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

2.7. Cha n g e s in the p la n k to n c o m m u n ity
“If a bottle of water be drawn from the sea and examined with the naked eye nothing presents itself but
the clear, sparkling liq uid; but if this same sample be centrifuged for half an hour and the residue
examined under the microscope, it will be found that many organisms of unparalleled beauty have been
extracted. C hief among these are the diatoms, unicellular plants, exq uisite in beauty of symmetry and
design.” (Fritz 1921)
“F ew imagine, when crossing the ocean, that the prow of the ship is cleaving its way through teeming
myriads of foam-like creatures and that every turn of the screw is a marine catastrophe, bringing sudden
death to multitudes of sensitive beings.” (Willey 1915)

2.7.1 . G e n e r a l o v e r v ie w
The phytoplankton and zooplankton form the productivity basis for the pelagic and some benthic
food webs. In the outer Bay of Fundy, an estimated 98 .5 percent of the primary production is
performed by phytoplankton, compared to 1.4 percent by seaweeds, 0.04 percent by benthic
microalgae, and 0.04 percent by salt marsh macrophytes (Percy et al. 1996 ). The phytoplankton is
largely dominated by diatoms with up to 100 species of 39 genera, followed by dinoflagellates with 43
species of 14 genera. Some other flagellates such as silicoflagellates are numerically abundant at times
(Martin et al. 1999). These unicellular plants are the food for herbivorous zooplankton, which in turn
are food for carnivorous zooplankton and other carnivorous consumers such as fish larvae.
Phytoplankton is also a major food for benthic filter feeders, linking the pelagic and the benthic food
webs, a process called bentho-pelagic coupling.
The marine zooplankton in the Quoddy Region mostly consists of crustaceans; among these,
copepods clearly dominate. Locally, euphausiids occur in high concentrations. These two species
groups are very important as a food source for many higher trophic level species and serve as major links
in marine food webs. Both copepods and euphausiids feed primarily on diatoms, but they may also use
heterotrophic flagellates at times.
Other crustaceans that occur in the area are cladocerans, amphipods, mysids, and shrimps
(C rangon sp.), which feed on phytoplankton or detritus. E specially in coastal areas, larvae of benthic
invertebrates such as barnacles, crabs, echinoderms, polychaetes, and molluscs as well as fish eggs can
be of high abundance seasonally. Pelagic molluscs in the area include some pteropods, which can be
both herbivorous and carnivorous. Chaetognaths, an important group of carnivorous zooplankton, is
locally abundant. Gelatinous zooplankton (jellyfish) such as ctenophores, siphonophores and
scyphozoans occur at higher numbers at times.
These species drift passively in the currents, so their spatial distribution patterns are driven by
upwellings and currents in the passages and distinct water circulation patterns in the outer Bay of Fundy
(see Chapter 1). In the passages, surface swarming of copepods and euphausiids results in high
concentrations of these species. Some amphipods and mysids concentrate at the water surface during
their breeding season. Seasonal peaks of herbivorous and later carnivorous zooplankton generally follow
the phytoplankton spring bloom and reach max imum abundances in summer and fall.
Because phytoplankton and zooplankton species form the base and the lower links of the food
webs, changes in the plankton species composition or production may likely affect consumers that
depend on them (NRC 2000). Despite this importance, the consequences of changes in phytoplankton
and zooplankton on higher trophic level species are poorly studied. Moreover, long-term data on
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plankton abundance and composition are scarce, and historical data are often not comparable with
recent data. Species names and taxonomy have changed over time, and there have been changes in
the methodology for taking and analyzing plankton samples.
The earliest plankton investigations were observational and simply listed the occurring species
without indications of relative abundance. Later investigations estimated relative (number per tow) but
not absolute (number per water volume) species abundance. This does not allow a comparison of
absolute abundance over time. The available quantitative data did not allow for the analysis of changes
in plankton productivity or biomass over time, but they did allow for analyzing changes in species
dominance patterns in the plankton communities over time.

