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Preface
or the past five years the Conservation Council has focused much of its Marine Conservation Program on
the health of estuary habitats in the Bay of Fundy. Through the Gulf of Maine Estuary Restoration
Project, a partnership with the Conservation Law Foundation and the Island Institute in Maine, we
concluded that most estuaries have been seriously degraded due to human activity. Since estuaries are key
contributors to the health of coastal ecosystems and the species that depend on them, we believe it is critically
important to begin to identify measures that will restore our estuaries to some degree of health.
This raised the question: What measures would be required to restore the capacity of estuaries and coastal
areas to support healthy and diverse populations of marine species? We were particularly interested to answer that
question in the Quoddy Region. Here we have living knowledge of prodigious abundance of marine life -- fish,
birds, marine mammals, invertebrates -- throughout the entire area. For example, Passamaquoddy Bay itself was
named for its once-abundant pollock. In the 1960s, commercial groundfish stocks in Passamaquoddy Bay collapsed,
and despite an unofficial moratorium on fishing effort ever since, as well as improvements in pollution loadings from
pulp and saw mills, those stocks have not recovered. What then, would be required to restore healthy groundfish
stocks if elimination of the harvest of those species has not?
We decided to try to figure out what has happened in this richest part of the Bay of Fundy, and from that to
devise some strategies for how the area might become productive once again. In the Fall 2000, we engaged Dr.
Heike Lotze, a community ecologist and post-doctoral fellow at Dalhousie University, to carry out a scientific
investigation which would lead, we hoped, to some answers to our questions. Dr. Lotze is author of Chapters 1, 2,
4, and 5. Her work was supplemented by CCNB President and marine biologist Inka Milewski, who authored
Chapter 3.
Together they present a picture of change in the ecosystem and food web of this unique coastal region,
juxtaposed against the history of human development in the region. The unique aspect of this research project is the
time frame over which the picture is painted. The investigators proceeded with the assumption that natural systems
respond to impacts at varying scales and time frames, and while immediate impacts may be discerned, it is only over
the long term that major trends or shifts may be evident. Therefore, archeological, historic, and recent data were
compiled in an effort to understand how current relationships between and among species, and between species
and habitats, compare with or differ from such relationships one hundred and two hundred years ago.
In July 2001, well after the draft of this report was completed, an article published in Science (Vol 293),
reinforced the approach we took. It documented that “time lags of decades to centuries occurred between the
onset of over-fishing and consequent changes in ecological communities” (Jackson et al, 2001). According to the
authors, “Retrospective data not only help to clarify underlying causes and rates of ecological change, but they also
demonstrate achievable goals for restoration and management of coastal ecosystems that could not even be
contemplated based on the limited perspective of recent observations alone.”
We trust this analysis will enlighten the collective understanding of the ‘marine oasis’ that is the Quoddy
Region, identify gaps in knowledge that should be filled, posit conclusions, and point us towards management and
policy changes that will result in healthier coastal ecosystems.

