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

2.4. Cha n g e s in b e n thic in v e r te b r a te s a n d p la n ts
“In all parts of the world, a rock y and partially protected shore perhaps supports, in a given space, a
greater num b er of individual anim als than any other station. [… ] T he num b er of living creatures of all
orders whose ex istence intim ately depends on the k elp, is wonderful.” (Darwin 1839)
“E ven at that early date [1860’s] the lob ster fishery in the coastal waters of the N orthern S tates was in
a seriously depleted condition owing to the intensive fishing that had carried on, and those who were
engaged in it saw in the C anadian fishery a m agnificent opportunity of continuing their industry .” (Found
1912)
“T he practice of harvesting ‘underutilized species’ at lower and lower levels in the food chain increases
the lik elihood of adversely effecting m ore com m ercially im portant species at higher trophic levels. [… ]
A ll too often, these new fisheries are b eing prosecuted with [… ] a gold rush m entality .” (Percy 1996a)
“M any field studies support the conclusion [… ] that such heavy organic loading at m ost [aquaculture]
cage sites had a detrim ental effect on the b enthic com m unity .” (Percy 1996d)

2.4.1 . B e n thic c o m m u n itie s – the ir im p o r ta n c e a n d thr e a ts
Benthic community composition and diversity depends highly on a number of parameters. These
include physical characteristics such as depth, light, salinity, temperature and emersion time. The type
of substratum (e.g. mud, sand, rock) and the abundance of species that build up three-dimensional
habitat structures (e.g. seaweeds, filter feeders, corals) are also important. These ‘structures’ are utilized,
in turn, by a variety of associated sessile invertebrates and algae as substratum, and by mobile
invertebrates as food and habitat.
In the intertidal zone, rockweed beds, mussel beds and eelgrass beds are associated with a variety
of epiphytes (e.g. seaweeds, bryozoans), herbivores (e.g. periwinkles, limpets, amphipods, isopods) and
predators (e.g. whelks, crabs). Similarly in the subtidal zone, kelp beds, coral stands, sponges and scallop
beds are associated with epiphytic seaweeds and bryozoans, sea urchins, sea cucumbers, shrimps, crabs
and lobsters, among others. Several invertebrates (e.g. lobster, clams, scallops) as well as plants (e.g.
dulse, eelgrass) have for a long time been valued by humans as food, fertilizer, bait or lux ury products.
Others have only recently become of interest, as traditional fisheries declined and new markets were
developed for so-called “ underutilized” species.
While the term ‘underutilized’ may be accurate from an economic perspective, most of these
species are ecologically “ fully utilized” (Percy 1996a), as prey (e.g. sea urchins, crustaceans, worms,
mollusks) for the very species that are harvested in the traditional fisheries, especially groundfish (Percy
1996a). Others (e.g. rockweed, kelp, eelgrass, corals, sponges) build three-dimensional habitats which
are important nursery and feeding grounds, and provide refuge from predators for many fish and birds
(DFO 1999, Rangeley 2000, Hamilton 2000b). Still others (e.g. periwinkles, Worm, & Lotze 2000) are
important consumers for fast-growing, potentially bloom-forming algae or scavengers (e.g. crabs) on the
ocean floor. They serve as a buffer and filter zone between freshwater and open oceans, and play
important roles in nutrient and carbon cycles (Jickells 1998). Altogether, benthic coastal communities
are highly productive systems and serve vital functions in the larger oceanic ecosystem. In essence, they
form the base of marine food webs and habitats.
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By harvesting low trophic level species, we alter the structure, composition and function of benthic
communities and reduce food and habitat for higher trophic level species (Hamilton 2000b, Rangeley
2000, Worm & Lotze 2000). However, there are more threats to benthic species than just direct
harvesting. Bottom trawlers, draggers or dredgers, often used for harvesting benthic invertebrates as well
as groundfish, damage and destroy a wide range of target and non-target species (Percy 2000a).
Consequently the extent of kelp beds, coral stands and mussel reefs has been diminished. Recently, a
commercial-scale rockweed harvest industry was licensed in the Quoddy Region. Dyking has
dramatically reduced Bay of Fundy salt marshes and mudflats (Hicklin & Smith 1984), and disease
decimated eelgrass meadows in the 1930s (Mourne 1937).
Coastal and estuarine species and habitats have also been impacted by many different pollutants
(e.g. organic wastes, nutrients, heavy metals, pesticides, endocrine disrupting compounds,
organochlorines, acids, radionuclides) that affect environmental quality and the survival, health and
reproductive abilities of many species (Percy et al. 1996). Water clarity is essential for marine plants, but
increasing nutrient loads (e.g. sewage, aquaculture, fish plants) cause increased phytoplankton and
epiphyte growth, which shade off benthic plants (Duarte 1995, Short & Wyllie-E cheverria 1996, V aliela
et al. 1997, Raffaelli 1998).
Organic wastes (e.g. fish feed and faeces from open net pen aquaculture, discharges from fish
plants and pulp mills, sewage effluents) can lead to high oxygen demands by decomposing bacteria and
hypoxic or even anoxic conditions, which are lethal to most benthic species (Percy et al. 1996).
Moreover, shifts in oxygen and nutrient supply (especially nitrogen) induce changes in species
