop some of the things we are doing today to the CO, levels, we are going to be paying a very heavy
price from about 2030 to 2050 onward, everywhere on the planet, including the Bay of Fundy. If we do
not deal effectively with biodiversity issues, whether marine or terrestrial, whether it is with coral reefs
in the tropics or the effects of trawlers in the marine benthic environment, we know without a doubt that
we will have induced significant ecosystem and ecological changes. It is logical to start thinking about
what we can do today, between now and 2010, that is going to make those inflection points go the way
we want them to go by 2030. And that is why we need to think hard about management now, as opposed
to just saying that we need the ecological information now and we can talk about the management in the
future. In my view, the consideration of management decisions comes first as we look at the future of
the Bay of Fundy.

Four points can guide us with these management decisions. First, obviously, is the ecology,
what | call “ecological quality”. We have an approach now, under the Oceans Act, where we talk about
developing guidelines, standards and parameters for marine environmental quality (MEQ). In essence,
this approach is trying to take a hard look at the ecosystem and what is important and how we can
measure change in it. Is there a set of MEQ guidelines and standards for the Bay of Fundy at this time?
No! And the same is true, unfortunately, for all the marine ecosystems in Canada. This set has not been
produced and compiled yet. It has been called for, but it has not been done. Why? Why does it take so
long? Why is it that with our knowledge, which is considerable, we cannot set down those MEQ guide-
lines for an ecosystem like the Bay of Fundy if we think they are important? What will it take to do it?
I think that this is an important set of questions to ask as we think ahead to the future of the Bay of
Fundy. Developing the approach for MEQ and its components, as in the Oceans Act, is a focus for
research, but even more important, it is a focus for developing a practical dialogue between communi-
ties, resource users, and the people who are concerned about speaking for the oceans and who recognize
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we need MEQ guidelines. I think that if we are looking at cumulative actions, this is one of the critical
things that we have to do. Until we do this, no matter how much we talk about the Bay’s future, we
won’t be doing more than wringing our hands about it. We need to have some management tools, tools
that can contribute to the important state of the ocean reporting that | spoke about earlier.

The second, equally important point is what | call either sustainable ocean economies or sus-
tainable economics for the oceans. While we have a framework to think about the economics of the
oceans, we do not have a good framework to think about the sustainable economics of the Bay of
Fundy. And that is a problem. My challenge to you is to consider what happens if we double or triple the
economic contribution of the oceans. What are the implications for the Bay of Fundy? How would we
do it? Who would be the beneficiaries? Would it be the coastal communities of Fundy, would it be
Canada, or would it be the international world? I think that it is realistic to ask these questions because
that is what is going to be demanded of the oceans in the future. A major future trend that we can
identify is increasingly complex uses of the ocean and its resources. We have seen this consistently on
this coast, on the West Coast, and, even more of concern, in the Arctic. People are going to extract more
resources from the oceans. Whether such extraction is sustainable or not is another question.

In my view, we cannot predict all those future extractions for the Bay of Fundy ecosystem. For
example, what is the future of tidal energy? We looked at it in great detail in the 1970s and rejected it,
but what is going to happen in ten or twenty years? Will that discussion be back on the table? Will it be
focussed around hydrogen economies? If it is, maybe it would not be double or triple, or it might be ten
times the current contribution to the economy of the Bay of Fundy, but would it be sustainable? What
are the implications? These are important questions but it is extremely difficult to get any comprehen-
sive picture about ocean economics in Canada. While a picture is starting to emerge, | do not think
anybody has yet been able to put together a picture of what we would have to do to make it a sustainable
ocean economy.

That leads to the third leg of the stool of sustainable development: the social dimension. | would
address this dimension by asking the following questions: Who are the beneficiaries? Will the flow of
benefits from the future use of the Bay of Fundy be local, which is what many communities would be
asking for, or would they be at the regional, national or even international levels? It may be that many of
the future benefits will be at the international level and driven by international demands, e.g., climate
change or the Convention on Biodiversity. These are not all strictly economic benefits, as they also
encompass ecological services, for example, the desirability of having species such as oxygen produc-
ing algae and whales remaining with us. Who is going to benefit and who is going to pay the costs?
These are very important questions. If we look at tourism, other forms of development (e.g., the gas
terminal, underwater pipelines, shipping natural gas to the United States), tidal power or other forms of
power development that fuels the hydrogen economy, the answer as to who is going to be the benefici-
ary becomes very complex. | would reformulate the question to: What is the appropriate mix of inves-
tors and beneficiaries? How do you ensure that there is the right mix of beneficiaries? These are questions
that are not posed clearly enough in dealing with this region in terms of the oceans.
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The fourth leg of the stool of sustainable development relates to security. Security issues include
ports, communities and combating terrorism. In recent years, governments have shifted many of their
security-related expenditures, reducing the funds available for the other legs of our stool.

Sustaining the Bay of Fundy

How can we focus our attention on the four legs of sustainability (ecology, economy, social and
security) in the context of the Bay of Fundy? First, we must reinforce our international responsibilities
in the region, e.g., such as through the Gulf of Maine Council on the Marine Environment. We must
think of the Bay of Fundy not only at the level of a large ocean management area, but also at the level of
individual coastal management units. This will involve creative use of the various tools of integrated
coastal management (ICM).

In Canada, this ICM process has continued formally with the development and implementation
of the new Oceans Act. We must also look carefully at joint Canada-US efforts to manage coastal and
marine waters adjacent to the Bay, i.e. in the greater Gulf of Maine, as well as Canadian efforts to
manage the adjacent Scotian Shelf. The good news is that we have already identified the directions in
which we must move. While it may take 20 to 30 years to put integrated coastal management into place
in Canada, we have taken the first steps and now have a framework to work within.

We must also continue to establish a network of marine protected areas in the Bay of Fundy.
While we have appropriate management tools to accomplish this goal, we have been slowed by institu-
tional will. We must work to overcome this barrier. Sustaining local strategies will also be a component
of the larger process. Obviously, we want to make sure to use the right kind of strategies.

As confirmed at the 1992 Rio Conference on Environment and Development, we must protect
the biodiversity of the oceans, including the Bay of Fundy. The issue of invasive species will become
more important in the Bay in the coming years. Other issues that will need to be dealt with include land-
based sources of marine pollution (now called land-based activities), particularly as they affect salmon
populations and river management. What is the future of the Bay of Fundy 50 to 100 years hence with
regard to biodiversity and habitat protection? Have we begun to consider this issue in our economic
projections for the region? When we look at native salmon, for example, how much value do we place
on maintaining this resource in the long term?

Clearly, as we look into the future of the Bay of Fundy, several issues will need more attention.
We will have to improve our environmental monitoring of the region. We will need to implement our
commitments under Rio and the Oceans Act more effectively. This will require that we form new local,
national and regional partnerships. We will also need to improve our capacity to value ocean resources.
This will involve looking beyond the oceans and integrating land-based activities into the valuation
process (so called H20 — hilltop to oceans).
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Conclusion

I conclude with some observations on trends affecting the Bay of Fundy:

* We have area-based management needs.

* We will need to develop a shared knowledge base to address these needs. Tools such as
geographical information systems (GIS) and digital databases will assist us in sharing this
knowledge.

» The Canadian government is focussing on other regions right now (e.g., Arctic, the British
Columbia offshore). We must speak vigorously on behalf of the Bay of Fundy, emphasizing
the four legs of the sustainability stool.

* We must link this region to other marine regions in the northwest Atlantic.

In addressing these trends, we can identify several other key principles that will guide our ac-
tions: the polluter pays principle, the precautionary approach, basing decisions on a firm knowledge
base, and subsidiarity. Clearly we will need to adopt the tools of adaptive management and further
develop the capacity of coastal communities and institutions in the region.

When considering who should speak for the oceans, | would like to suggest that there should be
a voice for everyone committed to the oceans. Building on the ten years of success of the Bay of Fundy

Ecosystem Partnership, | see a clear future for BOFEP and its partners in speaking out for, and acting on
behalf of, the Bay of Fundy. | look forward to celebrating this success 30 years hence. Thank you.

Note: this paper was revised and edited from the original taped draft by the editors.
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STRUGGLING IN AN URBAN OCEAN:
THE PLIGHT OF THE NORTH ATLANTIC
RIGHT WHALE

Moira Brown, New England Aquarium and
Canadian Whale Institute
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Moira Brown is presently Senior Scientist in the Edgerton Research Laboratory at the New England
Aguarium in Boston, and Scientific Advisor to the Canadian Whale Institute. From 1997 to 2003 she
served as Senior Scientist at the Center for Coastal Studies in Provincetown, Massachusetts, where she
was Program Director for Right Whale Studies. From 1995-1997 she was Professor of Biology, at the
College of the Atlantic in Bar Harbor, Maine. She was the Founder, Executive Director and a Research
Scientist with East Coast Ecosystems, a research organization, based in Nova Scotia. Dr. Brown’s
primary research interests since 1985 include studies on the distribution, population biology and ge-
netics of North Atlantic right whales and beluga whales, behavioural studies of bowheads, fin and
minke whales. Her primary conservation interests include mitigation of collisions between ships and
right whales, technical support for relocations of Canadian shipping lanes in the Bay of Fundy, and
mitigation for reducing risk of entanglement of right whales in fishing gear.
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Introduction

The Right Whale Project has become so huge in breadth of research that it is not possible to talk
about it all in one lecture, so | am going to select a couple of my favourite parts and take you through
some of the science and policy work we have accomplished in the Bay of Fundy over the last 25 years.

History of Exploitation

The demise of the North Atlantic right whale (Eubalaena glacialis) is not at all a mysteryl. This
whale was hunted by the Basques between the years 1530 and 1610 in the vicinity of present-day Red
Bay, Labrador. It has been estimated that between 25,000 and 40,000 whales were taken out of the area
during that time period and it was thought that probably half of those were bowheads and half right
whales. At least that is what we thought until about a year ago. I’ll return to that part of the story later.

Whaling started along the eastern seaboard of the United States shortly after the first European
settlers arrived, and right whales were the preferred target because of their coastal dwelling habits and
the fact that they floated after death. The right whale was prized for the thick coat of blubber, which is
up to 10 to 12 inches thick in some animals, and of course for the long baleen. The two products were
the oil and plastic of their time.

During colonial whaling along the coast of the United States in the 1700s, during one ten-year
period, enough oil was shipped to the United Kingdom to represent about 1,000 right whales. Right
whales first were thought to be commercially extinct by 1750. Right whaling resumed once again along
the shore and also as pelagic whaling by the Americans in the late 1800s and the early 1900s. About 50-
60 right whales were killed per decade between 1850 and 1890 along the east coast of the United States.
By the early 1990s, catches had fallen and only a few tens of right whales were thought to remain.

Right Whales in the Twenty First Century

There is still a scarcity of right whales in the western North Atlantic, as about 350 remain. This
is the only species of large whale that has not recovered from commercial whaling. This population may
have been reduced to just a few tens of animals in the early 1900s. There is only one single primary
cause and that is commercial whaling. Right whales still face a loss in their numbers from interactions
with human activities, now from ship strikes and gear entanglement. These detrimental human activi-
ties only became known to us in the 1980s and 1990s.

Right whales also have an inherently low reproduction rate in comparison to other right whale
species in the southern hemisphere. Why? We are trying to address many questions in our research:
How many right whales were in the North Atlantic before whaling began and how many are there
today? How are they distributed seasonally and spatially in the past and in the present? Where do they
calf, breed, rear their young and feed? You’d think we would have this figured out after 25 years of
research. We have a few things figured out but far from all of them.
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Other questions also remain: What are the trends through time? Is the population constant?
Have there been episodes of decline or increase and how small was it when it was at its smallest? There
is a recovery plan for right whales and it is soon going to be revised in order that it is in compliance with
the new species at risk legislation in Canada. There are three primary elements in the plan: numbers,
distribution and viability. Is there enough genetic variation for the right whale to survive given the level
of human impact? A consortium of researchers in Canada and the United States is tackling all of these
questions with varying success.

Right Whale Research

The right whale research program, started in 1980 by Scott Kraus from the New England
Agquarium, was actually doing an environmental impact study regarding the proposed Pittson Oil refin-
ery to be located in Eastport, Maine. This company had suggested that there were no whales in the Bay
of Fundy so there would be no impact, but no one had looked. Luckily they did the environmental
impact study and on August 29, 1980 researchers found a number of right whales including four mother-
calf pairs in the Grand Manan Basin. That was the first clear indication that right whales were still
around, still reproducing; perhaps a viable population persisted. The New England Aquarium research
team has returned to this area every year since 1980. Our research is based on photographic identifica-
tion of the callosity pattern on the head of the right whale. We’ve used the same boat all this time, three
engines but the same hull. We also carry out aerial surveys in a small high wing twin-engine plane
called a Cessna 337 Skymaster.

We have a terrific team of professional researchers who travel all along the east coast of North
America and work on the right whales in different seasons and different habitat areas. Since 1980, a
total of 31,078 sightings of 459 individual right whales have been archived, of which 342 were thought
to be alive as of 31 December 2003, plus the 17 calves that were born this year (2004). The catalogue
allows researchers to carry out analyses on population biology, reproduction, behaviour, distribution
and migratory habits as well as scarring from interactions with human activities and health assessment.

Right whales are distinguished from one another by the pattern of callosities on the top and
sides of their heads as well as the pattern of white pigmentation found on the chin and belly of some
individuals. The flukes are generally black, and there is no dorsal fin. Scars from entanglement in
fishing gear and interactions with vessels can be used, in addition to the natural markings, for individual
identification.

Since 1980 we have been taking photographs of right whales in a lot of different habitat areas. A
consortium of right whale researchers in the United States is primarily made up from the New England
Agquarium, Center for Coastal Studies, Woods Hole Oceanographic Institution, and the University of
Rhode Island. In Canada, we collaborate with academics at Trent and Dalhousie Universities and a
number of the smaller non-profits and Fisheries and Oceans Canada (DFO).
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What have we learned in taking all these photographs? The only known calving ground for this
species is down in the southeast United States, roughly between Brunswick, Georgia, and Cape Canaveral,
Florida. Right whales tend to arrive in this area in December. Most calves are born in December and
January. Mother and calves start their migration up the coast through the mid Atlantic probably within
30 miles of shore. They’ll start migrating up the coast towards the end of March. Right whales are also
present in Cape Cod Bay in wintertime, but the number increases dramatically in the spring as well as in
an area east of Cape Cod Bay called the Great South Channel. This is the beginning of the feeding
season for most right whales. Usually by the end of June, right whales have gone north to Canadian
waters for the summertime and are found in the Bay of Fundy between Nova Scotia and Grand Manan
Island, New Brunswick. The second Canadian habitat area is Roseway Basin between Browns and
Baccaro Banks on the western Scotian Shelf.

Other areas where we have seen right whales include waters off Greenland, Norway, New-
foundland, the Gulf of St. Lawrence to Tadoussac, the Gulf of Mexico and Bermuda. For example, a
mother and calf pair was found in the Gulf of Mexico this spring and they showed up in the Bay of
Fundy in September. So these animals still do a lot of things to surprise us.

We still don’t know the winter distribution of most of the right whales. Between the mother and
calves in the southeast United States and a few whales in Cape Cod Bay, the numbers never account for
more than a third of the known population. So we are missing two thirds of the known population in the
wintertime. What’s more, we don’t even know where to go looking for them.

We still don’t know where the mating area is for right whales. We assume the gestation to be
similar to southern right whales, 12 to 13 months. Most of the calves are born in December and January
so that means mating must take place perhaps the previous November, December, or early January
somewhere. Again, we don’t know where to go look. Also there is a second summer nursery. As far as
we know all of the calves are born down in the southeastern United States, but about one third of the
mothers take their calves somewhere else other than the Bay of Fundy in the summertime. We haven’t
located that second summer nursery yet. Mothers are capable of having a calf every three years, but the
average is close one every to five to six years. On average over the last twenty years there have been
eleven to twelve calves born per year in the population. Given the size of this population and the
number of females in this population, if right whales in the North Atlantic were anything like right
whales of the South Atlantic, they should be producing 30 calves a year on average. And so North
Atlantic right whales are producing at only about one third of their biological potential.

There are a number of potential causes for the low reproductive rate including nutritional stress,
disease, marine biotoxins, genetics, and pollution; they may all play a role individually and synergistically.
In addition to low reproductive rates, there are high mortality rates. We have observed 62 deaths in the
last 34 years since 1970. Of the 62 deaths, 21 were from shipstrikes, including 5 calves. Six right
whales died from entanglement in fishing gear, and there have been 18 deaths from unknown causes
and 17 neonate mortalities. The entanglements hit the two sexes in approximately the same numbers,
however juveniles routinely tend to run into gear more often than the adults. This does indicate that

there may be some learning going on.
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The shipping and fishing industries look at our data and the fishermen say this isn’t their fault,
as many right whales are being killed by ships. And it’s true, three times as many. However, we’ve
looked at the survivorship of right whales last seen entangled in fishing gear that haven’t been seen
since and that number jumps up another ten animals, so both ship strikes and entanglements are causing
right whale deaths. The mortality figures are minimums because if a whale dies at sea and is not discov-
ered, its death goes unrecorded. At this time, in addition to the 62 known mortalities, there are at least
another 80 catalogued right whales that are presumed dead after no sightings for six consecutive years.

There have been some attempts to model the population by Fujiwara and Caswell at the Woods
Hole Oceanographic Institution. Their work shows that this population is in such a delicate balance
right now that just reducing mortality by two females per year could reverse a declining population
trend. If the trend is not reversed, they predict right whales could be gone from our waters in less than
200 years.

The solution is to work with fishermen in such a way as to modify fishing gear so that it can still
catch fish but be much less likely to entangle any of these whales and to work with the shipping industry
to determine how to reduce the potential for a collision with a right whale throughout their range. Those
deliberations are going on in Canada and the United States. But as you can imagine, it is a very long
process to try and determine how not to catch or hit a right whale and then implement the solutions.

Right Whale Stewardship in Canada

We have been able to make the most stewardship progress with the shipping industry in the Bay
of Fundy. Right whales apparently do not get out of the way of ships. We don’t know if they don’t detect
them, or they hear them and simply ignore them! We’ve seen right whales out in the Bay of Fundy swim
up beside a ship to within a couple hundred yards and then fall asleep at the surface as this big ship goes
by. There have been four right whale death in the Bay of Fundy attributed to ship strikes and one off
Halifax.

In 1993, two conservation areas were designated by Fisheries and Oceans Canada without the
support of any legislation but rather as an educational tool so we would have a specific area to talk
about where the right whales were located. The boundaries of the conservation areas were based on 95
percent of sightings in Canadian waters between 1980 and 1992. Of course, in 1993 we documented the
beginning of a very interesting shift in right whale distribution. Between 1980 and 1993, we would
typically see between fifty and seventy-five right whales per summer in the Bay of Fundy; they were
mostly mothers and calves and juveniles so we called it the nursery. Out on Roseway Basin, that was
where the action was. We saw mostly males, juveniles and adults, lots of females, and lots of social
activity. We dubbed this area “the singles bar” and at one time we actually thought that this was the
mating ground. However, the whales are there from August through October and it doesn’t match with
the twelve-month gestation and the calves being born in December and January. In 1993, no right
whales were seen on Roseway Basin but there were over a 100 animals in the Bay of Fundy. The annual
numbers in that habitat kept going up through the latter part of the 1990s until we reached over 200
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animals in the Bay of Fundy in 1998 where it has remained for a couple of years. Not only were the
animals there in greater numbers, but instead of just being in the Bay of Fundy in August, September
and October, they were now there in June through November with even an occasional sighting from the
Grand Manan ferry just after Christmas.

There is a shipping lane or traffic separation scheme that goes through the outer Bay of Fundy to
Saint John. All vessel traffic greater than 65 feet (20 meters) in length must transit the Bay of Fundy in
these lanes; there is an overlap of right whales and ships in the outbound or southbound lane. In addi-
tion to the obvious overlap and some sightings of whales and ships in close quarters, three dead whales
were attributed to ship strikes in the Bay of Fundy in 1992, 1995 and 1997 respectively. In 1993 we
visited Fundy Traffic in Saint John (it was part of Coast Guard then, now it is part of DFO). The
operators at Fundy Traffic monitor by radar all of the traffic coming up and down the shipping lanes
twenty-four hours a day and they are in radio contact with the ships. We thought that they could warn
the ships about right whales and that would reduce the chance of ship-whale collision. After a couple of
hours of discussion, they agreed to tell ships about whales and this was the beginning of the mariner
education program for right whales. Although education is important, the overlap between right whales
and ships was a concern and we were looking for solutions to reduce the potential for collisions. We
worked with Chris Taggart from Dalhousie University who retrieved the shipping data from Fundy
Traffic and overlaid the shipping traffic data with the right whale data and came up with a probability of
a whale-vessel collision. This work resulted in a proposal to move the shipping lanes away from the
high density of whales. In placing these lanes, we also looked at fin, minke and humpback whales, as
we didn’t want to reduce collisions with right whales only to increase them with other species. A pro-
posal was written and submitted by Transport Canada to the International Maritime Organization (IMO),
London, because Canada can’t move these shipping lanes on its own. Even though they are within
Canada’s territorial sea, the lanes were mandated by the IMO in 1983 and any changes require IMO
adoption. The amendment was passed and implemented in July 2003 with the unprecedented level of
commitment and help of many stakeholders, government representatives and scientists.

While listening to Stephen Hawbolt’s talk yesterday, | realized that we had used the camel
principle. This involves getting somebody a little bit interested, getting them to realize that you are not
all that strange because you study whales for a living, and to realize that there is probably a solution and
that they can be part of it. We used data from the New England Aquarium’s right whale study and
colleagues from all these different walks of life sat in a room to decide how to deal with right whales
and ships in the Bay of Fundy. I must say that | was completely overwhelmed with the amount of
interest, particularly from some of the companies involved. We basically had enough support not only
from industry but also fishermen’s organizations to allow the change to go forward. The one group that
had the most impact were the Nova Scotia fishermen because now they were going to be fishing in an
area where ships would be coming through where previously they hadn’t, the ships would have been
further to the west. But many of the fishermen are involved in the whale watching industry or have
family who are and they understood the importance of trying to reduce the human impact on whales. It
was really terrific to see the results in 2003. If we hadn’t moved the shipping lanes in 2003, 30 percent
of the whale sightings would have been in the shipping lanes. Instead only 1.5 percent of the animals
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were in shipping lanes. We are able to monitor the results of our conservation measures and their
effectiveness from year to year.

I am now going to briefly discuss our genetics research program. We collaborate with a col-
league at Trent University, Brad White. We go out in the boat and take photographs of right whales to
identify them and track the progress of this population. For Dr. White we bring home a small skin
sample that is roughly the size of an eraser on a pencil. The geneticists identify individual whales from
DNA banding patterns. Although | prefer to see the actual whales, the genetics work reveals far more
amazing data than can be obtained from photographs alone.

The project started in 1988. At that time | was a graduate student with the late Dr. David Gaskin
of Guelph University. | learned how to use a crossbow and came home from the Bay of Fundy with 25
skin biopsies. He said, “Wow, this is great!” | said, “Well I’m going to go back next year.” And he said,
“What do you mean you are going back next year? Are you going to biopsy them all?”” When I said
“yes”, he laughed! We now have 72 percent of the known population biopsied and are working on the
remaining 28 percent. There is a team of graduate students at Trent University that carries out a full
suite of genetic analyses on each sample. For example, for each right whale sampled, we can determine
its gender and family relationship or matriline. A genetic profile is generated for each sample that
permits paternity and maternity testing as well as individual identification.

One aspect of right whale life history we are trying to piece together is the family tree. By
blending the sighting histories of individual whales with the photographic data it is possible to learn
about the relationships of all the living right whales, similar to a genealogy for your family back through
time. One of the most interesting aspects of the genetics work is the impact DNA analyses have had on
the interpretation of the historic whaling data from Red Bay, Labrador. Earlier | mentioned that histori-
ans had interpreted that roughly 50 percent of the Basque hunt of whales in Labrador in the 1500s was
comprised of right whales. Over the last five years, we made three trips to Red Bay to sample 400 year
old bones from the Parks Canada excavations at the Red Bay historic site. To date, we have only found
one right whale bone, all the rest have been bowhead. This finding changes our backward projections of
how many right whales must have been alive in the North Atlantic prior to exploitation. In all likelihood
there were fewer right whales than previously thought, perhaps numbered in the thousands rather than
the tens of thousands. The one right whale found has a very similar genetic profile to the ones living
today, yet it was found within the Basque context, so it not likely a modern right whale that swam astray.
Another factor that probably reduced the North Atlantic right whale population to a smaller size prior to
exploitation, perhaps a glaciation event. Regardless, this shows that history is subject to interpretation
and that it is important to investigate to the fullest the approach that might have taken place hundreds of
years ago.

Does the North Atlantic right whale have a chance to survive in the urban ocean along the east
coast of the United States and Canada? | believe the answer is yes, but it will take a very dedicated
group of people using a well-planned recovery strategy that is implemented bi-nationally and as soon as
possible. Canada has taken a significant step toward that process with the relocation of the shipping

40



Fundy Festival: Public Lecture

lanes in the Bay of Fundy. Now the challenge is to find and implement solutions to the other detrimental
human interactions with right whales throughout their range.
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A.NUTRIENTS, DEGRADABLE WASTES AND MICRO-ORGANISMS

THE MANAGEMENT OF WASTES FROM ATLANTIC SEAFOOD PROCESSING
OPERATIONS

Jeffrey C. Corkum?!, M. T. Grant?, and Chris J. Morry?

! Environment Canada, Dartmouth, NS. jeffrey.corkum@ec.gc.ca
?Fisheries and Oceans Canada, Gulf Region, Moncton, NB.

Nutrient enrichment from land-based activities has been identified as a priority area for action
by Canada’s National Programme of Action (NPA) for the Protection of the Marine Environment from
Land-Based Activities, Atlantic Region Team. Sources of excess nutrients include food processing,
municipal and industrial wastewater, agricultural fertilizer runoff, nutrient enriched groundwater,
aquaculture operations, and soil erosion from agricultural and forestry practices.