2.7.2. Stud ies on phytoplankton composition and ab und ance over time
The first available phytoplankton observations and species lists in Passamaquoddy Bay and the Bay
of Fundy date to the early1900s (Bailey 1917, McMurrich 1917). Fritz (1921) performed the first
detailed, year-round study for diatoms. At seven stations in Passamaquoddy Bay and the outer reaches
towards Grand Manan, she described 82 diatom species and noted that the genus Chaetoceros
dominates both in numbers and in the observed diversity of forms (Table 2.7.1). Namely Chaetoceros
debile (now C. debilis) showed a great predominance in August, but no absolute abundance was
determined (Fritz 1921).
During 1924-1931, Davidson (1934) investigated the plankton community at two stations, one
inside and one outside Passamaquoddy Bay. She found that diatoms were far more abundant than all
other members of the plankton community combined, and that dinoflagellates were never numerically
important. The spring bloom was dominated by the diatom Thalassiosira nordenskioeldi accompanied
by B iddulphia aurita. The diatom Chaetoceros debilis dominated during summer (Table 2.7.1).
Davidson (1934) found the peak diatom production to occur in June and July. She discussed the main
control factors for phytoplankton production, and found that the plant nutrients nitrate, phosphate and
silicate were never depleted below the detection limit, but were sometimes reduced in concentration.
Relatively low water temperatures in the area seemed to be responsible for the arctic-neritic species
composition of the plankton and the small proportion of temperate species. H igh volumes of freshwater
discharges from the St. John and St. Croix rivers caused a reduction of surface salinity and subsequent
stratification of the surface waters, which preceded the spring maximum of phytoplankton growth. The
most significant factor determining phytoplankton abundance was believed to be the turbulence of the
water due to the high tides. Davidson (1934) found that this turbulence was responsible for the high
nutrient content of the water resulting in a more prolonged bloom of the phytoplankton than in most
coastal waters. The turbulence also caused low water transparency a high silt content and lack of stable
stratification during the summer months. Thus, Davidson (1934) assumed that phytoplankton production
may not take place below 10-15 meters.
In 1931-1932, Gran and Braarud (1935) did the first quantitative study by taking distinct volumes
of water samples and counting phytoplankton cells per liter. As in the earlier investigations, Gran and
Braarud (1935) also found that the phytoplankton was dominated by diatoms (Table 2.7.1, Fig. 2.7.1).
They observed 78 diatom species and 57 species of dinoflagellates in the Bay of Fundy and Gulf of
Maine. They described a detailed seasonal distribution of the species, which performed two major
phytoplankton blooms, one in the spring and one in the fall (Fig. 2.7.1). The spring bloom in April-May
was very intense, with the diatom Thalassiosira nordenskioeldi as the dominant species (Table 2.7.1).
The largest biomass of Thalassiosira was found in Passamaquoddy Bay and its outer reaches towards The
Wolves, Grand Manan and the Grand Manan Channel (Fig. 2.7.2, 2.7.3). In June, the plankton
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concentration in the open Bay of Fundy was low, unlike Passamaquoddy Bay where the diatom
Chaetoceros debilis prevailed (Table 2.7.1). This was explained by the water in Passamaquoddy Bay
being moderately stratified compared to the very turbulent waters outside the Bay where Thalassiosira
decipiens was the most common species.
The fall bloom in August-September was especially high in the outer Quoddy region around Grand
Manan (Fig. 2.7.2, 2.7.4) and consisted mainly of the diatom Sceletonema costatum accompanied by
A sterionella japonica and R hizosolenia alata (Table 2.7.1). Some dinoflagellates were quite abundant
in the outer Quoddy region, especially on the coast towards Saint John (Fig. 2.7.5). Peridinium
triquetrum (now H eterocapsa triquetra) was the dominant species, accompanied by Ceratium fusus
(Table 2.7.1). Inside of Passamaquoddy Bay, Thalassionema nitzschoides was the dominant diatom
during fall bloom 1932, whereas the silicoflagellate D istephanus speculum (today D ictyocha speculum)
dominated in fall 1931. During winter the phytoplankton was very scarce. In accordance with Davidson
(1934), Gran & Braarud (1935) described that nitrate and phosphate were almost never depleted and
may not be the limiting factors to phytoplankton growth. Stable stratification, which could either be
caused by warming of the surface layer or freshwater influx, appeared to be the most significant factor
influencing plankton production. Phytoplankton populations were always found to be more abundant
in stratified as compared with turbulent waters.
Since 1987, continuous phytoplankton monitoring has been performed in the Quoddy Region.
U ntil 1996, four stations at Brandy Cove inside Passamaquoddy Bay, and Deadmans Harbour, Lime K iln
Bay and The Wolves outside Passamaquoddy Bay were sampled year-round. The results indicate that
diatoms, and especially the genera Thalassiosira and Chaetoceros are still the dominant taxonomic group
within the phytoplankton (Martin et al. 1999). However, Chaetoceros furcillatus, a diatom that has only
been found sporadically in previous investigations, has become a consistent and more abundant
component of the local phytoplankton (Peterson et al. 1999). Two alternative explanations for this
increase were considered, a natural cycle of population dynamics or a response to unidentified changes
in the environment (Peterson et al. 1999).
Compared to the studies in the early 1930s, there seemed to be several changes in the species
composition and phytoplankton productivity. In recent years, diatoms from the Pseudo-nitzschia
delicatissima group are now among the dominant species (Table 2.7.1), P. delicatissima in late spring and
early summer and P. pseudodelicatissima in late summer and fall (Martin et al. 1999). Of these, P.
pseudodelicatissima produces domoic acid, which is a potent toxin that causes amnesic shellfish
