Two hundred years of ecosystem and food web changes in the Quoddy Region, outer Bay of Fundy

Chapter 4
Cau ses of Change: N atu ral and H u man impacts
H eik e L otz e

“The rates, sc ales, k ind s, and c o m b inatio ns o f c hang es o c c u rring no w are fu nd am entally d ifferent fro m
tho se at any o ther tim e in histo ry ; w e are c hang ing E arth m o re rap id ly than w e c an u nd erstand it. [… ]
In a v ery real sense, the w o rld is in o u r hand s – and ho w w e hand le it w ill d eterm ine its c o m p o sitio n and
d y nam ic s, and o u r fate.” (Vitousek et al. 1997)

4.1. Changes in the abiotic environment

S

ome cause-effect relationships on single species or species groups have been reviewed in the
relevant sections in Chapter 2 . In this chapter, I summarize some of the more general causes
of change together with their likely conseq uences on species or their environment.

4.1.1 S ea level rise
Relative sea level is rising along most parts of the coast in Atlantic Canada (Forbes et al. 1997).
The accelerated sea level rise over the past century may be a response to human-induced global climate
change or to natural phenomena (Forbes et al. 1997). The present estimate of mean sea level rise is 153 0 cm per century (Greenberg et al. 1996). In addition to the sea level, the tidal range is estimated to
increase by 1-2 cm per century (Greenberg et al. 1996). This results in enhanced flood risk in some
areas and accelerated coastal erosion. As a result, the intertidal zone will continue to shift upwards, as
it did throughout the last centuries.
In the prehistoric past, indigenous people moved their coastal settlements inland with time, and
remains of coastal settlements occupied prior to 2 500 years ago are now completely submerged (Black
& Turnbull 198 6). Scallop draggers found remains of a coastal site from about 6000 years ago offshore
from Grand Manan and The W olves (Black & Turnbull 198 6). W hile indigenous people adapted to this
natural coastal erosion process that disturbs and creates habitat at the same time, modern societies have
tended to control this upward / inland movement of the sea by constructing dikes or other structures.
W hile this controls flooding, it also reduces the extent of intertidal habitats such as salt marshes and mud
flats, which are important staging grounds for shorebirds and waterfowls among many other marine
species (Clair et al. 1997).

4.1.2 W ater temperatu re
Linear regression analysis on long-term data on water surface temperature in St. Andrews
indicates an increase in annual mean temperature by 1.05 º C over the last 100 years (Fig. 4 .1). The
maximum summer temperature showed an increase by 1.03 º C and the winter minimum by 0.70 º C
over the last 100 years. However, within this long-term trend, shorter fluctuations of several degrees over
10-2 0 years occurred regularly (Fig. 4 .1).
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Loder & Garrett (1978) showed that the sea surface temperature in the outer Bay of Fundy was
strongly correlated with tidal range and therefore oscillated with the nodal cycle of 18.6 years. The longterm increase, however, may be linked to global climate warming or may represent a possible effect of
northward movement of the Gulf Stream (Clair et al. 1997). Both long- and short-term alterations of
water temperature cause shifts in species distributions with most obvious changes occurring near the
northern or southern boundaries of their range (Drinkwater 1997). Because temperature is a strong
environmental factor, temperature changes can have pronounced effects upon physiological (growth,
reproduction, recruitment), ecological (food availability and distribution), and behavioral (migration,
depth distribution) characteristics of species, which in turn has implications for their local abundance
(Drinkwater 1997).
In 1931 for example, Huntsman described the effects of a period of warmer years on the fishery
around Passamaquoddy Bay. He noted the unusual scarcity of cold-water groundfish such as cod,
haddock, and hake. Instead, warm-water species such as mackerel, dogfish and pollock were more
plentiful. In Passamaquoddy Bay, the effect was greatest, as compared to the other areas. E ven the
herring were driven out of the Bay by the warmer temperatures, and most fish were found further
offshore (Huntsman 1931).
Bird distribution is also strongly affected by temperature, because their breeding distribution and
the timing of breeding are related to sea-surface temperature (Clair et al. 1997). Range expansions of
southern species into the Maritimes have been described by Christie (1979). In contrast, this author
found little evidence for a southward expansion of northern species.

