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

2.3. Changes in marine fish populations
“Nowhere else in the world (this may be questioned) are there waters to comp are with those of
Passamaquoddy Bay and vicinity, where such vast quantities of locally grown fish are taken yearly from
a small area.” (Huntsman 1953b)
Ca. 1672 - “[…] it was realiz ed that every creek and cove was just as abundantly stocked with cod as the
“G rand Bank” itself.” (Cowie 1912)
Ca. 1760 – “[…] the Jersey merchants discouraged the catching and curing of any kind of fish but cod,
[…]” (Cowie 1912)
1912 – “[…] aggregate value of the fisheries of the east coast has stood still for a quarter of a century, […]
“ (Cowie 1912)
1912 – “[…] not for the p urp ose of indicating any need for conserving or nursing our eastern sea-fishery
resources – because I do not think any such need ex ists, ex cep t in the case of our shad and shell fisheries
– but [… ] for the great need for stimulating our fishing p op ulation to make much more of the great
resources lying so readily to their hands.” (Cowie 1912)
1912 – “With the increasing ap p lication of modern methods [e.g. steam trawling since 1908], arises the
question: Will the vaunted abundance of fish in Canadian waters remain unaffected?” (Cowie 1912)
“In the early 197 0 ’s, herring stocks were in severe decline.” (Trippel 1999)
“In 1992-1993, most of Atlantic Canada’s groundfish fisheries were closed.” (Trippel 1999)

2.3.1. General description of the fish fauna
The fish fauna of the Quoddy Region has been described as faunistically sparse, typical for the
N orthwest Atlantic (Scott 1983). Classified as “boreal,” the harsh environment of the Bay of Fundy and
G ulf of Maine environment does not favour species diversification (Scott 1983). Together, cold arctic
water coming from the Labrador current, freshwater discharges from many rivers, high tides, high mixing
and upwelling create unstable conditions.
Due to the same environmental conditions, however, successfully adapted species show
extremely high biological productivity and have made Canadian Atlantic waters one of the world’s richest
fishing grounds for more than 200 years (Scott 1983). The Quoddy Region in particular supported a very
rich fishery for herring, several groundfish species, and invertebrates. Today, many of the once highly
abundant fish are listed as endangered, vulnerable or of concern (Table 2.3.1).
W ithin the Quoddy Region, here are five distinct fish assemblages found during the summer: (1)
estuarine, (2) beach / inshore, (3) offshore, hard-bottom, (4) offshore, soft-bottom, and (5) migratorypelagic assemblages (Fig. 2.3.1, Macdonald et al. 1984). In the winter, many species or age groups move
seaward towards deeper areas and return the following spring.
The estuarine fish assemblage consists mainly of anadromous species (gaspereau, smelt, tomcod,
sticklebacks) which scarcely pass out of the area (Huntsman 1922), as well as American eel, silverside,
mummichog, smooth flounder and juvenile herring (Macdonald et al. 1984).
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T ab le 2.3.1. Species listed under the worldwide IUCN red list (International Union for the Conservation of Nature) or under
the U.S. E ndangered Species Act (E SA). D ata from http://www.fishbase.org, Jury et al. 1994.
Species

Status

List

Atlantic halibut
Atlantic sturgeon
Shortnose sturgeon
Atlantic salmon
American shad
Striped bass
Haddock
Atlantic cod
Y ellowtail flounder
P orbeagle shark
Blue shark
Dogfish

Endangered
Endangered
Endangered
Endangered
Special concern
Special concern
V ulnerable
V ulnerable
V ulnerable
Concerned
Concerned
Data deficient

IU CN
ESA
ESA
ESA
ESA
ESA
IU CN
IU CN
IU CN
IU CN
IU CN
IU CN, but listed as vulnerable to overfishing because of late
maturity, low reproductive capacity and longevity

