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Abstract
The Quoddy Region and Grand Manan Archipelago form a hotspot of marine species diversity
and productivity in the Northwest Atlantic. We present the history of major human impacts and their
consequences on the ecosystem over the last centuries. Using all available data, we reconstructed historical changes that occurred in species of all trophic levels, from phytoplankton and invertebrates up
to fish, birds and mammals.
Selective fishing and hunting, and increasing effort, efficiency, and spatial extent of exploitation over time resulted in marked declines of target species abundance and size. This resulted in major
shifts in dominance patterns and food-web structure, and shifts from high to low trophic level harvesting. Habitat degradation and destruction and chemical contamination reduced the amount of critical
spawning, breeding, nursing, and feeding habitat. Multiple pollutants affected health, survival and
reproduction of many species, and increasing human activities in coastal waters enhanced the level of
stress and disturbance. Nutrient loads altered phytoplankton and phytobenthos communities, thereby
favouring less edible or toxic species and mass occurrences of annual seaweeds. We demonstrate that
this unique ecosystem over time expressed well-known signs of degradation typical for human-impacted coastal waters worldwide. Multiple human impacts affected species and their interactions on all
trophic levels. This reduced productivity of traditional fisheries and predictability of the ecosystem.
Compared to other degraded ecosystems, however, there is still potential to sustain a diverse and productive marine flora and fauna which could be restored if wise management actions are chosen.
Introduction
The Quoddy Region and the Grand Manan Archipelago form a hotspot of marine species diversity and productivity in the Northwest Atlantic. Ocean currents and circulation patterns, high tides,
upwelling, and short, energy-efficient food chains support high concentrations of primary and secondary producers (Hardie 1979; Thomas 1983; Lotze and Milewski 2002). These lower trophic level species attract a wide range of birds, predatory fish and mammals which depend on the area for at least part
of their life. In addition to the rich food supply, the diverse underwater and terrestrial landscapes provide an extraordinary variety of habitats fulfilling the species-specific needs for breeding, spawning,
nursing, foraging, hiding and resting (Hardie 1979; Thomas 1983; Lotze and Milewski 2002). This
habitat diversity, combined with the rich food supply, maintain the hotspot diversity and productivity.
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Human Activities in Coastal Waters
The archeological record shows that Indigenous peoples have recognized and valued these di
verse and abundant marine resources for several thousand years. Around Passamaquoddy Bay, prehis
toric people focussed especially on marine resources and used a more diverse shellfish fauna than their
neighbours in the Maritimes and Maine. Their distinct lifestyle was recognized as the ‘Quoddy Tradi
tion’ in the Maritime Woodland period (2200-350 B.P.) (Black and Turnbull 1986). In their words,
‘Passamaquoddy’ denotes a “bay full of pollock” and “fishers of pollock” (Gatschet 1897). As hunters
and gatherers, they targeted species from all trophic levels at low rates due to simple fishing and hunt
ing methods and low population size. Therefore, we may describe them as ‘low-impact omnivores’.
Faunal remains from archaeological sites suggest that large cod, pollock and herring were used as food
resources for more than 4,000 years without a visible decrease in body size, usually the first sign of
overfishing (Black and Turnbull 1986; Spiess et al. 1990; Steneck 1997).
With European settlement in the late 18th century and subsequent industrialization in the late
19th century, human activities have altered this ecosystem at a rapidly increasing rate. Fishing and
hunting pressure as ‘top-down’ impacts increased, especially on large species that were easy to catch.
Whales were hunted from shore operations, seals were hunted for a bounty, and Harbour Porpoises
were hunted by native people to trade oil with the Europeans (Ingersoll and Gorham 1978; Gaskin
1983; Percy 1996b). Birds were hunted heavily for food, but egg and down collection also occurred
(Christie 1979). Large groundfish, especially cod and pollock were caught in the area, and herring was
fished for bait (Perley 1852; Huntsman 1953). Thus, humans became ‘top predators’ in the food web,
and by 1900 they had almost extirpated many birds and mammals.