composition and dominance patterns. Some opportunistic, stress tolerant species such as the polychaete
worm Capitella capitata, which tolerates low oxygen levels, or annual green and brown algae which are
favoured by high nutrient loads, gain advantage by these changes in environmental conditions. Many
others, however, are more sensitive or specialized, and decrease in abundance. For example, in the
vicinity of open net pen aquaculture operations, the benthic fauna has been characterized by significantly
lowered species richness and diversity, and elevated levels of microbial biomass and organic carbon
(Percy 1996d, Pohle 1999).
Many other pollutants (e.g. heavy metals, DDT) attach to and accumulate in the sediments and
may persist there for decades (see Chapter 3). They are also ingested by filter feeders and detritivores
together with the particles to which they are bound. Thus, invertebrates can act like gateways into the
various food chains for pollutants which then bioaccumulate as they move from prey to predator (Percy
et al. 1996).
The source and effects of single contaminants are often poorly understood, and an almost
complete lack of knowledge exists on the synergistic effects different kinds of pollutants in the
environment or in organisms (Percy 1996c). Aquaculture operations, fish processing plants, domestic
sewage and pulp mill effluents are major contributors to pollution in the Quoddy Region, and have been
shown to degrade benthic communities in the vicinity of their outlets over the last years, decades and
centuries (Table 2.4.1, DeMestral & Legault 1972, MacKay 1978, Wildish et al. 1979, Wildish & Zitko
1991, Zitko 1994, SCE P 1995, Percy et al. 1996, Pohle 1999).
In contrast to finfish, the response of most benthic invertebrate and algal species to harvesting by
humans is not well investigated. Nor is their importance to other species as prey or habitat well studied
(Percy 1996a). By manipulating lower trophic levels, we risk inducing severe and unforeseen changes
at upper food-web levels. When we remove predators, such as mammals or large fish, we can induce
changes in the distribution and abundance of lower trophic level species due to cascading effects. When
we remove low trophic level species, we may induce the elimination of higher trophic level species
because their lives depend directly on prey and habitat-building species (Strong 1992).
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2.4.2. H istory of harvest and fishery interests for benthic species
At archaeological sites, numerous shell heaps, sometimes more than two feet deep and occupying
several acres of land, indicate the intensive use of soft-shelled clams (Mya arenaria) as food by native
people (Stafford 1901). In addition, shells of large barnacles (B alanus sp.), blue mussels (Mytilus edulis),
northern whelks (B uccinum undatum) and sea urchins (Strongylocentrotus droebachiensis) were found
in abundance inl middens at archaeological sites (Black 1986, Sanger 1986). Somewhat less common
species were the Atlantic dogwinkle (Nucella lapillus), eastern mud whelk (Nassarius sp.), Atlantic plate
limpet (Acmaea testudinalis), horse mussel (Modiolus modiolus), hairy colus (Colus sp.), periwinkle
(Littorina littorea) and northern cardita (Cardiata sp.) (see Table 2.1.2). It was this diversity of mollusk
remains together with the intense use of marine resources that led archaeologists to define a distinct
lifestyle, the “Quoddy Tradition“ from 2200-350 B.P. (Black 1986, Sanger 1986).
Historically, the European settlers in Charlotte County fished for lobsters, soft-shelled clams,
scallops, periwinkles and dulse (Table 2.4.1). In other areas of the Maritimes, oysters and Irish moss
were also of importance. Initially, the invertebrate fishery was mainly for personal consumption. In the
late 19th century commercial fisheries for lobsters, clams and scallops started with the introduction of
canning industry (Table 2.4.1). In recent years, new interest in invertebrate or low-trophic level fisheries
has resulted from the decline of traditional fisheries. Harvest of shrimps, sea urchins, crabs and
rockweed has started, while the harvest of periwinkles, scallops, and lobsters has intensified. The
impacts of these fisheries on selected species are reviewed below.
There are other species of potential commercial interest, although commercial fisheries have not
yet developed in the Quoddy Region. Sea cucumbers (Cucumaria frondosa) are valued as a delicacy
in Asia and are abundant in the Bay of Fundy. In support of a fishery, DFO has conducted experimental
fisheries around Passamaquoddy Bay (Percy 1996a). Polychaetes are valued as bait worms for the
lucrative recreational fishery, but commercial harvesting takes place mainly on mud flats in the upper
Bay of Fundy and around Y armouth.
At least one company applied for a permit to harvest krill (euphausiids) primarly on the Scotian
Shelf but also in the Gulf of Maine. The primary market for krill is as an animal feed additive, particularly
for farmed salmon. Because krill is a vitally important component of the food web supporting many fish,
marine mammals and seabirds, strong opposition to a krill fishery was waged by scientists,
environmentalists and fishery organizations (Percy 1996a) and the application was turned down. For
similar reasons, opposition was raised against a fishery for amphipods on which many juvenile and adult
fish depend (Percy 1996a). Other species proposed for new or intensified fisheries are ocean quahogs,
surf clams, blue mussels, whelks, moon snails, pink shrimps, and several crabs.