Little work has been done to characterize wastewater discharges from seafood processing op-
erations in the Atlantic Region since several studies conducted in the 1970s. Although treatment of
these discharges has been somewhat guided by the 1975 Fish Processing Operations Liquid Effluent
Guidelines, which recommend fine screening of wastewater prior to discharge, much generally goes
untreated. At the same time, substantial growth has occurred in the seafood processing industry in the
Atlantic Region, with the number of facilities almost doubling since 1969. Therefore the NPA—Atlantic
Regional Team chose to focus a project on seafood processing. The purpose was to gain a better under-
standing of the waste discharges and potential impacts to the environment from these operations.

The objectives of this project were to identify and obtain currently available seafood processing
data and to develop a database to facilitate the assessment of the environmental impacts from the sea-
food processing industry. Following a thorough search of available data sources it was found that the
information fell short of original expectations. However, on the basis of the information gathered,
recommendations have been made for eliminating data gaps, as well as for follow up work to refine the
sector profiles, and analyze potential impacts.

At the same time as the NPA was beginning to explore the issue of seafood processing effluents,
a workshop was held in Shippagan, New Brunswick, in February 2003. This workshop brought to-
gether a broad range of participants, including government agencies, industry representatives, technol-
ogy experts, academics, community representatives and non-government organizations. Out of this
workshop, the New Brunswick Seafood Processing Effluent Working Group was formed. The initial
focus of this group has been on the development and application of best management practices in the
industry, with future work examining alternate wastewater treatment technologies.

45



The Changing Bay of Fundy—Beyond 400 Years

In November of 2003, the Natural Sciences and Engineering Research Council (NSERC) and
Environment Canada announced their agreement to co-fund a Canada Research Chair in Water Quality
and Treatment at Dalhousie University’s Centre for Water Resource Studies. With one area of initial
focus on environmental technologies related to seafood processing effluents, research was undertaken
to characterize the regulatory environment outside of Atlantic Canada and internationally. As well, the
application of effluent treatment technologies in the industry was explored and a survey of processing
facilities was conducted.

In the summer of 2003, scientists in Environment Canada’s Atlantic Region conducted an eftlu-
ent characterization study at six processing operations in New Brunswick, Nova Scotia and Prince
Edward Island. It is anticipated that this study will be expanded during this processing season. As well,
Environment Canada’s Pacific and Yukon Region contracted a study in 2004 to assess changes in the
fish processing sector due to expansion in aquaculture farming, develop a comprehensive profile of
existing fish processing operations, review current pollution prevention and effluent treatment prac-
tices employed, and consider any new advances in pollution prevention or technology with the fish
processing sector.

The individual initiatives underway all demonstrate a renewed interest in the management of
effluents from the seafood processing industry. Much has changed within the industry and a concerted
effort is being made to more clearly understand the effects of the industry’s discharges on our coastal
waters. It is anticipated that future work in this sector will include a review of processing operations and
waste discharges, which will in turn lead to the identification of pollution prevention opportunities and
recommendations for best management practices sector wide. Discussions have been initiated nation-
ally to share information and look toward the potential for the development of a national strategy for the
management of wastes from seafood processing operations.
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CHARACTERIZATION OF FISH PROCESSING PLANT EFFLUENTS IN
THE ATLANTIC REGION - 2003

Christine Garron! and Les Rutherford?
12 Environment Canada, Dartmouth, NS. christine.garron@ec.gc.ca
Introduction

The fish and shellfish processing industry is an important commercial activity in Canada, par-
ticularly in the Atlantic Region. In 2000, catches in the Atlantic Provinces totalled 819,361 tonnes,
which was 85 percent of the national total (AMEC 2003). The highest production in the region is in
herring, shrimp, snow crab, scallop, cod and lobster. In that year, the Pacific fishery accounted for 14
percent of the nation’s total production, and freshwater catches from across Canada accounted for the
remaining one percent.

Water is used in almost every step of the fish processing operation, from storage on vessels to
rinsing fish and equipment in butchering, packaging and clean-up operations (NovaTec 1994). Water
consumption is variable and is generally dependent upon the size (tonnes) of the catch. Water consump-
tion, in m*/tonne of fish, has been found to be higher on low volume processing days (NovaTec 1994),
although total water consumption, in m*/day, is greater in plants with high volume processing. Through
its use in the plant, process water may become contaminated with fish offal, cleaning chemicals, pesti-
cides, and possibly chemical residue from the fish catches themselves. Untreated wastewater with a
high contaminant loading can be toxic to local aquatic and marine organisms (Vassos et al. 1994).

Environmental effects of fish processing plant effluents have become of increasing concern in
recent years, particularly with respect to the potential nutrient loading that those discharges add to the
receiving environments, and in some cases, metal contamination. However, the potential for organic
chemical contamination from fish processing plant effluents has not been adequately determined.

This study is a preliminary characterization of Atlantic region fish processing plant effluents,
through organic and inorganic analyses, as well as a suite of toxicity tests. In the spring and summer of
2003, effluents were collected from six fish processing plants in Nova Scotia, Prince Edward Island and
New Brunswick. The plants included a frozen pollock processor, a clam processor, a mussel processor,
a lobster processor and two snow crab processors. An attempt was made to evaluate as many different
types of processors as possible, however, site selection was limited by a reluctance of some plant man-
agers to participate in the study.

Sample Collection

Samples of final effluent (after screening) were collected using a two Sigmamotor 900 series
automated samplers. Samples were collected on a time-composite basis over a 24-hour period, or over
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the daily production in cases where operation was less than 24 hours. In most cases, the samplers were
run through the cleanup period in the plant as well, generally at the end of the shift.

One of the two samplers was calibrated to draw 12 litres of sample into a glass bottle packed
with ice. The other sampler was calibrated to draw litres of sample into a clean plastic drum, intended
for bioassay analyses. Once the processing day and cleanup was complete, the samplers were turned off
and samples were subdivided into the appropriate containers for analysis. Field measurements col-
lected with each sample were dissolved oxygen, pH, effluent temperature, total/free chlorine and salin-
ity. The samples were shipped by courier and all arrived within 12 hours at either Environment Canada’s
laboratory in Moncton or Stantec’s laboratory in Winnipeg.

Toxicity tests conducted included the Microtox® acute test, sea urchin fertilization test, threespine
stickleback survival, and a 7-day growth test using inland silversides. For samples with a salinity <10
parts per thousand, rainbow trout acute lethality tests were conducted as well.

Results and Discussion

Field measurements for salinity and pH were consistent with measurements taken in the lab.
Dissolved oxygen (DO) concentrations in samples sent for toxicity analyses were found to be much
lower than the field measurements by the time they arrived in the lab (Table 1).

Organic chemical analyses revealed that three persistent organic pollutants, P,P’-DDE, Alpha-
benzenehexachloride, and PCBs, were present in low concentrations in the effluent of one of the six
plants sampled (SC2). No other effluents contained measurable concentrations of persistent organics. It
is of note that the plant with measurable concentrations of POPs also had much higher concentration of
oil and grease in its wastewater. Because those organics have a high affinity for oil and grease, it is
difficult to determine if the higher concentrations at SC2 are due to higher concentrations in the catch,
or that the facility simply has less effective treatment systems for removing the oil and grease from the
effluent prior to discharge (Table 2).

Results of toxicity testing are depicted in Figure 1 below. Those results indicated that only the
clam processor exhibited no toxicity in any of the tests performed. The frozen pollock and mussel
processor effluents exhibited some toxicity in the test (30.9 percent and 41.1 percent decrease at full
strength) but no toxicity in other tests performed. The lobster processor and both snow crab processors
had effluents that were toxic in at least one test performed. One of the snow crab processing effluents
(SC2) was very toxic to all organisms tested.

Although this study has provided data on fish processing plant effluents that has not been col-
lected previously, more samples are required to fully characterize the industry. Additional plant types
that will be approached for future sampling efforts are sea cucumber, herring, shrimp and groundfish
processors. Also, more data on processing in the plant, waste treatment processes, process-water vol-
umes, and origins of the daily catch will be collected this sampling year.
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Table 1. Summary of physical and inorganic chemical characterization results for six fish and shellfish
processing plant effluents

Processing Plant Species'

FP C M L SC1 SC2
Field Measurements
Total chlorine, ppm 0.25 0.25 0.1 0.5
(CWQG — Freshwater) (0.005) (0.005)  (0.005) (0.005) 0.1 (0.005) 0
DO, mg/L 11.4 11.19 5.85 9.46 8.28 8
Temp, °C 6.1 7 8 10 11 15
pH 7.4 8 7.4 8.3 7.9 7.5
Salinity, ppt 18 28 22 0 0 1
DO, mg/L 11.4 11.19 5.85 9.46 8.28 8
Inorganic Parameters
Sulphate, mg/L 1731 2444 1888 29.92 372.3 25.47
Nitrate, mg/L <0.20 347 5.84 0.06 <0.02 <0.02
Ammonia dissolved, mg/L 7.61
(CWQG - temp and pH) Interf  Interf Interf (0.34) 1.33(1.04) 55.5(2.22)
Mg dissolved, mg/L 713.1 1127 867.7 23.38 14.42 9.55
K dissolved, mg/L 278 357.5 261.4 7.73 6.22 27.2
N, Ammonia, mg/L 12.3 0.06 2.01 0.34 1.22 343
Total N, mg/L 3324 <0.01 7.47 2.9 7.35 131.3
TOC, mg/L 101.1 523 212.9 94.9 7.4 1134
P, mg/L 7.546  0.162 1.885 0.574 1.468 9.616
Total PCBs, ng/L <1.0 <1.0 <1.0 <1.0 <75 233
BOD diss, mg/L 147 40 66 24 104 R 2230
TSS, mg/L 69.7 55.1 558.6 9.5 <1.0 1192
Total Hg, ug/L 0.04 <0.02 0.03 <0.02 0.04 (0.02) 0.15(0.02)

(0.02) (0.02)
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Table 2. Summary of organic chemical characterization results for six fish and shellfish processing
plant effluents

Processing Plant Species'

FP C M L SC1 SC2
Oil and Grease, mg/L NA <1.0 4 11.8 12.1 1117
Total PCBs, ng/L
(PCB Treatment and Destr. Regs) <1.0 <1.0 <1.0 <1.0 <75 233 (500)
Alpha-benzenehexachloride, ng/L <0.5 <0.5 <05 <0.5 <14 36
P,P'-DDE, ng/L <0.5 <0.5 <05 <0.5 <10 139
Dieldrin, ng/L <0.5 <0.5 <05 <0.5 <7 17
Aldrin, ng/L <0.5 <0.5 <05 <0.5 <9 <11
Alpha-chlordane, ng/L <0.5 <0.5 <05 <0.5 <8 <11
Gamma-chlordane, ng/L <0.5 <0.5 <05 <0.5 <11 <14
O,P'-DDD, ng/L <0.5 <0.5 <05 <0.5 <11 <13
P,P'-DDD, ng/L <0.5 <0.5 <05 <0.5 <9 <11
O,P'-DDE, ng/L <0.5 <0.5 <05 <0.5 <6 <11
O,P'-DDT, ng/L <0.5 <0.5 <05 <0.5 <7 <11
P,P'-DDT, ng/L <0.5 <0.5 <05 <0.5 <9 <11
Alpha-endosulfan, ng/L <0.5 <0.5 <05 <0.5 <42 <51
Beta-endosulfan, ng/L <0.5 <0.5 <05 <0.5 <6 <14
Endrin, ng/L <0.5 <0.5 <05 <0.5 <10 <14
Heptachlor epoxide, ng/L <0.5 <0.5 <05 <0.5 <9 <11
Gamma-benzenehexachloride, ng/L <0.5 <0.5 <05 <0.5 <4 <11
P,P'-methoxychlor, ng/L <0.5 <0.5 <05 <0.5 <13 <15
Mirex, ng/L <0.5 <0.5 <05 <0.5 <12 <15

'FP = pollock; C = clams; M = mussels; L = lobster; SC = snow crab
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Figure 1. Toxicity test results for samples collected at six fish and shellfish processing facilities in the
Atlantic region
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CHARACTERIZATION OF THE ESCHERICHIA COLI POPULATING THE AQUEOUS,
SEDIMENT AND ANIMAL COMPONENTS OF ABAY OF FUNDY-ASSOCIATED
ESTUARY

Greg Bezanson?, Steve Sanford?, Clayton MacDonald" and Cameron Scott!

'Biology Department, Acadia University, Wolfville, NS. greg.bezanson@acadiau.ca
2The Clean Annapolis River Project, Annapolis Royal, NS.

The Thornes Cove estuary is located on the north shore of the Annapolis Basin, Annapolis
County, Nova Scotia. Its extensive mudflats serve as a fertile area for the growth of soft-shelled clams
(Mya arenaria) that are dug by commercial harvesters. The cove and its waters have a history of chronic
low-level pollution with the fecal coliform bacterium, Escherichia coli. Because the latter is used as an
indicator of potential health risk to humans, its detection at Thornes Cove has resulted in numerous
partial or complete closures of the clam beds. When this occurs, the independent harvesters are either
deprived of a major portion of their livelihood, or are forced to lower their incomes by having to sell to
middlemen with depuration facilities.

With a view to ultimately correcting the situation by means of remediation or source removal,
we set about characterizing the Cove and its immediate environs with regard to the incidence, persist-
ence and behaviour of its E. coli population. With this we hoped to determine the sources and/or reser-
voirs of the E. coli contaminating both the clams and the water column.

An environmental survey identified numerous potential influences on water microbial quality:
1) two of the three brooks were impacted by animal activity (beavers, waterfowl and raccoons in and
around the central Thornes Brook; beef cattle in and around the easterly Burke’s Brook); ii) apparent
seepage from two year-round residences; iii) daily influx of salt water of questionable quality (the
southern shoreline of the Basin is heavily contaminated with E. coli); and iv) the daily presence of large
numbers of gulls feeding on the mudflat at low tide. Microbiologic monitoring over a fifteen month
period confirmed the continuous presence of E. coli in all three brooks (upper regions and mouths), in
the seepage (summer and winter), salt water (ebbing and rising tides), the clams themselves (two sam-
pling sites), in gull feces and in mudflat sediments (six sampling sites). Thornes Brook carried average
E. coli densities of 56 and 79 cfu/ml during the two summer periods; average seepage water counts
decreased from 44 to 5 in the winter; salt water densities ranged from 43 (ebbing) to 85 (rising) cfu/ml
and in the latter instance, shallow water (5 cm) carried greater numbers than did deeper (30 cm). These
densities were inversely related to water column turbidity. Gulls feces had high E. coli loads (10° cfu/
gm). Average E. coli densities in marine sediments ranged from 15 to 26 cfu/gm over the two summers.
These counts were 27-30 times larger than detected in the overlying water column. Clams carried 5 to
69 cfu/10 gm of E. coli over the two sampling seasons.
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This broad distribution prevented the identification of a specific source in this manner. Hence,
DNA typing (in the form of pulsed-field gel electrophoresis) was used to determine the relatedness of a
representative number of the E. coli isolates (total = 265).

A high degree of similarity of clam types with those from another matrix would be indicative of
a connection between the two. E. coli populating fresh and salt water displayed considerable heteroge-
neity in their strain-types (60 types among 66 fresh water isolates for a diversity index (DI) of 0.91; 63
types among 84 salt water isolates, DI = 0.75), while those associated with sediments, clams and gulls
were more homogenous (DIs of 0.07, 0.08 and 0.18, respectively). There were four instances of high
levels of relatedness among the isolates that implicated gulls as the source of clam E. coli (three clam-
gull sets with Dice coefficients of >70 percent and one clam-salt water set with a Dice coefficient of
>80 percent). Since sample numbers were small, this requires confirmation.

The high diversity among water isolates is reflective of both temporal and geographic variabil-
ity: different E. coli strains were detected at each sampling time and at the same sampling time different
strain types occurred in each brook. Is this indicative of a transient bacterial population that is (re-
quires?) continuously re-inoculated from multiple sources, or, is it a manifestation of the aquatic sys-
tem’s assimilative capacity for microbiologic insult? If the latter, can this be quantified by determining
the ratio of culturable (i.e. non-adversely affected) cells to the total bacterial population in water?

A plot of these values derived from measurements made during and after a gross bacterial insult
(delivered by runoff during a 44 mm rainfall) indicates that the resultant elevated counts began to move
toward pre-insult levels within 12 days. Further, compared with culturable aerobic bacteria, E. coli
numbers were reduced much more rapidly (4690 percent vs. 13—24 percent), suggesting the preferen-
tial “neutralization” of this fecal coliform bacterium.

In contrast to the aqueous population, sediment E. coli displayed little diversity (four strain
types among 54 isolates) with the same types being detected on more than one sampling occasion and at
different sites on the same day. Is this indicative of continuous inoculation from the same source (point
re-charge), or, does it suggest that E. coli is multiplying within the sediment material (clonal expan-
sion)? If the latter, what is the marine sediment’s role here, and to what extent is fecal pollution taking
place? This awaits further investigation, as does the contribution of domestic seepage (human sources)
to the E. coli problem at Thornes Cove.
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MICROBIAL SOURCE TRACKING: TOWARDS EFFECTIVE FECAL POLLUTION
SOURCE IDENTIFICATION

Denise Sullivan
Clean Annapolis River Project, Annapolis Royal, NS. carp@annapolisriver.ca

Contamination of waterways has become an increasingly common problem in most parts of the
world. Presently, one of the leading concerns affecting water quality is fecal contamination. The detec-
tion of E. coli in waterways has lead to the closure of beaches and shellfish growing areas. This has had
strong social, economic, and environmental impacts. Methods traditionally used for monitoring fecal
pollution offer only a quantitative analysis and offer no insight into the sources. Without knowing the
sources, remediation can be difficult, based only on the knowledge and assumptions of the surrounding
land use.

Microbial source tracking (MST) is an evolving technology that allows users to track fecal
pollution to its source. MST could prove to be a most essential tool in the struggle against fecal pollu-
tion, however, many of the methods are still under development and require more research before
becoming reliable remediation and enforcement tools. These, as well as other related issues, were dis-
cussed at a MST Applications Workshop in the hopes of developing a clear action plan for the practical
use of this tool by government, academia and community groups in Canada.

The presentation provides a brief overview of the different MST techniques as well as the MST
Applications Workshop objectives and action plan. Progress since the workshop will be discussed,
including the international MST working group, demonstrations projects, and applications for commu-
nity-based organizations such as the Clean Annapolis River Project.
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B. CHEMICAL AND BIOLOGICAL INTERACTIONS
RECENT HEAVY METAL MEASUREMENTS IN THE BAY OF FUNDY
Phillip A. Yeats and John A. Dalziel
Fisheries and Oceans Canada, Dartmouth, NS. yeatsp@mar.dfo-mpo.gc.ca

Understanding the marine ecosystem health of the Bay of Fundy is an important issue for envi-
ronmental scientists, environmental managers and the general public. Chemical pollution is one the
ways that human activity can put stress on an ecosystem resulting in degradation of ecosystem health. In
this paper we will describe the results of surveys of metal concentrations in water (dissolved and
particulate phases) and sediments conducted in 2002 and compare the results of these surveys with
those of earlier ones. Ecosystem health is really about the health of the biological community. The
results presented here will describe the potential exposure of biota to heavy metal contamination.

Heavy metal concentrations in outer Bay of Fundy sediment samples collected on our 2002
cruise on CCGS Hart were measured using inductively coupled plasma mass spectrometry (ICP-MS).
This technique gives results for a much broader range of potential contaminants than has traditionally
been available from atomic absorption techniques. Average concentrations from this survey and a com-
panion survey conducted by Maxine Westhead in the Minas Basin (using the same analytical tech-
niques) are listed in Table 1 along with some data from the literature.

It is difficult to identify anything other than the most extreme features such as the high levels of
zinc (Zn) under salmon aquaculture sites from tables of averages because differences in grain size and
sediment mineralogy have such a large effect on metal concentrations. This natural variability can be
accounted for using geochemical normalization techniques. Examples of lithium (Li) normalized con-
taminant concentrations will be presented. They show essentially background concentrations of all
these priority contaminants in the 2002 surveys, except for one high Zn result off the mouth of
Passamaquoddy Bay and several high copper (Cu) results in Minas Basin.

Particulate metal concentrations were also measured on the CCGS Hart cruise. The results are
shown in Table 2. This table shows the range of analytes amenable to ICP-MS analysis.

Metal vs. Li plots for most of these particulate metals show that the particulate metal concentra-
tions generally reflect resuspension of local marine sediments. Cadmium (Cd) is an exception, with
particulate Cd concentrations far in excess of sediment Cd concentrations, reflecting the association of
Cd with marine organic matter as shown by the similarity of the particulate Cd:P (phosphorus) ratio
with the Cd ‘Redfield ratio’.

Table 3 shows dissolved metal results from the Hart cruise as average concentrations from the
surface and deep waters of the Minas Basin and the Inner Bay. Only surface samples were collected in
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Saint John Harbour and the Outer Bay. As expected, the concentrations of most metals decrease with
increasing salinity, but different metal salinity relationships are seen for the progression from Minas
Basin to the Inner Bay and Saint John Harbour to the Outer Bay. Cu is higher in the Minas Basin source,
iron (Fe) and manganese (Mn) in the Saint John Harbour source. Lead (Pb) and Zn show an unexpected
feature of high concentrations on the New Brunswick side of the Inner Bay. We did not collect any
samples in Chignecto Bay so we cannot comment on the potential sources of this signal.

The slope of the Minas Basin Cu vs. salinity regression line is higher than expected for uncon-
taminated coastal waters, suggesting high concentrations of Cu in Minas Basin rivers, but our measure-
ments of Cu in these rivers does not confirm this. Nevertheless, the observation is interesting in the
context of the observations of high Cu concentrations in lobster from this area.

Contaminant data are most useful as indicators of marine environmental quality (MEQ) if the
concentrations can be related to thresholds that could be used for managerial action. For metals in
sediments, two types of thresholds come to mind, those that identify locations where concentrations
exceed natural background concentrations, and a second type that identifies locations where concentra-
tions exceed a toxicity threshold. Here we illustrate a stop-light approach to MEQ assessment using
sediment metal concentrations as MEQ indicators. In this approach, our yellow light (early warning)
indicator is based on background concentrations as estimated by geochemical normalization and our
red light on toxicity as indicated by the Canadian Council of Ministers of the Environment’s Probable
Effects Level Guideline. A similar approach to that for dissolved metals, using background concentra-
tions and water quality guidelines for protection of aquatic life is also described.
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Table 1. Priority contaminant concentrations (means, mg/kg) in the Bay of Fundy

As Cd Cr Cu Pb Hg Ni Zn
Lower Bay of Fundy 10.1 | 0.08 |58.9 | 174 |20.0 |0.019 |28.6 |83.4
Minas Basin 80 |0.06 458 |16.1 | 143 |0.015 |23.7 |62.6
Lower Bay of Fundy * 2.8 10.21 |59 15 21 0.038 |15 53
Inner Saint John Harbour” 0.16 159 243 |0.05 16.3 | 53.3
Outer Saint John Harbour" 0.08 15.1 {21.9 |0.03 69.2
Saint John Harbour dumpsite® 0.06 11.5 | 18.5 |0.03 15.1 | 44.2
Annapolis Basin® 426 10.04 |764 |11.8 |16.3 |0.02 17.1 393
St. Croix Estuary’ 153 |0.07 |56.2 | 13.7 | 26.8 275 | 754
Passamaquoddy Bay® 11.2 [0.08 |76.2 |16.1 | 243 |0.019 |41.0 |95.1
Letang Estuary” 10.3 | 0.16 | 704 |20.3 |25.1 |0.073 |374 |95.0
Maces Bay' 6.8 10.08 355 |13.7]169 |0.014 |17.7 |60.6
Musquash Marsh’ 15.4 0.014 49.1
Cobequid Bay* 0.03 17.0 48.9
Minas Basin® 0.03 9.3 35.1
Minas Channel* 0.02 16.2 46.1
Shepody Bay* 0.03 15.0 58.6
Cumberland Basin® 0.03 16.8 65.5
Saint John Harbour dumpsite® 0.11 19.2 69.4
SW NB aquaculture sites' 0.40 29.7 1275 ]0.033 137
SW NB aquaculture sites™ 0.35 31.5 | 26.7 163
SW NB aquaculture sites” 6.67 | 044 | 122 |349 |22.8 |0.012 |404 | 138

a. n=72 (Loring 1979); b. n=78 (Ray and MacKnight 1984); c. n=61 (Ray and MacKnight 1984);
d. n=6 (Ray and MacKnight 1984); e. n=21 (Loring et al. 1996); f. n=12 (Loring et al. 1998); g. n=13
(BIO database); h. n=45 (BIO database); i. n=51 (BIO database); j. n=14 (Chou et al. 2004); k. n=6to10
(Chou et al. 2004); 1. n= 12 (Burridge et al. 1999); m. n=40 (Parker and Aube 2002); n. n=12 (BIO
database).
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Table 2. Particulate metal concentrations (mg/kg except as indicated) in the Bay of Fundy

Minas Basin Inner Bay Saint John Outer Bay Letang Inlet*
Harbour
avg s.d. avg sd. | avg | s.d. avg s.d. avg s.d.