The beach or shore
assemblage consists of small
species such as mummichog,
silverside, tomcod, rock gunnel
and three-spined stickleback.
This habitat is also a very
important nursery area for
juveniles of several commerciallyvalued species such as pollock,
cod, white hake, winter flounder,
and herring.
Offshore, hard-bottom
assemblages within the Quoddy
Region consist mainly of juvenile
and adult cod, pollock, haddock,
and Winter flounder, as well as
adult herring, skates, dogfish,
hakes, Ocean pout, Longhorn
sculpin and Fourbeard rockling
(Macdonald et al. 1984). In
contrast, offshore soft bottom
assemblages are dominated by
flatfish (plaice, Winter flounder),
Silver hake and Ocean pout as
well as herring.
Species from offshore
assemblages dominate the mouth
of P assamaq uoddy Bay and the
area towards Grand Manan and
The Wolves.
Here, many
com m e r ci a l l y important
groundfish are or were highly
Lotze and Milewski

Fig. 2.3.1. Fish assemblages found in the Passamaquoddy area and their
seasonal changes (from Macdonald et al. 1984). Station A is an offshore,
hard-bottom site within Passamaquoddy Bay, Station B is an offshore, hardbottom site outside of Passamaquoddy Bay, Station C is an offshore, softbottom site within Passamaquoddy Bay.
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abundant. Large numbers of herring and pollock occur around the Grand Manan - West Isles - The
Wolves archipelagos. Most of these species spawn in the Gulf of Maine or on the Scotian Shelf during
winter, and their larvae migrate back to their nursery and juvenile feeding grounds in the Quoddy Region
(Huntsman 1922, 1953b, Tibbo et al. 1959, Steele 1963, Scott 1983, Percy et al. 1996).
Long-range migrations are also the pattern for anadromous species like salmon and shad, as well
as the pelagic mackerel. Large pelagic predators such as swordfish, tuna and sharks are irregular visitors
in the Bay of Fundy (Hunstman 1922, Scott 1983, Jury et al. 1994). Bluefin tuna, rarely seen in the past,
began to appear in higher numbers in the Bay of Fundy in the early 1990s, although their numbers have
recently dropped again; basking sharks are seen more often now (L. Murison, personal communication).

2.3.2. H istory of the sea fishery
Archaeological remains show that Native people in the Quoddy Region have been fishing for large
cod, haddock, pollock, herring and Longhorn sculpin for thousands of years (see Chapter 1.1). While
large cod were the predominant species identified from bone remains along the coast of Maine (80
percent) (Steneck 1997), the Passamaquoddy people likely had a more diverse diet.
The first Europeans were almost exclusively interested in cod. European fishers crossed the Atlantic
in the early 1600s to fish for cod on the banks during summer (Table 2.3.2). Once they discovered not
only offshore but also inshore cod was highly abundant in every creek and cove, permanent settlements
were established (Perley 1852).
It was not until the 1800s that the marine fishery along the Quoddy Region coastline and its islands
expanded to other species such as haddock, halibut, hake, pollock, herring and mackerel (Perley 1852).
Most fishing was done with hook and line in the vicinity of the coast and settlements. In Passamaquoddy
Bay, cod and haddock were fished. A rich fishery for pollock was executed in the big eddy near Indian
Island, Head Harbour Passage (Perley 1982). Large herring were caught mainly around Grand Manan,
while small herring (britt, stringers) concentrated around L’Etete Passage and along the coast towards
Blacks Harbour. A famous mackerel fishery occurred throughout Bay of Fundy in 1835-1850 (Battle
1931).
As early as 1826-1850, the first signs of over-exploitation became apparent. Decreases in the
average size of pollock and herring, the disappearance of mackerel, and a severe decline in cod, hake,
and haddock catches were observed (Perley 1852). The fishermen themselves were concerned about
destructive fishing practices on the spawning grounds, overexploitation and dumping of fish offal into
the ocean (Table 2.3.2.)
Despite these concerns, new fishing and marketing practices were developed duringthe second
half of the 19th century, leading to an increase in economic value and importance of the fishery. Starting
in the 1850s, fish processing plants were built in Maine and later in the Passamaquoddy area. An
intensive ‘sardine’ (1-2 year old herring) fishery started with the introduction of the canning industry, first
on the US side at Eastport (1875), and later on the New Brunswick side (see Chapter 4). As the fishery
for large herring declined after its peak in 1880 to almost zero in 1920, followed by a decline of the
fishery for medium-sized 2-3 year old ‘stringers’, the fishery for sardines increased markedly (Fig. 2.3.2,
Hunstman 1953a). In 1912, Cowie noted: “A very important sardine fishery is carried on in
Passamaquoddy bay, New Brunswick, and the waters around the islands of Grand Manan and the West
Isles at the mouth of the bay of Fundy. It is the only one of its kind in Canada.”
Meanwhile, the groundfish effort increased with fishing extending towards the offshore banks in
1873. The economic advantage of these new developments in the groundfish and herring fisheries,
however, was of short duration, and from 1885 to 1912 there was no increase in the aggregate value
of the fishery (Cowie 1912).
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In 1912, fisheries managers stated there was no need for nursing or conserving the fishery; instead,
they determined the need was to stimulate the industry in order to increase fishing efforts (Cowie 1912).
Once again, a new generation of fishing and marketing practices resulted in an increase in fishing effort
and catches. Steam trawling was introduced in 1908, not without raising considerable concern within
fishing communities for the destruction of fish habitat and fish stocks. Fisheries managers considered
these concerns to be driven by fishermen’s fear of losing their traditional fishery methods and markets
(Jones 1912).