poisoning (ASP) (Whyte et al. 1997). Amnesic shellfish poisoning (ASP) from species of Pseudo-nitzschia
was identified for the first time ever on the Atlantic coast of Canada in 1987 (Whyte et al. 1997). P.
pseudodelicatissima must accumulate to concentrations of one million cells per liter in order to cause
levels of shellfish toxicity which are unsafe for humans. Such levels were detected in 1988 and 1995
outside of Passamaquoddy Bay (Martin et al. 1999). The effects of these toxic blooms on other species
were not investigated. Although species of this group were reported in studies from the early 1900s
under older names (e.g. N itzschia spp., Bailey 1915, Gran & Braarud 1935), they were not considered
as abundant or dominant. Other diatoms that are not toxic but can cause harm to fish by clogging their
gills are L eptocylindrus minimus, Chaetoceros convolutus, C. concavicornis, G yrodinium aureolum. No
incidents of severe harmful effects of these species have been documented in the Bay of Fundy so far
(Whyte 1997, Martin et al. 1999).
The increasing abundance of dinoflagellates represents another element of change in
phytoplankton species composition. In contrast to the earlier studies, the dinoflagellates H eterocapsa
triquetra, Scrippsiella trochoidea, and A lexandrium fundyense have often occurred in large quantities in
recent years, especially during summer and fall (Table 2.7.1, Martin et al. 1999). Of these species, only
H eterocapsa triquetra (formerly Peridinium triquetrum) has been reported from the earlier studies (Table
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2.7.1, Gran & Braarud 1935) when total dinoflagellate abundance was much lower (Fig. 2.7.1, 2.7.2).
Martin et al. (1999) noted that the summer dinoflagellate bloom is now a regular event, while the earlier
authors agreed that dinoflagellates were generally not important in the area (Davidson, 1934, Gran &
Braarud 1935). Although methodology and knowledge have changed over time, it seems very unlikely
that the early investigators might have missed a group of predominant species which form blooms on a
regular basis.
The apparent increase in dinoflagellates may cause problems with respect to toxic species. For
example, Alexandrium fundyense produces the toxin saxitoxin which causes paralytic shellfish poisoning
(PSP) at low concentrations of 20 cells per liter (Martin et al. 1999). PSP was linked to herring kills in
1976 and 1979 in the Bay of Fundy, and was detected in mackerel in 1988 (White 1981, Martin &
White 1988, Martin et al. 1999). Because the abundance of A. fundyense in recent years has exceeded
10,000 cells per liter every year, shellfish closures now occur on an annual basis (Martin et al. 1999).
Although human deaths resulting from PSP have been reported since 1880 (Todd et al. 1993), a toxicity
monitoring program during 1944-1983 showed an increase in the intensity of blooms of the toxic
dinoflagellate Gonyaulax in the 1970s as well as increasing persistence of shellfish toxicity throughout the
year (White 1982). Other potentially toxic dinoflagellates are present, but have not caused extensive
problems in the Bay of Fundy so far (Dinophysis spp., Prorocentrum spp., causing diarrhetic shellfish
toxin, DSP) (Bates 1997, Martin et al. 1999).
Species shifts from diatoms to dinoflagellates as well as an increase of harmful algal blooms appear
to be a common pattern in coastal waters, which are strongly affected by human activities (NRC 2000).
The increasing success of dinoflagellates has been linked to nutrient enrichment and observed changes
in nutrient ratios (N:P:Si) in eutrophied waters (Hallegraeff 1993, Smayda 1997, NRC 2000). The
apparent increase in the intensity and frequency of harmful algal blooms worldwide may also reflect
increased scientific awareness and commercial implications of toxic species, shifts in climatic conditions,
or increasing transport and introduction of exotic species (Hallegraeff 1993, Whyte et al. 1997, Reid et
al. 1998, NRC 2000).
Another difference between the study of Martin et al. (1999) and Gran & Braarud (1935) is the
extent of plankton blooms. Apparently, the spring bloom was much higher in 1932 than between199396 (Fig. 2.7.1, 2.7.2), whereas the summer bloom seems to be higher in recent years. This might be
explained by year-to-year variation in the extent of blooms, since Davidson (1934) also found the peak
diatom production in summer. However, it could also be an effect of changes in species composition
with Pseudo-nitzschia pseudodelicatissima and dinoflagellates blooming in summer in recent years
compared to Chaetoceros and Thalassiosira species in the 1930’s (Table 2.7.1). Furthermore,
phytoplankton populations at Brandy Cove inside Passamaquoddy Bay showed lower abundances
compared with stations outside the Bay in 1993-96, which was no general trend in 1932 (Fig. 2.7.2,
Gran & Braarud 1935, Martin et al. 1999). This pattern was accompanied by lower contents of
dinoflagellates and the harmful diatom Pseudo-nitzschia pseudodelicatissima (Fig. 2.7.2, Martin et al.
1999).
In conclusion, compared to studies in the early 1900s, phytoplankton production during 19931996 showed a lower spring but a higher summer bloom, a higher abundance of dinoflagellates, a
considerable amount of harmful algae, and a lower phytoplankton production inside Passamaquoddy
Bay. Although total primary production may still be the same, the occurrence and volume of less edible
(to marine animals) and toxic species in the phytoplankton community has increased. The consequences
of blooms of toxic species have known effects on higher trophic level species including humans (see
above). The consequences of changes in food quality and quantity for zooplankton species and
consequently higher trophic levels are poorly studied.
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Fig. 2.7.1. Comparison of
dominance patterns of
species groups (percent
group composition, left)
and phytoplankton abundance
(total abundance in cells
per liter, right) between
1 9 3 1 /3 2 and 1 9 9 3 -1 9 9 6 .
Only species with an
abundance of > 1 0 0 0 cells
per litre were considered.