In the case of fish, the first signs of overexploitation could be observed around 1900, when clear
shifts in size distribution were observed. The size of cod and pollock strongly declined and the herring
fishery shifted from large adults to medium “stringers” and further to small “sardines” (Perley 1852;
Huntsman 1953). In the early 20th century, legal protection for some birds and mammals initiated slow
recovery of some top predators. However, humans increased their pressure on fish, especially groundfish
and herring through increasing effort, efficiency and spatial extent of fishing grounds (Steneck 1997,
Percy 2000). Humans became ‘highly efficient top predators’. Finally in the 1970s, a strong decline in
abundance of groundfish and herring could be observed (Lotze and Milewski 2002). These strong
recent declines or collapses of certain fisheries may be not only the result of actual high fishing pres
sure, but also of overfishing for decades and even centuries in the past. Jackson et al. (2001) suggested
that extended time lags might occur between the onset of overfishing and the visible consequences. In
our study area, the decline in formerly dominant groundfish species such as pollock and cod resulted in
a shift in dominance patterns. Dogfish, hake and small groundfish such as sculpins increased in abun
dance over the last 20 years (Lotze and Milewski 2002).
The scarcity of traditionally abundant and valuable species induced the search for new resources
and a shift to low-trophic level harvesting. Over the last 10–20 years, new fisheries for crabs, sea
urchins and rockweed were developed, while traditional fisheries for periwinkles, scallops and lobster
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were intensified (Lotze and Milewski 2002). Further plans to develop fisheries for sea cucumbers, krill
and mussels exist (Percy 1996a). This increasing exploitation of species at lower and lower levels of
the food web has been identified as a global pathology, called “fishing down the food web” (Pauly et al.
1998). Many of these species are important prey or (in the case of rockweed) habitat-building species
for upper trophic levels, including those species which were the traditional targets of the fishery. On the
other hand, the fishery for large pelagic fish such as tuna, swordfish and sharks is of renewed interest.
Human Impacts in Coastal Waters
Around 2000, humans became ‘top omnivores’ targeting all trophic levels with increasing in
tensity. These strong top-down impacts resulted in clear shifts in food-web structure and species inter
actions. The loss or decline of high trophic level species resulted in shifts in species composition at the
same and lower trophic levels because of the release from competition and predation pressure. In ex
treme cases, successive changes can be observed at several lower trophic levels known as “trophic
cascades” (Steneck 1998).
In addition to top-down impacts, humans activities also altered species composition and pro
ductivity by ‘bottom-up’ impacts such as nutrient enrichment and shifts in nutrient ratios (N:P:Si).
Nutrient sources include sewage, aquaculture (fish food, fish excrements), municipal runoff (garden
and lawn fertilizer), organic discharges (food processing plants, pulp and paper mills), agricultural
runoff (fertilizer, animal waste), burning of fossil fuel and atmospheric deposition (Bricker et al. 1999).
This over-enrichment of the environment with the limiting plant nutrients nitrogen and phosphorus has
severe consequences on the species composition and productivity among primary producers. Com
pared to the 1930s, we find a clear shift in the phytoplankton community from non-harmful diatom
dominance to increasing amounts of less edible or toxic diatoms and dinoflagellates (Gran and Braarud
1935; Martin et al. 1999). In the phytobenthos, altered nutrient conditions result in a decline of longlived rockweeds and eelgrasses, an increase in the amount of annual algal blooms, and partially a shift
to the dominance of filter feeders. These changes are most visible close to nutrient point sources such
as sewage outlets or fish farms (Worm 2000; Worm and Lotze 2000). In a recent eutrophication survey
of estuaries in the United States, the St. Croix River/Cobscook Bay estuary was listed among the 44 out
of 138 estuaries which showed the highest levels of expression of eutrophic conditions, which were
expected to worsen towards 2020 (Bricker et al. 1999). Wastewater treatment plants were listed as the
most important measure to mitigate nutrient inputs into rivers and the sea (Bricker et al. 1999).