Fig. 2.3.2. Shift in
annual herring catches
in Charlotte County
from large, mature herring,
to medium, 2-3 year old
‘stringers’ and further to
small ‘sardines’ during
1875 - 1945 .
Data from H untsman 195 3a.

Fig. 2.3.3. Annual catch
of total groundfish and
total pelagic fish in
Charlotte County
(FSD 5 0-5 3).
Data from Statistics
Canada, Fisheries Statistics
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Over subsequent decades, trawlers increased in size, power and robustness , and thus in their
ability to damage to benthic habitats (Steneck 1997, Percy 2000a). Add to this the shift from salt- to
fresh-fish trade with on-board refrigeration capabilities, and trawlers became extremely efficient fishing
tools (Steneck 1997). Although variable, total groundfish landings were very high until a period of low
landings during World War II (Fig. 2.3.3). Highest catches in this period were of pollock and hake (Fig.
2.3.4a). In the 1950-60s, groundfish landings distinctly increased again. In the 1950s, catches were
mainly of hake and pollock, and to a lesser extent flounders. In the 1960s, catches of hake were low,
but increased for cod and haddock, flounder and catfish (Fig. 2.3.4).
In the early 1970s, landings of all groundfish declined sharply (Fig. 2.3.3, 2.3.4). Although the
extension of coastal fisheries jurisdiction to 200 miles in 1977 resulted in a short period of recovery of
groundfish stocks (Steneck 1997, Trippel 1999), the overall decline couldn’t be stopped (Fig. 2.3.3).
About 20 years later, the groundfishery was closed or drastically reduced throughout most of Atlantic
Canada (Table 2.3.2).

Fig. 2.3.4 a-c. Annual catch of (a) principal groundfish, (b) flatfish, and
(c) other groundfish by species in Charlotte County (FSD 50-53).
Data from Statistics Canada, Fisheries Statistics.
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In the early 1900s, catch data show that regular landings of smelt declined in the 1940s and
stopped thereafter (Fig. 2.3.5a). In the case of the herring fishery, the sardine industry peaked in the
1950s -60s. Herring landings increased steeply in the 1960s, primarily to feed the fish meal industry,
but dropped thereafter (Fig. 2.3.5b). In the 1970s, the herring fishry was redirected towards a human
food resource, resulting in greatly increased prices (Iles 1979), but the high catches of the 1960s could
not be maintained. They declined towards the 1980s and have remained more or less at that level
thereafter (Fig. 2.3.5b). While average herring landings in Charlotte County between 1920-1958 made
up 78 percent of the total Bay of Fundy catch (McKenzie & Tibbo 1960), this declined towards only 47
percent in the 1970s (Iles 1979).
Groundfish landings in Charlotte County declined steadily from 21 percent of the total Fundy catch
in 1968, to 10 percent in the 1970s, until it reached 3 percent in 1978 (Kohler 1979). There was no
historic fishery for large pelagic species, but there were short periods of tuna catches in the 1950s, late
1970s and 1990s (Fig. 2.3.5c); in the 1990s sharks were also caught. Catches of large pelagics have been
low except for very high tuna landings in the late 1970s (Fig. 2.3.5c).