Fig. 4.1. Water surface
temperature at S t. A ndrews,
N ew B runswick, from 1 9 2 0 -2 0 0 0
as (1 ) annual summer max imum,
annual mean, and annual winter
minimum (colored symbols),
(2 ) long-term means (colored lines),
and (3) linear regression over time
(black lines) (D ata from D F O ).

4.1.3 . Climate
Worldwide there has been a warming trend in air temperature of on average 0.3 – 0.6ºC, and
a similar warming of 1.1ºC in Canada over the last century. The Atlantic Region, however, has shown
a warming trend from 1885 to 1950’s, followed by a cooling trend into the 1990s (Canavan 1997).
There has been an increase in the mean daily minimum temperature, but a decrease in the daily
maximum (Canavan 1997). Since 1948, Atlantic Canada has had an increase in precipitation amount,
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as well as an increase in cloud cover, but the latter was not statistically significant (Canavan 1997).
Furthermore, variations in storminess and a possible increase in storm frequency or intensity are expected
for Atlantic Canada, which may enhance coastal erosion and the risk of flooding (Forbes et al. 1997).

4.1.4. Nutrient loading
Coastal and estuarine waters are now among the most heavily fertilized environments in the
world (Carpenter et al. 1998, Bricker et al. 1999, NRC 2000). Nutrient sources include sewage,
agricultural runoff (fertilizer, animal waste), aquaculture (fish food, fish excrement), municipal runoff
(garden and lawn fertilizer), organic discharges (food processing plants, pulp and paper mills), burning
of fossil fuels and atmospheric deposition (NRC 2000). Today, humans have doubled the global amount
of biologically useable nitrogen by artificially converting atmospheric nitrogen into synthetic fertilizer.
This over-enrichment of biological systems with the usually limiting plant nutrients, nitrogen and
phosphorus, has severe consequences such as a decline in species diversity, decrease in light availability,
increase in harmful algal blooms, increase in fast-growing annual macroalgae and epiphytes, decrease
in dissolved oxygen, losses and degradation of long-lived seagrass, kelp and coral reef communities with
their associated fauna and flora (Bricker et al. 1999, NRC 2000, Worm & Lotze 2000).
In a recent eutrophication survey of estuaries in the U.S., the St. Croix River / Cobscook Bay
estuary was listed among 44 out of 138 US estuaries which showed highest levels of expression of
eutrophic conditions (Bricker et al. 1999). Moreover, conditions were expected to worsen towards
2020. In the St. Croix River / Cobscook Bay estuary, the most visible symptoms of eutrophication include
the occurrence of harmful and toxic algal blooms as well as the annual macroalgal blooms (green
seaweeds) (Bricker et al. 1999, Martin et al. 1999, Worm 2000, see also Chapter 2.4, 2.7). Waste water
treatment plants were listed as the most important target to manage nutrient inputs in the North Atlantic
region including St. Croix River / Cobscook Bay (Bricker et al. 1999).
While eutrophication symptoms such as harmful algal blooms and green macroalgal blooms are
visible in the Quoddy region, enhanced nutrient concentrations in the water column are difficult to
detect. Nutrient concentrations in the Quoddy Region are naturally relatively high because of the
upwelling of deep, nutrient-rich water. These high background concentrations together with the high
mixing and flushing of the water may mask the effects of nutrient enrichment. Since the early studies
in the 1900s, nutrient concentrations have been described as rich and almost never depleted (Davidson
1934, Gran & Braarud 1935), an uncommon condition in temperate coastal waters which do not have
upwellings. Fig. 4.2 illustrates the well-mixed conditions in the area with similar nutrient concentrations
at four stations in- and outside Passamaquoddy Bay. Only nitrate seems to be depleted during summer,
and ammonium and silicate values are a bit higher in Brandy Cove compared to stations in the outer
Quoddy Region.
Monitoring of nutrient concentrations in the area has occurred since the 1970’s (Fig. 4.3), but
stations are widely spread throughout southwestern Bay of Fundy. Plotting all available measurements
from the study area from the first 20 m of the water column shows no clear trend over time. However,
measurements in 1994 showed extremely high values of nitrate, ammonium, phosphate and silicate from
stations at the head of L’Etang Inlet near the discharges from the Lake Utopia pulp mill, and at Blacks
Harbour near the sardine cannery. Furthermore, Strain et al. (1995) noted that net-pen culture of fish
is a significant contributor to nutrient loading in L’Etang Inlet. Although levels of nitrate, phosphate, and
silicate were not increased by the salmon aquaculture industry above those typical of the Bay of Fundy,
ammonia levels were higher near the salmon net pens (Wildish et al. 1993).
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Fig. 4.2. Annual minimum summer and maximum winter nutrient concentration in the water surface
from 1993-1996 at stations in the study area. Data from M artin et al. 1999.