When Europeans settled in the area, their activities led to a successive alteration, degradation
and destruction of the coastal environment, which reduced habitat availability, heterogeneity and com
plexity, as well as sediment and water quality. Damming of rivers, settlement on islands, coastal con
structions, dyking and draining of wetlands, bottom trawling and dragging, aquaculture operations, and
other activities reduced the overall amount of undisturbed high-quality habitat in rivers, on land, and in
the sea (Percy 2000). Organic loads from pulp and paper mills, lumber harvest, fish processing plants
and aquaculture operations decrease water quality and clarity and degrade benthic habitat (Wildish et
al. 1993; Pohle 1999). Chemicals from municipal and industrial discharges impair health, fecundity
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and survival (Wells et al. 1997). Moreover, increasing boat traffic, increasing noise, light and smell
‘pollution’, and increasing human recreational activities such as whale, seal and bird watching increase
the level of stress for animals (Percy 1996b). All these impacts can be called ‘side-in’ impacts, which
have severe consequences on the extent and quality of habitat for reproduction and recruitment (breed
ing, spawning, nursery), feeding and foraging, refuge from predators, and simply living (e.g., settling,
growing, staging, resting, wintering) (Rangeley 1994, 2000; Percy 2000). For example, during several
periods in the past, the St. Croix and Magaguadavic Rivers were not accessible (dams without func
tioning fishways) or had lethal water conditions to anadromous fish such as Atlantic salmon and gaspereau
(Marshall 1976). Human settlements on shorelines and islands destroyed breeding colonies of many
birds (Christie 1979). Dragging and trawling, as well as recent rockweed harvesting, destroys impor
tant three-dimensional seafloor habitat (kelps, rockweed, eelgrass, mussel reefs, sponges, corals) for
recruitment, nursery and feeding as well as refuge for many fish, bird and invertebrate species, many of
which are of commercial interest (Rangeley 1994, 2000; Steneck 1997; DFO 1999; Percy 2000). Many
aquaculture operations are located within important feeding, nursing and recruitment habitat for fish,
birds, mammals, and lobsters.
In essence, the hotspot of marine diversity and productivity became also a hotspot of human
activities. Over time, this unique ecosystem expressed some well-known signs of degradation, which
are typical for human-impacted coastal waters worldwide (Vitousek et al. 1997; Pauly et al. 1998;
Jackson et al. 2001). Unfortunately, many human activities concentrate within critical habitats that are
used by many species at once such as West Isles archipelago, Grand Manan Archipelago, the Wolves
and Maces Bay (Lotze and Milewski 2002).
Conclusion
Today, most species are simultaneously affected by multiple top-down, bottom-up and side-in
effects that can create synergistic and feed-back effects. The cumulative effects of multiple human
stressors on single species and entire food webs are hardly—if at all—predictable on the base of our
current knowledge of species and food-web interactions (Worm and Lotze 2000; Lotze and Milewski
2002). This has important implications for any attempt of ‘species’ or ‘ecosystem management’. It
might be more appropriate to consider strategies for ‘human-impact management’. Any integrated man
agement approach should include not only the diverse human interests but also the critical needs of
marine species such as adequate food and habitat and undisturbed space and time (Lotze and Milewski
2002).
Although human impacts widely affect coastal ecosystems, there are some encouraging conser
vation and restoration successes. In the Quoddy and Grand Manan regions, protection efforts enabled
many birds and some mammals to recover (Christie 1979; Lotze and Milewski 2002). Periods of lower
fishing pressure during World War II and after the extension of the 200-mile limit in the 1970s have
enabled fish stocks to increase in abundance until fishing effort increased again (Lotze and Milewski
2002). Restoration of river habitat and effective fishways enabled gaspereau populations to increase
(Lotze and Milewski 2002). The use of acoustic ‘pingers’ in gill nets reduces the by-catch of Harbour
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Porpoise (Trippel et al. 1999). In other marine habitats, effective sewage treatment plants reduced nutri
ent loads in the Baltic (Savchuk and Wulff 1999). Designation of protection zones resulted in the
recovery of benthic habitat and the increase in fish biomass in tropical and temperate marine reserves,
with beneficial effects on adjacent fisheries (Roberts and Hawkins 2000; Roberts et al. 2001). There
fore, we strongly recommend reducing the use of destructive and unselective fishing gear, protecting
critical habitats, reducing nutrient pollution and chemical contamination, and reducing stress and dis
turbance on species.
For the full report on this topic refer to: Lotze H.K. and I. Milewski. 2002. Two-hundred Years
of Ecosystem and Food Web Changes in the Quoddy Region, Outer Bay of Fundy. Conservation Coun
cil of New Brunswick, Fredericton, New Brunswick, 188 pp.
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