Al (%) |7.22 0.86 | 6.51 1.14 | 6.58 | 0.75 | 4.31 1.74 | 4.71 0.94
Sb 0.67 0.17 |0.57 0.08 [0.56 |0.12 | 0.24 0.19 |0.53 0.16
As 13.6 1.2 13.7 1.7 159 | 1.6 11.2 3.0 14.6 1.98
Ba 429 40 383 50 374 | 32 254 90 314 68
Be 2.6 02 |23 04 |25 103 1.5 0.7 1.91 0.31
Cd 1.07 0.33 | 1.66 1.37 | 1.11 | 0.53 |2.29 0.80 | 1.06 0.50
Ca (%) | 0.58 0.15 | 0.54 0.17 1 0.64 | 0.17 | 0.52 0.09 | 0.55 0.19
Cr 51 19 77 35 95 34 69 35 61 14
Co 19 1 18 2 17 2 12 4 13 2
Cu 25 2 23 4 29 5 20 4 40 26
Fe (%) |4.63 0.37 |4.39 043 |4.67 | 0.50 |2.88 1.16 |3.62 0.50
Pb 29 4 29 6 31 5 25 7 38 8

Li 69 5 60 9 62 8 42 15 46 7
Mg (%) | 1.11 0.25 | 1.16 0.27 | 1.27 |0.08 | 0.95 0.28 | 0.94 0.22
Mn 1248 140 | 1176 | 238 | 1423 | 128 | 1293 521 | 827 94
Mo 0.81 0.12 | 1.76 1.57 1099 |0.31 |5.83 2.83 243 0.93
Ni 42 5 39 4 42 4 31 9 39 27
P (%) 0.12 0.02 | 0.15 0.04 |0.18 |0.03 |0.32 0.11 |0.26 0.05
Rb 115 11 107 12 108 |13 72 27 85.9 10.7
Ag 0.28 0.04 |0.30 0.07 [0.36 |0.09 |0.30 0.12 | 0.21 0.11
Na (%) | 1.56 094 | 1.79 0.68 | 1.61 |0.61 |1.89 1.12 | 2.15 1.71
Sr 113 18 107 23 112 | 18 124 21 127 37
Tl 0.71 0.07 | 0.68 0.07 |0.67 |0.03 |0.56 0.09 |0.57 0.10
Sn 4.4 0.8 |55 20 |49 1.2 |45 14 |56 5.5
Ti(%) |0.21 0.03 |0.20 0.03 [0.20 | 0.03 |0.12 0.01 |0.16 0.04
U 2.06 0.17 |2.03 029 [1.99 |0.35 | 148 047 |1.77 0.23
\% 103 8 115 31 115 |13 88 42 91 13
Zn 119 9 122 24 133 | 14 104 33 137 40

* Letang Inlet data from Yeats et al. (2005), n=42.
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Table 3. Dissolved metal concentrations

SPM Sal Cd | Cu | Fe Pb | Mn | Ni | Zn

mg/l pg/l | pug/l | pg/l | pg/l | pg/l | pgl | pg/l
Minas Basin (s) | avg | 2.59 31.11 1 0.027 | 0.37 | 0.30 | 0.010 | 0.23 | 0.27 | 0.41
(n=7) sd. | 1.99 1.18 10.003 [ 0.11]0.11 | 0.005 | 0.06 | 0.03 | 0.14
Minas Basin (d) | avg | 2.60 31.14 1 0.025 | 0.33 ] 0.24 | 0.009 | 0.23 | 0.25 | 0.18
(n=7) sd. | 2.20 1.19 ]0.004 | 0.10 | 0.03 | 0.005 | 0.06 | 0.02 | 0.09
Inner Bay (s) avg | 1.18 32.38 1 0.025 | 0.23 ] 0.28 | 0.019 | 0.25 | 0.24 | 0.57
(n=7) sd. ]0.45 0.21 [0.008 | 0.05]0.11 | 0.016 | 0.12 ] 0.02 | 0.45
Inner Bay (d) avg | 1.27 32.41(0.026 | 0.23 [ 0.32 | 0.017 | 0.24 | 0.25 | 0.35
(n=7) s.d. ]0.56 0.23 0.004 | 0.04 | 0.09 | 0.009 | 0.09 | 0.02 | 0.17
Saint John avg | 1.75 28.97 1 0.024 [ 0.29 | 1.63 | 0.014 | 4.82 | 0.27 | 0.30
Harbour
(n=3) s.d. ]0.21 1.34 10.003 [0.02]0.56 | 0.001 | 1.36 | 0.01 | 0.16
Outer Bay (s) avg | 0.84 32.64 | 0.024 [ 0.19 | 0.31 | 0.015|0.45| 0.24 | 0.26
(n=9) s.d. ]0.26 0.14 |0.004 | 0.04 | 0.10 | 0.005 | 0.18 | 0.01 | 0.12
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THE ROLES OF Corophium volutator AND MERCURY IN COMPROMISING
SHOREBIRD MIGRATION

Andrew S. Didyk?, Nicole A. Bourgeois?, Paul A. Arp?, Jesse Bourque?, Birgit Braune?,
Georgina K. Cox?, Charles Ritchie?, Peter G. Wells*, and Michael D. B. Burt?

!'University of New Brunswick, Moncton, NB. adidyk@unb.ca
2 University of New Brunswick, Fredericton, NB.
3 Canadian Wildlife Service, Ottawa, ON.
4 Environment Canada, Dartmouth, NS.

Each summer, the Bay of Fundy serves as a staging area for many species of shorebirds which,
in two weeks or less, must acquire sufficient fat stores to power a non-stop flight of more than 4,000 km
to their wintering grounds in South America (McNeil and Cadieux 1972; Hicklin 1987). During their
stay, the birds risk varying degrees of exposure to parasites and heavy metals such as mercury. For
example, female Semipalmated Sandpipers, Calidris pusilla, are the first to arrive on the staging grounds
(McNeil and Cadieux 1972; Morrison 1984; Gratto-Trevor 1992) and should, hypothetically, be ex-
posed to fewer parasites than adult males and juvenile birds that arrive later (Didyk 1999).

We know that parasites cause stress in their hosts, more or less proportional to the level of
infection, compromising host condition through tissue damage, loss of nutrients and even behavioural
changes. Because parasite loads are higher on the staging grounds in the Bay of Fundy than at any other
time of the birds’ annual cycle (Didyk and Burt, in prep.), parasitism-related stress is likely going to be
highest during fall migration.

In considering the possible effects that heavy parasite loads combined with contamination with
heavy metals might have on migrating shorebirds, we first turned to a study of a wild population of
Atlantic salmon, Salmo salar, carried out by a graduate student at the University of New Brunswick in
the mid-1990s. Sprague (1964) and Lemly (1994) had already shown that heavy metals such as copper
and zinc were acutely toxic to fish at high concentrations and could cause chronic stress in fish even at
much lower concentrations, and O’Neill (1981) showed that to be especially true in Atlantic salmon.
Luce (1996) hypothesized that parasitized Atlantic salmon were more susceptible to the toxic effects of
heavy metals. To that end, she collected and examined salmon parr from four sites in the Miramichi
River system. Three of the four sites were downstream from a known source of heavy metal pollutants
at a mining operation. Data from Environment Canada (unpubl. data) and MREAC (1992) served to
establish contamination levels at each of the sites.

Parasites tend not to be randomly distributed, but instead are typically aggregated. That is, the
greater proportion of hosts have relatively few parasites, and large numbers of parasites are expected in
only a small number of hosts. The distribution of parasites in salmon parr collected from the uncon-
taminated site upstream from a mining operation tended to follow the negative binomial pattern ex-
pected of an aggregated distribution. At the three contaminated sites, however, the fish had, on average,
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fewer species and fewer numbers of parasites, and the parasites present tended to be somewhat more
evenly distributed. Even though levels of copper and zinc at these sites were below toxic levels, the
truncated pattern of parasite distribution suggested that, in contaminated waters, heavily parasitized
fish suffer higher mortality (Luce 1996).

Reports produced by Environment Canada (2000) and US Environmental Protection Agency
(1996, 1997) indicate substantial levels of mercury are present in the Bay of Fundy. Natural sources
contribute an estimated 1,600—4,000 metric tons of mercury into the atmosphere annually in metallic,
organic and non-organic forms. The primary source of mercury, however, is long-range, transboundary
air pollution, which comes down in the forms of acid rain and snow. This and other human activities
add another 2,000 to 6,000 metric tons annually. In water, mercury is methylated by sulphur-reducing
bacteria and released into the food chain where it can accumulate in the tissues of animals feeding in the
habitat. Bioaccumulation occurs when contaminants such as mercury are taken up more rapidly than
they can be eliminated by the animal.

In the Bay of Fundy, shorebirds feed on a variety of prey items, but several species, including the
Semipalmated Sandpiper, feed primarily on a burrowing amphipod, Corophium volutator, which has
been implicated in the life cycles of various microphallids (Meissner and Bick 1999; Jensen et al. 1998;
McCurdy 1999; Meissner 2001), nematodes (McCurdy et al. 1999) and cestodes (Didyk, in prep.), that
together make up more than 90 percent of the parasite communities we find in the birds (Didyk and
Burt, in prep.). On the mudflats, mercury readily adsorbs to diatoms and detritus consumed by Corophium
and accumulates in the amphipods. Could Corophium, then, also be an important source of mercury
contamination in shorebirds?

Hicklin and Smith (1979) identified several shorebird species that were dependent on Corophium
during their staging period in the Bay of Fundy. The relative percentages of Corophium in the diets of
four of these species are shown in Table 1 below.

Based on an average Corophium mercury level of 31.15 ppb, dry weight—determined from
samples we collected and analyzed over the last two years using cold vapour atomic absorption
spectrometry (CVAAS)—and a conservative estimate of 75,000 Corophium consumed over a 10—12
day period (Hicklin, pers. comm.), a Semipalmated Sandpiper, would accumulate 2.3 ppm mercury
(Hg) during its stay in the Bay of Fundy (Bourgeois 2004). Predicted values of mercury accumulation
for the three other species are predicated on this example. Actual levels of mercury accumulation are
available for three of the four species. These are probably understated, however, because the birds
analyzed may have only been on the staging grounds for part of the entire staging period of 10—12 days
before being collected.

Toxicological studies carried by the Canadian Wildlife Service suggest that mercury levels fluc-
tuate throughout the year (see Figure 1). Mercury levels in liver samples from Semipalmated Sandpi-
pers (n = 10) collected on the breeding grounds at Churchill, Manitoba, and Quill Lake, Saskatchewan,
averaged 1.30 ppm Hg (range 1.23—-1.37). If, as predicted, birds accumulate an additional 2.30 ppm
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mercury during their stay in the Bay of Fundy, their mercury levels upon arriving on the wintering
grounds could be as high as 3.6 ppm. Data from birds collected shortly after arrival on the wintering
grounds varied: juvenile birds showed Hg levels as high as 2.98 ppm, while adult Hg levels were 0.98

ppm (n=7).

Unlike inorganic mercury, which may be excreted via feces and urine in birds, methylated mer-
cury—the more toxic organic form—is removed from the bloodstream and stored in feathers (Bearhop
etal. 2000; Veerle et al. 2004). Mercury levels may be lower in adults arriving on the wintering grounds
because they initiate a partial body molt (head, back and breast) during incubation, while juveniles do
not begin their first (pre-basic) molt until after they arrive on the wintering grounds. Mercury levels
declined to below 0.5 ppm over the winter months as the birds undergo a complete flight feather molt
and two body feather molts (Spaans 1984) before starting to increase again in the spring. The availabil-
ity of heavy metal contaminants such as mercury in horseshoe crab eggs, consumed by migrating
shorebirds, was reported by Maghini (1996).

A number of studies indicate that parasite loads are higher in juvenile birds than in adults.
Juveniles may also suffer more from mercury related stress than adult birds because they retain more
mercury for longer periods of time, including fall migration. In combination, these stressors may inter-
fere with fat deposition, possibly providing an explanation as to why juvenile birds cannot fly as far
non-stop as adult birds (Morrison 1984).

Mercury toxicosis affects the central nervous system, disrupting muscle co-ordination, and may
also cause kidney failure, anemia, chromosome damage and lower reproductive success (Meyer et al.
1998). Since mercury levels show seasonal fluctuations, some of these effects may be more or less
pronounced depending on the time of year. Because so many Corophium are consumed per bird—about
75,000 over 10 days—the cumulative affect of mercury and parasites could compromise the successful
completion of fall migration, especially that of juvenile birds which have been shown to migrate shorter
distances than adults.

There are still a few outstanding questions: Do females benefit from their early arrival in the
Bay of Fundy when the prevalence of infection in Corophium is believed to be at its lowest? Do higher
parasite loads and/or the rapid accumulation of mercury disrupt fat deposition and result in an energy
deficit or do they simply extend the birds’ stay on the staging grounds? And finally, at what level is
mercury toxic for various shorebird species, including the Semipalmated Sandpiper.
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Table 1. Predicted (based on a staging period of 10-12 days) and actual mercury (Hg) levels in four
species of shorebirds feeding on Corophium volutator in the Bay of Fundy

% Corophium Predicted Hg Actual Hg
in diet' levels (ppm) levels? (ppm)

Least Sandpiper
Calidris minutilla 88.6 2.36 n/a
Semipalmated Sandpiper
Calidris pusilla 86.3 2.30 2.13
Short-billed Dowitcher
Limnodromus griseus 70.0 1.86 1.62
Semipalmated Plover
Charadrius semipalmatus 47.0 1.25 1.08

' Hicklin and Smith 1979
2 Canadian Wildlife Service

Figure 1. Mercury (Hg) levels in Semipalmated Sandpipers, Calidris pusilla, collected at various times
of the year. Source: Canadian Wildlife Service.
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SPATIAL VARIABILITY OF HEAVY METALS IN SALT MARSH SEDIMENTS OF THE
BAY OF FUNDY

Grace A. Hung and Gail L. Chmura

Department of Geography and Centre for Climate and Global Change Research, McGill University,
Montréal, QC. ebuzzbub@hotmail.com

Introduction

Spatial variability of heavy metals in surface inter-tidal sediments has been used to infer source
and extent of anthropogenic pollution in estuarine systems (e.g., Attrill and Thomes 1995; Emmerson et
al. 1997; Spencer 2002). Salt marshes receive inputs of metals through two principal pathways: atmos-
pheric deposition and sedimentation of suspended particles brought in by tidal flooding, but input may
also come from catchment runoff flowing into the marsh (Nixon 1980; Windom 1975). Salt marshes
have been identified as possible sinks for heavy metals because of their ability to accumulate sediment
over time (Nixon 1980).

We studied levels of four heavy metals, in sediments accumulated over a five-year period from
1997 to 2002, in seven salt marshes along the New Brunswick coast of the Bay of Fundy. These study
sites geographically span the whole Bay, from Bocabec Marsh near St. Andrews to Wood Point Marsh
near Sackville (Figure 1), and therefore encompass a range of tidal and sediment characteristics. Tidal
range, for example, is about 6 m at Bocabec and increases to about 10 m at Wood Point. Locations of
these study sites were targeted to undisturbed areas and away from point sources of pollution.

Methods

Marker horizons of white clay were established in each of the seven salt marshes in June 1997
as part of a study to monitor surface sediment deposition; detailed descriptions of the sampling design
are in Chmura et al. (2001). Briefly, the sampling design consisted of four transects within a marsh,
each running perpendicular to the main tidal creek and spaced approximately 10 m apart. Marker plots
were placed at three elevations along each transect. For the purposes of this study we consider the upper
two plots, which were placed one meter to either side of the transition between Spartina alterniflora
and Spartina patens, thus reflecting differences in frequency of tidal flooding. The lower plots are
flooded daily while upper plots are flooded only about once per month or less and thus exposed to the
atmosphere for a greater period of time.

Sediments for metal analyses were extracted from the marker plots in May 2002 using a cryo-
genic coring system (Cahoon et al. 1996), allowing retrieval of a frozen stratified core consisting of the
deposited sediment layer, marker horizon and the soil below the marker horizon. Net sediment deposi-
tion over five years was determined by measuring the thickness of the sediment layer above the marker
horizon. This five-year deposition layer was separated from the rest of the core for metal analyses,
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which was done by Activation Laboratories Ltd. in Ontario. Samples were subjected to an aqua regia
digestion (HCl and HNO,) and analyzed for metals using inductively coupled plasma mass spectrometry
(ICP-MS). Here, we report results for lithium (L1i), lead (Pb), zinc (Zn), copper (Cu) and arsenic (As).
Care was taken during sample collection in the field and processing in the lab to minimize contamina-
tion. All sample vials were acid-washed and stored frozen. Acid-washed polycarbonate blades were
used as tools to scrape the surface layer of frozen sediment surrounding the hole formed by the copper
cryoprobe, as well as the outside of the core. Samples were freeze-dried and ground using an agate
mortar and pestle.

To determine bulk density, sediment was extracted from undisturbed areas adjacent to the marker
plots, using a 3.6 cm diameter mini hand piston-corer. Organic matter content was measured by loss-
on-ignition (LOI) (Ball 1964). Grain size in the surface sediments of these marshes was determined
(Fraser, unpublished data) by the hydrometer method outlined in Black (1965). Clay fraction was used
to determine the suitability of using Li as a normalizer for grain size variability (Loring 1990) by
examining correlation between percent clay and Li concentration. Correlation analyses of metals to Li
and organic matter were carried out using the statistical software package SPSS. Heavy metal fluxes to
the salt marsh sediments were calculated from the product of sediment deposition rates (cm yr'), dry
bulk density (g cm™), and sediment metal concentrations (mg g').

Results and Discussion

Sediment deposition rates differed among marshes. Comparison of the high elevation plots
showed significantly less deposition in marshes closer to the outer Bay (Bocabec, Dipper Harbour and
Lorneville) than in marshes at the head of the Bay (Wood Point). Rates ranged from 0.4 cm yr' at
Bocabec to 1.7 cm yr' at Wood Point. This spatial trend is less visible at low elevations, possibly due to
greater dynamic sedimentation processes.

Grain size analysis of surface sediments has shown differences in clay content between marshes
(Fraser, unpublished data). For example, surface sediments from Cape Enrage had less than 10 percent
clay content compared with Belliveau Village and Wood Point, where clay content was just over 35
percent. Since metals adsorb more readily to the surface of the finer-sized fraction in salt marsh sediments
(Williams et al. 1994), geochemical normalization of the sediment metal data was employed to account
for grain size variation. Lithium has been shown to be a good normalizing element for Bay of Fundy
sediments (Loring 1990).

Results for lead and zinc were similar. The results for Pb are presented in Figure 2. The bivariate
plot between Pb and Li (Figure 2a) shows a strong positive correlation (r = 0.92, p <0.001), indicating
possible grain size control on variability. Lead fluxes (Figure 2b) show a spatial trend of increasing
fluxes from outer Bay (Bocabec) to inner Bay (Wood Point). This trend, however, is lost when Pb fluxes
are normalized to Li fluxes (Figure 2c) and normalized fluxes at Lorneville and Dipper Harbour are
greater than the other marsh sites. Zinc correlation with Li was significant and positive (r = 0.87,
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p <0.001). Normalized Zn fluxes at Lorneville were elevated slightly compared to other marsh sites
(Figure 3). Lead and Zn did not significantly correlate with organic matter.

Copper showed different results from Pb and Zn. Correlation with Li was not significant (Figure
4a), which may be due to a number of samples with elevated Cu concentrations. There was no consist-
ency among these possible outliers—they were from different sites and different elevations. Figure 4b
shows the correlation excluding these samples; the relationship is significant and positive with Li (r =
0.430, p <0.05). We are unsure if these results are an artifact of contamination from the copper cryo-
probe used in sample extraction, despite our efforts to minimize contamination. Copper did not signifi-
cantly correlate with organic matter.

Arsenic also had a significant positive relationship with Li (r = 0.36, p <0.05), though less
strong than Pb or Zn and a bivariate plot showed a clustering of samples from Bocabec and Dipper
Harbour with greater sediment As concentrations (Figure 5a). Arsenic may also be strongly associated
with the organic fraction in sediments and correlation analysis between As and percent LOI was signifi-
cant and positive (r = 0.78, p <0.001) and results of As fluxes normalized to organic carbon did not
reveal any geographical trend (Figure 5b and 5c). Arsenic can be diagenetically mobile in sediments
and this may be a reason why no geographical trend is found.

Normalized Pb fluxes were found to exponentially decrease with increased distance from Saint
John, which has the greatest concentration of population and industry in the Bay of Fundy (Figure 6).
The Coleson Cove coal-burning power generation plant, located between Lorneville and Dipper Har-
bour, is a probable point source of Pb to these marshes. We will be continuing our analyses on the other
metals to see if they follow a similar spatial trend with distance from Saint John.

Measured metal concentrations in these salt marsh sediments from the Bay of Fundy are gener-
ally close to the natural levels that have been measured in Bay of Fundy sediments by Loring (1982).
Although the Bay of Fundy may be considered relatively pristine with respect to metal contamination in
these seven salt marshes, the result of normalized Pb fluxes shows that the influence of a regional
source can still be detected in these sediments.
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Figure 1. Map showing locations of the seven salt marshes sampled in the Bay of Fundy, denoted by
number: 1. Wood Point, 2. Belliveau Village, 3. Cape Enrage, 4. St. Martins, 5. Lorneville, 6. Dipper
Harbour, 7. Bocabec (Figure from Chmura et al. 2001)
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Figure 2. Results of lead analyses: (a) bivariate plot between sediment lead and lithium concentrations,
(b) sediment lead fluxes by elevation for each marsh (Error bars represent + one standard error) and (c)
normalized lead fluxes by elevation for each marsh (Error bars represent + one standard error)
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Figure 3. Normalized zinc fluxes by elevation for each marsh. Error bars represent + one standard error
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Figure 5. Results for sediment arsenic analyses: (a) bivariate plot of arsenic and lithium, data points
from Bocabec marsh are circled, (b) bivariate plot of arsenic and percent LOI and (c) normalized ar-
senic fluxes to organic carbon
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PREVALENCE AND BIOACCUMULATION OF METHYL MERCURY IN THE FOOD
WEB OF THE BAY OF FUNDY, GULF OF MAINE

Gareth Harding, John Dalziel and Peter Vass

Marine Environmental Science Division, Fisheries and Oceans Canada, Dartmouth, NS.
hardingg@mar.dfo-mpo.gc.ca

Mercury enters the east coast marine environment from many sources, most notably from long-
range atmospheric transport, land runoff or river discharge, oceanic currents and migrating organisms.
As a priority toxic substance, mercury, especially its methylated form, is of concern due to its persist-
ence, high toxicity, known bioaccumulation and biomagnification, and suspected effects on the genetic,
developmental and reproduction of aquatic organisms. Despite infamous pollution events of previous
decades, such as occurred in Minimata Bay, Japan, where people were poisoned by mercury in shell-
fish, little is known comprehensively about the fate and effects of mercury in coastal marine ecosys-
tems.

There is evidence in the Maritimes that the Common Loon (Gavia immer), which spends its
juvenile life in coastal marine waters and subsequently overwinters there as adults, has body mercury
burdens well above inland populations. More recently, a joint United States-Canada, Gulf of Maine-
Bay of Fundy Mussel Watch Program has reported that greater than 80 percent of the 56 study sites had
mercury levels exceeding the US National Status and Trends median values (Chase et al. 2001).

In the present study, total mercury and methyl mercury were measured in the Bay of Fundy and
approaches in the following environmental and ecosystem compartments: a) river water (ten of the
larger rivers studied at the spring freshet and late summer drought periods); b) seawater of inflowing
and outflowing currents (six stations sampled across the mouth of the Bay of Fundy, each at five depths
during the spring and fall); c) sediments sampled at various deposition areas in the Bay; d) planktonic
organisms collected in nets and fractionated into seven logarithmic size categories from phytoplankton
and flagellates (25 to 65um) to macrozooplankton (2 to 4 mm) during spring and summer seasons; €)
pelagic organisms collected by a Vass-Tucker trawl and similarly size fractionated from ichthyoplankton
and crustaceans (4 to 8 mm) to small fish and shrimp (16 to 32 mm); f) macrophytes such as rockweed
and kelp; g) benthic macrofauna such as mussels, lobsters, flatfish, and demersal fish such as cod and
haddock; h) pelagic fishes such as herring, mackerel and tuna; and i) marine mammals as the opportu-
nity arose from by-catch of gillnets or shipping accidents.

Our results support the hypothesis that methyl mercury is bioaccumulated in the pelagic food
chain. Methyl mercury levels consistently increase from phytoplankton (25 pm; 0.05 =+ 0.03 ng/gWet)
to zooplankton (500um; 0.51 + 0.04 ng/gWet) to macrozooplankton (2.0 mm; 1.9 + 0.11 ng/gWet) to
krill (8.0 mm; 5.7 + 0.76 ng/gWet) to pelagic fish (herring, 40.2 + 25.2 ng/gWet) to large pelagic fish
(bluefin tuna, 712 + 140 ng/gWet). This represents a biomagnification of 10* from phytoplankton to
tuna, or a bioconcentration of 107 from unfiltered seawater to tuna.
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Atmospheric (0.1 kg/yr) and riverine (185.3 kg/yr) input of methyl mercury into the Bay of
Fundy represents approximately 0.003 percent and 6.8 percent, respectively of the total aquatic contri-
bution (oceanic seawater; 2,502 kg/yr). Most of this oceanic input would be flushed out because half of
oceanic influx is tidal and exchanged twice a day. It is calculated that 6 kg/year total mercury are
deposited within the deep sedimentation basin in the lower Bay off northeastern Grand Manan and 17
kg/year are flushed into the Gulf of Maine with fine particulates. Planktonic organisms represent an
additional flux into and out of the Bay of Fundy of 22.1 kg/yr.

This study provides valuable insights into mercury bioaccumulation in a regional coastal eco-
system and provides an assessment of the contribution of the anthropomorphic addition of mercury to a
relatively unpolluted east coast bay.
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AN ECOSYSTEM-SCALE MODEL OF MERCURY DYNAMICS IN
PASSAMAQUODDY BAY

Elsie M. Sunderland

U.S. Environmental Protection Agency, Office of Research and Development, Washington, DC.
sunderland.elsie@epa.gov

High levels of mercury in predatory fish, marine mammals and seabirds are a potential threat to
both human and ecological health in the Bay of Fundy. An ecosystem-scale model of mercury dynamics
in Passamaquoddy Bay is used to illustrate the linkages that are needed to quantify the risks associated
with mercury in the Bay of Fundy, including emissions of mercury from human sources, deposition in
coastal marine ecosystems, aquatic cycling and accumulation in organisms. This model illustrates that
the slow conversion of “legacy” mercury in depositional sediments of Passamaquoddy Bay to methyl
mercury likely slows the temporal response of mercury concentrations in organisms to changes in mer-
cury inputs. However, the quantitative relationship between emissions of mercury, accumulation in fish
(the principle avenue of human exposure), and the associated risks to human and ecological health are
still subject to considerable scientific uncertainty. A methodology for assessing the risks posed by mer-
cury accumulation in the Bay of Fundy that takes into account some of these uncertainties will be
presented using the quantitative framework from the mercury cycling model developed for
Passamaquoddy Bay. Alternative risk-management strategies are discussed in the context of informa-
tion highlighted in the risk assessment, including regulation and phase out of different mercury sources
and effective communication of risk through fish consumption advisories.
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CONTAMINANT CONCENTRATIONS AND BIOMARKER CHANGES IN WILD
MUSSELS NEAR FINFISH AQUACULTURE FACILITIES AND MUNICIPAL/
INDUSTRIALACTIVITIES IN THE LOWER BAY OF FUNDY

Monika B. Engel!, Kay Kim?, Sylvie St. Jean?, Franc¢ois Gagné?, Kent Burnison?, and
Rene Losier*

! Environmental Protection Branch, Environment Canada, Dartmouth, NS. monika.engel@ec.gc.ca
? National Water Research Institute, Burlington ON.
3 River Ecosystems Research, Centre Saint-Laurent, Montreal, QC.
4 Environmental Conservation Branch, Moncton, NB.