Fig. 4.3. Inshore and offshore nutrient measurements in the southwestern Bay of Fundy at 0-20m water depth
(Data from Bedford Institute of Oceanography Data Archives, Department of Fisheries and Oceans).
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4.2. Habitat alteration, degradation and destruction
All coastal habitats in the study area are affected by direct or indirect human impacts (see Table
1.1). The actual degree and extent of habitat alteration is not quantified or known in many cases.
However, as reviewed in the previous chapters and summarized below, human activities have led to an
overall decline in the amount of undisturbed habitat and have likely reduced habitat availability,
heterogeneity and complexity, as well as water quality (see also Chapter 3). Although natural
disturbances such as storms, diseases, grazing, ice scouring and others always played a role in altering
and disturbing habitat in the past, coastal waters affected by human activities around the globe show
similar patterns of recent changes (Schramm & Nienhuis 1996, Short & Wyllie-Echeverria 1996, Vitousek
et al. 1997, HEED 1998, Limburg 1999, NRC 2000).
The human impacts on coastal habitats are manifold:
Physical destruction
•
damming of rivers, draining of wetlands, human settlement on terrestrial nesting colonies
•
bottom trawling, dredging, dragging of seafloor and intertidal habitats
•
waste dumping, sea bed mining, aquaculture cage structures
•
destruction of habitat building species (eelgrass, kelp, rockweed, corals, mussels)
Nutrient, chemical and organic pollution
•
nutrient loading with nitrogen and phosphorus (e.g. sewage, aquaculture, pulp & paper mills,
•
pesticides, PCBs, heavy metals, toxins, acids, endocrine disruptors, and others
•
suspended solids, organic loads, fouling conditions (H2S), oxygen depletion through bacterial
decomposition (e.g. sawmills, pulp & paper mills, sewage, aquaculture)
Disturbance and stress
•
noise, light, smell ‘pollution’ (acoustic harassments, artificial lights, fish and food wastes in
aquaculture operations and fish processing plants)
•
collision with ships, entanglement in fishing gear, increasing boat traffic
•
increasing interference with tourists, whale & bird watchers, scientists
Such habitat alterations, degradation, destruction and partial losses have severe consequences
on the extent and quality of habitat for reproduction and recruitment (breeding, spawning, nursery),
feeding and foraging, refuge from predators, and simply living (e.g. settling, growing, staging, resting,
wintering). For example:
•

During several periods in the past St. Croix and Magaguadavic Rivers were not accessible to or
had lethal water conditions for anadromous fish (Chapter 2.2).