Fig. 2.3.5 Annual catch of
(a) anadromous fish,
(b) principal pelagics, and
(c) other pelagics by species
in Charlotte County
(FSD 50-53). Data from
Statistics Canada,
Fisheries Statistics.
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Using fish landings data in order to infer trends in abundance has several inherent problems.
Catches vary according to fish abundance in the area, fishing effort and market value. Fish abundance
in a geographic area varies with the productivity of the fish population, and with shifts in spatial
distribution due to such factors as changing environmental conditions (e.g. migration with temperature,
predation patterns, food supply, Smith 1994). Thus, catch data are unlikely to mirror fish abundance
or productivity accurately and have to be analyzed with caution.
A further complication is that fish landed in a specific fishing district may not have been caught in
that district. Having noted this, however, the main fishing grounds for herring (Fig. 2.3.6) and groundfish
(Fig. 2.3.7) are within the four Fishery Statistical Districts (FSD) of the Quoddy Region, namely Grand
Manan (FSD 50), West Isles (Campobello, Deer Island, FSD 51), Passamaquoddy Bay (FSD 52), and the
main coast towards Point Lepreau (FSD 53) (Fig. 2.3.8, Martin 1960, Wilder et al. 1974). Distribution
of herring weir landings between1927-1932 (Fig. 2.3.9), 1947 (Fig. 2.3.10), and active weir sites during
1973-79 (Fig. 2.3.11) indicate that the approaches to Head Harbour and L’Etete Passage were the most
productive herring areas.

Fig. 2.3.6. Principal fishing areas for herring and weir distributions in the Bay of Fundy (from Wilder et
al. 1974).
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Fig. 2.3.7 . Principal fishing areas for groundfish in the Bay of Fundy (from Wilder et al. 1974).

Fig. 2.3.8 . Fisheries
Statistical Districts 50-53
of Charlotte County, NB
and adjacent provinces.
(From Statistics Canada,
Fisheries Statistics).
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Fig. 2.3.10. Distribution of herring landings in 1947 (from
Mackenzie & T ibbo 196 0).

Fig. 2.3.11. Distribution of active weirs between 1973-1979
(from Isles 1979).

Fig. 2.3.9 . Distribution of sardine purchases or offers
in 1927, 1929 and 1932 (from Graham 1936 ).
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Since the 1970s, a consistent monitoring program has been carried out by DFO for the annual
estimation of summer distribution and abundance of fish on the Scotian Shelf and in the Bay of Fundy
(Simon & Comeau 1994). Every year, 2-3 standardized tows are performed randomly in each survey
strata. The two strata 492 and 493 roughly represent the southwestern Bay of Fundy (Simon & Comeau
1994). The results indicate that principal groundfish such as cod, haddock and pollock did not show
any sign of recovery over the last three decades. Hake, which has increased in abundance since 1980
(Fig. 2.3.12a), is the exception. As mentioned above, catches of hake distinctly declined in the 1950s
and remained low until the 1970s (Fig. 2.3.4a). This may indicate that hake needed 25 years before the
first signs of recovery could be detected.
Whereas the population levels of many traditional target species declined and remained low,
non-commercial species such as Spiny dogfish and Longhorn sculpin increased in abundance (Fig.
2.3.12c, d). Released from competition for food or habitat, these species may have benefited from the
dramatic changes in groundfish stocks. In the more open water of the Gulf of Maine, skates also
increased in abundance (Steneck 1997). Catches of flatfish were highly variable during the last century
without any clear trend (Fig. 2.3.4b), while abundance surveys over the last three decades show rather
stable numbers (Fig. 2.3.12b).
Abundance survey data on pelagic fish show no clear trends (Fig. 2.3.13), but higher numbers
of gaspereau in the 1980s relate to higher returns of gaspereau to the St. Croix River after the installation
o f effective fishways in 1980 (Chapter 1.2).
In summary, there is no doubt that fish communities have been severely altered and dominance
patterns have shifted in response to fishing pressure over the past two hundred years. These trends
observed in the Quoddy Region are similar to those described for the wider Gulf of Maine and other
Northwest Atlantic regions (Steneck 1997). It is interesting to note that such large-scale trends in the
inshore and offshore fisheries are so closely mirrored within a single sub-region such as the Quoddy
Region.
These trends mirror the continual evolution of fishing effort and technology over the past 150
years in order to increase yields and economic value, marked by specific years when dramatic changes
in fish processing or fish harvest technologies were introduced. Increased efforts and efficiencies led to
transient spikes in fish catches over a few years or decades until yields declined again.
While historically, light boats and light gear were used to fish on soft bottoms in order to reduce
damage to the gear, the towed gear became heavier over time and their impact the sea floor habitat and
species became more and more destructive. Today almost every soft or rocky bottom can be fished with
high-tech ‘rock-hopper’ trawls. New electronic tools such as GPS (geographic positioning systems) and
sophisticated fish-finders allow vessels to find, follow and capture migrating schools of fish wherever they
go (Percy 2000a). Thus, catch data that show higher landings probably do not reflect increasing overall
abundance, but an increased ability to fish in previously inaccessible areas of the ocean, and to fish
populations down to extremely low levels before it becomes uneconomical to continue. After 200 years
of increased fishing effort, stocks finally collapsed, reminding us that our conceptual framework that everincreasing consumption is the key to economic growth is ultimately constrained by nature’s limits.
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Fig. 2.3.12. Abundance
surveys of (a) principal
groundfish, (b) flatfish,
(c) other groundfish, and
(d) small groundfish by
species in the study area.
Data from annual stratified
random sampling surveys
in strata 492 and 493, DFO .