Finfish aquaculture is an expanding industry in the Atlantic Region and a wide variety of chemi-
cals are known to be used (Muise et al. 2000). However, the risk of environmental effects from their use
is still unknown. In order to investigate the potential impact of anthropogenic chemical releases, Envi-
ronment Canada undertook a study involving wild blue mussels in co-operation with two Atlantic
Coastal Action Plan (ACAP) groups: the St. Croix Estuary Project (SCEP) and the Clean Annapolis
River Project (CARP).

This study attempted to measure contaminant levels, endocrine disrupting potential and mussel
leukemia in environmental samples collected near a variety of anthropogenic contaminant sources.
Wild blue mussels and sediments were collected from aquaculture areas, municipal wastewater sites,
near industrial sites (pulp mill, fish processing plant), and less impacted areas. Field sites were located
along the Annapolis Basin in Nova Scotia and in and adjacent to Passamaquoddy Bay in New Bruns-
wick, within the respective locales of the two ACAP groups.

A minimum of 100 mussels (5-6 cm shell length) were collected at each of the three sampling
sites for each effluent type tested. At each effluent output, efforts were made to establish a distance
gradient of 1,000 m, by collecting mussels at the point source, or 0 m, and 500 m and 1,000 m from the
identifiable point of discharge. For the aquaculture sites, 0 m was situated as close as possible to the
cages. Length, width and height (mm) of all mussels were measured with Vernier callipers to character-
ize the size variation in the sample population.

At each sampling site, 20 mussels were randomly chosen and processed for each of the follow-
ing assays: metal analysis, organic analysis, and reproductive biomarkers (i.e. extractable gonadal pro-
teins, vitellogenin-like proteins in female mussels, gametogenesis activity [aspartate transcarbamoylase
activity], coprostanol and cholesterol levels). In addition, 30 mussels were separated at the site, kept
submerged in ice-cooled water taken from each site, transported to the laboratory facilities and immedi-
ately assessed for leukemia. All mussels were cleaned of external sediment and external growth (algae,
other organisms, byssal threads, etc.). At each of the sampling sites for each effluent type tested, sediments
were collected with Teflon core tubes and stored frozen until time of the Yeast Estrogen Screen (YES)

assay.
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Several effect variables were measured throughout the course of this study, including condition
index, leukemia and reproductive biomarkers (vitellogenin-like proteins, gametogenesis, coprostanol
and cholesterol). Leukemia values at sewage treatment and aquaculture sites in Nova Scotia were sig-
nificantly elevated above the less impacted sites at each of the activity sites in New Brunswick. Cell
counts high enough to be indicative of stress were found in New Brunswick at the aquaculture sites, the
sewage treatment plant and the fish processing plant. The highest numbers of individuals with leukemia
were found in New Brunswick at the aquaculture sites, the sewage treatment plant, and the pulp mill,
and the latter treatment sites were correlated with elevated levels of organic contaminants. Condition
indices were highest at the aquaculture sites and were also significantly above the less impacted sites at
the sewage treatment plants, ferry, and fish plant. The reproductive biomarkers showed great variabil-
ity. Vitellin levels were significantly elevated at the New Brunswick sewage treatment plant, and sig-
nificantly lowered at the remaining treatment sites.

Gametogenesis was also significantly elevated at the New Brunswick sewage treatment plant
and variable at the remaining treatment sites. Coprostanol and cholesterol also had variable responses.
Both measures were elevated in many cases (including the New Brunswick sewage treatment plant),
but not at all of the distances sampled for each of the treatment sites. Overall, there were significant
differences between the less impacted sites and the treatment sites for all the reproductive biomarkers
measured.

When examining the extent of metal and organic contamination reported in this study, it can be
seen that in a few cases the tissue concentrations were below available Critical Body Residues (the
threshold concentration at which adverse effects may occur) reported in the primary literature. In the
case of copper (Cu), values were two orders of magnitude lower than those previously reported. Thus,
it is not surprising that not all response variables examined (condition index, leukemia and reproduc-
tive biomarkers) correlated significantly with the metal and organic contaminants analyzed.

There is the potential that other contaminants not analyzed or other chemical parameters (i.e.
pH, temperature, dissolved oxygen, etc.), alone or in combination, may be responsible for the elevated
adverse effects identified in these samples. Since mussels are an ideal indicator species, further biomarker
investigations may be important in determining the environmental quality in specific locations through-
out the Bay of Fundy. Further research is necessary, including the analysis of other parameters, in order
to better understand the potential cause(s) of the adverse effects identified at the aquaculture sites,
sewage treatment plant, fish processing plant, and pulp mill in New Brunswick.

The cumulative evidence indicates that there are physiological effects on mussels that can be
attributed to proximity to industrial activities, most notably ferry terminals and fish plants, but also
sewage treatment plants and aquaculture sites. There did not seem to be strong evidence of endocrine
effects, however, reproductive impairment may be occurring. Although there were elevated concentra-
tions of contaminants, there was no correlation with contaminant concentration and any biological
responses.
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CONTAMINANT PARTITIONING AND UPTAKE FOR RISK ASSESSMENT OF
TOXICITY WITH COROPHIUM VOLUTATOR
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Population expansion in coastal environments leads to the increased discharge of contaminants
from raw or treated sewage effluents. These effluents are in some cases combined with road runoff, or
the latter can flow directly into waterways according to weather conditions. Chemical contaminants
entering with effluents can originate from many sources. For example they can be due to the use of
synthetic products, such as pesticides that are sprayed to protect crops; they can also be associated with
daily activities, such as the production of PAHs from combustion sources; or they come from the deg-
radation of natural products in digestive systems, such as with the fecal marker coprostanol, derived
from cholesterol.

The presence of contaminants in the environment can lead to a variety of biological effects at a
population, community or ecosystem level, when it might be too late to reverse the situation. It is
generally believed that the detection of toxic effects at a lower level of biological organization, i.e.
cellular, tissue or organ, can ultimately prevent the detection of effects at higher levels of organization
(Hinton 1994).

One approach to assess the level of environmental contamination is to use sediment quality
criteria that represent broad guidelines to classify sediments according to the concentration of priority
contaminants (CCME 1999; Chapman et al. 1987). Their limitation is due to the unknown fraction of
measured contaminants actually available for uptake and to the presence of more than one chemical or
group of contaminants. Amphipods can be used to assess bioavailability, by examining the
bioaccumulation of contaminants. It is now accepted that bioavailability will be closely linked to bio-
logical effects, if these are due to toxic chemicals, and explains the increasing interest in determining
body burdens to assess ecosystem health. Elucidating conditions associated with higher and lower
bioavailability helps to interpret environmental risk.

Over the past several years, our group examined the levels, sources and distribution of many
polycyclic aromatic hydrocarbons (PAHs) present in Halifax Harbour sediments (Hellou et al. 2000,
2002, 2003a and b, 2004). Earlier studies by Tay et al. (1992) and Cook and Wells (1996) investigated
the toxicity of these sediments from different perspectives. Partitioning of these chemicals between
water and sediments, relative to uptake by mussels was investigated in the context of predicting changes
to be anticipated with the construction of sewage treatment plants. Different aspects of mussels’ health,
including lipid content and condition indices, were determined for animals collected in the first stage of
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the study that covered a wide geographical area. These biological effects were determined concomi-
tantly with the chemical investigations. As well, gonad index, sex ratio, vitellogenin, along with other
chemicals such as PCBs, alkanes, hopanes, coprostanol and metals were analyzed in some mussels
from three sites examined in a following study, or in sediments, to gain a better view of the state of this
environment dominated by variable anthropogenic input (Hellou et al. 2002, 2003b).

Since mussels are collected from the shore, they reflect the intertidal conditions of the habitat.
Therefore, to determine the risk faced by benthic invertebrates that could be exposed to harbour sediments,
laboratory experiments involving Corophium volutator were undertaken. The distribution of these
amphipods is sensitive to the effects of pollution and this motivated our studies (Esselink et al. 1989).
Once again, our interests covered chemical and biological measurements, with PAHs representing our
primary targets, while the avoidance/preference response provided a good venue to follow up on a
potential association between exposure and effects. The use of the behavioural response to assess con-
tamination has been discussed recently by Weis et al. (2001) and has been used to examine vertical
movement, i.e. burrowing in Corophium volutator.

For the biological response, the parameters tested included density of the amphipods, length of
the experiment, size of the tanks, depth of the sediments, amount of water, percentage of sand, percent-
age of seaweed, burned wood, coal, used crankcase oil, diesel oil and field contaminated sediments
(Hellou et al. Submitted). Spiked sediments can be described as containing a physical or chemical
disturbance, where in all cases food was available, since reference sediments collected along with the
amphipods were used to prepare the gradient of contaminated sediments. An additional result to the
behavioural response obtained for each experiment was percent survival and this helped in interpreting
results. Increasing amounts of sand did not affect the survival of the amphipods. However, amounts of
ground seaweed, burned wood and coal representing more than 50 percent of the natural habitat of the
animals appeared detrimental to the amphipods, i.e. leading to lower survival than observed in refer-
ence sediments (<90 percent compared to 90—100 percent in reference sediments). Ground seaweed
represented the worst-case scenario (Figure 1). As well, minute amounts, i.e. <0.01 percent, of fresh
diesel or crankcase oil, did not represent a good habitat for these benthic amphipods. In comparison to
these sediments containing known materials added for a broad view of the amphipods’ preferred habi-
tat, amphipods exposed to harbour sediments generally survived in most experiments at levels >80
percent.

Amphipods displayed a preference for reference sediments when sand and ground seaweed
represented 10 percent of the sediments and when ground-up burned wood and coal represented 30
percent of the sediments, while the two oils were not avoided by amphipods when representing a pro-
portion of 0.001 percent to one percent of the sediments. In comparison, some sieved Halifax Harbour
sediments were avoided when representing 5—40 percent of reference sediments (Figure 2), while other
sites were not preferred in a consistent level correlating with exposure.

Three Halifax Harbour sites that were ranked as more impacted at S4 > S10 > S11 for mussels’
health, over a period of two years were used in the amphipod study (Hellou et al. 2002). Levels ob-
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served for the sum of PAHs in sediments ranked as S11 > S4 > S10. However, site S11 had contami-
nants that were not as available for uptake by mussels or amphipods as PAH at sites S4 or S10. A sub-
set of two of the 80 PAHs analyzed in these samples, i.e. phenanthrene (PA) and pyrene (PY) is presented
in Figure 3. In comparison to the harbour sediments, Bay of Fundy sediments collected at Avonport
Beach had only one detectable PAH, i.e. PA, although this compound was more available to amphipods,
giving a biota-sediment accumulation factor (BSAF = concentration in animals divided by concentra-
tion in sediments, both in dry weight) of one. The BSAF observed for the same compound at S10, S4,
and S11 was of 0.5, 0.15 and 0.03, respectively.

Bioavailability of contaminants would be affected by a number of variables, including the source
of the contaminants, the physical-chemical properties of each chemical, the age of the material contain-
ing PAHs that was deposited in sediments, the grain size of the sediments, and the organic carbon
content. This result, along with the earlier tested physical and chemical contaminants, will contribute to
understanding and preserving the Bay of Fundy ecosystem.

References

Canadian Council of Ministers of the Environment (CCME). 1999. Canadian Environmental Quality
Guidelines. CCME, Winnipeg, MB (2 volumes).

Chapman, P. M., R. C. Barrick, J. M. Neff, and R. C. Swartz. 1987. Four independent approaches to
developing sediment quality criteria yield similar values for model contaminants. Environmental
Toxicology and Chemistry 6: 723-725.

Cook, N. H. and P.G. Wells. 1996. Toxicity of Halifax Harbour sediments: an evaluation of the Microtox
solid-phase test. Water Quality Research Journal of Canada 31: 673-708.

Esselink, P., J. van Belkum, and K. Essink. 1989. The effect of organic pollution on local distribution of
Nereis diversicolor and Corophium volutator. Netherlands Journal of Sea Research 23: 323-332.

Hellou, J., M. Langille, J. Leonard, S. Steller, and D. Tremblay. 2004. Partitioning of polycyclic aro-
matic hydrocarbons between water and particles and bioaccumulation in mussels: a harbour case.
Marine Environmental Research 59: 101-117.

Hellou, J., P. Yeats, S. Steller, and F. Gagné. 2003a. Chemical contaminants and biological indicators of
mussel health during gametogenesis. Environmental Toxicology and Chemistry 22: 2080-2087.
Hellou, J. and Law, R. J. 2003b. Stress response of wild mussels, Mytilus edulis and Mytilus trossulus,

as an indicator of ecosystem health. Environmental Pollution 126: 407—416.

Hellou, J., S. Steller, V. Zitko, J. Leonard, T. King, T. Milligan, and P. Yeats. 2002. Distribution of PACs
in surficial sediments and bioavailability to mussels, Mytilus edulis, of Halifax Harbour. Marine
Environmental Research 53: 327-356.

Hellou, J., T. King and D. Willis. 2000. Seasonal and geographical distribution of PAHs in mussels,

Mytilus edulis, collected from an urban harbour. International Journal of Polycyclic Aromatic Com-
pounds 20: 21-38.

84



Session One: Contaminants and Ecosystem Health

Hinton, D. E. 1994. Cells, cellular response, and their markers in chronic toxicity of fishes. Pages 207—
240. In: Aquatic Toxicology: Molecular, Biochemical and Cellular Perspectives. D. C. Malins and
G. K. Ostrander, Eds. Lewis Publishers, CRC Press, Boca Raton, FL.

Tay, K. L., K. G. Doe, S. J. Wade, D. A. Vaughan, R. E. Berrigan, and M. J. Moore. 1992. Sediment
bioassessment in Halifax Harbour. Environmental Toxicology and Chemistry 11: 1567—-1581.

Weis, J. S., G. Smith, T. Zhou, C. Santiago-Bass, and P. Weis. 2001. Effects of contaminants on behav-
iour: biochemical mechanisms and ecological consequences. BioScience 51: 209-217.

Figure 1. Behavioural response of amphipods exposed to ground seaweed, where R represents refer-
ence sediments, S represents spiked sediments
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Figure 2. Behavioural response of amphipods exposed to Halifax Harbour sediments, where R repre-
sents reference sediments, S represents spiked sediments
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Figure 3. Concentration of selected contaminants in sediments of Halifax Harbour (sites S4, S10 and
S11) relative to uptake by amphipods, where PA is phenanthrene and PY is pyrene; while BoF is Bay of
Fundy
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Abstract

In addition to deteriorating the quality of life of the local residents, there are some major envi-
ronmental impacts that can be generated by the operation of a stone quarry in the vicinity of the Bay of
Fundy. Detonation of explosives near water creates compression waves that produce a rapid rise in the
peak pressure and its rapid decay to the ambient pressure. This can damage the swim bladder of fish and
damage their eggs/larvae. Large whales orient to objects by passively listening to underwater noise.
Their exposure to the intense noise generated by blasting near the shoreline may result in damage to
hearing and subsequent death by accidents. Sedimentation resulting from blasting, grinding and wash-
ing of the aggregate may cover spawning areas or reduce bottom dwelling life forms that the fish use for
food. The explosive residue may pollute the groundwater and may be toxic to aquatic life. Groundwater
will be drawn down from upstream of the quarry as a result of excavation with the potential for lower-
ing the water table and drying up the wells in the neighbourhood, as well as reducing the base flow in
local streams. If the aggregate produced from the quarry is to be shipped across the Bay of Fundy, the
new invasive plants brought in by ballast water may displace existing plant life (such as kelp beds and
rockweed) and provide inhospitable environments for critical marine species.

Introduction

The proposed projects for industrial production and shipping of aggregate from stone quarries
near the Bay of Fundy shore, especially in southwest Nova Scotia, have emerged only recently. The
proposals for quarrying basalt, a common rock found along the North Mountain abutting the Bay, have
precipitated the concerns of the community regarding the adverse effects of a quarry on the environ-
ment and on the socio-economic well-being of the local inhabitants.

This paper addresses the environmental impact of blasting in stone quarries near the Bay of
Fundy. First, an introductory explanation of blasting scheme for quarries is provided. Second, the direct
impacts of blasting on fish and fish eggs, the setback distances of a blast from marine life, that are
regulated by Fisheries and Oceans Canada (DFO), and the impact of noise on marine mammals are
discussed. Finally, additional sources of environmental impacts of blasting for quarries near the ocean
are identified and discussed, including blast residue, sedimentation, drawdown of water, and importa-
tion of ballast water.
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Main Aspects of Blasting in Stone Quarries
Bench Excavation

The drill and blast technique used in quarries (or open-pit mines) involves a sequential excava-
tion of benches (or steps) of the rock. The geometric features (shown in Figure 1) include a grid of drill
holes with spacing (S) along the free face (the wall of the bench) and spacing (B) across the wall, height
(H) of the bench and corresponding length (L) of the drill hole, and diameter (D) of the drill hole. Each
hole can be thought of as having to break its own individual area (AR) which equals BxS as outlined by
the dashed lines in the plan view of the bench in Figure 1. The blast design takes into account the type
of rock, the ratio of B to D, the type of explosive, the delay interval between successive explosions in
the same blast, and the explosive charge weight per delay (Hustrulid 1999).

Ground Vibrations Generated by Blasting

Ground vibrations from blasting are generated by the resulting seismic waves. The primary or
compression wave has the highest velocity and arrives first at a point or particle. The next to arrive at
the point are the secondary or shear waves. The compression and shear waves are collectively called the
body waves. The slowest and last to arrive is the Rayleigh wave, which constitutes the main component
of the surface waves (Siskind 2000; Roma 2001).

The velocities of compression and shear waves, VC and VS respectively, are (Kramer 1996):

2G(1+v
ey = 28U+v) (1)
p(1-2v)
G
VS): == 2)
P
where G = +0) E = Young’s Modulus, v = Poisson’s Ratio, and p = density of the medium.

Measurement of ground vibration at a point (or particle) is generally made in terms of the peak particle
velocity, PPV.

Guidelines for Use of Explosives

In the guidelines for use of explosives (e.g., Hustrulid 1999; Wright and Hopky 1998), the main
variables of interest are the PPV, the shock pressure in water (PW), the setback distance (SD) from the
blast to the position of interest, and the explosive charge weight (W) per delay. Equations have been
developed for inter-relating the main variables. For instance, the following equation (from Wright and
Hopky 1998) relates PPV to SD and W, when body waves are considered:
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-1.6
PPV = 100( SD J (3)

WO.S

where the units of the variables are as follows: PPV in cm/sec, SD in m, and W in kg.

In order to account for soil characteristics (i.e. layering, mechanical properties, surface degrada-
tion), more refined models are required to select the relevant values of the constants used in equation

(3).
Direct Impacts Of Blasting
Effects on Fish

The compressional seismic waves from the detonation of the explosives produce a high peak
pressure (P_ ) that rapidly decays to below the ambient hydrostatic pressure. This rapid pressure drop
induces serious impacts on fish. As discussed by Wright (1982), the primary site of damage in finfish is
the swimbladder, the gas-filled organ that permits most pelagic fish to maintain neutral buoyancy. The
kidney, spleen, and sinus venosus may also undergo rupture and haemorrhage. Smaller fish are more
susceptible to damage than larger fish.

The Canadian Guidelines (Wright and Hopky 1998) require that “no explosive is to be deto-
nated in or near fish habitat that produces, or is likely to produce, an instantaneous pressure change (i.e.,
overpressure) greater than 100 kPa (14.5 psi) in the swimbladder of a fish.” The simplified formula for
calculating the minimum setback distance (SD) of the onshore (in rock) blast from the fish is

sD=5.03W)" @4

Therefore, a 100 kg charge of explosives detonated in a stone quarry requires a setback of 50.3 m from
the fish in order to limit the P__ to 100 kPa.

Effects on Fish Eggs

The Canadian Guidelines (Wright and Hopky 1998) state that “vibrations from the detonation
of explosives may cause damage to incubating eggs” and that “no explosive is to be detonated that
produces, or is likely to produce, a peak particle velocity greater than 13 mm/sec in a spawning bed
during the period of egg incubation”.

In reference to the vibrations resulting from the compressional waves, the Guidelines provide

the following simplified equation for determining the setback distance, SD, from an explosion for a
limiting value PPV of 1.3 cm/sec:
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SD =15.09(W )* )

Therefore, detonation of a 100 kg charge of explosives requires a setback distance of 150.9 m from the
fish eggs in order to limit the PPV to 1.3 cm/sec.

Significant Increase in Setback Distance Resulting from Rayleigh Waves

As discussed above, the setback distances from the explosives were calculated in reference to
compressional (or body) waves as the source of vibrations. However, a blast in a quarry will also
generate surface waves (or Rayleigh waves) as illustrated in Figure 2. The amplitude of the vibrations
from body waves is inversely proportional to the distance. On the other hand, the amplitude of the
vibrations from Rayleigh waves is inversely proportional to the square root of the distance. Therefore,
the Rayleigh waves attenuate more slowly than body waves. Figures 3 and 4 (after Roma and Mahtab
2004) depict the significant increase in the setback distance with reference to the limits of P___and PPV,
respectively.

For example, using a W of 100 kg and a P___of 100 kPa in Figure 3, the setback distances for
body and Rayleigh waves, are 50 m and 300 m, respectively. For a PPV of 1.3 cm/sec, and a W of 100
kg, the setback distances associated with body and Rayleigh waves (and shown in Figure 4) are 150 m
and 1,460 m, respectively.

Impact of Noise on Marine Mammals
Decibel

As an introduction, it would be useful to define the term “decibel” as a common unit used to
express noise, or loudness of sound. Decibel, or dB, is a measure of a single power source with respect
to a reference source.

dB = 10[log(sound power/reference power)] (6)

Some examples of the source, loudness, and qualitative nature of loudness are given in Table 1.
The level of noise from a given source is a non-linear function of the distance of the observation point
from the source. A rule of thumb for noise propagation is to reduce the noise level by 6 dB for each
doubling of the distance. For instance, if the level of noise at 25m from a bulldozer is 80 dB, the noise
level at 50 m will be 74 dB. To bring the noise level to a (moderate) 50 dB, the required distance would
be 800 m.

Masking

Noise generated by blasting of rock and associated activities, such as grinding and shipping of
the aggregate, can affect the marine mammals in various ways. Noise can mask communication signals
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that play a role in social cohesion, group activities, mating, warning, or individual identification. Noise
can further interfere with environmental sounds that animals might listen to. Noise also affects the
detection of sounds of predators and prey (Erbe and Farmer 2000).

Behavioural Disturbance

Noise has the potential of disrupting normal animal behaviour. Reported animal reactions in-
clude a cessation of feeding, resting, socializing, and an onset of alertness or avoidance (Richardson et
al. 1995). For many marine mammals, disturbance is known to have occurred at continuous noise levels
of about 120 dB. In our opinion, the normal blast per delay in a rock quarry will generate a noise that
exceeds 120 dB. If noise scares the animals away from their habitat for an extended period, the effect
will have a biological significance (on foraging, mating, or nursing).

Hearing Impairment

Prolonged exposure to continuous noise, such as from shipping and grinding, can also bring
about hearing loss. Audiologists call this impairment “threshold shift”. On exposure to damaging noise,
one’s acoustic threshold rises by a few decibels. For a marine mammal, each additional dB can mean a
loss of vital information: the call of a calf, a predator, or a prospective mate (NRDC 1999).

Cumulative Effect

Repeated exposures to relatively low levels of noise may have a cumulative effect in inducing
permanent hearing loss in mammals (as has been confirmed in humans and other species). Perhaps the
most serious impact of noise is the debasement and depletion of habitat, as evidenced by the driving of
gray whales, and possibly humpback whales, from traditional waters (NRDC 1999).

Additional Impacts of Quarrying Stone Near the Bay of Fundy
Water Pollution from Explosive Residue

As indicated above and in Figure 1, a pattern of drill holes is used to load and detonate explo-
sives for breaking rock in a quarry. A fraction of the explosive may be left as “explosive residue” in the
form of unexploded material after completion of the explosion.

As discussed by Kelleher (2002), there is evidence to support the suggestion that explosive
residue is derived from a thin outer layer of the charge. The outer layer in a charged drill hole is the
cylindrical surface. (The magnitude of the cylindrical surface for a given bench height is a direct func-
tion of the diameter of the drill hole.) As a general rule, the explosive residue will decrease as both the
charge size and the velocity of detonation increase. However, in the case of a quarry near the ocean, the
charge size per delay will need to be constrained to meet the DFO Guidelines for Peak Particle Velocity.
In addition, the practical choice of the explosive for a quarry may not be associated with a high velocity
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of detonation. Therefore, the small charge (i.e. diameter of the drill hole) and/or the low velocity of
detonation will tend to increase the percentage of the explosive residue.

The explosive residue will enter the surface water and groundwater through gravity flow and
washing of the aggregate. The pollution potential of the explosive residue will depend on the chemical
constituents of the explosive, such as nitrate and fuel oil. The potential hazard will be the contamination
of the groundwater, its eventual flow into the Bay of Fundy, and the harmful impact on the marine life.

Sedimentation

Construction activities for a quarry near the Bay of Fundy shore may require clear cutting of the
trees from the site, removing top soil, and altering the watercourses. All of these aspects will accelerate
erosion, mainly by exposing large areas of soil or hills to faster flow of water during rainstorms. The
rock formation along the shore is generally sloping toward the Bay. The silt-laden runoff from the site
will end up in the Bay. Figure 5 shows an example of the silt being washed down the stripped hills from
a proposed quarry site near the Bay of Fundy. Sedimentation or siltation from a rock quarry will also be
generated by blasting, grinding, and transporting of the rock and aggregate.

As indicated in Appendix A of NS DEL (1988), one of the most serious environmental effects of
siltation is the destruction of fish and fish habitat. High turbidity may induce physiological stress that
makes fish susceptible to infection by disease-causing micro-organisms. High turbidity levels reduce
light penetration and photosynthesis, thereby affecting the food chain and dissolved oxygen content.
Sedimentation may cover spawning areas or reduce bottom dwelling life forms that the fish use for
food.