•

K elp, rockweed, eelgrass, salt marsh grass and other long-lived macrophytes as well as sedentary
invertebrates (corals, sponges) provide important three-dimensional habitat 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, Rangeley & K ramer 1995, Gotceitas et al.
1997, Steneck 1997, DFO 1999, Hamilton 2000b), support complex trophic food webs and
detritus-based food chains, provide sediment and nutrient filtration, stabilize sediment, and play
a role in the nitrogen and carbon cycles (Short & Wyllie-Echeverria 1996, Costanza et al. 1997,
Daily 1997). These important ecosystem functions were and still are under threat from dyking
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and draining of wetlands and salt marshes, trawling on bottom habitats of corals, sponges,
anemones, mussel reefs, scallop and urchin beds, recent urchin dragging in kelp beds, and
harvesting of rockweeds (Percy 2000a, b). Eelgrass meadows are currently experiencing a decline
(Brown 1974, A. MacKay, personal communication), such as observed worldwide, linked to
decreasing water quality and clarity (Short & Wyllie-Echeverria 1996), and eutrophicationinduced increased epiphyte loads and destructive macroalgal blooms (Chapter 2.4, Schramm
& Nienhuis 1996, Worm 2000, Worm & Lotze 2000).
•

Effects of chemical pollutants on single species are often unknown as are the effects of multiple
chemical stressors. However, they are assumed to impair health, immune response, fecundity
and survival of several species (Wells et al. 1996, Chapter 4).

•

Organic loads from aquaculture operations degrade benthic habitat (Wildish et al. 1993, Pohle
1999).

•

Increasing human recreational and tourism activities on the sea and the increasing interest in
marine life may increase stress levels due to boat traffic, multiple noises, lights and smells for
animals approached by whale, seal and bird watchers or researchers (Percy 1996e). (On the
other hand, wider interest in marine life may urge the need for protection)

While reviewing studies on the occurrence, abundance and distribution of species in the Quoddy
Region (see species distribution maps in Chapter 2), it became clear that some areas can be considered
critical habitats, because they are used by many species at once. One such critical habitat is H ead
H arbour and L ’Etete Passages and their approaches (West Isles archipelago). This area shows very strong
upwelling, tidal currents and mixing and supports very high productivity (Chapter 1, Hardie 1979).
Here, almost all of the species known to occur in the region can be found in large abundance. For many
of these species, the area is an important feeding ground for at least part of their life:
•

the smallest planktonic algae

•

copepod and euphausiid surface swarms

•

a high variety of benthic invertebrates and plants

•

abundant pelagic and groundfish

•

diverse seabirds, waterfowl and raptors

•

seals, porpoises and large baleen whales.

Another critical habitat, in which species diversity and utilization is high is the eastern archipelago
of G rand Manan. The high habitat heterogeneity and complexity in this area supports breeding, nursing,
feeding, staging and overwintering of a variety of shorebirds, seabirds and waterfowl. It is an important
lobster and fish nursery, and many seals can be found in the outer reaches of the archipelago.
Further south, the great importance of Machias Seal Island as critical breeding, staging and
feeding habitat for many seabirds has already been recognized through its federal designation as a
Migratory Bird Sanctuary. Many seabirds occurring in the Bay of Fundy can only be found here. For
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some seabirds, this is the southern limit of their breeding range, others are very rare, threatened, or listed
as endangered or vulnerable (Lock et al. 1994, COSEWIC 2000).
The Wolves islands east of the West Isles, are of critical importance for seals, whales and many
birds such as the wintering endangered Harlequin Duck. Northeast along the mainland coast, Maces
Bay is a fifth critical habitat. It is important to shorebirds, waterfowl and seabirds, as well as seals, fish,
lobster and clams among others.
Because of these diverse, productive and sensitive characteristics, protection of large areas within
the Quoddy Region has been proposed at several times in the past (see Chapter 1). Except for a few
small-scale and partially protected habitats, no special designations have been made (see Harvey 1994).
Most of these hotspots of species diversity and productivity are also hotspots of human
activities, particularly the West Isles archipelago, Grand Manan archipelago and Maces Bay. Herring
weirs, fish-processing plants, aquaculture operations, clam digging, scallop and sea urchin dragging,
rockweed harvesting, a nuclear power plant, municipal sewage and other influences concentrate in or
around these habitats.
We have seen how, in the past, concentrated human activities in St. Croix River, with physical
obstructions and alterations, organic loading and chemical discharges, were detrimental to the species
depending on the river habitat. Indeed, rivers were the first victims of uncontrolled human development
and resource exploitation. Over time, harmful impacts of human activities have expanded outward from
the rivers and into estuaries, bays, islands, and eventually further offshore. With increasing mobility at
sea and increasing harvest efficiency, with high intensity sea-farming efforts and modern industrial and
recreational activities, detrimental humans impacts are evident throughout the Quoddy Region.
In 1978, there were 29 fish processing plants (Fig. 4.4.), 40 clam handlers, 40 fish packing plants
and 20 lobster pounds in Charlotte County alone (Peacock 1978). Although plans for developing tidal
power plants and an oil port were abandoned because of the sensitivity of this region (Scarratt 1979,
Gordon & Dadwell 1984), the salmon aquaculture industry is rapidly expanding (Fig. 4.5), as is the
increasing interest in low-trophic level harvesting (e.g. rockweed, sea urchins, crabs). Such development
should be viewed with extreme caution. Because marine animals and plants on the one hand, and
humans on the other all depend on the same habitats and resources, an integrated management
approach to human activity and resource harvesting in coastal ecosystems needs to be implemented.