F

Janice Harvey, Conservation Council of New Brunswick
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Forward
ome people remember their lives as a series of mental “snapshots” or “video clips”, small visual
memories of people, events, and places. I have those ... the spectacular light show created by
thousands of herring, squid, and mackerel as they streaked into the dark void ahead of our cruising
boat, the breaching Right whale with a tail broader than our skiff was long, the gigantic great white shark hanging
from a block and tackle on the Richardsonville wharf, and much more. But the really powerful memories are certain
sounds and smells from the Bay of Fundy; memories so sharp that they called me back from my wanderings to this
special place, shaped my adult existence, and my very soul.
As a young child, I remember the muffled drone of the boat’s engine, the distant voices of my uncles and
parents, and especially the secure, cozy feeling I felt bundled into the upper bunk of the “Lois and Isabel” as it
plowed its way from St. Andrews to Grand Manan. I remember the cacophony of sea birds on the outer islands. I
remember the moan of Green Point Light as it guided us to safety through the fog, the thundering roar of surf, the
shrill whine of hurricane force winds, and the gentle mewing of a petrel chick.
But most particularly, I remember the smell of life that was everywhere when the schools of fish were in the
Bay. Composed, I suppose, of the smell of the seawater itself, living fish oils, faecal matter from the teaming fish and
birds, and drifting seaweeds. One would expect such an odour to be objectionable ... but it was not. In fact, this
sweet smell was so special that one would inhale deeply in the hopes of assimilating some of its vibrancy and
goodness. The Bay was alive.
But things began to gradually change. It was the early sixties when we really began to notice the difference.
Fish began to disappear fromthe western Bay. The local handline fleet vanished. The weir poles stood unadorned
by twine. The mud flats at St. Stephen literally bubbled at low tide. The familiar smells were replaced by odours
less compelling. The Bay was changing, we were losing, and no one seemed to notice.
Today it is apparent that Passamaquoddy Bay and the surrounding marine area is in decline. But,what are
the real loses, what caused them, and how should they be measured? The mirror to the past was broken and there
was no comprehensive and authoritative answer. This document changes that.
Two Hundred Y ears of Ecosystem and Food W eb Changes in the Quoddy Region brings together an amazing
body of information, analyses it, and provides some important and essential answers. To date, it is the definitive
publication about the historical dynamics of the Quoddy Area. The authors lament the gaps and the lack of scientific
data. But they should not. The shards of the broken mirror have been brought closer together by them and we can
now see the past. This knowledge points the way to the future and, as a result, I expect that some dark night a few
years from now, I will sniff the Quoddy air and once again inhale la odeur de vie!

S

Art MacKay, October 2001
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Summary
Heike Lotze

he Quoddy Region is an area of extraordinary marine productivity in the outer Bay of Fundy and
Northwest Atlantic. Ocean currents and circulation patterns, high tides, upwellings, and a short,
energy-efficient pelagic food chain support high concentrations of primary and secondary producers.
These lower trophic level species attract a wide range of high trophic level species from nearby and far away to feed
or nurse their young.
But the rich food supply appears to be only part of the equation. The diverse underwater and terrestrial
landscapes provide a high variety of habitats, fulfilling multiple species-specific needs for breeding, spawning,
nursing, feeding, foraging, hiding and resting. Such habitat diversity, together with the extraordinary food supply,
create the conditions for the hotspot of species diversity and productivity observed in this area.
The archeological record shows that indigenous people have recognized and valued these diverse and
abundant marine resources for several thousand years. Their distinct life style differed from that of their neighbors in
Maine and the Canadian Maritimes by their particularly diverse use of marine species, and has been called the
“Quoddy Tradition” (2200-350 B.P.).
Since European settlement and subsequent industrialization, humans have altered this ecosystem at an everincreasing rate. Over time, humans, as hunting and fishing top predators, increased in number and efficiency. In
addition, habitat alteration, destruction and degradation took place on a growing scale. As a result, species
composition and abundance, dominance patterns and food-web structure have been changed over time. Major
shifts include the loss or decline of large predatory species, increasing dominance of commercially less important and
smaller species, the shift to low-trophic level harvesting, and an overall increase in opportunistic, generalist rather
than specialist species.
Conservation laws, fisheries regulations and pollution controls have limited some of the more obvious threats
to certain species. Some species have recovered from heavy exploitation (e.g. some marine birds and mammals);
others continue to decline or persist at low population levels (e.g. many endangered or vulnerable fish, birds,
mammals). Still others have just recently been exploited for the first time (e.g. many invertebrates and rockweed).
These shifts in species composition and dominance resulted in a severe alteration of the entire food web,
which likely influenced predator-prey and competitive relationships among the species. At times, the food web was
ecologically simplified by the loss of large top predators, but some species recovered while others were replaced by
formerly less common species. Furthermore, human activities along with some natural factors have caused the
overall extent of the diverse habitats to decline, and most habitats have been influenced (disturbed, degraded) by
humans to a certain degree.
This hotspot of marine diversity and productivity also became a hotspot of human activities. Compared to
other highly impacted coastal ecosystems however, the Quoddy Region still has a lot of potential to sustain a diverse
and productive marine fauna and flora, which could be achieved if wise management actions are chosen.