Fig. 2.7.2. Comparison of total
phytoplankton abundance and
group composition among different
sites inside (Brandy Cove) and outside
(other stations) Passamaquoddy Bay.
Only species with an abundance
of > 1 0 0 0 cells per L were considered.
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Fig. 2.7.3 . Distribution
of the spring bloom of
the dominant diatom
Thalassiosira nordenskoeldii
at stations in the Bay of
Fundy and Gulf of Maine
in May 1932 (from Gran &
Braarud 1935 ). Numbers
are maximum counts per
station in cells per liter.

Fig. 2.7.4 . Distribution of
“all diatoms” (regular font)
and “all Ceratium spp.”
(italic font) in August 1932
at stations in the Bay of Fundy
and Gulf of Maine
(from Gran & Braarud 1935 ).
Numbers are maximum counts
per station in cells per liter.
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Fig. 2.7.5 . Distribution
of the dinoflagellate
Peridinium triquetrum
(today Heterocapsa
triquetra) in August
1932 at stations in the
Bay of Fundy and Gulf
of Maine (from Gran &
Braarud 1935). Numbers
are maximum counts per
station in cells per liter
together with the depth
at which they occurred.

T able 2.7.1. Dominant phytoplankton species in spring, summer and fall blooms in the Q uoddy region mentioned in the
early 1920-30s and in the 1990s. Different species groups are marked with fonts: regular = diatoms, bold = dinoflagellates,
underlined = silicoflagellate, red = harmful species.
Season

Fritz 1921

Davidson 1934

Gran & Braarud 1935

Martin et al. 1999

Spring

Thalassiosira*
Biddulphia sp.
Chaetoceros debilis
C. sociale

T. nordenskioeldi
T. gravida
Biddulphia aurita

T. nordenskioeldi

T. nordenskioeldi
Chaetoceros sp.
Chaetoceros furcellatus
Pseudo-nitzschia
delicatissima group

Summer

Chaetoceros debilis
C. sociale
C. diadema
C. laciniosum
Sceletonema sp.

Chaetoceros debilis
C. diadema
C. compressus
C. constrictus
C. socialis

Chaetoceros debilis
Thalassiosira decipiens

Pseudo-nitzschia
delicatissima group
Guinardia delicatula
Heterocap s a triq u etra
A lex an d riu m fu n d y en s e

Fall

Chaetoceros debilis
Chaetoceros debilis
C. sociale
C. diadema
C. laciniosum
Thalassiothrix longissima
Rhizosolenia shrubsolei
Ditylium brightwelli

Sceletonema costatum
Asterionella japonica
Thalassionema
nitzschoides
Rhizosolenia alata
P erid in iu m triq u etru m
C eratiu m fu s u s
Distephanus speculum