Fig. 2.3.13.
Abundance surveys
of pelagic and
anadromous fish
by species in the
study area. Data
from annual
stratified random
sampling
surveys in strata
492 and 493, DFO .
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Table 2.3.2. Historical direct human impacts on marine fish. Data from Gesner 1847, Perley 1852, Cowie 1912, Found
1912, Huntsman 1938, 1953b, Martin 1960, McK enzie & Tibbo 1960, Iles 1979, K ohler 1979, Peacock 1979, Harvey &
Coon, 1997, Trippel 1999.
Time (A .D .) A ctiv ity
early 1600s
1650
1760
1800s

1826
1839
1840
1840-50s
1845
1850
1852

1865-1880
1870-1885
1870-1909
1873
1873-1885
1885-1910
1880
1880-1920
1891
1900s
1908
1912
1920-1958
1930
1937-1958
1960s
1970s
1976
1977
1978
1979

Seasonal offshore cod fishery by Europeans, no settlement
Seasonal summer inshore cod fishery (“…every creek and cove was abundantly stocked with cod”, Cowie 1912)
Establishment and expansion of cod fishery, stayed inshore for about 100 years
Herring and mackerel fishery neglected
Expansion of fishery towards haddock, halibut, hake, pollock, herring, mackerel
Mainly inshore hook and line fishery
Herring weir fishery
Cod fishery in Passamaquoddy Bay
Decrease in size of pollock
Disappearance of the rich mackerel fishery around Grand Manan
Annual decrease in cod fishery, blamed on gurry’ grounds (fish offal dumping), assumed to keep fish away, especially
herring
American schooners fished in the area; concerns for over-fishing raised
Decline in herring size and catch, fishing on spawning grounds, destruction of spawned herring, excessive use of small
nets breaks up herring schools
Disappearance of ‘britt’ (very young herring)
Decline of Grand Manan fishery for herring, pollock, hake, cod, assumed newly established weirs break up
herring shoals, keeping cod away from shore.
Rich fishing grounds in the big eddy near Indian Island mainly for pollock
Fishery still mainly inshore in the vicinity of islands and main coast, hook and line, weirs
Small herring fishery developed for bait, manure, oil
Steady advance maintained in the value and importance of the fisheries
Decrease in annual catch of shad
First ‘bank’ fishery for cod
Steep increase in fishery with increasing bank fishery
No further increase in aggregate value of fishery – “… little or no progress had taken place during those twenty-five
years…” (Cowie 1912)
Peak fishery for large herring traded frozen, and medium ‘stringers’ (2-3 yr old) for smoking
With introduction of canning industry, intensive ‘sardine’ fishery started
Decline in large herring catches to almost zero, decline in medium ‘stringers’, but increase in small ‘sardines’
Large mackerel catches, but fishery totally failed thereafter (Battle 1931)
Gradual change from salt- to fresh-fish trade
Introduction of steam trawling – managers hope for reanimation of fishery; fishermen concerned about over-fishing and
destruction of fish habitat and juvenile fish.
Inshore fishery still more important than bank fishery
High abundance of pollock, gaspereau, haddock and hake
Average herring landings in Charlotte County make up 78% of the total Bay of Fundy catch
Herring fishery commercially most important
Most groundfish catches taken within Fishery Districts 50-53, line-fishery and draggers; most important were pollock,
haddock, cod, white hake, winter flounder, redfish
Herring purse seiner fleet developed (mobile gear introduced); catches targeted to low value fish meal market
Herring stocks in severe decline, Atlantic Herring Management Board established
Groundfish stocks declined
Herring fishery directed towards an adult fishery for a human-food market
200-mile exclusive economic zone established (200-mile limit)
29 fish processing plants in Charlotte County
Dept. of Fisheries and Oceans established, giving full departmental status to Fisheries and Marine Service of the
Department of Fisheries and Environment; new fisheries regulations enacted.
Cod, haddock, pollock and flounders the most important groundfish species in Charlotte County, followed by redfish,
halibut, hake, cusk and wolffish
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Table 2.3.2. cont’d
Time (A.D.) Activity
1980
1985
1992/93
1993
late 1990s
1996