T able 2.4.1. H istorical human impacts on marine invertebrates & seaweeds. D ata from P erley 1 8 5 2 , Stafford 1 9 0 1 , Cowie
1 9 1 2 , F ound 1 9 1 2 , D eMestral & Legault 1 9 7 2 , Caddy & Chandler 1 9 7 6 , MacK ay 1 9 7 8 , W ildish et al. 1 9 7 9 , W ildish & Z itko
1 9 9 1 , Z itko 1 9 9 4 , R ees 1 9 9 5 , SCEP 1 9 9 5 , P ercy et al. 1 9 9 6 , D F O 1 9 9 7 , 1 9 9 8 a, b, 1 9 9 9 , 2 0 0 0 , B uttler 1 9 9 9 , P ohle 1 9 9 9 ,
R obichaud et al. 2 0 0 0 .
T ime (A .D .)
1800s
1850
1852
1869
1873
1874

A ctivity
Lobster and shellfish abundant
An average sized lobster would fill four 1-pound cans
Scallop harvesting in Maces Bay as luxury product; good fishery for lobster
Canning industry established, lobster fishery became important
First regulations for lobster fishery: no catch of soft-shelled and berried lobster
Size limits for lobster fishery and closed seasons
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Time (A.D.)

Activity (Table 2.4.1. cont’d)

1880
1881
1889

Trade in live lobsters begins
Peak in lobster catch
Commercial scallop fishing begins in Bay of Fundy
First commercial clam fishery started in Passamaquoddy Bay by Nova Scotia fishermen, unregulated
Decline in lobster abundance and size
First fishing regulations for scallops (licences, closed season, size limit) intrroduced
Disease decimates formerly plentiful eelgrass meadows
Gear restrictions for scallop fishery imposed
Closure of many inshore areas to harvesting of clams, scallops and mussels due to high concentrations of coliform
bacteria from sewage; consequently strong decline in clam landings
Introduction of the predatory Green crab results in decline of clams
Commercial fishery for Rock crabs begins (fishery ends by mid-1970s)
Exploratory shrimp fishery begins
Sea urchin fishery begins; landings sporadic until 1986, then exponential increase towards 2000
Potential harvesting plans for kelp developed but rejected because of low availability
Many inshore clam flats still closed to shellfish harvesting because of sewage contamination
Pulp mill discharges create anoxic conditions in benthos of L’Etang estuary
Closure of shell fish beds near pulp mill outlets (sulfates, nitrates, lignosulfonates)
Another experimental shrimp fishery
Rebuilding of invertebrate fisheries initiated
New harvest restrictions for scallops include gear size, closed seasons, size limits, catch quotas
High exploitation of immature, 1-pound lobster

1890s
1918
1930-1933
1939
1947
1950s
1960s
1966
1970s
1972
1970s
1980s
1985
1987
1990s

1991
1994
1995
1998
1999

Severe oxygen depletion of benthic habitat in Blacks Harbour due to fish plant discharges
Lake Utopia pulp mill effluents still toxic to fish but lowered biological oxygen demand
Start of commercial rockweed harvesting; start of exploratory rock and jonah crab fishery
Embayment-wide enrichment of L’Etang inlet, closure of fish farms
Fish farms are again allowed in L’Etang
Continued commercial rockweed harvesting
Slight drop in sea urchin landings, concern for high exploitation and habitat destruction

2.4.3 . Benthic invertebrates – ecology and human impacts
Lobsters (Homarus americanus) are found in shallow waters with hard bottom communities where
they hide in crevices and burrows during daytime (Carry & Chandler 1976). In their early years, juvenile
lobsters are preyed upon by a wide range of benthic feeders such as groundfish, and only one out of
10,000 may reach maturity (Found 1912). An average Fundy lobster may take eight or more years to
reach legal catch size of one pound (0.45 kg) or 81 mm carapace length. At this age, lobsters are still
immature. Maturity is first reached at about 104 mm carapace length (DFO 1998a) or a total length of
about 29 cm and weight of approximately 0.8 kg (Wilder 1960). Reproductive output rapidly increases
with size. Found (1912) found that an eight-inch (20.32 cm) or five-year lobster would produce about
5,000 eggs, while a 16-inch (40.64 cm) lobster would produce about 80,000 eggs. The largest lobster
ever reported weighed 20 kg (44 lbs) and was about 40-65 years old (DFO 1998a).
Lobsters are taken by traps that are baited with fish, often gaspereau or herring. The lobster fishery
was not commercially important before the introduction of the canning industry to Canada in the 1860s
(the industry started in the US before this) (Table 2.4.1, Found 1912). Trade in live lobsters started in
the 1880s (Found 1912). Catches increased exponentially until a peak was reached in the 1890s;
thereafter landings declined significantly and steadily (Fig. 2.4.1).
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The decrease in lobster size was one of the first signs that the stock was being too heavily
exploited. This led in 1873 to the first lobster fishery regulation, which limited catch size, established
closed seasons and prohibited the landing of berried (egg-bearing) females (Found 1912). After the sharp
decline of the early 1900s, catches fluctuated from low to moderate levels until 1990 (Fig. 2.4.1). In this
past decade, landings increased dramatically to levels of peak years a century ago. The difference
between these two peaks, however, is that lobster landings today consist of small, immature, one-pound
lobsters, while 100 years ago they were large and heavy (P. Lawton, personal communication). Rees
(1995) found anecdotal evidence that in the 1860s the claws and tails of an average lobster would fill
four one-pound cans.

Fig. 2.4.1. Annual catch of the crustaceans lobster, shrimp (Pandalus), and crabs in
Charlotte County (Fisheries Statistical Districts 50-53 ). Data from DFO.