T
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Introduction
Heike Lotze

or thousands of years, native people lived, fished, hunted and cultivated land in the Quoddy Region.
Faunal remains from archaeological sites suggest that large cod, pollock, and herring were used as food
for over 4000 years (Black 1986, 2000, Spiess et al. 1990, Steneck 1997). Around Passamaquoddy Bay
in particular, prehistoric people focused on marine resources and used a more diverse shellfish fauna than their
neighbors in the Maritimes and Maine. Their distinct lifestyle was recognized as the “Quoddy Tradition” in the
Maritime Woodland period (2200-350 B.P.) (Black 1986, Sanger 1986). In their words, “Passamaquoddy” denotes
a ‘bay full of pollock’ and ‘fishers of pollock’ (Gatschet 1897).
With European settlement in the late 18th century and subsequent industrialization in the late 19th century,
many marine as well as terrestrial resources became heavily exploited (fishing, hunting, lumbering), and several
industries (e.g. sawmills, pulp and paper mills, tanneries, fish processing plants, canning industries, cotton mills,
power plants) concentrated in the area. The related multiple impacts (e.g. dams, construction, contamination,
sewage) harmed the environment and many species directly or indirectly.
Many birds, mammals and anadromous fish (e.g. Atlantic salmon) were nearly extirpated throughout the
region during the 19th century. Protective legislation in the early 20th century helped some bird and mammal species
to partly recover, but others still persist at low population levels or have become extirpated or endangered. Despite
progress for some of the more publicly valued species, today most commercial fish populations have been reduced
below a level which would sustain a fishery. As a consequence, commercial efforts have shifted to lower trophic
level harvesting or to aquaculture. These changes have resulted in clear alterations of the food web over time.
In this report, we review and synthesize the patterns, causes, and consequences of historical changes in the
ecosystem and food web of the Quoddy region over the last two centuries. Our aim is to link causes and
consequences of human impacts for a particularly productive and diverse ecosystem.
First, we identify the environmental characteristics that are responsible for the diversity and productivity of
species occurring in the area. We then review the changes in abundance, occurrence and distribution of major
species groups over time, as well as human impacts upon them over the last 200 years. As a next step, we review
the history of contaminant loads into the area, their sources and potential impacts. Finally, we consider major causes
of change and their consequences on the food web and ecosystem. Our research questions were:

F

1.
2.
a)
b)

What were the human impacts on the marine ecosystem over the last centuries?
How have they changed:
the food web: do we find an ecological simplification such as the loss of an entire trophic level or a
functional group of species?
the ecosystem: have we altered the key ecosystem characteristics such as habitat diversity and primary
productivity? the overall productive potential of the area?

In carrying out this research, we encountered several difficulties with respect to the scarcity and quality of
available data. Many historical data are anecdotal or descriptive and thus provide little or no quantitative
information. Most data are short-term observations and give no trend over time. In addition, sampling methods
have changed over time, or data were not gathered in a consistent manner, often making comparison of different
data sets difficult. Long-term, consistent time series or comparable data sets over time are extremely rare, and most
consistent monitoring programs only started 30 years ago, or later.
In many cases, the only quantitative and long-term data available were commercial catch statistics (e.g. for
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fish, invertebrates, seaweeds), which do not necessarily mirror species abundances and lack information on species
which are not of commercial interest. Wherever possible more reliable abundance surveys were used, which have
been carried out for some species throughout the last 3-4 decades. However, in trying to identify and reconstruct
historical changes in the overall food web, we sometimes had to rely on data of questionable quality. For most
species groups it was not possible to really quantify population change over time, but we tried to work out
population trends or at least broad temporal patterns for groups of species. Another problem was the difficulty to
get to know and access available data. Many important scientific data are not published, such as confidential reports
to government or industry, and therefore are often not accessible.
Overall, although we have compiled a very large volume of available data, our report may not be exhaustive
on the single-species and single-impact level. Instead we attempt to analyze general patterns and trends. The result
is a new synthesis of information that can be used for developing conservation and management strategies to protect
and preserve a unique ecosystem.
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Fig. 1.1. The study area
in the outer B ay of F undy
(m ark ed with a fram e) and
its connection to the G ulf
of M aine and S cotian S helf
in the Northwest Atlantic.

Fig. 1.2 . The Q uoddy R eg ion
with its characteristic islands,
b ays, inlets and p assag es.
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