Pseudo-nitzschia
delicatissima group
Sceletonema costatum
Guinardia delicatula
S cri p p s i el l a troch oid ea

* group of T. gravida, T. nordenskioldii, T. hyaline, T. condensata, Coscinosira polychorda

Lotze and Milewski

96

Conservation Council of NB

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

2.7.3. Studies on z ooplankton composition and abundance over time
As with the phytoplankton, early studies on zooplankton did not go beyond geographical records,
species lists and species descriptions. Although plankton collections have been made since 1913 at two
localities within (Prince 6) and outside (Prince 5) Passamaquoddy Bay, few samples have been analyzed
(e.g. McMurrich 1915, Willey 1915).
In 1931-1932, Fish & Johnson (1937) did the first intensive zooplankton surveys in the Bay of
Fundy and Gulf of Maine including stations inside and outside Passamaquoddy Bay. They investigated
relative zooplankton abundance, distribution and species composition, and analyzed plankton samples
taken in 1917 inside Passamaquoddy Bay for comparison. Their results showed a clear dominance of
crustaceans, comprising on average 87.2 – 97.6 percent of the zooplankton (by number). In the Gulf
of Maine, Bay of Fundy and Passamaquoddy Bay, copepods usually contributed the largest fraction (Fig.
2.7.6). In Passamaquoddy Bay, periodically high numbers of barnacle larvae and euphausiid swarms
and eggs occurred in spring and summer (Fig. 2.7.6), while in other coastal areas of the Bay of Fundy
patches of chaetognaths, jellyfish or mollusk larvae were found (Fish & Johnson 1937).
Species composition of inland waters was comparable to that of the open Gulf of Maine and Bay
of Fundy, but seasonal variation in relative species abundance was more extreme (Fish & Johnson 1937).
In Passamaquoddy Bay, most common copepod species were boreal Calanus finmarchicus,
Pseudocalanus minutus, Centropages typicus, and neritic Acartia clausi, Tortanus discaudatus, E urytemora
herdmani (Fig. 2.7.8). Altogether, more than 60 zooplankton species were found in the area. However,
in addition to euphausiids, barnacle and crab larvae, the only other species that formed more than five
percent of the zooplankton community at times were Pleurobrachia pileus (ctenophore), Sagitta elegans
(chaetognath), Metridia longa (copepod) and Calliopius laeviusculus (amphipod) (Fish & Johnson 1937).
Z ooplankton abundance generally decreased from the Gulf of Maine towards the Bay of Fundy, and
from the outer Quoddy Region towards inside of Passamaquoddy Bay (Fish & Johnson 1937).
In 1957-1958, Legare & Maclellan (1960) performed another comprehensive study on the
abundance, distribution and species composition of the zooplankton in the Quoddy Region. They
compared plankton communities at 14 stations over four seasons and among four areas: Passamaquoddy
Bay, the passages, outer Quoddy, and Cobscook Bay. Their methods were similar to Fish & Johnson
(1937) and thus, their results can be compared. Oblique 15-minute plankton tows were made at 20,
10, and 0 m depth with a 1-metre (diameter) nylon mesh net.
Their results showed that in Cobscook Bay, outer Quoddy and the passages, the zooplankton was
usually a mixture of boreal, neritic and benthic species, while offshore species seldom reached
Passamaquoddy Bay. Altogether, Legare & Maclellan (1960) determined 50 zooplankton species.
Similar to Fish & Johnson (1937), they found that copepods on average accounted for 79 percent of the
total zooplankton (Fig. 2.7.6), and on average Calanus finmarchicus accounted for 42 percent of the total
copepods (Fig. 2.7.8). Another 52 percent of the copepods were boreal Pseudocalanus minutus,
Centropagus typicus and three neritic species Acartia clausi, Tortanus discaudatus, E urytemora herdmani
(Fig. 2.7.8, 2.7.9). The neritic species were much more abundant inside Passamaquoddy Bay compared
to outer Quoddy and the passages (Fig. 2.7.9). In accordance with Fish & Johnson (1937), barnacle and
crab larvae reached high abundances in spring and summer in inshore Passamaquoddy Bay, while
euphausiid eggs and siphonophores reached seasonally high abundances outside the bay (Fig. 2.7.7).
Legare & Maclellan (1960) identified 22 species of fish larvae, but none was found in large
concentrations. They found that copepods were the principal prey for herring and were the most
common food items found in herring stomachs. Relative species composition in the zooplankton
community fluctuated with time and area (Fig. 2.7.7, 2.7.9). Furthermore, zooplankton abundances
were five times greater outside than inside Passamaquoddy Bay, and were most abundant in summer
Lotze and Milewski