Herring catches declined
Rebuilding of large pelagic and invertebrates fisheries programs
Closure of ground-fishery in most of Atlantic Canada, southern stock (4X ) including Bay of Fundy continued to sustain
fishery at lower quota levels
Fisheries Resource Conservation Council (FRCC) established
Quotas for southern stocks had diminished considerably
Oceans Act passed

2.3.3. General patterns of changes in the fish community in the Q uoddy R egion
Catch data, abundance-survey data, and anecdotal evidence indicate unanimously that many
fish populations have been over-exploited during the last 100-200 years. This resulted in significant
declines in the abundance of traditionally targeted species and decreases in target-fish size. As a
consequence, food-web structure, dominance patterns and interactions among species have changed.

< Shift in size distribution and the decline of large, reproductive fish. Commercial fisheries first targeted
large fish, and then gradually moved towards smaller, immature individuals when large ones declined
(e.g. from large herring to ‘sardines’ during 1870-1940, from large cod (70-90 cm in 1950) to small
cod (20-50 cm in 1980, Steneck 1997). Overexploitation of spawners may not sustain reproduction
(Myers & Barrowman 1996).

< Decline in abundance of traditional target fish. There has been a strong decline of cod, haddock,
pollock and herring over the last 30 years.

< Shift in dominance patterns. The decline of large predatory fish has released other species from
predation pressure and competition. Small groundfish, dogfish and skates now appear to be a larger
component of the fish community as opposed to cod, haddock and pollock. It is not clear, however,
whether these new species will play the same roles in the community, as did the formerly dominant
species.

< Decline of medium trophic-level fish. Small planktivorus fish such as herring and gaspereau are
important prey species for large groundfish and pelagic predators. Release from predation pressure
may have increased productivity of these species, but fishing effort and new predators (dogfish) may
also have switched to this resource.

< Fishing down food webs. Fisheries shifted from high to lower trophic levels as catches declined (e.g.
from large predatory cod, and haddock to herring, invertebrates and even algae). Today, humans
probably represent the dominant predator across several trophic levels.
The overall consequences of these food-web changes are unclear. It is possible, that overfished
species will slowly recover if sufficiently protected from exploitation. It is also possible, however, that
the ongoing degradation of spawning and nursery habitat for traditional species as well as the new
dominance of various competitors and larval predators may inhibit recovery of traditional species
(Walters & Kitchell 2001).
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2.3.4. Human impacts on fish populations

< Increasing exploitation rate over time. This leads to population declines (see above).
< Increasing efficiency and destructiveness of fishing practices and gear. Hook and line => gillnets =>
steam trawlers: heavier and larger gear becomes more destructive locally as well as on an increased
spatial extent (Percy 2000a). Refrigerating & trawling capacities allowed for massive landings of
spawning groundfish, which were avoided before because of poor market value. This change in
fishing method and the targeting of spawning individuals coincided with the extirpation of many
coastal groundfish stocks in the Gulf of Maine (Steneck 1997). ‘Rock-hopper’ trawls allowed
expansion of fishery from muddy and sandy to rocky bottoms. This reduced the availability of spatial
refuges and started the destruction of important long-lived hard bottom communities (see below,
Percy 2000a).