Fig. 4.4. Distribution of
fish processing plants in
C harlotte C ounty in 197 8 ,
with seasonal maximum
employment and water
req uirements (from Peacock 197 9).
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Fig. 4.5. Distribution of salmon aquaculture licence sites in the Q uoddy R egion in 2001. Data provided by the
New Brunswick Dept. of Agriculture, Fisheries and Aquaculture. (Map courtesy of B. Chang).

4.3. Food-w eb alteration
Archaeological evidence suggests that indigenous hunters and gatherers were “low-impact
omnivores” before Europeans settled the area in the late 1700s (Fig. 4.6a). They targeted species from
all trophic levels at an overall low rate, based on their simple fishing and hunting methods and low
population size (Chapter 2.1, Table 2.2).
With European settlement the fishing and hunting pressure increased, especially on large species
that were easy to catch. Large groundfish, especially cod, was caught in the area and herring was fished
for bait. Atlantic salmon declined due to damming and pollution of the rivers (Chapter 2.2, Fig. 2.2.2).
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Birds were hunted heavily for food, egg and down collection. In addition, destruction of gulls and
cormorants nests decimated these species (Chapter 2.5, Fig. 2.5.4). Harbour porpoises were hunted by
native people to trade oil with the Europeans, and seals were hunted for a bounty (Chapter 2.6). Thus,
humans became “top predators” in the food web, and by 1900, they had almost extirpated many birds
and mammals (Fig. 4.6b). In the early 20th century, migratory birds and marine mammals became legally
protected, which prompted a slow recovery of some top predators.
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’ (Chapter 2.3, Fig.
2.3.2). Throughout the 20th century, humans increased their pressure on fish, especially groundfish and
herring through increasing effort, efficiency and spatial extent of fishing grounds (Chapter 2.3). Humans
became “highly efficient top predators” (Fig. 4.6c).
In the 1970s, a strong decline in groundfish and herring abundance could be observed (Chapter
2.3, Fig. 2.3.3). These strong recent declines or collapses of certain fisheries may be not only the result
of actual high fishing pressure, 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
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
have increased in abundance over the past 20 years (Chapter 2.3, Fig. 2.3.6).
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 have been developed, while traditional fisheries for periwinkles, scallops and
lobster have intensified. Plans to develop fisheries for sea cucumbers, mussels, and possibly krill 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 lowtrophic level 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. At the same time,
the fishery for large pelagic fish such as tuna, swordfish and sharks is of new interest. Thus by 2000,
humans had become “top omnivores,” targeting all trophic levels with increasing intensity (Fig. 4.6d).
All the above-described “top-down” effects (i.e. consumption / exploitation effects) resulted in
clear shifts in food-web structure and species interactions. The loss or decline of high trophic level
species resulted in shifts in species composition at the same time in lower trophic levels because of the
release from competition and predation pressure. In extreme cases, changes can be observed at several
lower trophic levels known as “trophic cascades” (Steneck 1998, Pace et al. 1999).
The more recent harvest of low or medium trophic level species may lead to a food shortage for
higher trophic levels. Such effects of changed resource supply are called “bottom-up” effects. The
enrichment of nutrients as the “food” for plants (phytoplankton, seaweeds, eelgrass) is also a bottom-up
effect that can have consequences on several higher levels in the food web.
Further, human activities have impacts on the food web which do not directly alter consumer
pressure or food abundance. Degradation and destruction of habitat or harvesting of habitat-building
species can also have strong effects on species composition and food-web structure. Contamination and
pollution affect species health and survival, food and habitat quality. Disturbance and stress alter species
behaviour and health. I propose to call all these impacts “side-in” effects, and I would like to stress that
many of them are not well studied or understood.
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Fig. 4.6 . Illustration of the human impact on the species of different trophic levels over time: (a) before European
settlement in the late 18th century, (b) after 100 years of European impact at around 1900, (c) after increasing
fishing effort and technological progress in efficiency in 1970, and (d) after the collapse of major groundfish stocks
and the decline of herring around 2000. For further explanations refer to text.