The high landings of lobster in the last 10 years may reflect changes in productivity as well as
changes in fishery effort (P. Lawton, personal communication). The collapse of many groundfish stocks
may have partly released lobster from predation, accounting for record high catches for today’s lobster
boats.
Total (as opposed to individual) increased landings may also reflect increased fishing effort and
expansion of territory where lobsters are fished. Until the 1970s, the fishery took mainly place inshore
at about 35 m depth and catches were especially high around Grand Manan (Fig. 2.4.2, 2.4.3a, Wilder
1960, Wilder et al. 1974). Since 1971 a considerable offshore fishery has developed on Georges and
Browns Bank mainly carried out by Nova Scotia fishermen. In the Bay of Fundy, fishing grounds have
been expanded along the New Brunswick shore and toward deeper waters at the mouth of the Bay
targeting seasonal lobster migrations (DFO 1998a).
Recently, concerns have been raised about the impacts of salmon aquaculture operations on
lobster spawning and nursery grounds. These include the effects of organic pollution in the vicinity of
cages and the impact of pesticides on crustaceans. For example, there was a large, pesticide related
lobster kill in 1996 (Percy 1996c). Recently, several new salmon farms have been sited in the southern
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Grand Manan archipelago as well as in
Maces Bay, which are important lobster
nursery areas. Another concerns is effect of
the increasing harvest of rock crabs and sea
urchins, which are important prey for
lobster (Gendron & Fradette 1994, Percy
1996a).
Pink or Northern shrimp (Pandalus
borealis) inhabit colder water on mud
bottoms at 50-400 m depth, but carry out
spawning migrations into shallower waters
in fall (Caddy & Chandler 1976). They
feed mainly on detritus and are important
food for many fish species. An exploratory
shrimp fishery was started around the
Maritimes in the 1950s and 1960s. In the
Bay of Fundy, it started in 1966 around
Grand Manan and The Wolves (Caddy &
Chandler 1976).
Landings increased
rapidly toward 1970 but dropped off
dramatically thereafter. The fishery ceased
to be viable because further harvestable
year classes did not materialize (Table
2.4.1, Fig. 2.4.1, Toews 1980). In adjacent
deeper areas in the Gulf of Maine and the
Scotian Shelf, however, the shrimp fishery
is lucrative (Clark et al. 2000, Koeller
2000). The major problem of the shrimp Fig. 2.4.2. Distribution of average lobster catch in Charlotte
County during 1949-1958. Each dot represents 10,000 pounds
fishery is the extremely high bycatch (up to
(from Wilder 1960).
90 percent) because of the fine mesh sizes
used.
Rock crabs (Cancer irroratus) occur in warmer, shallow subtidal waters at depths less than 20 m.
They prefer sandy bottoms and are found in several areas between Point Lepreau and Passamaquoddy
Bay, as well as off Grand Manan (Caddy & Chandler 1976, Robichaud et al. 2000). Jonah crabs (Cancer
borealis) (Robichaud et al. 2000) occur on rock, silt and clay bottoms in the deeper subtidal zone
between 50-300 m depth. Most are found off southern Grand Manan and Campobello Island
(Robichaud et al. 2000). Both crabs mainly feed on sea urchins and mussels (Pringle et al. 1980) and,
in turn, are important prey for lobster, seabirds (e.g. gulls) and some groundfish.
Historically, there was no direct fishery for Rock and Jonah crabs but they were taken as bycatch
in the lobster fishery (Robichaud et al. 2000). Their value was low for a long time because of the high
cost of manual meat extraction. In the 1960s, higher prices due to new mechanized processing
technology and scarcity of other species sparked a commercial fishery for Rock crabs, but this fishery
ended towards the mid 1970s. In the 1980s and early 1990s market conditions became more
favourable and a new crab fishery started around the Maritimes. In New Brunswick, the new exploratory
fishery started in 1995 (Table 2.4.1, Fig. 2.4.1) in Lobster Fishery Areas (LFA) 36 & 38 using special crab
traps not accessible by lobsters (Robichaud et al. 2000). Since Rock crabs represent a very important
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food source for lobster, especially for
maturing and reproducing females,
concerns have been raised regarding a
possible negative impact of the crab on the
lobster fishery (Gendron & Fradette 1994).
Soft-shell clams (Mya arenaria) are
buried in mud and sand bottoms from mid
to low tide levels and are common in
estuaries and sheltered bays throughout the
Maritimes (Caddy & Chandler 1976). After
the oyster, and used as bait for the growing
cod fishery, the soft-shelled clam was the
second most important shellfish in North
America in the 19th century (Stafford
1901).
In the Bay of Fundy, the Quoddy
Region remains one of the main clamdigging areas, with abundant clam beds in
Passamaquoddy Bay and along the coast
from L’Etang Inlet to Point Lepreau (Fig.
2.4.3c, Wilder et al. 1974). Clams are
mostly taken by hand and often used for
private consumption (Caddy & Chandler
1976). The fishery for soft-shelled clams
has been mostly a part-time fishery, and
large fluctuations in harvests were likely
related to fluctuating effort over time (Fig.
2.4.5). The early commercial fishery was
mainly for bait, but since 1970s the market
has also been for human consumption.
The largest extent of clam flats was in
the Lepreau area (FSD 53), but substantial
fisheries also occurred in Passamaquoddy
Bay. However, since 1947 many areas
within Passamaquoddy and the St. Croix
estuary have been closed to the clam
fishery because of sewage pollution
resulting in high levels of coliform bacteria
( T a b l e 2.4.1, MacKay 1978).
Consequently, strong declines in clam
harvests were observed in the 1950s (Fig.
2.4.5).