Drawdown of Groundwater

The quarrying operation will progressively remove one or more benches of rock, most likely
advancing from close to the Bay and proceeding away from the Bay. Depending on the cumulative
height of the benches, the pit will act as a dug well which will draw down the water from the hills (or
land) behind the pit toward the Bay. The extent of drawdown will depend on the rate of advance of the
quarry face, level of the water table in reference to elevation of the bottom of the pit, and the hydraulic
conductivity of the rock. The rock near the shore is well fractured and has high conductivity, in both
horizontal and vertical directions. This conductivity would be enhanced by the effect of blasting.

The drawdown of water will adversely affect the level of water table and the use of aquifers by
the neighbours. The wells in the vicinity of the quarry may run dry and the base flow in the regional
streams may be reduced. The dust from blasting and grinding as well as the siltation carried by the
drainage through the blasted rock will affect the quality of the groundwater.
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Impact of Ballast Water

For practical reasons, a large-size stone quarry will need to ship the stone or aggregate using a
marine terminal located near the quarry site and on the Bay of Fundy shore. A major concern regarding
shipping the product across the Bay and Gulf of Maine would be the new invasive organisms brought
by the cargo ships in the ballast water. As stated in the guidelines of Transport Canada (2001), ballast
water has been associated with the unintentional introduction of a number of organisms in Canadian
waters and several have been extremely harmful to both the ecosystem and the economic well-being of
the nation. When a new organism is introduced to an ecosystem, negative and irreversible changes may
result, including a change in biodiversity. For example, the imported plants may displace the existing
plant life, such as kelp beds and rockweed, and provide inhospitable environments for critical marine
species. Chapman et al. (2002) provided a comprehensive example of the introduction of alien marine
vegetation and its spread in Atlantic Canada.

Conclusion

The environmental impacts of blasting for a stone quarry near the Bay of Fundy include loss of
marine and terrestrial habitat, impairment of water and marine habitat due to siltation from the site, and
lowering of groundwater level.

An economically feasible quarry would require shipping of the product (most likely, the aggre-
gate) across the Bay. The traffic of bulk carriers will disrupt the movement pattern of whales. Creation
of a marine terminal will jeopardize the safety of small craft that follow the shoreline. The importation
of invasive species in ballast water may have a potentially severe impact on the marine life over a wide
area.

Regardless of the size of a proposed quarry near the Bay, a detailed environmental assessment
report needs to be furnished by the proponent of the quarry project. The federal and provincial govern-
ments and the community concerned must examine the report before the proposed project is approved.
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Table 1. Sound loudness (after Lindeburg 1982)

SOURCE LOUDNESS (dB) | QUALITATIVE NATURE
jet engine or thunder 120 painful

jack hammer (drill) 110 deafening

sheet metal shop 20 very loud

street noise 70 loud

office noise 50 moderate

quiet conversation 30 quiet

none 0 silence

Figure 1. Isometric view of a bench showing blast geometry and a plan view of the bench showing blast

layout for one row of holes (after Hustrulid 1999)
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Figure 2. Description of body waves and surface (Rayleigh) waves resulting from blasting near a shore-
line (after Roma and Mahtab 2004)
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Figure 3. Setback distances for body and Rayleigh waves using the limit P_ = 100 kPa for fish habitat
(after Roma and Mahtab 2004)
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Figure 4. Setback distances for body and Rayleigh waves using the limit PPV = 1.3 cm/sec for spawn-
ing habitat for fish habitat (after Roma and Mahtab 2004)
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Figure 5. Sediment runoff from stripped hills on a proposed quarry site near the Bay of Fundy
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Session Two: Ecology of Seabirds and Shorebirds

FEEDING AREAS OF ARCTIC TERNS (Sterna paradisaea) AND COMMON TERNS (Sterna
hirundo) BREEDING ON MACHIAS SEAL ISLAND, NEW BRUNSWICK

Amie L. Black and Antony W. Diamond
University of New Brunswick, Fredericton, NB. a.black@unb.ca, diamond@unb.ca
Abstract

Machias Seal Island (MSI) is a 9.5 ha, treeless island located at the mouth of the Bay of Fundy,
20 km south of Grand Manan. It is designated a Canadian Wildlife Service (CWS) Migratory Bird
Sanctuary and managed by CWS because it is the breeding grounds of a large number of seabirds,
including both arctic and common terns. The Atlantic Cooperative Wildlife Research Network
(ACWERN) has been conducting long-term studies on MSI since 1995. One research goal is to assess
the ecological differences between Arctic and Common Terns. As a part of this project, we are radio
tracking Arctic and Common Terns to determine where they feed around MSI. Preliminary data sug-
gests that common terns feed both inshore and far offshore, whereas arctic terns seem to feed solely
offshore. The next step is to relate feeding areas to characteristics of the marine environment, and to
investigate whether Arctic and Common Terns which nest together also forage together.

Introduction

Arctic Terns (Sterna paradisaea) are seabirds that breed inland and along the coast in northern
latitudes of North America, Greenland, Europe, and Asia (Hatch 2002). They often nest sympatrically
with Common Terns (Sterna hirundo) on offshore islands in the southern portion of their range along
the coast of eastern North America (e.g., Machias Seal Island, Seal Island National Wildlife Refuge,
Country Island). Common Terns are also found throughout Europe and Asia and, like the Arctic Tern,
are considered to be a long-lived species (Nisbet 2002).

Machias Seal Island (MSI) is a 9.5 ha, treeless island located at the mouth of the Bay of Fundy.
It is designated a Canadian Wildlife Service (CWS) Migratory Bird Sanctuary and managed by CWS
because it is the breeding grounds of a large number of seabirds, including both Arctic and Common
Terns, as well as Atlantic Puffins and Razorbills (Devlin and Diamond 2002).

Despite extensive study of the breeding and foraging biology of both Arctic and Common Terns,
systematic investigation of their foraging grounds has been limited. Tracking studies of Common Terns
have been conducted in the freshwater Great Lakes system (Burness et al. 1994) and in the Wadden Sea,
Germany (Becker at al. 1993). There are no published studies of radio-tracked Arctic Terns. These
studies have been carried out on tern colonies relatively close to shore, not on colonies of sympatrically
nesting Arctic and Common Terns.
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Using flight speed and time spent away from the nest, Pearson (1968) calculated that Common
Terns on the Farne Islands traveled approximately 21.9 km from the nest. Becker et al. (1993) deter-
mined that Common Terns forage close to shore (within 10 km), using coarse calculations based on
triangulation that underestimated range due to the spatial limitations of this method. Nisbet (2002)
extended this feeding range to within 20 km of the breeding site, and although the birds usually feed
closer than this, they may also travel much further to forage. This estimate was made using a combina-
tion of radio telemetry data, trip duration estimates, and boat surveys. This fluctuation in range esti-
mates may be a function of either different distances to the feeding grounds at each breeding location, a
difference between sampling methods, or perhaps a combination of the two.

Arctic Tern foraging distances from the nest site are poorly documented, but estimates range
from less than 10 km (Hatch 2002) to 20.2 km (Pearson 1968). We now have good information on the
diet of Arctic and Common Terns nesting on MSI (Devlin and Diamond 2002), but where they feed is
still unknown. The next step in understanding the foraging ecology of these terns is to find out where
their feeding grounds are and to potentially identify any differences in foraging areas between the two
species.

Existing data suggest that Arctic and Common Terns feed on similar prey species (herring, hake,
euphausiids, and rockling), but in different proportions (Hall et al. 2000; Diamond and Devlin 2003).
Hall et al. (2000) also hypothesize, based on prey diversity studies, that Common Terns prefer to feed in
inshore bays, and Arctic Terns mainly forage over open ocean waters and along stony shores.

Objectives

The objectives of this study are to identify the feeding habitat of Arctic and Common Terns
breeding on Machias Seal Island, and to compare these findings with those of other tern colonies that
are located closer to the mainland and may not have both species nesting together. This will also con-
tribute to one of the larger goals of ACWERN, which is to identify the differences between Arctic and
Common Terns that allow them to breed so close to each other.

Predictions

We predict that based on the foraging range estimates of Arctic Terns (Pearson 1968; Hatch
2002) and Common Terns (Pearson 1968; Becker et al. 1993; Nisbet 2002), and the fact that they
overlap considerably in prey type (Hall et al. 2000; Diamond and Devlin 2003) these two species may
have a large feeding area overlap because MSI is an offshore island (10 km from Maine and 19 km from
New Brunswick). However, Common Terns are associated with inland feeding in bays and fresh water
more than Arctic Terns (Lemmetyinen 1973; Becker et al. 1997; Hall et al. 2000), so we also hypoth-
esize that Common Terns will be found more often foraging between MSI and the Maine coast, while
Acrctic Terns will feed farther out at sea.
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Methods

Fieldwork was centred on MSI from May-August of 2004. Twenty birds of each species (Arctic
and Common Terns) were caught and fitted with a transmitter. All of the tagged birds were mates.

Radio-tagging procedures followed Gaunt and Oring (1997), Canadian Council on Animal Care
Guidelines (1993), and Kenward (1988); each bird was fitted with a tail-mounted radio transmitter. The
transmitters were attached to tail feathers using cotton thread and waterproof epoxy. This attachment
site may minimize obstruction of ground movement by the trailing antenna while still allowing ease of
flight. Tracking began no earlier than five days after transmitter attachment to allow the birds to acclimate
to the equipment (Ministry of Environment, Lands and Parks Resources, B.C. 1998). Birds were tracked
from the air because MSI is too small (9.5 ha) to allow accurate triangulation of birds at sea from land
mounted antennas, and the estimated foraging ranges are too large to cover in a boat. Aerial radio-
tracking flights extended from Grand Manan Island to approximately 30 km around MSI and began late
in incubation (third week of June) using a fixed-wing, twin-engine aircraft mounted with two antennas.
The duration of these flights were between 2.5 and 3 hours over a range of times during the day, and
were opportunistic depending on weather conditions, which were usually foggy in June and July. Atotal
of six flights were executed. Tracking began around MSI and the sea was explored in a spiral pattern
centred around the island.

As each individual was detected, it was scored as either foraging or traveling according to both
the characteristics of the signal (in one place and delayed as the bird hits the water while feeding, versus
steady and moving away from or towards the island, and not breaking up). Characteristics of the loca-
tion and the observed foraging flocks were also noted if visibility allowed it. Parameters included
number and species of birds in the foraging flock, weather and sea conditions, and time of day. We
attempted to find as many of the tagged birds as possible on each flight.

Results and Conclusion

Eighteen Common Tern and five Arctic Tern feeding locations were documented. A low rate of
detection of Arctic Tern foraging grounds suggests that perhaps the Arctic Terns are travelling further
than the estimated 30 km range. The search area will be increased for the 2005 field season.

Preliminary data shows that Common Terns forage along coastlines, as well as far out at sea, but
Arctic Terns appear to stay well offshore. Both Arctic and Common Terns were found very near the
nesting site (within 5 km) as well as up to 30 km away. This suggests that these two tern species may
show an overlap in foraging niches on offshore feeding grounds, but not inshore areas. This data will be
analyzed to relate where the terns are feeding to characteristics of the marine environment, as well as to
investigate whether Arctic and Common Terns that nest in the same areas also feed on the same forag-
ing grounds.
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APOSSIBLE REASON FOR THE DISAPPEARANCE OF PHALAROPES FROM AROUND
DEER AND CAMPOBELLO ISLANDS: AVAILABILITY OF THEIR FAVOURITE PREY

John W. Chardine
Canadian Wildlife Service, Environment Canada, Sackville, NB. john.chardine@ec.gc.ca

Phalaropes are marine shorebirds that spend about nine months of the year at sea feeding on
small (ca. < 6 mm) zooplankton at the sea surface (Mercier and Gaskin 1985). From about mid-July to
mid-September, the outer Bay of Fundy is an important migratory stop-over area for phalaropes, where
the birds feed and gain body mass for their migration south. Over the course of the mid to late 1980s,
the number of phalaropes (mainly Red-necked, Phalaropus lobatus) using the waters around Deer and
Campobello Islands, New Brunswick, declined from 1-2 million to zero. The decline appeared to start
in about 1986 and the birds were gone by 1990 (Duncan 1996).

In the early 1980s, the abundant Red-necked Phalaropes around Deer Island fed mainly on the
copepod Calanus finmarchicus driven to the surface by tidal upwellings around the islands (Mercier
and Gaskin 1985). Therefore, a reasonable hypothesis explaining the disappearance of the birds is that
their main prey was no longer available to the birds, or was available at much lower levels. Plankton
tows were conducted around Deer Island after the phalaropes disappeared but the results of this work
appear to be unavailable. | therefore decided to conduct plankton tows around Deer Island in 2002,
albeit over ten years after phalaropes were last seen there.

Numbers of phalaropes and their copepod prey were quantified by Mercier and Gaskin in 1980—
1982 and their data provide a benchmark against which prey availability can be compared now, in the
absence of birds. | used the same methods to sample zooplankton in surface waters around Deer and
Campobello Islands. This involved towing a surface plankton net (mouth size 500 mm wide by 200 mm
deep; 0.25 mm mesh size) behind and to one side of a small vessel at a speed of 1 ms™ (ca. 2 knots) for
5 minute periods during late August, when the phalaropes were historically at their peak numbers in the
area. Samples were stored in glass mason jars and preserved with formalin (4 percent). Zooplankton in
the samples were identified and counted by Vivian Bushell of the Unamaki Institute, Cape Breton, NS.

The density of Calanus finmarchicus around Deer Island was about ten times lower in 2002
than in the early 1980s. Furthermore, densities of some other copepod species, principally Acartia sp.
and Eurytemora sp., were about twice as high in 2002, suggesting that I was not undersampling copepods
due to some methodological reason.

Phalaropes still use the Brier Island area to feed while on migration so | also sampled surface
zooplankton there. The copepod species composition of tows | conducted was broadly similar to those
conducted in the 1970s (Brown and Gaskin 1988), suggesting that the changes | found around Deer
Island had not occurred off Brier Island. | found densities of Calanus finmarchicus in areas where birds
were feeding off Brier Island to be well above the threshold of 45/m? at the surface (Mercier and Gaskin
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1985), below which phalaropes cannot feed profitably. I could not directly compare copepod densities
with those found in the 1970s because different nets were used in the two time periods.

I conclude that the most likely cause of the disappearance of phalaropes from the Deer Island
area was severely reduced availability of their favourite prey Calanus finmarchicus from surface waters
during the time phalaropes migrate through the area. The possible reasons for this remain unclear at this
time but could involve factors such as local or widespread changes in (1) biological or physical ocea-
nography, (2) Calanus finmarchicus consumption by fishes, (3) Calanus finmarchicus phenology, or
(4) pollution levels.
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CHANGES IN THE FEEDING OF FOUR ATLANTIC SEABIRDS ON
MACHIAS SEAL ISLAND, NEW BRUNSWICK

Laura I. Minich and Antony W. Diamond
Biology Department, University of New Brunswick, Fredericton, NB. laura.minich@unb.ca

Seabirds are long-lived species that are top consumers in the marine ecosystem. They are con-
spicuous and accessible samplers of the oceanic environment, making them ideal indicator species to
assess changes in the marine environment where they spend the bulk of their lives. Seabirds also nest in
dense colonies during the breeding season and can be interesting study subjects when exploring scien-
tific questions (e.g., Cairns 1987; Burger and Gochfeld 2002; Diamond and Devlin 2003).

Machias Seal Island (MSI) is a 9.5-hectare island located in the mouth of the Bay of Fundy, 18
km southwest of Grand Manan Island, New Brunswick. During the summer months, the island is the
breeding site of several seabird species, four of which have been the focus of a long-term study initiated
in 1995 by the Atlantic Cooperative Wildlife Ecology Research Network (ACWERN) at the University
of New Brunswick (UNB) in conjunction with the Canadian Wildlife Service (CWS) (Diamond and
Devlin 2003). The focal species include two terns, Arctic Terns Sterna paradisaea and Common Terns
S. hirundo, and two alcids, Razorbills Alca torda and Atlantic Puffins Fratercula arctica.

Arctic Terns and Common Terns are surface-feeding seabirds that feed their chicks on a variety
of prey species (Nisbet 2002; Hatch 2002). On MSI, tern chick diets are dominated by schooling fish
species and occasional euphausiid shrimp (Charette et al. 2004). Atlantic Puffins and Razorbills are
pursuit-divers that forage within the water column and feed chicks primarily demersal schooling fish
species (Lowther et al. 2002; Hipfner and Chapdelaine 2003).

The long-term study on Machias Seal Island has now produced ten years of data on the four
focal seabird species. Data include chick-feeding prey types and size collected via observation from
blinds and data on various reproductive parameters such as clutch size, hatching success, growth rates,
and fledging success rates. The feeding data have shown a shift in prey items fed to chicks since 2000.
Historically the four species have fed their chicks primarily juvenile Atlantic herring (Clupea harengus),
but in recent years other species have become the dominant food item, including energetically poor
crustaceans (Massias and Becker 1990; C. Maranto, pers.comm.), specifically euphausiids (Charette et
al. 2004).

The summer of 2004 stands apart from all previous years of this study, as fish larvae were
observed being fed to seabird chicks for the first time since ACWERN started the project in 1995. All
four species of seabird delivered fish larvae to chicks, with the larvae composing 17 percent to 25
percent of all identified prey fed to chicks. We have yet to analyze the nutrient and energetic content of
fish larvae collected this summer, but the mass of a larval herring we collected were typically an order
of magnitude less than the mass of metamorphosed juvenile herring we recovered in the colony. The
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Common and Arctic Tern colonies had the lowest productivity recorded to date on MSI in 2004, with
adjusted fledging rates of 0.049 and 0.053 respectively. We believe poor feeding and cool, foggy weather
contributed to the near failure of both tern colonies.

Herring are fatty, nutrition-rich fish (Massias and Becker 1990). However, past work on the
long-term study has shown that seabird productivity varies with percent water/fat content in herring,
rather than the proportion of herring in the chick diet (Diamond and Devlin 2003). As more feeding data
accumulate since the switch in prey, the amount of juvenile herring in the diet may correlate with
reproductive success, unless herring are replaced by energetically-equivalent prey. Seabirds are long-
lived species that tend to invest heavily in few offspring (e.g., Weimerskirch 2002) making them poten-
tially vulnerable to prey changes during the brief but crucial breeding season (Monaghan et al. 1989;
Harris and Wanless 1990; Danchin 1992).

This possible shift in feeding is of interest to humans from a variety of reasons. Atlantic herring
supports a weir fishery in New Brunswick that catches approximately 26,000 tonnes of herring annu-
ally, making it a commercially valuable species (Power et al. 2003). Previous research conducted dur-
ing this long-term study has shown that the amount of herring delivered to Arctic Tern chicks in the
1990s on MSI predicts the size of herring weir catches on nearby Grand Manan Island two years later
(Amey 1998; Amey et al. 2003).

Long-term studies of seabirds are essential for understanding aspects of the marine ecosystem.
The research conducted in Machias Seal Island has already helped us to understand the four focal
seabird species and how they relate to other species of the marine environment. The seabird feeding
data from the past ten years show a shift from mostly herring to other prey over the past four years;
however, little is known about the extent of this variation and what factors may have influenced this
change. This study will address feeding variation and overlap between seabirds over summers and
within breeding seasons. The resulting information will elucidate aspects of niche theory and increase
our understanding of the complex relationships that seabirds have with the marine environment and
with each other.
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FACTORS AFFECTING MOVEMENT OF SEMIPALMATED SANDPIPERS (Calidris
pusilla) MIGRATING THROUGH THE UPPER BAY OF FUNDY

Ashley J. Sprague,** Tony W. Diamond and Diana J. Hamilton
University of New Brunswick, Fredericton, NB. r7v13@unb.ca, diamond@unb.ca, dhamilt2@unb.ca
Introduction

The upper Bay of Fundy is a key migratory stopover point for Semipalmated Sandpipers (Calidris
pusilla), a small shorebird which breeds in the Arctic and winters in northern South America. One to
two million birds—between 40 percent and 75 percent of the world’s population—visit local mudflats
annually, the majority from late July to late August (Hicklin 1987; Mawhinney et al. 1993). Many
migrating shorebird species tend to concentrate in large numbers on a restricted number of sites, mak-
ing them very vulnerable to habitat loss (Morrison et al. 1994). The Western Hemisphere Shorebird
Reserve Network has designated the Bay of Fundy as a site of critical importance for these birds (Shep-
herd and Boates 1999). This mass migration also represents a major attraction for New Brunswick and
Nova Scotia tourists interested in wildlife.

During their stay in the Bay of Fundy, sandpipers nearly double their weight in preparation for
migration to their South American wintering grounds by feeding almost exclusively on mud shrimp
(Corophium volutator), the most abundant macroinvertebrate on mudflats in the area (Hicklin and
Smith 1984). Semipalmated Sandpipers forage on exposed mudflats during low tide and return to com-
munal roost sites to rest during high tide. Throughout their approximately two-week stay in the Bay of
Fundy region, it is not clear how these birds select foraging habitat, or whether they stay on a single
mudflat or use multiple mudflats.

The selection and use of a foraging site should be based on perceived predation risk, food
abundance and availability (Lima and Dill 1990; Elchuk and Wiebe 2002). Populations of Peregrine
Falcons (Falco peregrinus) and Merlins (Falco columbarius), the main shorebird predators in the Bay
of Fundy, have recently increased due to the banning of DDT use in North America and raptor reintro-
duction programs (Noble and Elliot 1990). This has resulted in increased predation risks for shorebirds
in the Bay of Fundy area, and is likely altering the sandpipers’ choice of foraging areas. Historical
evidence prior to the raptor increase suggests that individual Semipalmated Sandpipers restricted feed-
ing to single mudflats (P. Hicklin, pers. comm.); however, mudflat use by shorebirds appears to have
changed in recent years (Hamilton et al. 2003). This may be related to changes in feeding habitat, as
indicated by loss of mud shrimp from some mudflats (Hamilton et al. 2003), the recovery of predator
populations in the area, or other factors.

** First Place Student Paper award winner
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Given the crucial importance of the region to this species, and the global population decline of
Semipalmated Sandpipers (Morrison et al. 1994), it is critical from a conservation standpoint that we
understand factors influencing shorebird movements and habitat use. Such knowledge will also help to
predict future responses of shorebirds to human-induced changes in the ecosystem, such as the dam-
ming of tidal rivers and the subsequent removal of these barriers. For example, if we find that birds are
able to use multiple mudflats, they may be less vulnerable to changes in their habitat than if they remain
on one mudflat throughout their stay. This issue is very relevant to New Brunswick as the province is
currently debating the removal of the Petitcodiac Causeway in Riverview, which may alter surrounding
mudflats.

Specific objectives of this project include:

1. Quantify individual shorebird movements around the upper Bay of Fundy using radio-telem-
etry.

2. ldentify factors that contribute to foraging site selection and individual bird movements dur-
ing the migration stopover.

Methods and Preliminary Results
Objective 1: Quantifying movements based on radio-tracking individual birds

In early August, during the peak migration period, 20 sandpipers each from Shepody Bay and
the Minas Basin were captured using pull traps (following the technique of Peter Hicklin, CWS) and
fitted with radio transmitters. Healthy birds with low body weights (indicating recent arrival) were
selected. Radio transmitters were attached to an area of clipped feathers on the lower back of the birds
using a light coating of waterproof epoxy adhesive (Warnock and Warnock 1993).

Tagged birds were tracked using a high-winged monoplane with H-style antennas mounted to
the plane’s struts (Kenward 1987). Flights followed the coastline along both Shepody Bay and the
Minas Basin in attempts to locate all tagged birds. Birds were also tracked from ground at communal
roost sites. Once a tagged bird was detected, the GPS location was noted. Of the 19 birds tagged in
Johnson’s Mills (Shepody Bay), 60 percent were not detected at any other mudflat. Only 16 percent
were located across the Bay foraging on Daniels Flat. In the Minas Basin, more movement was detected
with 30 percent of the birds located on one mudflat, while 50 percent were found on three or more
different flats.

Objective 2: Factors affecting movement and foraging site selection

Prey abundance and size distribution were quantified by sampling Corophium on mudflats in
the region. Stratified random sampling of sediments (21 samples per mudflat) was carried out along
three transects on each of these selected flats in late July and again in mid-August. Sediment samples
were sieved through a 0.25-mm sieve (Crewe et al. 2001) and all Corophium were retained and pre-
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served in ethanol. At a later date, samples will be sorted and measured in the lab, and the number of
Corophium/m? will be determined. This will facilitate accurate assessment of the prey base at each
mudflat for birds observed during the study.

Predation threats to the sandpipers were assessed through behavioural observations of shorebirds
and predators at selected mudflats. Predator observations were conducted at both high and low tide.
Predation risk was quantified by recording the number of predators on each mudflat, number of attacks
observed, outcome of attack, and response of sandpipers to predators. A two-way ANOVA found more
attacks occurred at high tide than low tide (p = 0.02). No significant difference was found between
predation rates in Minas Basin and Shepody Bay.

The effects of landscape on bird movements will also be assessed. Detailed maps of the area
will be used to determine the following metrics: 1) proximity to roost sites to foraging areas, 2) nearest
neighbour distance (km) will be measured from the perimeter of one mudflat to the perimeter of the
nearest mudflat, and 3) mean patch size will be the mean area (ha) of the individual mudflats.

Conclusion

The upper Bay of Fundy is both a rich and diverse wildlife habitat and an important ecotourism
site for Atlantic Canada. This research will offer the first solid information on shorebird movements
during their migration stopover in this area, especially since the recovery of their predators. This new
knowledge on foraging site selection and shorebird movements will lead to suggestions on how to best
conserve this crucial habitat and ensure that the world’s largest population of Semipalmated Sandpipers
will continue to return to the Bay of Fundy for years to come.
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RETURNING VISITORS: SEMIPALMATED SANDPIPERS IN SHEPODY BAY
Peter W. Hicklin
Canadian Wildlife Service, Environment Canada, Sackville, NB. peter.hicklin@ec.gc.ca

Over 13 field seasons between 1981 and 2004 inclusive, a total of 35,583 Semipalmated Sand-
pipers were captured and banded along the shore of Grande Anse in Johnson’s Mills, New Brunswick
(Table 1, Figure 1). In 1981 and 1982, the birds were captured using mist nets but after (and including)
1986, we used the Fundy Pull Trap to capture all birds (see Hicklin et al. 1989). Consequently, in the
course of this study, we recaptured many birds previously banded by us at Johnson’s Mills and the band
numbers of the recaptured birds were recorded. The numbers of sandpipers recaptured throughout this
period are shown graphically in Figure 2. These data indicate that most of the recaptured banded sand-
pipers were taken within the first three years of banding and the majority of these were recaptured
during the year they were banded; the longest interval prior to recapture was 14 years after the bird was
initially banded (Figure 2).