97

Conservation Council of NB

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

(63 percent), decreasing through autumn (20 percent ) and winter (11 percent) to a minimum in spring
(6 percent) (Legare & Maclellan 1960).
Legare (1961) analyzed monthly plankton samples from 1937-1959 taken at Prince stations 5
(outside Passamaquoddy Bay) and 6 (inside Passamaquoddy Bay near St. Andrews). A combination of
vertical (30-0 m inside, 90-0 m outside) and horizontal plankton tows was used, and data from the 23
years were combined. As in previous studies, zooplankton abundance was higher outside than inside
Passamaquoddy Bay (Legare 1961). At Prince 6, copepods and seasonally abundant barnacle larvae
dominated the zooplankton community. At Prince 5, amphipods, cladocerans, euphausiids,
scyphozoans, crab larvae, crustacean eggs, chaetognaths and siphonophores were abundant at times
(Legare 1961). The copepod community outside Passamaquoddy Bay was dominated by boreal Calanus
finmarchicus and Pseudocalanus minutus, while neritic Acartia clausi and Tortanus discaudatus
dominated inside the bay (Fig. 2.7.8).
Smith et al. (1984) investigated the zooplankton in Head Harbour Passage and L’Etete Passage
and the approaches inside and outside Passamaquoddy Bay. Samples were taken during July-September
1980 with plankton tows from 20 m depth to the surface. In accordance with the earlier investigations,
their results showed that copepods dominated the plankton community inside (Fig. 2.7.6) and outside
Passamaquoddy Bay. Within the copepod community, Calanus finmarchicus was the dominant species
outside Passamaquoddy Bay followed by Centropages typicus (Fig. 2.7.8).
Since 1975, consistent plankton samples were taken and analyzed as part of herring larval surveys
in the Bay of Fundy. At a set of 150 stations in the Bay of Fundy, a pair of 61 cm bongo nets (0.515 mm
mesh size) was towed from the surface to 5 m above the bottom (Stephenson & Power 1988). Most
consistent annual data over time were gained in fall. However, abundance of most zooplankton species
was only estimated per species group and in four rough abundance categories: 1 = 0-10, 2 = 11-100,
3 = 101-1000, 4 > 1001 per water volume taken.
I selected all stations in the study area and grouped them into three different regions: I = south
and west off Grand Manan towards mouth of the Bay; II = east and south off Grand Manan towards
mid-Bay of Fundy; III = north off Grand Manan towards the New Brunswick coast. For the most
common zooplankton species copepods and euphausiids, no trends of abundance can be observed over
time (Fig.2.7.10), and no real differences can be detected between the three regions. Because both
copepods and euphausiids tend to occur in distinct patches with shifting distribution patterns, it might
be extremely difficult to follow abundance trends over time.
In the 1970-1980s, Corey and various co-authors investigated the life history, relative abundance
and distribution patterns of several zooplankton groups in the entire Bay of Fundy. Their results show
that many zooplankton groups such as euphausiids, copepods, and chaetognaths occur in distinct ‘hot
spots’ in the outer Bay of Fundy around Grand Manan (see below).
In conclusion, the available zooplankton data do not indicate a marked shift in species
composition or dominance patterns over the last century. Thus, the spectrum of prey species for higher
trophic level species may not have changed over time. Furthermore, the distribution patterns of the
dominant zooplankton forms appear to have been relatively consistent over time. Unfortunately, we do
not know whether zooplankton abundance has changed in the past, but it seems to have not changed
dramatically over the last 30 years.
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Fig. 2.7.6 . Zooplankton composition in Passamaquoddy Bay at different times in the past (Data from
Fish & Johnson 1937, Legare & Maclellan 1960, Smith et al. 1984; all species groups that contributed
>5% at times were considered).

Fig. 2.7.7. Spatial zooplankton composition in the Quoddy Region at different seasons in 1957-1958
(Data from Legare & Maclellan 1960, all species groups that contributed >5% at times were
considered).
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Fig. 2.7.8. Copepod composition in Passamaquoddy Bay at different times in the past (Data from Fish &
Johnson 1937, Legare & Maclellan 1960, Legare 1961, Smith et al. 1984. All species that contributed >5% at
times were considered.