Fig. 2.4.3. Distribution of average landings of
(a) lobster, (b) scallops, and (c) soft-shelled
clams in the Bay of Fundy in 1972 (from Wilder
et al, 1974).
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Declines were also caused by poor digging practices, over-fishing and the introduction of the
predatory Green crab in the early 1950s (Caddy & Chandler 1976). Sewage contamination remains a
problem around the Bay of Fundy and many clam beds are seasonally or permanently closed (Percy
1996c). Recently, there have been some conditional openings in the Quoddy Region (e.g. Oak Bay,
L’Etang, Pocologan) because of concerted efforts by watershed groups and clam associations to reduce
the sources of contamination and provide more timely monitoring (J. Harvey, pers. comm).
Sea scallops (Placopecten magellanicus) are concentrated in persistent, geographically discrete
aggregates or “beds” (DFO 1997), which are formed on the surface of firm substrates of gravel and
muddy sand below low water level and down to 150 m (Caddy & Chandler 1976, DFO 1997, Butler
1999). In the Quoddy Region, the main scallop beds are found around Grand Manan (Fig. 2.4.4, Butler
1999), but there are smaller beds in Passamaquoddy Bay and the St. Croix estuary (SCEP 1997). The
L’Etang estuary scallop beds were destroyed by effluents from the Lake Utopia pulp mill built in the early
1970s (J. Harvey, pers. comm.) Scallops are taken with dredges or in shallower areas by diving (Butler
1999).
Scallops have been fished commercially in the Bay of Fundy since 1889 (Table 2.4.1, Butler 1999),
but at very low levels (Fig. 2.4.5). Regulations
for the fishery were first imposed in 1918 and
thereafter renewed from time to time (Table
2.4.1). The Quoddy Region was the site of
the first regular scallop fishing effort, until rich
scallop beds were discovered in the
Annapolis Basin of Nova Scotia in 1920 (Fig.
2.4.3b). Digby became known for the the
largest inshore scallop fishery, but this fishery
declined in the 1970s due to over-fishing
(Butler 1999). Scallop landings increased
sharply in the early 1980s around Grand
Manan (Fig. 2.4.4), linked to a high
recruitment pulse in 1979 (Robert et al.
1984). Landings have since continued at
unusually high levels (Fig. 2.4.5).
Other filter feeders such as the blue
mussel (Mytilus edulis) and the cockle
(Cerastoderma edule) have been of low
commercial importance, taken mainly for
personal consumption by hand or dredge
(Fig. 2.4.5). Blue mussels inhabit intertidal
hard substrata and are common around the
Maritimes; cockles inhabit soft bottoms
(Caddy & Chandler 1976). Mussels are
important prey for ducks, especially the
common eider (Hamilton 2000a). The
commercial value of mussels remained low
because of slow growth, low size, rare
occurrence of pearls, and the seasonal Fig. 2.4.4. Distribution of fishing locations for scallops from 1998
toxicity in the Bay of Fundy due to toxic commercial port samples (from Butler 1999).
phytoplankton blooms (see Chapter 2.7).
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Today, there is a
blanket closure on blue
mussel harvesting in the
Bay of Fundy because
of the risk of harmful
algal blooms (J. Harvey,
pers. comm). Because
nutrient enrichment
favours phytoplankton
growth, blue mussels as
well as other filter
feeders flourish in areas
with high nutrient loads
such as in the vicinity of
fish processing plants or
sewage outlets (see
below, Worm 2000).
This enhanced growth Fig. 2.4.5 . Annual catch of clams, scallops, blue mussels and cockles in the Quoddy
may enable mussels to Region, (FSD 50-53). Data from DFO.
out-compete other
sessile organisms in the
rocky intertidal such as
rockweeds (see below,
Worm 2000).
Periwinkles
(Littorina littorea) were
not abundant before
European settlement, but
increased in abundance
thereafter and displaced
the indigenous species
Littorina palliata (Caddy
& Chandler 1976, DFO
1998b).
Periwinkles
occur in the rocky
intertidal and subtidal
zones, from the high tide
mark down to 40 m
depth. Their preferred Fig. 2.4.6 . Annual catch of periwinkles and sea urchins in the Quoddy Region (FSD
50-53). Data from DFO.
habitat is the substratum
under
rockweed
canopies, but aggregations are also found in subtidal drift algae, tide pools, rock crevices, and sometimes
on sandy bottoms (Caddy & Chandler 1976). A periwinkle survey on Grand Manan in 1975 recorded
average densities of 14.6 – 35 per m2 in the intertidal zone. However, aggregations of over 900 per m2
can occur in crevices or tide pools (DFO 1998b). The main food of periwinkles consists of micro- and
macroalgae as well as early life stages of invertebrates. In turn, they are preyed upon by groundfish,
waterfowls and invertebrates, especially eider ducks and ducklings, crabs, and lobster (DFO 1999).
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Within a life span of 3-5 years they reach up to 20 mm shell height and mature at a size of 14 mm (DFO
1998).
The periwinkle fishery is limited to the mouth of the Bay of Fundy. Periwinkles are taken by
hand, with no license requirements. Until 1976, the fishery concentrated on the Nova Scotia side
around Digby, but from 1977-1997 85-90 percent of the Maritime landings came from the Quoddy
Region, mainly Grand Manan (FSD 50) and the coast toward Point Lepreau (FSD 53). Landings strongly
increased in the 1980s and 1990s (Fig. 2.4.6).
There is a significant by-catch of periwinkles in the commercial rockweed fishery initiated in the
Quoddy Region in the mid-90s (DFO 1998b). Periwinkle densities in the rockweed canopy range from
0.06 – 8.2 per kg of rockweed with an average of 5 per kg (DFO 1998b). Given an annual rockweed
harvest target of 10,000 tonnes, and assuming periwinkles are evenly distributed in the area, the by-catch
could reach 6,000,000 individuals or 11.7 tons of periwinkles (DFO 1998b). Further, the rockweed
harvest may reduce the quality and quantity of periwinkle habitat (where they find food and refuge).
Another threat comes from chemical pollution. The widely used marine antifouling agent
tributyltin (TBT) was shown to impair reproductive abilities of the periwinkle and other snails (SchulteOehlmann et al. 1996). Overall, the reduction of periwinkle densities can have strong negative effects
on entire intertidal communities. Because they prefer to graze on fast-growing and soft annual algae over
leathery rockweeds, periwinkles can potentially prevent or reduce the extent of annual algal blooms in
nutrient enriched areas, thereby sustaining the rockweed canopy (see below, Worm et al. 1999, Worm
& Lotze 2000, Lotze et al. 2000, 2001).