Upon the initial analysis of this data, it was surprising to discover how many birds banded on
the same day were recaptured together again on the same day, either in the same or a different year.
These birds recaptured on the same (exact) days occurred in pairs, triplets and quintuplets (groups of
two, three and five birds); the time between banding and recapture varied between 1 and 728 days
(Table 2). For those groups of birds banded and recaptured in the same year (i.e. the same late summer/
fall season), the time between captures ranged between 1 and 20 days for mean between-capture inter-
vals of 9.1 (groups of two), 8.8 (groups of three) and 5.0 days (one group of five birds) (Table 2). For
similar groupings captured in different years, the mean time intervals between captures were 411 (groups
of two) and 380 days (one group of three birds) (see Table 2). Overall, 88 Semipalmated Sandpipers
captured together (in various groupings) on the same day were recaptured together (in various group-
ings) in either the same or later years, but again on precisely the same day. The majority of within year
recaptures occurred in 1988 when we captured the most birds (nearly 10,000) during that season (Fig-
ure 3). In order to represent large flocks of sandpipers rather than individual birds, larger groupings of
birds captured and recaptured within the same 48-hour periods over all seasons showed the same pat-
tern (Figure 4). Over the 13-year period at Johnson’s Mills, groups of 2, 3, 4, 5, 6 and 10 birds were
recaptured together, within and between years (Figures 3 and 4), over time intervals ranging between 1
and 2,169 days, inclusive (Table 3).

These results indicate that the large flocks of Semipalmated Sandpipers that migrate annually to
and through the Bay of Fundy during southward migration do not represent random assemblages of
birds but possibly consist of well-structured groups of returning visitors. Whether these birds are ge-
netically related and stop over at the same sites every year during migration and use the same breeding
and wintering areas in the western hemisphere comprise testable hypotheses for future field studies.
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Table 1. Numbers of Semipalmated Sandpipers captured at Johnson’s Mills, NB (1981-2004)
(n= 35,583 bhirds)

Year Banded & measured Banded only Banded & weighed
only

1981 1,239 -

1982 1,795

1986 2,438

1987 1,624 4,805

1988 - 9,738

1989 304 903 781

1997 1,800

1998 1,604

1999 1,600

2000 932 - 313

2001 1,916

2002 1,937

2003 1,069

2004 785

14 yrs 19,043 15,446 1,094

Table 2. Semipalmated Sandpipers banded on the exact same day and re-captured together on the exact
same day over 13 banding seasons at Johnson’s Mills, NB (1981-2003) (n=88)

Group Size Mean days Mean days Owverall Mean days Range
(£50) within {5D) later (50
season seasons®
pairs 8.1 (x8.9) 411.4 (x128.8) 124 (£196.5) 1- 728 days
(n=20) (n=8) (n=28)
triplets 8.8 (£6.0) (n=8) 380 (n=1) 45 (£117.5) (n=8)  1- 380 days
quintuplets 5({n=1) - 5({n=1) -

*excluding the seasons when birds were banded
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Table 3. Semipalmated Sandpipers banded on almost the same date (over a 48-hour period) and re-
captured together on almost the same date (over a 48-hour period), across 13 banding seasons at

Johnson’s Mills, NB (1981-2003) (n=247)

Days Between Banding and Re-capture

Group Size Mean days Mean days Overall Mean Range
(£SD) within (+SD) later seasons* days (+SD)
season

pairs 10.7 (£9.1) (n=22) 647.6 (+439.8) (n=18) 297.3 (+432.8) (n=40) 1 - 2169 days
triplets 9.4 (+4.7) (n=9) 430.7 (£144.6) (n=17) 284.9 (+234.9) (n=26) 1 — 748 days
quadruplets 8.2 (¥9.1) (n=7) 365 (n=2) 87.5 (¥157.6) (n=9) 1 - 365 days

quintuplets 15.6 (¥8.1) (n=3) - 15.6 (¥8.1) (n=3) 1 - 23 days

sextuplets 10.8 (+13.5) (n=3) - 10.8 (+13.5) (n=3) 1 - 26 days

group of ten 8.3 (¥4.7) (n=2) - 8.3 (x4.7) (n=2) 5 - 12 days

*excluding the seasons when birds were banded

Figure 1. Location of banding station and sampling transects in Shepody Bay, Bay of Fundy
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Figure 2. Semipalmated Sandpipers re-captured at Johnson’s Mills, NB (1981-2003) (n=454)
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Figure 3. Re-captures of grouped Semipalmated Sandpipers banded and re-captured on the same
days (within and between years) at Johnson’s Mills, NB, Bay of Fundy (1981-2003)
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Figure 4. Re-captures of grouped Semipalmated Sandpipers banded and re-captured within 48 hours
of each other (within and between years) at Johnson’s Mills, NB, Bay of Fundy (1981-2003)
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WHAT IS “NATURAL” IN THE BAY OF FUNDY?
Hank Kolstee
Nova Scotia Department of Agriculture and Fisheries, Truro, NS. kolstehw@gov.ns.ca

Numerous changes take place in the Bay of Fundy on a daily and annual basis. Change is always
occurring—low tide, high tide, mudflats, gravel bars, grassy salt marshes, high marsh whose vegetation
almost resembles upland vegetation. Within this context I restrict my comments to silt movement at
several locations within the Bay.

What prompted me to talk about this is the fact that over the last several years | have heard a lot
of comments regarding the mudflats in the Windsor, Nova Scotia area, near the Avon River Causeway.
The general comments being “look at all the silt build up because of the causeway”. There is no doubt
that the causeway had an effect on where the silt is deposited, which by the way is still changing and
may continue to change forever.

However, the main point is that two other very distinct areas that have mudflat build up over the
last 30 years are not at all associated with the causeway. Amherst Point is actually an area that is eroding
at a fairly rapid rate, while the area adjacent to it has built up to the extent that over 50 acres/hectares are
now covered in grass. Why has this occurred? The flow patterns would not suggest obvious reasons for
the change. What will happen here over the next 20 years? Will we have a point that will be known as
Lower Maccan Point?

At Old Barns, considerable amounts of silt moved in a relatively short period of time. The large
aboiteau was built at its present location in 1957 and was rebuilt in 1996. During this time no adverse
effects on the operation of the aboiteau were noticed, although silt has built up to a considerable extent.
In the late 1990s, with some very dry summers resulting in very low runoff, the aboiteau was at one
point completely blocked and this caused some flooding in low lying areas of the marsh. Subsequently
the gates were propped slightly open so that a small amount of tidal water could flow upstream. This
served to allow enough water to flow back and forth to keep the aboiteau open. This poorly draining
system stayed in place until 2001 when rapid erosion (rate of 5 ft/day) occurred. At this time the aboiteau
outlet channel started to drain into the main river channel again and the aboiteau operation greatly
improved.

For the 56-day period in 2001 when erosion rate was measured, an average of six yds® of mate-
rial was removed every minute of every day. Where did this material move to? No major silt bars were
noted, apart from the usual seasonal build ups that occur. Could this be a usual occurrence that happens
somewhere in the system every year and was only taken note of because it so adversely affected our
aboiteau structure?
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Considering the mudflat at the causeway, it should be noted that mudflats previously existed at
the place where the causeway is now situated. The shape of the mudflat changed but the general loca-
tion was the same. There were also mudflats above where the causeway now exists. Actually, flow
deflectors were constructed at one time in an attempt to keep the Windsor Wharf area free from mud.
This only met with limited success. The people responsible for the causeway construction expected that
mud would build up against the causeway within several years. In fact, a channel adjacent to the cause-
way stayed open until the mid-1980s, and is still in the process of being filled to the height of the
remaining mudflats.

The channel adjacent to the causeway would partially fill each summer, but generally the next
spring it was back to previous years size. One year it did not flush out in the winter, and the following
summer the silt built up to such an extent that it has not opened up again.

What determines where the channels and silt bars are located? My theory is that tidal ice depos-
its in the winter determines where the channel will be located. Large amounts of tidal ice move during
peak high tides and get deposited; with the right weather conditions this ice gets frozen at a location and
prevents water from going through that channel. The mudflats are more easily moved than the large
chunks of ice. This makes it extremely difficult to determine where the next build up or erosion will
occur. Nature has a way of determining its own direction and in some cases there is little man can do,
especially as it relates to water and silt movement in the Bay of Fundy.

Observations at site NS15, Isgonish River, show how silt builds up in the channel. The differ-
ence in the river bottom elevation is about three meters between May and August. This occurs every
year, although the actual amount of deposit varies each year depending on rainfall amounts. In 2004,
build up was only two meters.

Outlet channels can also change over a very short time frame as seen at VDJ Marsh NS-12. Over

winter the channel changed from a problem channel because of a now direct route to the main channel.
Change is indeed natural in the Bay of Fundy.
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SEDIMENT MOVEMENT IN THE SALMON RIVER ESTUARY, TRURO, NOVASCOTIA
Brad Crewe!, Gordon Brewster?, Hank Kolstee!, and Robert Gordon? 2

Nova Scotia Department of Agriculture and Fisheries, Resource Stewardship, Truro, NS.
crewebc@gov.ns.ca
2 Department of Environmental Science, Nova Scotia Agricultural College, Truro, NS.

Abstract

This research in the upper reaches of the Bay of Fundy examined the sediment changes occur-
ring over two years in a 4.8 km section of the Salmon River Estuary of the Cobequid Bay, at Truro,
Nova Scotia. Using water samples collected at the surface during slack tide, the sediment concentration
from the water surface downward to a maximum depth of 2.4 m along the estuary is characterized.
Particle size analysis by the hydrometer method is used to determine particle size changes within areas
of the estuary during the season. The migration of the estuary bedload landward into the system was
measured from three bridges crossing the estuary, as well as the tidal range at the seaward end of the
study, all based on geodetic elevation. This allowed comparison of the tidal heights, the estuary infilling
and water column depths to each other. Results indicated that the estuary is significantly infilled with
sediment over the summer, restricting the estuary channels, and that this sediment remains until winter
hydrological conditions prevail.

Introduction

The town of Truro is one of five designated Flood Risk Areas under the Canada-Nova Scotia
Flood Damage Reduction Program undertaken in the 1980s by federal and provincial governments
(Service Nova Scotia and Municipal Relations 2000) and is the only such designated area located on the
Bay of Fundy. Therefore, evidence of any estuary discharge channel restriction and its duration may
have some influence on this designation.

The purpose of this study is the characterization of the intertidal sedimentary environment of
the Salmon River Estuary, showing that the tidal intrusions of the silt over the summer months signifi-
cantly restricts the estuary channel cross-sectional areas and the suspended sediment concentration
changes both temporally and spatially.

Methods

The study sites were at four locations 141 m, 2,502 m, 4,542 m and 4,819 m upstream from the
lower boundary of the study area during the summer months. Measurements were made of: (i) sediment
concentrations in the water column within specific ranges of depth from the water surface, (ii) particle
size distribution of the collected suspended material at the four locations, (iii) the net deposition of
sediment at 0 m, 4,542 m and 4,819 m, (iv) tidal peak ranges at 0 m, the lower boundary of the study

area and, (v) electrical conductivity (EC).
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The sampling of the water column was conducted during each monthly high tide series, from
June to November 2000 and 2001, from the water surface downward. The sampler was designed to
open when the tidal peak caused a float to trip, allowing water into the 50 mL sample vials equally
spaced at 0.61 m along the sampling platforms. If the tidal influx was lower or higher than predicted
from the Saint John tidal charts, then the sample collected would be within the 0.61 m spacing.

The sediment concentration in the samples was measured by a gravimetric method and the
particle sizes of the suspended sediment were determined by a modified procedure used by NSAC Soil
Analytical Laboratory (Brewster 2001). Only complete sample sets of the water column profile from
individual sampling platforms were selected for particle size analyses.

Measurement of the tidal high water elevations were made by a Sonic Ranging Sensor (Campbell
Scientific 1994) and was referenced to geodetic elevation, allowing the comparison of the tide height to
any point within the estuary and elevations of deposited sediment. The tides were measured in 15
minute intervals in 2000 and in one minute intervals in 2001, allowing a profile of the incoming tide
and tidal bore to be compiled.

Results

The study used a definition of fluid mud as being greater than of 20 g L-* (Guan et al. 1998) and
less than 250 g L (LeNormant 2000). Eighty-one percent and 88 percent of all sediment concentrations
collected in 2000 and 2001, respectively, were greater than 20 g L. Between 20 and 24 percent of the
sediment concentrations were greater than 250 g L in 2000 and 2001, and according to LeNorment
(2000), that makes the mud act as a viscous fluid. Mean sediment concentrations increased downward
from the surface, indicating possible sediment size stratification within the water column.

Examination of the suspended sediment revealed that at mid-estuary very fine sand was the
dominant particle size and at the upper reaches of the estuary it was silt. The competence of the tide was
such that the majority of the sediment sample concentrations were well sorted and skewed in the nega-
tive direction, indicating a predominance of fines.

Converting changes between each successive cross-section measurement from the three bridges
crossing the estuary to a percentage of the total channel area showed the dynamic nature of the erosional
and depositional environments at these three sites. The measurements, before and after a monthly spring
tidal event, showed the estuary channels at the start of the season had sediment deposits occupying a
small portion of the discharge channel area and were steadily infilled as the summer progressed. The
maximum channel area occupied by the sediment deposits annually were as high as 48 percent, 35
percent, and 45 percent in 2000 and 48 percent, 47 percent, and 62 percent in 2001 for the 102 Highway
Bridge, North River Bridge and the Park Street Bridge, respectively, indicating a tidal pulsing of sedi-
ment into the estuary.
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Typically, at each sampler location, the higher mean salt concentrations occurred vertically at
the 0 m and 0.6 m depths, declining as the sample depth increased. The estuary had a higher salt content
at the seaward end of the study area to mid-estuary, diminishing in the landward direction. The salt
concentrations followed the tidal cycle; when the successive tidal height was higher the salt concentra-
tions rose, and fell when the successive tide was lower. Only when a rain event greater than 29 mm
occurred did the salt concentration again fall dramatically.

The tidal measurements of the Salmon River Estuary were found to be highly correlated to the
predicted Saint John tidal highs (Minister of Supplies and Services Canada 2000 and 2001) and were
higher than the predicted tidal highs by 0.76 mand 0.72 m in 2000 and 2001, respectively. Examination
of tidal curves show that the flood tide was the dominant sediment transport mechanism during the
study years. The 2001 minute analysis of the tidal profile revealed that tidal resonance started at tides
above 8.70 m geodetic elevation. The mean calculated tidal velocity is 0.99 km h-*+0.23 km h 1. The
bore mean speed recorded was 7.75 m s £ 0.27 m s and the mean tidal bore height was 0.21 + 0.17 m.

Conclusion

The Salmon River Estuary is a flood tide dominated estuary with stratified suspended sediment
concentrations exceeding 20 g L*. The sediment deposit accumulations during the summer restrict the
discharge area of the estuary channels. The deposits of sediment remain until freeze-up and may play a
part in the reoccurring winter floods prevalent within this section of estuary.
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THE EFFECTS OF LARGE-SCALE BARRIERS IN RIVERS OF THE BAY OF FUNDY:
OBSERVATIONS FROM THE PETITCODIAC RIVER, NEW BRUNSWICK

Kristian J. Curran, Timothy G. Milligan, Gary Bugden, Brent Law and Murray D. Scotney
Fisheries and Oceans Canada, Dartmouth, NS. bugdeng@mar.dfo-mpo.gc.ca

Industrial and municipal developments have led to changes in the natural processes and health
of several rivers discharging into the Bay of Fundy. Perhaps the most noticeable of these alterations has
been the construction of barriers that impede tidal flow. One example is the Petitcodiac River, New
Brunswick, where the hydrological and geological characteristics of the river were changed dramati-
cally by the construction of a causeway in 1968. Following construction, the channel downstream of the
causeway quickly filled with sediment, reducing the cross sectional area by as much as 90 percent. In
2002 and 2003 the Science Branch of Fisheries and Oceans Canada carried out a field study to evaluate
the present sedimentary and hydrologic conditions in the tidal reaches of the Petitcodiac River. In this
study it was observed that the operation of the causeway gates influenced the river flow up to 5 km
downstream. In addition, salinity and temperature effects could be seen up to 34 km downstream of the
causeway. Both flow conditions and the magnitude and extent of the saltwater intrusion depended upon
causeway gate operations. The hydrodynamics of the estuary are further complicated by the high con-
centration of suspended sediments found below the causeway. Hindered settling and the creation of
fluid mud layers characterize these sediment suspensions. Both these phenomena can have significant
effects on the hydrodynamics of the river flow.
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THE EFFECTS OF TIDAL BARRIERS IN HIGH ENERGY ENVIRONMENTS:
CONSIDERATION OF LARGER SPACE AND TIME SCALES

Gary Bugden?, Timothy G. Milligan?, Kristian J. Curran! and Karl Butler?

! Fisheries and Oceans Canada, Dartmouth, NS. bugdeng@mar.dfo-mpo.gc.ca
2University of New Brunswick, Fredericton, NB.

Throughout history, anthropogenic modifications have caused extensive changes in the hydro-
logical and geological characteristics of tidal rivers in many parts of the world. These changes often
extend over larger space and time scales than are immediately apparent. The impacted systems may not
reach equilibrium for many decades, if at all. In addition, the spatial extent or full implications of the
impacts may not be appreciated. Some local examples of tidal river modification are the causeways
constructed in the late 1960s in the Petitcodiac River, New Brunswick and the Avon River, Nova Scotia.
In both of these estuaries, the causeway construction resulted in rapid sediment accumulation on the
downstream side of the barriers. The operation of gate structures to prevent the intrusion of salt water
above the barriers has also had a severe impact on fish passage and navigation. In the Petitcodiac River,
there is evidence that the system has not yet reached equilibrium, more than three decades after cause-
way completion. Other evidence seems to indicate that the sediment distribution nearly 34 km from the
causeway was changed by causeway construction. Reduced flushing and tidal exchange in the upper
reaches of the river may also result in reduced dilution of effluent from the city of Moncton.

Further References

Bray, D. I, D. P. DeMerchant, and D. L. Sullivan. 1982. Some hydrotechnical problems related to the
construction of a causeway in the estuary of the Petitcodiac River, New Brunswick. Canadian Jour-
nal of Civil Engineering 9: 296-312.

Curran, K. J., T. G. Milligan, G. Bugden, B. Law, and M. Scotney. 2004. Suspended Sediment, Water
Quality, and Hydrodynamics of the Petitcodiac River Estuary, New Brunswick (2002-2003). Cana-
dian Technical Report of Fisheries and Aquatic Sciences No. 2516.
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THE AVON CAUSEWAY: IMPLICATIONS OF THE CAUSEWAY REMOVAL
Hank Kolstee
NS Department of Agriculture and Fisheries, Truro, NS. kolstehw@gov.ns.ca

The removal of the Windsor Causeway at Windsor, Nova Scotia, were it to occur, will have an
impact on a number of conditions that exist in the area of the causeway. | will briefly discuss seven
items that need to be considered. There may be others, but these are the most obvious.

Loss of Agricultural Land

If the causeway is removed, a certain amount of agricultural land will be lost. At the present
time the causeway protects 1,400 hectares of agricultural land. If none of this land is protected with
dykes and if the causeway is removed, it would eliminate the majority of farms in the Martock-Falmouth
area. Some farms have as much as 95 percent of their land as dykeland. Dykeland is some of the best
agricultural land in Nova Scotia. The freshwater lake in this area, Lake Pesaquid, adds to the value of
this farmland as it is a good source of water for irrigation.

Rebuilding dykes would still involve loss of land since space is required for dykes to be con-
structed on, as well as between the dyke and river’s edge in order to excavate material for the construc-
tion of dykes. A minimum of 150 hectares would be lost. In addition, 25 kilometers of dyke would need
to be constructed along with 33 aboiteaux; this amounts to a minimum cost of 3 to 4 million dollars.

Changes in Flooding Potential

At the present time, with the causeway in place, Lake Pesaquid acts as a storage area during
rainfall events. If heavy rains are forecast, the lake level is sometimes lowered to provide additional
storage. The normal lake level is 3.0 meters. A normal high tide can reach an elevation of 7.9 meters.
Dykeland levels are at about 6 meters. Therefore, approximately 3 meters of water can be stored in the
headpond before any significant flooding occurs. At the present time, since there are no dykes above the
causeway, a water rise of another meter could occur before major roads become inundated, although
agricultural land would flood. Some houses have been built at the dykeland level, and these would
become subject to flooding with the removal of the causeway. Changes have taken place in the water-
shed since the causeway was built. Clear cutting has increased considerably, resulting in increased rates
of runoff. This could make flooding considerably worse than prior to the causeway construction.

If the causeway were removed and no dykes replaced, extensive flooding would occur on every
high tide cycle of the month, including the inundation of houses that have been built at marsh level. If
dykes were rebuilt, flooding would not be as severe, but extensive flooding would still occur, since the
only storage area would be the dykeland behind the dykes, as the river would fill up with salt water. This
would impact a number of major traffic routes in the area. Would this be an inconvenience? | will leave

that to the people who travel these roads to decide.
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How is the Town of Windsor to be Protected?

Since the causeway has been constructed, several developments have taken place along the
waterfront of Windsor. These buildings and town infrastructure would be subject to daily tidal flooding
with the removal of the causeway. To make matters worse, this is not simply clean water but water laden
with silt. A decision would have to be made as to whether to remove all the buildings that are below
high tide elevation or to attempt to waterproof these structures. Apart from high tides, you also have to
consider what happens when high tide occurs at the same time as high runoff from rainfall events. This
could cause flooding well beyond areas where tidal waters normally reach.

Changes to Recreational Value of the Now Existing Lake

At the present time the town of Windsor and the surrounding area have a lake that is used
extensively for recreation. This would disappear if the causeway was removed and you would see
instead the type of mudflats and channels that now occur downstream of the causeway. Again the local
people will have to choose the type of surroundings they want. Also Ski Martock, a nearby downhill ski
operation, draws all their water from Pesaquid Lake for snow making. They would have to find an
alternate source at considerable expense.

Changes in Fish Passage

With the causeway in place there is limited opportunity for fish passage. The fish can only pass
through the gates for relatively short periods of time. This occurs when the gates are opened and the tide
and lake levels are nearly at the same elevations. This same condition occurs again when the gates are
closed on the rising tide. If the causeway was removed, the fish would have unlimited passage. At the
present time, if the lake is kept at normal operating levels, the most opportunity would occur if the gates
are opened on each tide cycle thus giving four time periods a day when fish could pass through the
opening. If runoff is very low and the gates are not opened, no passage for fish exists. The only other
time when fish passage is available is during spring maintenance when the lake level is lowered and the
tide gate is kept open during low tide and natural flows occur. How much extra fishing potential is
present now when the lake exists for most of the year is a question that remains unanswered.

Changes to Existing Riverbanks
At the present time, the area above the causeway has a freshwater environment. The river banks
have stabilized with grass growing on them and in many places bushes are starting to grow. Removing

the causeway would kill the existing vegetation and it would be a number of years before salt tolerant
vegetation would start to grow again. What type of river bank is preferable?
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Cost of Causeway Removal and Construction of Bridges

It required a million tonnes of rock to construct the causeway. If all this rock were removed,
what would be the cost? Five to six million dollars? Actual costs would depend on where the rock could
be hauled to. Suggestions have also been made that only part of the causeway needs to be removed. If
that occurred, removal costs would be lower but, mudflats would then exist within a short period of
time both below and above the remains of the causeway. Would this be desirable? The Nova Scotia
Departments of Transportation and Public Works have estimated that a replacement bridge for the
causeway would cost between 50 to 100 million dollars, depending on how much of the causeway was
removed. One then has to look at how much it would cost to provide a railroad bridge. No doubt this
cost would be quite significant. Who would pay for this railway bridge? | am sure Windsor-West Hants
Railway would not.

The road bridge between Falmouth and Windsor, a short distance above the causeway, would
also need significant changes. The bridge length would need to be lengthened considerably and some of
the causeway removed, again at a considerable cost.

Conclusion
It can be seen from the foregoing that several issues have to be addressed before considering the

removal of the Windsor causeway. Like most things there are two sides to the story. One has to weigh
the pros and cons and come up with a logical decision based on facts.
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CROSSING AVON: ENVIRONMENTAL IMPLICATIONS OF
TWINNING HIGHWAY 101

Graham R. Daborn?, Mike Brylinsky!, and Danika van Proosdij?

1Acadia Centre for Estuarine Research, Acadia University, Wolfville, NS. graham.daborn@acadiau.ca
2 Department of Geography, Saint Mary’s University, Halifax, NS.

Current plans for twinning Highway 101 in Nova Scotia call for an expansion of the causeway
at Windsor to accommodate either two or four additional lanes. Because of infrastructure and property
issues, the expansion would likely occur on the seaward side of the causeway over a mudflat-salt marsh
complex that has evolved since the causeway was constructed over three decades ago. Recent research
has shown that the salt marsh is extremely productive and is expanding at an unprecedented rate. As a
consequence, productive mudflats inhabited by invertebrates that supported important fish and bird
species are being converted to marsh, and migratory birds are moving to other foraging sites. The
implications to the mudflats of expanding the causeway will be discussed.

Note: ACER has prepared two recent technical reports on this topic.
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COMMUNITY-BASED CO-MANAGEMENT OF SCOTIA-FUNDY GROUNDFISH:
TOWARD SUSTAINABLE FISHERIES AND SUSTAINABLE COMMUNITIES

Kate Bigney
School for Resource and Environmental Studies, Dalhousie University, NS. bigneyk@dal.ca
Abstract

Historically, Atlantic Canada’s fishing economy is reliant on groundfish. Nonetheless, there has
been a demonstrated lack of success in groundfish management, due in no small part to a history of
multiple conflicting management objectives, which include economic, conservation, and employment
goals. In addition, fishing communities’ goals for and existing interactions with the resource, as well as
the effects of policy on human communities, have largely been ignored.