Fig. 2.7.9 . Spatial copepod composition in the Quoddy Region at different seasons in 1957-1958. All
species that contributed >5% at times were considered (Data from Legare & Maclellan 1960).
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Fig. 2.7.10. Abundance estimates for copepods and euphausiids during herring larval surveys
in fall 1975-2000. Abundance was estimated in categories: 1 = 1-10; 2 = 11-100; 3 =
101-1000; 4 > 1001 per water volume taken, which I converted to minimum no. per 1 m3 .
Region 1 = south and west off Grand Manan towards mouth of the Bay; II = east and south
off Grand Manan towards mid-Bay of Fundy; III = north off Grand Manan towards the New
Brunswick mainland coast. Data from DFO.

2.7.4. N otes on the distribution and ecology of selected zooplankton species
E uphausiid surface swarms have been recorded for the Bay of Fundy regularly since 1870’s (Smith
1878-1882, Bigelow 1924, Graham 1936, Gaskin 1973, all in Gaskin and Smith 1979). Kulka et al.
(1982) found seven species of euphausiids in the Bay of Fundy. Of these, the most abundant species
was Meganyctiphanus norvegica, forming up to 90 percent of euphausiid biomass, followed by
Thysanoessa inermis (Kulka et al. 1982, Corey 1983). Both species had a specific stationary center of
abundance and performed different patterns of diurnal vertical migrations (Kulka et al. 1982).
In 1972 and 1973, the center of M. norvegica was in the Grand Manan Basin with more than 100
2
per m , and declining numbers towards the Quoddy Region (Fig. 2.7.11, Iles 1979). Surface swarms of
euphausiids also occur in the passages towards Passamaquoddy Bay (Fig. 2.7.11). The center ofspawning
appears to be outside the Quoddy Region, probably around Grand Manan, but euphausiid eggs can
occur in high abundances in the passages and in the entrances to Passamaquoddy Bay (Fig. 2.7.7, Legare
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& Maclellan 1960, Kulka and Corey 1978).
They usually inhabit deep water during day,
and migrate to the water surface at night
(Corey 1983). During the day, they are
important food for demersal fish and at night
for pelagic fish. Surface swarms of euphausiids
in the Quoddy Region are common during
summer in upwelling areas and passages with
high tidal currents (Corey 1983). Because of
their large size and their habit of forming
concentrations, euphausiids are particularly
accessible to a wide variety of marine
predators such as fish, whales and birds (Iles
1979, Kulka et al, 1982, Corey 1983). The
center of copepod distribution is at the mouth
of the Bay of Fundy on the Nova Scotia side,
with concentrations of more than 5000
individuals per m-2 in 1969 (Fig. 2.7.13, Iles
1979). In 1979, Roff (in Daborn 1984) found
that peak abundances of Calanus finmarchicus
exceeded 100 000 m-2. Copepod abundance
decreased towards the New Brunswick side,
reaching 10-500 m-2 in the outer Quoddy
Region, and up to 1000 m-2 around Grand
Manan in 1969 (Iles 1979). Roff (in Daborn
1984) found C. finmarchicus to reach 1001000 -2 and up to 10 000 m-2, respectively.
In contrast, the neritic copepod
Eurytemora herdmani centered near
Passamaquoddy and Cobscook Bays and the
coastline of Maine, reached >10 000 m-2 (Fig.
2.7.14, Roff in Daborn 1984). This species
declined in abundance towards eastern Grand
Manan (100-1000 m-2) and was absent on the
Nova Scotia side of the Bay of Fundy.
Pseudocalanus minutus reaches an abundance
of 1000-100 000 m-2 in the Quoddy Region
(Roff 1983).
In Passamaquoddy Bay,
Middlebrook & Roff (1986) found Acartia
hudsonica to be the most abundant copepod
throughout the year with a maximum
abundance of 400 000 m-2 (!) in October.
Eurytemora herdmani was common between
June to December with a maximum
abundance of 250 000 m-2 in August
(Middlebrook & Roff 1986). Both species are
estuarine and not abundant outside