The green sea urchins (Strongylocentrotus droebachiensis) are abundant and widely distributed
throughout the Quoddy Region (MacKay 1976). They inhabit the rocky subtidal zone and are most
common in depths less than 10 m (DFO 2000). Sea urchins are omnivorous in nature although they fee
primarily on seaweeds, especially kelps. In the Bay of Fundy, sea urchins grow much slower than in
Nova Scotia because of low water temperatures (Pringle 1980, DFO 2000). Growth to a commercial
catch size of 50 mm takes on average about 12-15 years (compared to 4-6 years in N.S.). Moreover,
recruitment rate of sea urchins is three orders of magnitude lower than in comparable urchin beds in
New Hampshire (DFO 2000). Sea urchins are important prey for several groundfish, flatfish, crabs,
lobster, sea stars, and seabirds (Pringle et al. 1980).
Valued for their roe, a sea urchin fishery was developed in 1970s, but landings remained
sporadic until demand increased significantly in 1986 (Table 2.4.1). Since then, the fishery increased
exponentially (Fig. 2.4.6, Robinson 1994, DFO 2000). Regulations for the fishery include size limits, gear
restrictions (‘green’ drag and diving), licenses and quotas. The total allowable catch is about 5 percent
of the total harvestable stock. In 1998-1999 a slight drop in catch per unit effort (CPUE) in Grand
Manan was observed, as well as a decrease in average size, which probably indicates a decline in the
standing stock (DFO 2000). Concerns regarding the sea urchin fishery include the destructive impact
on the benthic habitat caused by draggers , and the discarding of sub-legal and sub-quality animals
during the fishing operation (DFO 2000). Further, there are concerns for the adverse effects of reduced
populations on species feeding on sea urchins such as many groundfish, lobster and crabs (Percy 1996a).
There is a growing interest in farming sea urchins to enhance roe quality, overcome harvest difficulties
and possibly minimize the likelihood of disease outbreaks that threaten the fishery (Percy 1996a).
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2.4.4. Benthic marine plants – ecology and human impacts
The red alga dulse (Palmaria palmata) has long been valued as human food (Caddy & Chandler
1976). Dulse occurs in the rocky intertidal zone and is harvested by hand, then sundried and sold in bulk
or packaged for retail outlets. A commercial harvest started after World War 2 on Grand Manan, but
because the occurrence and abundance of dulse is limited, the harvest stayed at low levels (Fig. 2.4.7).
Dulse is an annual alga. As long as its substratum is undisturbed the biomass regenerates itself every
summer. Bad winter storms that turn over the rocks can severely affect the annual crop and it could take
several years for dulse stands to regenerate themselves.
Rockweeds (Ascophyllum nodosum, Fucus spp.) are a central and vital link in the coastal food web.
These plants are the basis of some of the most productive plant communities world-wide. They harbour
an extraordinary diversity of associated plants and animals, and provide important ecosystem functions
such as nutrient cycling and the provision of fish habitat (Worm et al. 2000, Worm & Lotze 2000). In
the outer Bay of Fundy, the knotted wrack (Ascophyllum nodosum, Phaeophyceae) is the dominant
space occupier covering from 80-100 percent of rocky intertidal shores (Fig. 2.4.8, 2.4.9, Caddy &
Chandler 1976, Thomas 1994). Its biomass reaches up to 4,000 g dry weight per m2 and net primary
production is as much as 1500 g carbon per m2 per year. The fronds grow 10-20 cm per year. It has
been estimated that in the Quoddy Region, from 64,000-79,500 tonnes of new biomass are produced
every year, which is about 50 percent of the total standing stock (DFO 1999).
Despite this huge amount of biomass, Ascophyllum is a very slow colonizer and a late-successional
species. When adult plants are cleared off the rock, their dominance may not be restored within a
decade (Thomas 1994). Instead, Fucus species may become dominant and although Ascophyllum
recruitment may occur, their sporelings are vulnerable to grazing by various snails and limpets (Thomas
1994). The Fucus canopy lacks specific characteristics of the Ascophyllum canopy such as its specific
understorey community of algae and invertebrates. The rockweed canopy serves as an important nursery
and foraging habitat for about 30 associated pelagic and groundfish species (Rangeley 1994, 2000).
Moreover, the canopy is an important refuge from predators for juvenile fish (e.g. pollock, herring), a
nursery ground for waterfowls (e.g. common eider, black duck), and a feeding habitat for several seabirds
(e.g. terns, gulls), shorebirds (e.g. sandpipers) and waterfowl (DFO 1999, Hamilton 2000b, Rangeley
2000).
Abundant feeding and living habitat is provided by rockweeds for many invertebrate crustaceans
and gastropods, of which over 100 species were found to be consumed by fish associated with rockweed
(DFO 1999). When torn off by waves, large floating rafts of rockweed provide food, refuge and habitat
for other marine animals including larval lobster, amphipods and juvenile fish. These animals in turn
attract seabirds such as phalaropes and terns as well as larger fish to feed. When washed ashore,
decomposing rockweeds form habitat for sandflies, beach fleas, and fungi that are consumed by
shorebirds (Percy 1996b).
An exploratory rockweed harvest started in the Quoddy Region in 1995 (Table 2.4.1, Fig. 2.4.7)
as an extension of the Nova Scotia fishery (DFO 1999). In Nova Scotia, rockweed had been harvested
commercially since 1958, but was prosecuted only at low levels until processing capacity expanded in
the 1980s (DFO 1999). The resource is mainly used to produce phycocolloid alginic acid and fertilizer.
The annual quota for rockweed harvesting in the Quoddy Region is 10,000 t, which is estimated to be
13-16 percent of the annual production (DFO 1999). Scientists, environmentalists, fishermen and the
public raised major concerns regarding rockweed exploitation (Rangeley & Davies 2000). Although
effects of harvesting at current levels seem to be small on the rockweed populations themselves (DFO
1999), its effects on the wide range of associated and dependent species (see above) are unknown. Of
concern is the considerable amount of by-catch of periwinkles and other invertebrates (DFO 1999). The
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combined reduction of rockweeds and periwinkles favours colonization by competing algae, especially
bloom-forming annual algae with detrimental effects on the overall community (see below, Worm &
Lotze 2000).