In 1996, an experimental community-based co-management (CBCM) system, developed in con-
junction with fishermen and Fisheries and Oceans Canada (DFO), was introduced in Scotia-Fundy’s
under-45 foot, fixed-gear, inshore fleet. The fleet (2,500 licences, about 850 of which are active) was
divided into eleven county-based community groups. Within each community, management boards are
responsible for the distribution of catch allocations and for the development of management plans that
suit the needs of their community. These communities are now responsible for managing remaining
stocks in a manner that ensures conservation of groundfish, of their own livelihoods, and of the integ-
rity of their communities.

This paper assesses the relative success of CBCM management boards, in terms of meeting
conservation, economic, and social goals, and in terms being robust and enduring institutions. The
Fundy Fixed Gear Council is examined in more depth, to assess the rules they have created and why, as
well as how those rules interact with social norms and with other layers of management. Implications
for resource management and for community-based management, in Atlantic Canada and in general,
are also explored.

Emergence of Community-based Co-management

The Scotia-Fundy inshore groundfish fishery is a multi-species fishery characterized by high
diversity of boat sizes and types, as well as a diversity of community and habitat level ecological inter-
actions (DFO 2002) (Figure 1). While many fishermen now concentrate on invertebrate fisheries, At-
lantic Canada is historically reliant on groundfish. Meanwhile, there has been a demonstrated lack of
success in groundfish management, due in no small part to a history of multiple conflicting manage-
ment objectives, which include economic, conservation, and employment goals (Fanning 1999). The
under-45 foot, fixed-gear (FG) (hand-line, long-line and gillnet) fleet has approximately 2,500 licenced
boats, over 850 of which are active (DFO 2002).
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The Haché report (1989) warned that overcapacity in the inshore FG fleet remained an
unaddressed problem, as the rest of the industry was converting to Enterprise Allocations and Indi-
vidual Transferable Quotas (ITQ) in an effort-limiting ‘rationalization’ attempt. In 1996, after two years
of conflict and mediation, an experimental community-based co-management (CBCM) system, devel-
oped in conjunction with fishers by DFO, was formally introduced in the Scotia-Fundy inshore FG
groundfishery. The fleet was ultimately divided into ten community groups based on geographic loca-
tion (see Figure 2), and each community was given a share of the sector’s Total Allowable Catch (TAC)
of cod, haddock and pollock, based on the sum of the individual catch histories for the years 1986-1991.
Within the communities, management boards are now responsible for the distribution of catch alloca-
tions and for the development of management plans. Due to the history and importance of fishing in
Atlantic Canadian communities, social concerns are important to inshore sector management, and com-
munities now grapple with certain novel questions: Should fishing benefit individuals, or should it
benefit communities as a whole? Should fishing be a safety net for those with limited employment
options in rural communities (Fanning 1999)?

An Analysis of CBCM: Rationale and Research Questions

Drawing on the tradition of common property management of common pool resources, the
evolution of CBCM may represent an innovative approach to fisheries management that lets organiza-
tions develop rules that reflect their community’s ecological and social context (Fanning 1999). This
study compares the management institutions established for the governance of CBCM to determine
what rules have been created and why, to assess their relative success, and to place CBCM in the
context of common pool resource literature and of Canadian fisheries management policy. A qualitative
approach was employed to assess the management boards, in terms of meeting conservation, economic,
and social goals, and of fostering institutional robustness, and to attempt to generalize about the effec-
tiveness and benefits of community-based co-management as it is practiced in Atlantic Canada. All ten
boards were involved in a preliminary round of study, while a second round provided in-depth analysis
of three management boards, the Fundy Fixed Gear Council (FFGC), Eastern Nova Scotia 4X (ENS
4X, including Sambro) and Shelburne B, which were selected for a diversity of management approaches
and location (Figure 2). The FFGC is examined in depth in this paper and presented along with results
of the first round of study.

Evaluation Criteria

Institutions consist of the set of rules that determines, among others, who can make decisions,
which actions are allowed or disallowed, which procedures are followed, and which payoffs are as-
signed (Ostrom 1990). To endure, an institution must be robust to change and to stress placed upon it by
the human community and by the resource itself. Consequently, institutional functioning can be looked
at as an umbrella that encompasses ecological, economic and social aspects of management. To evalu-
ate a co-management institution for the management of a common pool resource, the criteria consid-
ered by different authors (Pinkerton 1989; Ostrom 1990; Berkes et al. 2001) were reviewed and
synthesized. When considered in sum, their approaches address not only what criteria assist co-man-
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agement institutions to emerge and endure, but what conditions should be present in the resource and in
the community. To determine if an institution is *successful’, one must consider the context, including
the goals—as well as the subjective experiences and perceptions—of the parties involved, in this case,
of the managers who form the management board and DFO. Whether CBCM in general, and FFGC in
particular, possess these criteria is discussed below.

Results
An Institutional Look at CBCM Management Boards
Description of the Fixed Fishing Gear Council

The FFGC manages 228 licences from the Yarmouth-Digby county line in Nova Scotia to the
New Brunswick border, and has been allocated about ten percent (depending on species) of Scotia-
Fundy groundfish quota. According to one board member, approximately 80 of those licences are ac-
tive, but only 30 target cod, haddock and pollock (the remainder fish halibut and dogfish). A majority of
the active licences are in the Digby Neck area. The FFGC consists of up to nine members: three from
each of two local fishermen’s associations, and three seats are reserved for non-fishing members of the
community (although those have not been filled in the past few years.) Three gear type subcommittees
each consist of one member from each port. As the FFGC further divides its allocation into a share for
each gear type, each subcommittee brings its allocation plan to the FFGC for approval, and the FFGC
plan is then submitted to DFO for approval. As with all management boards, fishermen must sign a
contract with their board before they are granted conditions to fish (although fishermen can opt for
DFO-managed ‘Group X’ if they choose not to belong to a management board; eight fishermen did so
last year). Decisions made by the FFGC must be unanimous. Through the Council, resource users have
the opportunity to participate in rule making (Ostrom 1990). The group of resource users is then clearly
defined, which Ostrom (1990) identifies as important; meanwhile, fishermen are not only geographi-
cally dispersed, but use a diversity of gear types and have diverse histories in the fishery. Also problem-
atic according to Ostrom (1990) is that by the nature of the resource, its boundaries cannot be clearly
defined.

Whose fish is it? Underlying beliefs revealed in allocation decisions

Ostrom (1990) found that appropriation rules must be relevant to local conditions. Managers
from all communities grapple with allocating quota, as those decisions often reflect communities’ fun-
damental values. One manager from FFGC asked, “Are all entitled to same time at sea, same income,
same amount of fish? ... If you have a very good aggressive fisherman should he kind of pull back to let
the guy who just wants to tinker around a bit till he gets his fair share as well?” In terms of allocation
decisions at FFGC, the Council does not consider an individual’s catch history or fishing activity, as
“each person is treated equally. It don’t matter whether ... they’ve been at it every year”. Most fishermen
(depending on gear type) who want to fish the community’s allocation are given an equal share, which
reflects a relatively egalitarian approach, as compared with that of some other communities.
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Management capacity (or lack thereof)

Fishermen witnessed dramatic changes in their fishery even before the inception of CBCM, but
CBCM brought a radical change in their role in the fishery: fishermen must now assume a management
role where none was required before. This new challenge has been addressed in different communities
with varying success. At the FFGC, only 20 of 103 fishermen (invited) attended an annual general
meeting. One manager argued that most have lucrative lobster licences and accordingly are not con-
cerned with groundfish. “A lot of them have many opinions on how the fishery should be run on the end
of the wharf” but are not willing to express those in meetings or to take a role in management. This
leaves decision making to a few locally important people and makes communication more difficult
with those who choose not to participate. While Pinkerton (1989: 29) identified an “energy core” of
dedicated individuals as important in co-management, this represents a critical lack of management
capacity for DFO. One official suggested that the boards need to communicate better and to work on
getting more people involved. Meanwhile, lack of participation in management is a common problem
across all communities, and the FFGC works to overcome this problem. Among others, the Council is
engaged in building capacity by developing various projects, seeking funding and creating the Marine
Resource Centre.

The role of DFO

In some communities, managers express the sentiment that CBCM is simply an exercise in
downloading by a cash-strapped DFO. On FFGC, the attitude was: “Well, if they’re going to give up an
inch of management authority, well, we should take an inch, and even if we don’t have the money to do
it, the wherewithal, the knowledge, we should.” In fact, some feel that DFO “did them a favour’ by
allowing CBCM to evolve and by not providing any support. Across all communities, almost every
study participant maintained that if fishermen or managers attempt to involve DFO officials in a dis-
pute, DFO will refer them back to their management board. Accordingly, “there is no going to DFO
because they didn’t care ... so fishermen realized that they had to work together. They couldn’t go to big
brother DFO to bail them out, or they couldn’t go to their local MP, or follow some political lead or
whatever, they knew that the only way they were going to fishing was to go through the MB [Manage-
ment Board].”

Property rights

Another threat to CBCM is that while communities have access and management rights, they do
not have full property rights over the resource. The TAC (total allowable catch) is set by DFO, and the
formula for quota sharing between communities is also done by DFO. Fishermen have been involved in
those processes, but as DFO is constitutionally obliged to conserve and to manage ocean fisheries, it has
the last word on management decisions. DFO has expressed the intention to work with resource users in
management (see Atlantic Fisheries Policy Review and the Oceans Act), in order to reduce costs through
reduced management (and enforcement) expenses, and to involve those who have the knowledge and
the interest to protect the resource. However participants in CBCM remain wary, as they feel that “every
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fishery except for lobster and this little bit of groundfish quota has essentially followed the course that
was set out 20 years ago, which has put the actual quota access in a few private hands.” Authors such as
Ostrom (1990) and Pinkerton (1989) emphasize the importance of a legal framework that supports
institutions and their decisions. In CBCM, resource managers feel insecure not only about whether their
decisions will be supported, but whether the management system will be allowed to continue to exist.
Civil contracts between fishermen and management boards are one way to establish a MB’s legal au-
thority, and to create legal support for the MB-fisherman relationship. Yet higher-level policy and ad-
ministrative support is still lacking, and while the relationship between the MB and fishermen may be
secure, the relationship between the MB and DFO remains tenuous.

Some members of at least one community feel that they would benefit from moving toward a
formalized ITQ (individual transferable quota) system, which would grant a form of property rights to
the few who possess sufficient catch history. Presently, more than one community internally allocates
their quota like an 1Q by assigning seasonal limits to fishermen, in some cases based on catch history.
Some managers have expressed concern over this development as ITQs can lead to quota concentration
and can eliminate people from the fishery. Even DFO does not appear to support the move. In 2004, the
FFGC gillnetters have “gone past the norm” by dividing their quota equally amongst themselves and
fishing a seasonal limit. One manager insisted that this “still isn’t turned into an 1Q ... because it’s still
handed out to their group by DFO as a total amount of quota, a community group quota, and it’s just
that’s how the community or their members have decided to deal with their quota.”

Li (2002) criticizes community-based resource management literature for assuming that com-
munities have a heterogeneous interest in their resource, and that resource users will behave in a man-
ner that is divorced from rational self-interest. The conflict over ITQs reveals that different interests and
goals do exist in the communities: some stand to gain, where many others might lose substantially. At
the outset of CBCM, communities were allocated quota based on collective catch history of each indi-
vidual, not of the community, and that might exacerbate (or be the root of) this problem. In many
communities, individuals feel as though they contributed more to their communities’ total allocation
and now receive only an equal share.

Social/Community
Compliance in the fishery

CBCM appears to have increased compliance in the fishery by fostering a sense of ownership
over the shared resource (Berkes and Farvar 1989). One board member explains, “with DFO running
the show” people wanted to “stick it to government. Now this is the fishermen’s plan.” Under CBCM,
fishermen “weren’t cheating DFO, they were cheating their neighbour. It was not somebody far away or
some other fishermen’s organization or government telling them what to do, it was their plan, they
owned it and they were making it work.” Peer pressure also appears to play a role in constraining
cheating behaviour, because “when you don’t comply with DFO, nobody knows who you are—with
CBM, everybody knows.”
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Infractions do continue to exist in the fishery. However, in every community, conflict-resolution
mechanisms exist, as do accountable monitoring and graduated sanctions, which according to Ostrom
(1990) are crucial for success of a common pool resource institution. While only DFO can annul a
fisherman’s licence, the ultimate sanction in CBCM is removal from the management board: a partici-
pant from FFGC stated that “threatening somebody with removal from the MB [is] a very serious threat
... we [have] every right to demand compliance. And to enforce that.” The Infractions Committee of
FFGC is anonymous, so that “you go out to a dance or something and there’s buddy right there beside
you — I’m sure individuals don’t want him to know that, you know, I’m responsible for kicking you out
of the fishery for two years.”

Economic
Latent fishing capacity

Many claim that CBCM allows people to keep fishing, which might meet a community’s im-
plicit goal of maintaining employment in the fishery, while perhaps not meeting DFQO’s goal of “effi-
ciency” and capacity reduction. There remains much latent capacity in the groundfishery in the form of
inactive licences. The importance of the groundfishery in terms of fishing activity and income varies
among communities, but it has been dramatically reduced as participants leave the groundfishery for
the lucrative lobster fishery. Two opposing views are expressed regarding whether fishermen would
reactivate groundfish licences if the lobster fishery were to decline: “Quotas are so low, availability is
so low, rules are so strict, why would they want to get in?” (southwest New Brunswick); alternately, “If
lobster fishery goes down, 200 + licences [might want] back in — that could be devastating” (FFGC).

Addressing economic issues

For FFGC, employment insurance (EI) is an important part of their industry: “It’s a do or die
thing. If [some fishermen] don’t get their unemployment then they’d never survive.” The Council ad-
dresses this by incorporating qualifying for El into their allocation decision: “That’s why we try to
stretch [our]” allocation. Strategies adopted by FFGC to raise funds for management include discussing
forming a marketing cooperative for handline fish and collecting back dues as a way to make money for
the Council.

Conservation

Although there is disagreement about whether fish stocks are rebuilding under CBCM, the
sentiment that “community-based management would be great if there were enough fish” (FFGC) was
repeatedly expressed during the first round of interviews. Berkes et al. (2001) and others contend that
communities themselves have the best knowledge of the resource. Board members frequently accuse
DFO of mismanagement and of bad science, and blame draggers and other types of fishing for the
extremely low quotas they are allocated today. Managers feel that DFO chose to download management
responsibility and expense only once the resource was decimated. Today, the impacts CBCM, or the
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decisions of FFGC, have on fish stock health remains unclear. However, it is clear that the communities
all feel that they were treated unfairly in the initial allocation of quota, and that they continue to be
marginalized.

Implications for Community-based Management
FFGC Conclusion and Policy Implications

According to one local expert, CBCM has “taken root in a place like [Digby county] ... itis part
of the community here, it’s the way the fishery’s worked, there’s a very broad social consensus around
that.” There appears to be the social will and self-driven capacity building necessary to create a success-
ful co-management institution under the conditions that exist in and around Digby County. Meanwhile,
FFGC managers still struggle with defining “What is community-based management? Is it what’s good
for the fisherman or what’s good for the community?” They express wariness at involving non-fishing
community members in technical management decisions, but recognize that their decisions may impact
on the greater community. FFGC is also considering an ecosystem-based approach: “All we’re doing is
DFO’s dumping a few fish on the table here, we’re fighting over it, and we go out and catch ‘em. That’s
it. We’ve got to get more people involved. And it has to be more than just groundfish ... these commu-
nity quotas ... they’re groundfish quotas and that community-based management actually should be
multi-species and ecosystem based”. In this regard FFGC is ahead of DFO and Canadian fisheries
policy, and in fact has made proposals to DFO to move toward ecosystem-based management.

Conclusion

This discussion has shown that CBCM, and the community management boards, possess many
of the literature-described characteristics, and appears to be meeting many community and DFO goals.
The questions posed by Fanning in her 1999 review of CBCM remain relevant and largely unanswered:
Should fishing benefit individuals or communities as a whole? Should fishing be a safety net for those
with limited employment options? The CCBM management boards struggle with these questions in
their allocation decisions in the context of an overall management system that appears destined to
concentrate quota and wealth and to decimate coastal communities. CBCM needs to have its role de-
fined and cemented in Canadian fisheries and oceans policy. This unique policy ‘experiment’ should
articulate for itself a clear mission statement, and some clear goals, since direction is lacking from the
laissez-faire attitude of DFO. DFO needs to determine where CBCM fits within its mandate, and how to
provide the conditions for enduring success: legal backing, organizational support where appropriate,
and support for movements toward ecosystem-based management and other initiatives.
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Figure 1. The Scotia-Fundy Sector, Maritimes Region extends from Cape North, NS, to the Canada-
United States border.
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Figure 2. Location of community groups for CBCM in Scotia-Fundy. Shelburne (area 4) is governed
by 2 management boards (Shelburne A and B), while Eastern Nova Scotia is governed by one for 4X,
one for 4vSW, and one for Cape Breton, for a total of 10.
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WORKING WITH MINAS BASIN WATERSHED COMMUNITY GROUPS
Lisa M. McCuaig

Minas Basin Working Group, Acadia Centre for Estuarine Research, Acadia University,
Wolfville, NS. mccuaiglm@eastlink.ca

As Minas Basin Working Group Coordinator | will speak about my experiences working with
community groups in the Minas Basin Watershed Area. The Minas Basin Working Group (MBWG) is
one of the working groups of the Bay of Fundy Ecosystem Partnership. One of the MBWG’s objectives
is to develop an Integrated Management Plan for the Minas Basin Watershed. In previous years, forums
were held to identify issues and to begin networking with all the community groups. In the summer of
2003, 1 was hired as a coordinator for six months to work with community groups within the watershed
to help them develop action and work plans.

As coordinator | made presentations to 22 community groups, arranged a website location where
community groups could post their meeting information, collected and then compiled in a final report
the mission and mandate statements of community groups, and updated the database of contact infor-
mation on the community groups in the Minas Basin Watershed Area. The methods that were successful
when working with community groups will be discussed.
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“THE CAMEL PRINCIPLE”: TOOLS FOR PARTNERSHIP BUILDING
Stephen Hawboldt
Clean Annapolis River Project, Annapolis Royal, NS. carp@annapolisriver.ca

The Clean Annapolis River Project (CARP) is a community organization formed in 1990 to
work with communities and organizations to promote awareness about, and to foster the conservation,
restoration and sustainable use of the freshwater and marine ecosystems of the Annapolis River and its
watershed. Since its formation and subsequent invitation in 1991 to become part of Environment Cana-
da’s Atlantic Coastal Action Program, CARP has launched a series of community-based programs aimed
at achieving its mandate. The cornerstone of these programs is a multi-partnership approach that in-
volves all orders of government, the private sector, academia, international agencies and the general
public. “The Camel Principle” is one of several tools that CARP has utilized to build these wide-
ranging partnerships. This principle uses Aesop’s fable of the gradual intrusion of a camel into its
owner’s tent as an analogy for the step-by-step approach needed to gain the trust, support and participa-
tion of all the stakeholders in a project. The hope is that other organizations might be able to adapt these
tools to better achieve their respective mandates.
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DEFINING THE ROLE OF THE COASTAL PLANNER IN NOVASCOTIA
C. Mark TeKamp
Faculty of Architecture and Planning, Dalhousie University, Halifax, NS. mtekamp@dal.ca
Abstract

Coastal planners occupy a unique niche within the profession of planning. In contemporary
Nova Scotian coastal planning, the potential for successful coastal planning is only slightly recognized.
This study adds a new perspective to the field of planning by defining the purpose of the coastal planner
and the core elements of effective coastal planning practice in Nova Scotia.

This study analyzes and highlights tasks, roles and requirements of the coastal planner to show
how coastal planners differ from traditional land-use planners and/or coastal managers. By using an
analysis of different types of planners’ roles, work places, methodologies and related planning theories,
this study shows how the different roles assumed by practicing planners can significantly shape the
planning process and subsequently, the outcomes of planning. Finally, a modelling approach is used to
present a legislative and management framework needed for effective coastal planning in Nova Scotia.

Introduction

Land-use planners participate in many activities that determine the use of land within a commu-
nity, province or region. They routinely work on scenarios that directly affect the health and stability of
natural coastal features and processes. Land-use planners, who have the responsibility to make land-use
recommendations, are also capable of suggesting solutions for various land-based issues or problems.
However, current attempts at land-use planning are falling short of addressing the myriad of issues,
problems and opportunities in coastal areas. This study argues that the potential of land-use planning in
coastal areas, especially in Nova Scotia, is not fully recognized.

Currently, many of the detrimental effects of land-based activities affecting coastal areas are
addressed through the relatively new field of coastal management. Practitioners of coastal management
(coastal managers) usually involve a diverse group of scientists, resource managers and public admin-
istrators who work collaboratively to develop “management plans”. Such management plans work
similarly to land-use plans; however, these “plans” often lack the planning “tools and techniques” re-
quired to fully achieve the desired outcomes of the management plan.

Compared to the practices of land-use planning in coastal areas and coastal zone management,
coastal planning is much less developed, especially in Nova Scotia. The idea of coastal planning as a
distinct practice of planning is a relatively new concept, as is its nature as a hybrid of other approaches
(DFO 1997: 31). Without the recent exploration of the ideas of “sustainability” or “integrated manage-
ment” or in a more strictly planning sense “environmental” or “social” planning, the concept of con-
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temporary coastal planning would be incomplete (Glass 1973: 45). Advances in environmental and
social thought have allowed for the proliferation of theories that can apply to, and improve, coastal
planning.

This lack of understanding, regarding both how coastal planning functions and the role of the
coastal planner themselves, is detrimental to planning practice. What results in Nova Scotian coastal
planning is a scenario whereby the potential for successful coastal planning is only slightly touched
upon. Hence the main research question: what is necessary for effective coastal planning in Nova Scotia?

Methodology

This study explored the field of coastal planning as a means of finding the most suitable and
functional role for the coastal planner under the Nova Scotia system of land-use planning, coastal
management and governance. The three main phases of this study were:

Step I: Exploring the role of the coastal planner

Coastal planning is often assumed to fit within the field of coastal zone management. This is a
valid assumption, yet one that is not entirely correct. Many of the tasks, desired outcomes, projects and
efforts of coastal planning and coastal zone management are similar but may be approached sometimes
quite differently. Furthermore, land-use planning in a coastal area is also similar, yet fundamentally
different from coastal planning. Once these two fields (land use planning and coastal zone manage-
ment) are discussed and compared, the differences become clear.

The introductory task for this study was to explore the role of the coastal planner in Nova
Scotia. Using a content analysis of both i) relevant literature related to this topic, as well as ii) discus-
sion results from a series of coastal planning and management workshops, conferences and meetings,
this study developed a summary model of the efforts of the three main practitioners in Nova Scotian
coastal planning and management — the land-use planner in coastal areas, the coastal planner and the
coastal manager. This compare-and-contrast method produced a robust explanation of the differences
and similarities between the three types of practitioners and subsequently, clarifies the role and function
of a Nova Scotian coastal planner.

Step 11: Establishing a need for the coastal planner
Step I discussed the difference between land-use planners, coastal managers and coastal plan-

ners; however, Step Il further defines the coastal planner by elaborating on the earlier focus of the
planner to discuss the process of planning.
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Beyond the field of land-use planning, there is a certain confusion regarding the contribution of
the land-use planner to Nova Scotian coastal management. For example, although coastal communities
or areas could have a stated need for coastal planning, this need might not be addressed through con-
temporary land-use planning. The land-use planner and coastal planner would create different planning
approaches and subsequently produce different planning outcomes.

For this study, the variables content, context, role and theoretical approach were applied to a
framework of the planning process to display, first, the difference between the many types and streams
of planners, and second, the need to have a particular type of planner to achieve a particular outcome or
objective.

Step I11: Recommendations for effective coastal planning in Nova Scotia

The next phase for this study suggested improvements in the legislative framework that governs
planning in Nova Scotia. The field of coastal planning is complex and multifaceted. Coastal planning
requires different approaches depending on the community or area in question. Suggestions for improv-
ing coastal planning start with recommendations for addressing the difficulties that exist specifically
within the current government structures.

This approach required the compilation of the current models of coastal planning and manage-
ment in Nova Scotia. In addition, hypothetical examples of probable scenarios for improved coastal
planning and management were also collected. This approach yields two main benefits: first, highlight-
ing various models provides an accurate comparison of coastal planning and management strategies,
and second, problems that impede successful coastal planning become evident. New models for effec-
tive coastal planning and management in Nova Scotia can then utilize the positive aspects of the exist-
ing models while avoiding elements that hinder the planning process and outcomes.

Summary

The most important finding was that effective government-based, coastal planning in Nova
Scotia is not functionally possible under the current legislative (i.e. governance) and management frame-
work. The planning process is hindered by a chronic lack of coordination between planning practition-
ers, lack of decision-making power at the local level, and reduced or minimal resources (people, time
and funds). Essential elements of the planning practice (jurisdiction, guiding principles, and legislative
power) are needed and as a result, the potential role of the Nova Scotia coastal planner is undescribed
and underutilized.

Creating a framework for coastal planning in Nova Scotia required observation of the current

coastal planning and management system. Emphasizing the positives and consciously avoiding the
negatives produced a series of recommendations for Nova Scotia coastal planning:
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» Creation of a comprehensive coastal policy for Nova Scotia and formal recognition of it by
the provincial government;

» Creation of a Nova Scotia coastal planning secretariat to consider, coordinate and organize
provincial coastal planning efforts;

» Creation of a new statement of provincial interest regarding coastal planning;

* Review of recommendations from existing documents and projects related to coastal plan-
ning.

Unfortunately, no specific provincial body is entrusted to do coastal planning, let alone act on
such recommendations. Until provisions are made to address any of these recommendations, there
should be no assumption that the field of planning, under the current Nova Scotia governmental frame-
work, is adequate to address the multitude of coastal issues and problems that continue to hinder coastal
communities in the province.