Fig. 2.7.11. Distribution of euphausiid Meganyctiphanes
norvegica in the Bay of Fundy in fall 1969 and 1972 and’
March 1973 (from Iles 1979).
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Passamaquoddy Bay.
Other temporally
abundant calanoid copepods were Tortanus
discaudatus, Temora longicornis, Pseudocalanus
sp., Centropages typicus, and the cycloid
copepod Oithona similes. Combined, these
species were present at 36 000 m-2
(Middlebrook & Roff 1986). At the water
surface (20-25 cm), Calanus finmarchicus has
been shown to dominate the zooplankton with
84.1-91.3 percent at Deer Island and
99.7percent around Grand Manan (Brown &
Gaskin 1989).
Other crustaceans in the zooplankton
which can be seasonally abundant are the
cladocerans Podon leucarti and Evadne
nordmanni (Middlebrook & Roff 1986). Some
larger crustacean zooplankton such as mysids,
amphipods (“ sea fleas” ) and decapod shrimps
(Crangon sp.) use the detritus food chain or feed
on phytoplankton (Daborn 1984, Corey 1988).
In turn, they are important prey for many fish
and other carnivorous consumers and form
important links in coastal food webs. For
example, the most abundant mysid Neomysis
americana is eaten by demersal and pelagic fish
such as flounders, shad, herring, gaspereau,
mackerel, hake, pollock, sand lance and sea
trout (Daborn 1984, Corey 1988). A less
abundant mysid, Mysis stenolepis, is preyed
upon by pollock, cod, plaice, white horny skate,
Fig. 2.7.12. Distribution of euphausiid surface swarms in Head
and longhorn sculpin (Corey 1988).
Harbour and L’Etete Passages during 1973 and 1976-1978.
The mysid N. americana and the
The size of the dots indicates the relative size of the swarm
amphipod Calliopius laeviusculus regularly
(from Smith et al, 1984).
swarm and concentrate at the water surface
during their breeding season (Fish & Johnson 1937). Of the three common mysid species in the Bay of
Fundy, N. americana and M. stenolepis had highest densities in the mid to inner part of the bay with up
to 13,033 and 12 individuals m-2, respectively. Erythrops erythropthalma concentrated near
Passamaquoddy Bay and Grand Manan with up to 62.5 individuals m -2 (Corey 1988).
During zooplankton surveys in the 1970-80s, 23 species of amphipods were found in the Bay
of Fundy, but of these, only two species were considered planktonic, Parathemisto gaudichaudii and
Hyperia galba (Corey 1990). These occurred throughout the area, but reached maximum numbers at
the mouth of the Bay of Fundy with up to 7,079 and 39 m-2, respectively (Corey 1990).
An important group of carnivorous zooplankton, chaetognaths, prey on herring larvae and other
larval fish, while they, in turn, represent a food source for larger adult fish (Hurley et al. 1983). During
zooplankton surveys in the 1970s, nine species of chaetognaths were found in the Bay of Fundy with
Sagitta elegans as the dominant and most abundant (Hurley et al. 1983). S. elegans formed a distinct
center of distribution in the mid to outer Bay of Fundy, with maximum abundance ranging from 432 to
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2,700 per 100 m3 in spring and fall
(Hurley et al. 1983). In 1969, the
center of distribution was located near
Saint John, and in 1974 a bit further
towards the Nova Scotian side of the
Bay of Fundy (Fig. 2.7.15, Iles 1979).
Similarly, Graham (1936) described
such a Sagitta patch near Saint John in
earlier days, and Iles (1975)
speculated that this concentration
might be a “local, persistent, selfreplicating unit”.
Concentrations of gelatinous
carnivorous zooplankton such as
ctenophores have often been
associated with dramatic declines in
the standing stocks of other
zooplankton such as crustaceans Fig. 2.7.13. Distribution of copepods in the Bay of Fundy in fall 1969
(Milne & Corey 1986). In distribution (from Iles 1979).
and abundance surveys between
1975-1982, the ctenophore
Pleurobrachia pileus occurred
regularly and formed one persistent
center of distribution in the region
between Grand Manan and the
Northern coast of Maine (Milne &
Corey 1986). Maximum abundances
of up to 12 individuals per m3 were
reached in fall. Another ctenophore
occurring in the Bay of Fundy but in
low numbers was Beroe cucumis
(Milne & Corey 1986).
Other
gelatinous zooplankton in the area are
appendicularians
and
siphonophores.
The two common pelagic snail
species are the pteropods Limacina
retroversa and Clione limacine, which
occurred regularly in the outer Bay of Fig. 2.7.14. Distribution of Eurytemora herdmani in the Bay of Fundy
Fundy between 1973-1981 (Newman (from Roff in Daborn 1984).
& C orey 1984). Maximum
abundances of L. retroversa were 14,100 m-2 and up to 120 per m3 (Newman & Corey 1984). This
pelagic snail feeds on plankton algae and itself forms an important food source for herring. It is also the
only prey of its relative, C. limacine, which is an extreme food specialist (Newman & Corey 1984). C.
limacine is assumed to follow distribution of its principal prey, and occurred in maximum abundances
of 204 m-2 or 1.2 per m3 (Newman & Corey 1984).
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Fig. 2.7.15. Distribution of the chaetognath Sagitta elegans in the Bay of
Fundy in 1969 and 1974 (from Iles 1979).
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