Fig. 2.4.7 .
Annual landings of
dulse and rockweed
in Charlotte County
(FSD 50-53).
Data from DFO.

Fig. 2.4.8 . A rocky
shore at low tide in
Passamaq uoddy Bay
covered with dense
rockweed stands.

Fig. 2.4.9 . Boulders at low tide
totally covered with rockweeds.
Some periwinkles can be seen
on the rockweed canopy.
Photograph by B. Worm.
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Not of commercial interest, but of increasing abundance on intertidal shores in recent years, are
annual green (Enteromorpha, U lva, Chladophora) and brown (Pilayella, Ectocarpus) algae (Bates et al.
2000, Worm 2000). Favoured by enhanced nitrogen and phosphorus supply, these algae increase
especially in the vicinity of point sources of nutrient discharges (e.g. domestic sewage outlets, aquaculture
farms, fish processing plants) (Bates et al. 2000, Worm 2000). Increasing abundance of green algae has
been noticed in recent years on the shoreline of St. Andrews and on various sheltered shores close to
aquaculture operations (Fig. 2.4.10, 2.4.11, H.K. Lotze, B. Worm, pers. obs.). Brown algae were found
to increase in abundance in the vicinity of aquaculture sites in L’Etete (Bates et al. 2000).
Annual green and brown algae can grow epiphytic on perennial plants such as eelgrass or
rockweed and severely shade them off (Fig. 2.4.12, Worm 2000). When forming extensive blooms or
carpets, these algae can accumulate on top of rockweed stands, eelgrass meadows and sessile
invertebrates, creating low-oxygen or even anoxic conditions below these algal mats which threaten most
living organisms (Lotze 1998). Worldwide, annual algal blooms are of increasing concern in eutrophied
bays and estuaries (Reise et al. 1989, Fletcher 1996, Valiela et al. 1997, Raffaelli et al. 1998, Lotze et
al. 1999, 2000).
In the Passamaquoddy area, the combination of nutrient loading and periwinkle harvesting favours
green algal blooms because periwinkles graze on green algae helping to keep it in check. Annual brown
algae are consumed by herbivorous crustaceans (amphipods, isopods), which may be threatened by
increased pesticide use in aquaculture operations. Further, some chemicals such as the antifouling agent
tributyltin (TBT) are known to impair reproductive abilities of gastropods (Schulte-Oehlmann et al. 1996).
By reducing and threatening the natural control mechanism provided by such grazers, we enhance the
problem of algal blooms and related community and ecosystem functions such as reduction of habitat,
loss of species diversity, nitrogen retention and carbon storage (Worm et al. 1999, 2000, Lotze et al.
2000). Further, rockweed harvesting may enhance substrate availability to the green algal colonizers
(Worm & Lotze 2000). The overall impact of these interacting and cumulative human activities in the
coastal zone is very difficult to predict and extreme caution is needed regarding their management (see
also Chapter 4, Worm & Lotze 2000).
In 1999, a survey was performed on shorelines around Nova Scotia and New Brunswick to
determine the abundance of rockweeds (Ascophyllum, Fucus), annual green and brown algae
(Enteromorpha, U lva, Pilayella, Ectocarpus), filter feeder (mussels, barnacles) and grazers (periwinkles,
amphipods, isopods) at nutrient-poor and nutrient-rich sites (Fig. 2.4.13, Worm 2000, Worm & Lotze
2000). As nutrient-rich sites, shorelines near point sources of nutrients such as sewage outlets,
aquaculture operations or fish processing plants were selected and compared with shorelines in the
vicinity without nutrient point sources. In each of four regions (Halifax, Annapolis Basin, Passamaquoddy
Bay, L’Etang Inlet), two sets of comparable nutrient-rich and nutrient-poor sites were investigated.
Percent cover of algae and filter feeder was determined for the primary canopy as well as the understory
community, which explains values of more than 100 percent cover at times (Fig. 2.4.13).
Overall, rockweeds clearly dominated the shorelines at nutrient-poor sites, whereas their cover was
reduced at many nutrient-rich sites (Fig. 2.4.13). At nutrient-rich sites, two different patterns were
observed. At sites with low densities of grazers, green algal blooms occurred, while at sites with higher
grazer densities, filter feeders were more abundant. The site with the lowest grazer density showed the
highest amount of green algal blooms (Fig. 2.4.13). These results indicate, that nutrient enrichment
together with the reduction of grazer densities (e.g. through periwinkle harvesting, pesticide use) can
favour the formation of annual algal blooms with detrimental effects on the long-lived rockweed
community. As well, nutrient enrichment alone can have severe consequences through enhanced
growth of filter feeders (blue mussels, barnacles), which can displace rockweeds on rocky shores.
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Fig. 2.4.10 . Green algal bloom
covering the intertidal shoreline
at St. Andrews in 1999.
Photograph by B. Worm.