< Increasing temporal and spatial dimension of fisheries. Modern, large ships can fish year round while
small, light boats were restricted by severe weather conditions during winter. Thus winter was a
regular closed season in the past, coinciding with spawning seasons for many important groundfish
(Percy 2000a). Electronic gear (GPS, fish finders) also reduced spatial refuges. Total area fished in
the Gulf of Maine doubled from late 1800s to late 1900s (Steneck 1997) with the use of modern
gear.

< Exploitation of predators & competitors. Release from predation could result in the increase of prey
species such as small groundfish, herring and invertebrates such as shrimp, crabs, lobster, sea urchins
(Steneck 1997, Worm & Myers, unpublished data). Release of from predation could result in the
movement of prey species such as herring into deeper water, because they are not chased nearshore
by their enemies such as cod, silver hake and dogfish (Perley 1852, Steneck 1997). Release from
competition for food or habitat favours increase of non-target species such as dogfish and skates
(Steneck 1997).

< Exploitation of prey species. Increasing exploitation and harvest of medium (herring, capelin) and low
trophic level species (sea urchins, crabs, mussels) increases the risk of food shortage for high trophic
level species.

< Depensation effects. Fish stocks may be especially vulnerable at low population levels. Some longlived fish species may experience suppressed recruitment at low population levels due to the release
of competitors and larval predators (Walters & Kitchell 2001).

< Exploitation of habitat-building species. Rockweed harvesting bears the risk of changing or destroying
important nursery grounds for many highly valued fish (Macdonald et al. 1984, Rangely 1994, 2000).

< Habitat destruction. Dredging, dragging, and trawling with increasing size, weight and robustness of
gear destroys benthic habitat (Percy 2000a). While sand and mud bottom communities may recover
within a few months to years, rocky hard-bottom communities take decades (kelp beds, eelgrass
meadows, rockweed beds, mussel reefs, sponges) to centuries (deep-water corals) to rebuild (Percy
2000a). Structurally complex benthic habitats are often important spawning, nursery, feeding and
resting grounds, providing food, shelter, and refuge (Macdonald et al. 1984, Rangeley 1994, Percy
2000a).
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< Habitat degradation due to nutrient loading. Organic wastes and fouling conditions may change the
movement of fish as they avoid such areas. ‘Gurry grounds’ were areas where fish offal was dumped
into the sea. As early as 1840, observers connected the decrease in the cod and herring fisheries to
these ‘gurry’ grounds, which appeared to cause avoidance behaviour, especially in herring (Perley
1852). Oxygen depletion through bacterial decomposition impairs health and survival of fish (see also
Chapter 3). Fish processing plants discharge untreated or minimally treated wastes directly into the
sea. As a result harbours and inlets have been heavily enriched with nutrients and organic wastes,
resulting in low oxygen levels. Aquaculture cage sites in bays and the near shore area are a large,
recent source of organic wastes (feces, uneaten feed). Untreated municipal sewage was, and
minimally treated sewage still is discharged into the coastal zone. Nutrient loading (N, P, from
sewage, agricultural run off, aquaculture, fish processing plants, pulp & paper mills) increase algal
growth, often favouring species that are not traditionally dominant (shift from diatoms to
dinoflagellates, Chapter 2.7). This may result in changes in the food chain. In the benthic
community, nutrient loads favour annual, fast-growing algae over perennial, slow-growing rockweeds
which are an important structural component of the coastal habitat and a nursery habitat for many
fish (Chapter 2.4, Worm & Lotze 2000).

< Habitat degradation through toxic contamination. Chemical contaminants impair health, immune
system responses, reproductive abilities, and survival of some species (Wells et al. 1996, Chapter 3).
Pesticides, biocides and pharmaceuticals used in aquaculture may harm crustaceans, which are an
important food source for many juvenile fish. PCBs (e.g. from fish processing plants) accumulate in
sediments and through the food chain. DDT (from historic forest spraying) accumulates in sediments
and the food chain. Heavy metals accumulate in major sediment deposition areas in the Quoddy
region. Radionuclides (Point Lepreau Nuclear Generating Station) accumulate in sediments and
through the food chain.

< Environmental change. Temperature shifts are often important in affecting year-to-year variations in
abundance and distribution of fish populations (Huntsman 1931, Macdonald et al. 1984).

< Cumulative and interactive effects. Many species are not only affected by exploitation, but by several
human-induced or natural impacts at the same time.
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