In summary, the field of planning in Canada has developed to the point where coastal planning
can now be considered a recognized discipline. However, if that discipline is to have any merit, then
planning and management structures must adapt to the current challenges of coastal planning. These
challenges lie within the institutions that create and control the legislative authorities and responsibili-
ties over Nova Scotian coastal areas. Although the role of the coastal planner is now defined, it has yet
to be established in Nova Scotia. Moving beyond theory and establishing the jurisdictional umbrella
and the role for the coastal planner in Nova Scotia should be the next task in this process. The paradox
is that coastal planning is still very much reactive. A planner cannot plan for yesterday. Until the coastal
planner is viewed as a forward thinking practitioner who can achieve the needed outcomes of coastal
planning and management, the practice of coastal planning and coastal planners themselves in Nova
Scotia will remain underutilized.
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DECISION MAKING UNDER UNCERTAINTY:
A LOGICAL (RATIONAL) APPROACH

Chris Corkett
Biology Department, Dalhousie University, Halifax, NS. chris.corkett@dal.ca

One of the more fundamental challenges facing all forms of resource management is how sci-
ence is to have an input into the making of management (policy) decisions. Traditionally, decision
making has been based on a model’s prediction, a prediction that, while remaining inaccurate (uncer-
tain), is still able to indicate the scale of a decision-making approach that is needed for a satisfactory
result. This data-driven approach to management can be represented by the following schema:

data-> model-> prediction-> policy

Under this schema it is necessary to collect the data (facts) as accurately (and perhaps as much) as
possible in order to reduce (contain) an inherent uncertainty in the system.

But how does an accurate prediction (a prediction built from accurate data) help us? Can it tell
us what will happen? Can it tell us what we should do? How absurd! What happens depends on what we
do. And what we do reflects our values. A policy, like a goal (such a sustainability), is what the econo-
mist refers to as a normative law or norm. Since norms are made by our decisions, they reflect our
values and we have to take full responsibility for them—norms (goals, objectives, policies) cannot be
predicted from the facts. This paper explores the possibility of replacing a factual based view of deci-
sion making with a rational and logical one. Instead of asking (a) “How do we collect data as accurately
as possible?”, this approach asks (b) “How do we base management decisions on arguments that are
sound and rational?” Once question (a) is replaced with question (b), a paradigm shift becomes una-
voidable. Under a management paradigm based on sound arguments, management decisions are no
longer based on what is expected to happen in positive terms, but are guided by a negative view of
scientific advice that explains to the decision-takers what policies (decisions) should not be taken.

Examples are:

a) You cannot obtain a sustainable fishery (goal) without containing excessive fishing effort
(policy);

b) You cannot maintain full employment for the fishermen (social objective) and still maintain
a sustainable fishery (societal goal);

) You cannot contain excessive fishing effort (objective) without reducing the catchability of
the fisherman’s gear (policy) or the length of the fishing season (policy); and

d) You cannot put in place policies supporting the goal of a sustainable fishery without endur-
ing criticism from the interested parties (concomitant effect).
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RESOLVING THE WORLD’S LARGEST TIDES

Charles T. O’Reilly?, Ron Solvason?, and Christian Solomon?

! Canadian Hydrographic Service, Bedford Institute of Oceanography, Dartmouth, NS.
oreillyc@mar.dfo-mpo.gc.ca
2Canadian Hydrographic Service, Canadian Centre for Inland Waters, Burlington, ON.

Abstract

For several decades, a controversy has existed as to whether or not Ungava Bay has tides equal
to, or greater than, those of the Bay of Fundy. Traditionally, it has long been held that the “World’s
Largest Tides” occur at Burntcoat Head, Nova Scotia, situated at the head of Minas Basin in the Bay of
Fundy. Recently, the Canadian Hydrographic Service has completed the analysis of new tidal observa-
tions collected at Gauge Point in Leaf Basin, Ungava Bay, Quebec. These data are compared with
analysis of new and old data from Burntcoat Head and Cobequid Bay, Bay of Fundy.

Introduction

Oceanic tides are harmonic oscillations in the sea surface caused by the gravitational attraction
between the sun, earth and moon (Forrester 1983). These oscillations are modulated by:

The relative alignment of the Sun, Earth and Moon
—  full and new moons produce maximum or “spring” tides.

“destructive” misalignment occurs at quarter moons, producing minimal or “neap”
tides.

— the spring/neap pattern repeats twice a month.
» The distance of Moon from Earth

— the lunar gravitational pull is enhanced during the nearest approach (perigee) of the
Moon in its elliptical lunar orbit, and is minimized during the farthest approach (apo-

gee)
¢ The distance of Earth from Sun

— asimilar variation occurs at the aphelion and perihelion of the solar orbit, however it
is much less than the lunar effect due to the greater distance of the solar orbit.

¢ Solar/lunar declination

— the declination of the Moon, when above or below, the plane of the Earth’s equator
causes unequal daily tides. When the Moon is on the equator, daily heights tend to be
equal.

» The precession of the lunar-ecliptic planes over an 18.6 year cycle.
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— the multi-year variation caused by this precession in annual tidal extremes is typically
less than 0.1 or 0.2 m, but can exceed 0.5 m in areas of extreme tides.

Locator Maps

Interest in areas of large tides (with their associated large currents) has always existed. Reasons
include tidal power, tourism, difficulties for navigation, and the extensive inter-tidal zone containing
rich habitat, as well as the scheduling of a myriad of day-to-day coastal zone activities.

Historical Review
Bay of Fundy (Figure 1):

» measured more frequently, but only for very short periods (a few months at best).
 very inadequate observations in most places.
» aminimum of 200 days of observations is required to estimate accurate extreme tidal ranges.

* long-term observations in Saint John, New Brunswick, indicates that the tides there are get-
ting larger by as much as a few decimeters per century. This is compatible with geologic
evidence that Fundy tides have grown from normal coastal ranges to their present size in very
recent millennia and are continuing to do so (Amos et al. in prep).

Ungava Bay (Figure 2):

» observations in early 1950s indicated very large tides (i.e. greater than 50 ft).
» (data was extremely poor and unsubstantiated.
» (data was too sparse for proper harmonic analysis.

For years, many people have held that the tides in Leaf Basin were equivalent to (or even greater
than) the record tides at the head of Minas Basin. This controversy has been fueled by media interest
every few years, and has remained a controversy due to the simple fact that no measurements were ever
made at either site after the debate erupted. Since 1998, both sites have obtained new observations
using modern instrumentation.

Methodology
Selection criteria for determining the “Largest Tidal Range”:

 only pure tidal motion was considered (over a 19-year period).
* i.e. no barometric, wind or other non-tidal influences were considered.
» chose the maximum “high to adjacent low tide”.
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Note: Using the historic highest minus lowest water level thresholds yields the extreme water level
range, and using highest minus lowest predicted tidal levels yields the extreme tidal range (i.e. highs
and lows may occur on different days). This study was seeking the largest single tidal high to adjacent
low events.

Instrumentation

Both sites were gauged with submersible Aanderaa Water Level Recorders. These instruments
use highly accurate sensors to measure total hydrostatic pressures (occillating quartz crystals) and water
temperatures, which are recorded at regular intervals. The pressures are converted to equivalent water
level heights after applying factors for water temperature, salinity and local gravity. This equipment
gives an excellent measure of the tidal contribution to change in water level height. With care, measure-
ments to within centimeters are possible in areas of large tides.

Results

Figure 3 shows superimposed tidal predictions from both sites for 1998. This year experienced
the Highest and Lowest Astronomic Tide (i.e. HAT and LAT) during the 18.6 year precession of the
lunar/ecliptic planes. From the predictions, it is apparent that on the average, Minas Basin experiences
higher tidal ranges, but that during extreme conditions, both sites are comparable.

Burntcoat Head, Minas Basin:

» 16.3 mrange recorded in November 1998
* highest predicted extreme 17.0 m (£ 0.4 m)
* lunar forcing appears a dominant resonance feature

Leaf Basin (Lac aux Feuilles), Ungava Bay:

» 16.2 m range recorded on March, 2002
* highest predicted extreme 16.8 m (£ 0.4 m)
 lunar forcing was less, and solar forcing was more pronounced than in Minas Basin

Conclusion

» Both sites have measured tides larger than anywhere in the world

» Extreme values are only estimates!

* Neither site has ever been measured during extreme highest tides (occurs next in 2014)
» This controversy was mainly a tourism issue, i.e. all about “bragging rights”
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 Further resolution will require very expensive field surveys and, regardless of findings, the
truth may never be totally “accepted”.

The results obtained from analysis of the data in Ungava Bay indicate a maximum predicted tidal
range to be 16.8 meters over the 19-year period from 1998 to 2016. The maximum predicted range in
Minas Basin was 17.0 meters for the same period. The estimate of accuracy at both sites was
determined to be + 0.4 meters (95 percent confidence). As both computations essentially agree within
the limits of the error boundaries, the contest was concluded to be a draw. Both sites now share the
official accolade of “World’s Largest Tides”.
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Figure 1. Minas Basin, Bay of Fundy
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Figure 2. Leaf Basin, Ungava Bay
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THE NEXT 400 YEARS: KNOWLEDGE GAPS AND RESEARCH PRIORITIES FOR
ADAPTING TO CLIMATE CHANGE IN THE BAY OF FUNDY

Kathryn Parlee! and Kyle McKenzie?

LC-CIARN Coastal Zone, Natural Resources Canada, Dartmouth, NS. kaparlee@nrcan.gc.ca
2 C-CIARN Atlantic, Dalhousie University, Halifax, NS.

The Bay of Fundy region has seen significant environmental change over the last 400 years,
much of it human induced. The next 400 years promise to be far more dramatic as climate change may
be the driving factor behind widespread physical and ecological stresses on the bay. How (and if) we
adapt to these changes may depend on decisions we make in the near future regarding research priori-
ties, planning strategies and development priorities.

The Canadian Climate Impacts and Adaptation Research Network (C-CIARN) is a national
network that facilitates the generation of new climate change knowledge by linking researchers with
decision-makers to address key issues. The network consists of six regional offices and seven sectoral
offices. The regions cover geographically significant issues, while the sectors focus on areas of broad
national interest such as fresh water, the coastal zone, fisheries, landscape hazards, and more.

Over the past three years, C-CIARN regions and sectors have been consulting with researchers,
practitioners and decision-makers to identify key climate change impacts, knowledge gaps and research
needs that will assist in the development of appropriate adaptation measures. A series of national and
regional workshops have identified issues, outlined current adaptation strategies and discussed research
projects and case studies that address climate change impacts relevant to the Bay of Fundy region.
Topics have included impacts from increased air temperatures, changes in precipitation, sea-level rise,
reduction in sea-ice cover, and changes in storm frequency and intensity on communities, infrastruc-
ture, environment, health, and natural resources. A workshop held in April 2003 focused specifically on
the vulnerability of the Bay of Fundy coasts to climate change and provided an opportunity for partici-
pants to discuss issues and identify knowledge gaps and information needs of particular concern for the
region. C-CIARN has used these knowledge gaps to develop a framework for a climate change research
agenda relevant to the Bay of Fundy.
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ENVIRONMENT CANADA’S EMERGENCIES MAPPING PROGRAM: AN INTERNET
APPROACH TO ENVIRONMENTAL MAPPING

André Laflamme and Roger J. Percy
Environment Canada, Dartmouth, NS. andre.laflamme@ec.gc.ca, roger.percy@ec.gc.ca
Abstract

During emergencies, the ready availability of information on the location and vulnerability of
resources at risk is crucial to a successful response and in preventing or minimizing further environ-
mental impacts.

Environment Canada—Atlantic Region has developed over a number of years a computer-based
geographic information system (GIS) mapping system for managing and analyzing environmental in-
formation. This stand-alone, user-friendly mapping application has recently moved to the Web, allow-
ing broader access by federal, provincial and industry partners in the spill response field. Enhancements
have been made that facilitate better coordination and exchange of data among partners. It incorporates
a unique shoreline classification system that can be viewed in concert with biological, human use and
logistical data. It includes a spill logging function to manage situation reports, maps, resource summa-
ries, photographs and trajectory model outputs. The system allows thematic layers to be displayed on
either topographic maps or hydrographic charts and possesses links to other sites that allow real-time
display of weather and ocean current data useful in a response. With an open architecture concept the
Web mapping system is readily modified; partners are able to digitize on-line and to update their own
databases shared on the system. Mapped data for the northeastern United States are also included in the
package to facilitate joint response to trans-boundary pollution incidents.

Although this paper will highlight the unique features of the Web mapping application for plan-
ning and responding to environmental emergencies, other partners are using the system for conducting
environmental assessments, inland management projects, or planning for nuclear emergencies around
the globe.

Introduction

In the early 1990s, the government of Canada undertook a nation-wide review of its capacity for
responding to environmental incidents. This review gave the government an opportunity to assess, but
also create, a national committee that would provide information on biological/human-use resource
information and protection priorities during environmental incidents. In order to achieve this goal, a
national committee was formed to discuss and to implement a computerized sensitivity mapping appli-
cation. Environment Canada—Atlantic Region was tasked to lead this project and was assigned the
responsibility to gather and to manage appropriate data sets from various agencies while providing the
standards and frameworks that would lead to the implementation of a National Sensitivity Mapping
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Program. In subsequent years, a lack of funding and resources allocated for this initiative has forced
each region to manage and develop their own system. Fortunately, the Atlantic Region remained deter-
mined to achieve the development of a state-of-the-art mapping application by focusing on data collec-
tion and the creation of a unique computer interface that would be used by environmental responders
across the Atlantic region. To date, the Atlantic Region Sensitivity Mapping Program is the most com-
prehensive, up-to-date and complete information system with more than 120 different layers of infor-
mation. With its user-friendly interface, minimal training is required in order to operate the system (see
Figure 1).

A team of two persons was necessary to develop, create and maintain the mapping application.
Efforts were first placed on collecting and acquiring various data sets from a wide range of government
and private organizations. Once all of this information was collected, it was necessary to structure all
the layers of information to fit the mapping system. The stand-alone system in use in the Atlantic
Region has evolved to a point where no more structuring is necessary; a new interface has been devel-
oped using an “open architecture” technology. As soon as a layer of information becomes available for
update, the database is copied to a specific location on the hard drive and automatically integrated in the
mapping application.

In early 2002, Environment Canada—Atlantic Region launched a unique Web mapping system
featuring all the concepts of the original stand-alone version, taking advantage of new Web program-
ming technologies.

The objectives of developing and maintaining the best possible sensitivity mapping system is to
provide planners and managers with the full range of information that they require as part of pre-spill
activities as well as resource protection recommendations at the time of a spill. The data and informa-
tion are based on consistent sets of terms and definitions that describe the shore-zone character, the
objectives and strategies for a specific response, and the methods by which those objectives may be
achieved. The data are linked with other resource information in a GIS-based system.

Standard or accepted terms and definitions and shoreline segmentation procedures are already
in place for describing the shore-zone character and shore zone oiling conditions. In this program, a set
of standardized objectives and strategy statements have been developed that can be entered easily into
a database; these provide a better level of consistency than do phrases or sentences constructed by
different recorders or evaluators. The suggested protection and treatment objectives and strategies are
intended for consideration by the spill response management team.

The actual type and volume of spilled oil, plus local environmental conditions, and local priori-
ties would be brought to bear on the decision process at the time of a spill. The suggested objectives and
strategies provide a starting point and a framework for decision-makers and planning and operations
managers to discuss objectives and priorities. The concept of management by objectives provides a
framework for decision-makers to set the goals of an operation at both the regional and a segment by-
segment level (Percy et al. 1997).
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The pre-spill database is integrated with the actual Sensitivity Mapping Program, which is capa-
ble of displaying natural, cultural and man-made features vulnerable to oil spills. The computerized
mapping system facilitates quick access and management of multiple data sets. A user-friendly interface
allows queries and statistical analysis of data and display of graphical outputs. The system provides
both planning and response tools; information can be accessed or modified using a laptop computer and
real-time spill information or trajectory model outputs incorporated using a spill/incident log function
(Figure 2).

A hard copy atlas is also available for the Atlantic Region. Made using 11x17 paper format, it
includes a thematic layer showing the coastal geomorphology (mid/upper intertidal zone) and the most
up-to-date human-use and biological information. A series of large maps (36x54 inches) has also been
produced. The maps are very useful when planning response for large areas or for media briefings
during incidents.

Partnerships

Following the Exxon Valdez spill in Alaska, the government of Canada realized the need for
having a system where sensitivity data could be accessible for planning and response purposes. The
Green Plan of the early 1990s provided initial funding to develop, create and maintain a sensitivity
mapping system to support environmental responders during marine spill incidents. Because of its
mandate, Environment Canada has environmental emergencies officers who are on duty on a 24/7
basis. Therefore, available information must be accessible quickly in order to mitigate potential impacts
on marine and coastal resources.

Partnerships are crucial in order for environmental emergency responders to locate, identify and
protect sensitive resources present at a spill site, especially for the first few hours/days of an incident.
Environment Canada involves other federal, provincial, municipal agencies, private industry, and local
communities through the Regional Environmental Emergencies Team (REET) to ensure environmental
data are accessible. Most of the organizations involved during a spill incident are part of REET.

Many organizations are using the Atlantic Region mapping system. Among them are the Eastern
Canada Response Corporation (Atlantic Division), Fisheries and Oceans Canada (Scotia-Fundy Re-
gion), Environment Canada’s Shellfish Sanitation Program, and Environment Canada’s Office of En-
forcement. Other groups that have expressed interest in using the system include the Ship Source Pollution
Fund (SSOPF), Health Canada—Nuclear Emergency Response Division, the response organization
ALERT (Atlantic Emergency Response Team), and the government of New Brunswick.

Geographic Application

The main coastal areas covered by the Atlantic Region Sensitivity Mapping Program encom-
pass the four Atlantic Provinces: New Brunswick, Nova Scotia, Prince Edward Island, and Newfound-
land and Labrador. Approximately 12,500 unique shoreline segments covering more than 40,000
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kilometers of coastline have been identified in Atlantic Canada. Labrador is the only area not presently
covered by the shoreline classification. However, growing federal interest and activities in Labrador
will likely require the completion of the pre-spill database for this area in the near future. Portions of the
province of Quebec have been included in the mapping system, including Chaleur Bay (north shore)
and Magdalen Islands, since these areas would likely be impacted by spills in the Atlantic Region or
require joint response. For potential trans-boundary spill incidents in the Gulf of Maine and Bay of
Fundy, all digital maps for the entire State of Maine have also been added to the mapping program.
Despite the coastal applications of the mapping system, it also has the flexibility to cover the inland part
of the Atlantic Provinces. Environmental data has been collected for the State of Maine and New Bruns-
wick border. The Atlantic Region Sensitivity Mapping Program in conjunction with the Maine Depart-
ment of Environmental Protection have agreed to exchange cross-border information on coastal areas
that can be used for planning and response during marine incidents that could impact both countries. As
the information becomes available for inland areas, the mapping system will integrate the information
in a format that is compatible with the existing data sets.

Shoreline Classification and Pre-Spill Database

The objective of the pre-spill database is to collate data and information that would be required
and used by the spill response management team in the development of planning, priority and opera-
tions decisions. This database plays a fundamental role in the definition of resource protection priori-
ties, and constitutes an introduction to the Shoreline Clean-up and Assessment Techniques (SCAT)
process. The database involves an initial segmentation of the shoreline and data templates then are
completed for each segment. This process involves the use of various tools such as low-altitude videotape
survey data, aerial photography, and pre-existing mapping material to define sections of shoreline that
have a uniform alongshore character. In Atlantic Canada, each segment has a unique two-letter prefix
code followed by a sequential number (Figure 3). The two-letter prefix is unique to one coastal area in
Atlantic Canada that makes each code different (e.g., Halifax Harbour has the following segment codes:
HX-01 to HX-75).

The description of the shore zone and the development of appropriate response strategies are
presented in a systematic format based on four distinct templates: 1) Shore Zone Character, 2) Shore-
line Protection, 3) Shoreline Treatment, and 4) Summary of Response and Requirements. These tem-
plates contain a total of 143 different attributes that are unique for each shoreline segment. The Shore
Zone Character template describes information such as shoreline material/type, nearshore environment,
longshore current, oil traps, and potential behaviour, and resources at risk.

The shoreline material/type is further subdivided into five distinct categories: lower inter-tidal

material, lower inter-tidal form, shoreline type (area located between the high and low tide mark),
backshore material, and backshore form (Figure 4).
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The Shoreline Protection and Treatment/Cleanup templates offer a variety of shoreline data,
including treatment and protection methods, objectives, strategies, and operational considerations. The
last template is known as Summary of Response Requirements. It is a summary of the protection and
treatment templates and includes a response priority code (L = low, M = medium. H = high, VH = very
high). The response priority code is defined based on the information available at the time of collection
of the pre-spill database. Although it is a starting point in defining priorities, Environment Canada’s
Sensitivity Mapping Program is now in the process of incorporating other data sets in order to define a
response priority code that will better reflect the actual resource inventory for a specific shoreline seg-
ment.

These templates use a knowledge-based concept, as data and recommendations are entered, in
part, from knowledge and experience rather than from an objective analysis. Owens and Dewis (1995)
describe the templates in more detail. The shoreline protection and treatment or cleanup techniques that
are recommended for each segment are derived from the Environment Canada Field Guide for the
Protection and Cleanup of Oiled Shorelines (Owens 1996).

The shoreline type is a description of that area of the shore zone where oil is most likely to be
stranded, and the coastal character is described since this is the area in which backshore operations will
stage and deploy resources. The description also includes identification of features that are likely to
affect the behaviour of persistent oil, such as along-shore traps, potential boulder, or riprap reservoirs.

Areas outside Canada where the same shoreline classification approach has been applied in-
clude Hawaii (Honolulu-Waikiki), Russia (Sakhalin Island), and Alaska (Port Valdez). A number of
countries have shown keen interest in the Atlantic Region Sensitivity Mapping Program, including
Bangladesh, Brazil, Spain, Israel, Chile, France and New Zealand.

Sensitivity Web Mapping System

All computerized Web mapping systems require base-map layers. In the past, Environment
Canada has purchased National Topograhic Data Base (NTDB) topographic digital maps from the Natural
Resources Canada Centre in Sherbrooke, Québec. Three different scale were purchased: 1:50,000,
1:250,000 and 1:1,000,000. All are used to represent specific information sets.

As mentioned earlier in this document, the shoreline classification along with the pre-spill data-
base, constitutes one of the most important components in the Web mapping system (Figure 5). It
relates the physical aspect of the shoreline and provides useful information on protection and clean-up
methods. For each individual segment, a shoreline video is available. By selecting a shoreline segment,
it is possible to view the video for that specific portion of coastline. The shoreline videos generated for
the Atlantic region comes from the Geological Survey of Canada. In addition, the Web mapping system
allows the display of various databases such as birds, fish, shellfish, aquaculture sites, parks, and ar-
chaeological sites. With all the information available, the Web mapping system is able to provide a
detailed report for any given area.
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The user has the option of defining a buffer zone that can be used to determine the sensitive
resources within an area, to calculate features such as length of shoreline or area affected, or to display
data in a graphical form. The information can be displayed in the form of bar graphs or pie charts, and
a detailed written report on the affected resources may also be generated. The report contains informa-
tion on various species or human-use resources, their sensitivity to oil spills, and their seasonal vulner-
ability. A complete database of photographs related to sensitive birds, fish, shellfish, vegetation, and
human use structures such as aerial photographs of small craft harbour can also be viewed or printed. In
addition to the Natural Resources digital base maps, the system can also display information on digital
hydrographic charts or digital elevation models.

The Atlantic Web Mapping application uses the latest technologies to facilitate and enhance its
various mapping applications. Designed using a MapInfo® Corporation technology called MapXtreme®,
it brings a new dimension to how people create, edit and manage geographical information. Portions of
the Web mapping uses Scalable Vector Graphics (SVG) technology which is a new graphics file format
and Web development language based on XML. SVG enables Web developers and designers to create
dynamically generated, high-quality graphics from real-time data, with precise structural and visual
control. With this new tool, users can now create and edit geographical information on-line, modify a
database, and share information with other people with the use of only a Web browser. The architecture
of this interactive mapping application provides many advantages:

* Very user friendly (Web interface);
» All data resides on the server (maps and databases);

» All of the processing work is done on the server that returns information to clients through
their browsers (MS Internet Explorer, Netscape). There is no need to have a powerful
workstation to run the application;

» No software is required on the client side (only browser, IE or Netscape);

» Data updates are easy since only the copy of the data (on the server) needs to be changed;

» The structure of the system allows easy addition of resource information to the application;
» Links to other sites (EC) or other organizations can be easily be implemented;

» Password protected for enhanced security;

» Ability to share your own database with whoever you want.

The Web Mapping application is located at http://www.e-map.gc.ca.
Summary

The Atlantic Region Sensitivity Web Mapping Program’s main focus is to provide Environment
Canada and its partners with a widely accessible mapping tool for emergency planning and response
applications. The Web mapping, with its real-time capabilities, will certainly bring a new dimension to
responding to environmental emergencies. Consistency is also crucial if personnel are to be brought in
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from different regions during a drill or spill, as they are immediately comfortable with the application,
process and terminology. The same sets of standard terms and conditions are applied to pre-spill data
base development, sensitivity and pre-spill mapping, SCAT data generation, and the response manage-
ment decision process. Although the use of standard terms and definitions is essential for the descrip-
tion of oiled shorelines, the value of standardization extends into the decision process with regard to
shoreline protection and treatment recommendations. This concept is very powerful, as it provides a
consistent terminology through the entire range of pre-spill planning and response activities.

Web-based sensitivity mapping often has been viewed as an isolated activity in spill planning.
Although the identification of resources at risk is a study that can stand alone, the application of that
information into the response decision process involves a broader perspective. The integrated approach
for spill response in Canada uses sensitivity information as one part of a larger body of relevant infor-
mation that can, and should be, used by the decision team in the formulation of an appropriate response.
For example, the pre-spill database includes information for each shoreline segment that describes
potential oil traps or oil behaviour considerations, possible operational constraints, as well as the re-
sources that are at risk.

Future developments for Environment Canada’s mapping program include the integration of
the Shoreline Clean-up Assessment Techniques form into a handheld device such as Pocket PC. The
portable application called Pocket SCAT would allow field users to remotely enter coastal information
in order to assess the oiling condition of a given stretch of coast. MapX Mobile is used to link the
Atlantic Region mapping system to the field unit. With communication devices such as cellular or
satellite phones, information gathered during a field trip can be transferred without having to connect to
a land-line (Figures 6 and 7).
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Figure 1. Screen shot of the stand-alone mapping system
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Figure 2. Spill/Incident Log function stores information produced during an incident; also useful for
retrieving information on previous incidents
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Figure 3. An example of the shoreline segmentation of the Northwest Arm area, Halifax, NS
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Figure 4. Shore Zone Character template for a given segment of shoreline
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