Fig. 2.4.11. Green algal bloom
covering a gravel beach near an
salmon aquaculture site (in the
background) at L’Etete in 1999.
Photo by B. Worm.

Fig. 2.4.12. Rockweeds on
boulders overgrown by
annual green and brown algae
at L’Etete in 1999.
Photo by B. Worm.
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Fig. 2.4.13. Abundance survey of rockweeds, annual algae, filter feeders and
grazers at nutrient-poor and nutrient-rich sites on intertidal rocky shores of
Nova Scotia and New Brunswick in 1999. Of both the nutrient-poor and
nutrient-rich sites, a set of two columns belongs to one region: Halifax,
Annapolis Basin, Passamaquoddy Bay and L’Etang Inlet, respectively, from
left to right. For further details, refer to the text (from Worm 2000).
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Another important long-lived seaweed is kelp (Laminaria spp.). Kelp inhabits the rocky subtidal
zone and is not as easily accessible as rockweed and dulse. Like rockweed in the intertidal zone, subtidal
kelp provides important nursery, refuge, foraging and feeding habitat for a variety of fish and invertebrates
and has a rich understory community. A potential commercial harvest was proposed in the 1970s but
rejected because of the low availability of kelp at that time (Peppin et al. 1970) due to heavy sea urchin
grazing (Neish 1973). It is common that kelp forests occur in cycles with coralline algae. These cycles
are triggered by heavy sea urchin grazing that diminishes kelp and favours coralline algae. Disease-related
sea urchin die-offs lead to kelp recovery. Such cycles are a regular phenomenon at Nova Scotia shores
and were reported from Fundy shores as well (Breen 1980). In 1851, Stimpson (cited in Scott 1902)
reported on carpets of sea urchins on Grand Manan, but 50 years later, Scott (1902) found abundant
seaweeds and kelps. In the 1970s, Arnold (1976) and Neish (1973) reported again on heavy sea urchin
grazing that was diminishing the kelp. Since then, sea urchins and coralline algae have dominated the
subtidal zone (G. Sharp, pers. comm.). Recent dragging for sea urchins may destroy the remaining kelp
and may hamper its recovery. On the other hand, non-destructive sea urchin harvest by divers may
support kelp recovery.
Eelgrass (Zostera marina) is also important as a long-living and habitat-building marine plant.
Unlike kelp and rockweed, this species inhabits soft bottoms in intertidal and subtidal waters and stabilizes
the sediment with its rooting systems. It provides important habitat for a variety of invertebrates and fish
species and is an important food for brants and ducks (Hicklin & Smith 1984, Short & Wyllie-Echeverria
1996). The formerly plentiful eelgrass meadows throughout North Atlantic coasts in Europe and North
America were greatly diminished by a disease in 1930-1933 (Table 2.4.1, Mourne 1937). Since then,
some eelgrass patches have recovered but the species may not reach historical abundances (G. Sharp,
pers. comm.). Recent threats to eelgrass come from increased abundance of epiphytes and
phytoplankton that overgrow and shade eelgrass (Short & Wyllie-Echeverria 1996). Thus in recent years
a new period of decline in eelgrass abundance has been observed (A. MacKay, pers. comm.).
Salt marshes covered extensive parts of the Bay of Fundy coast before European settlers started
to build dykes to hold back the tides. Although dyking in the Quoddy Region is not a factor, salt marshes
have been diminished in the area. About 180 ha of salt marsh are left, most of it on Campobello Island
(Thomas 1983, Hicklin & Smith 1984). Salt marshes provide important feeding, staging, resting and
breeding habitat for a variety of shorebirds and waterfowls, e.g. migrating brants and black ducks, and
breeding common eider. They contribute to primary production in coastal and estuarine systems and act
as an important filter system for nutrients and contaminants from run-off waters. While contaminants
become lodged in the sediments, nutrients are re-used by plants and bacteria or, in the case of nitrate and
ammonium, converted into gaseous nitrogen by bacteria and released into the atmosphere. Thus, salt
marsh communities play an important role in the nutrient cycles and water quality.
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