A

.
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Today, most species are affected by multiple top-down, bottom-up and side-in effects, which can
create synergistic and feed-back effects. In the following, I will present two examples for multiple and
synergistic human impacts, the first on groundfish abundance and the second on annual algal blooms.
Example 1. The decline of formerly dominant, large predatory groundfish can result in increasing
abundance of their prey species such as lobster, crabs and sea urchin. The increase in sea urchins, in
turn, may have induced a decline of their favorite food kelp (Fig. 4.7a, Steneck 1997, 1998). Today,
harvesting of sea urchins and lobster alters prey availability for cod and pollock, bottom trawling and
dragging may decrease habitat availability, increasing dogfish abundance enhances competition, and
protection of mammals may increase predation pressure on cod and pollock (Fig. 4.7b). Moreover, shifts
in ocean temperature may have affected groundfish stocks. The assumption that just the reduced fishing
pressure on cod and pollock would lead to rapid recovery of their stocks may be too simple.
Fig 4.7 (a)

Illustration of the effects of
(a) former dominance and
decline of large predatory
groundfish on the abundance
of lower trophic level speces,
and (b) effects of today’s
multiple human impacts on
the recover of cod and
p o llock.
For f u r t h er
explanation refer to text.

Fig 4.7 (b)
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Example 2. Annual algae are naturally controlled by the limiting amount of nutrients (mainly nitrogen),
intense consumption by herbivores grazers, and space competition by rockweeds (Fig. 4.8a). Enhanced
nutrient loads, however, favour fast-growing annual algae, which can overgrow long-lived rockweeds.
Periwinkle harvesting and chemical pollutants affecting survival of crustaceans (e.g. pesticides) or
reproduction of gastropods (e.g. tributyltin) result in reduced grazing pressure on annual algae.
Furthermore, harvesting of rockweeds and reduced water clarity due to pollution reduces competition
by rockweeds (Fig. 4.8b). All these factors favour blooms of annual green algae over rockweed canopies
and can result in severe degradation of important invertebrate and fish habitat (Lotze & Worm 2000,
Rangeley 2000, Worm 2000, Worm & Lotze 2000).
Fig. 4.8 . Illustration of (a) natural control of annual algae and (b) today’s multiple human impacts that favour
annual algal blooms. For further explanation refer to text.
(a)

(b)
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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. Furthermore,
changes in species or food web composition can result in changes in ecosystem functions (Chapin1997).
However, many of these are not entirely understood or even known, but some are regarded as important
“ecosystem services “ to humanity (Daily 1997). Overall, this has important implications for any attempt at
“species” or “ecosystem management“. It might be more appropriate to consider strategies for “human-impact
management”.
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