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ABSTRACT: The deep basins on the Nova Scotia shelf contain high concentrations of Calanus 
finmarchicus, C. glacialis, and C. hyperboreus at depths below 200 m. From May to late fall these were 
as high as 20 000 m-3. The dominant specles by numbers was C. finmarchicus; however, its biomass was 
equalled or exceeded by C. hyperboreus. The life cycle of C. finmarchicus in the region of 2 of the 
largest basins showed that breeding started late in winter with a peak in April. High concentrations of 
Calanus suggested that the basins had higher levels of C. finmarchicus production than the adjacent 
shelf with mean depths less than 100 m. All 3 species of Calanus started to accumulate below 200 m in 
May as Stages CIV and CV C. glacialisand C. hyperboreusdid not reproduce in significant numbers on 
the NW half of the shelf but did accumulate in the basins as they were advected from the NE shelf 
region. Resting stages of Calanus resided at depths below 200 m in water at between 8.5 and 11 "C for 
an estimated 7 to 8 mo. The fate of these copepods is uncertain, but evidence suggested that a large 
proportion were preyed on by euphausiids in the deep regions of the basin. The deep basins on the shelf 
make it possible for C. finmarchicus populations to dominate the Nova Scotia shelf zooplankton 
community for most of the year; without the basins the shelf zooplankton would probably resemble that 
of the Grand Banks which has no deep basins, and is dominated by microzooplankton. 

INTRODUCTION 

Deep basins are not common features on most conti- 
nental shelves and their influences on the distribution 
and production of zooplankton and fish populations on 
shelves is unknown. The Nova Scotian shelf contains a 
large number of basins greater than 200 m depth that 
make up ca 5 % of the total area of the shelf. Two of the 
largest basins, Emerald and La Have, are known to 
contain large populations of silver hake Merluccius 
bilinearis that feed principally on the euphausiid 
Meganyctiphanes norvegica (Koeller et al. in press), 
and acoustic data (Sameoto & Cochrane 1985) have 
shown the presence of a large euphausiid population in 
Emerald Basin. Herman (1988) reported an increase in 
zooplankton concentrations below a depth of 200 m 
during the fall in Emerald Basin and Louisbourg basins 
(Fig. 1). Concentrations of zooplankton deep in 
Emerald Basin were dominated by the copepod 
Calanus finmarchicus, whereas in Louisbourg Basin 3 

O Inter-Research/Printed in F. R. Germany 

species of Calan us, C. finmarchicus, C. glacialis and C. 
hyperboreus, were present in similar concentrations 
(Lewis & Sameoto 1989). 

Calanus finmarchicus, C. glacialis and C. hyper- 
boreus are oceanic species which have life cycles that 
include a seasonal vertical migration (Ostvedt 1955, 
Conover 1988). Copepodite Stages IV and V migrate 
from the surface to depths between 400 and 1000 m in 
the open ocean every summer and fall, where they 
remain until the spring when as mature females they 
return to the surface waters to reproduce. This pattern 
is found in all open ocean regions where these species 
occur, with differences in the timing of the reproductive 
period occurring in different geographic regions (Con- 
over 1988). 

Calanus finmarchicus, C. glacialis and C. hyper- 
boreus are all common expatriates from oceanic re- 
gions on the Nova Scotia shelf, with C. finmarchicus 
dominating the zooplankton community during the 
spring and early summer period (Sameoto 1982, 1984, 
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Fig. 1. Positions of zooplankton stations 
and locations of the deep basins and banks 
on the Nova Scotia shelf. Dotted lines rep- 
resent the 200 m contour of the shelf edge 

and basins 

Tremblay & Roff 1983). Little is known about the verti- 
cal distribution of Calanus in the basins of the Scotian 
shelf at different times of the year, nor is anything 
known about the importance of these high concen- 
trations of copepods in the deep regions of the basins to 
the total zooplankton community on the shelf. Earlier 
studies on zooplankton production and distribution 
(Tremblay & Roff 1983, O'Boyle et al. 1984, McLaren et 
al. 1989) were based on data collected in the top 200 m 
of the water column and therefore missed the concen- 
trations of zooplankton in the deep basins. This study 
describes seasonal changes in the Calanus community 
of Emerald and other basins and compares the produc- 
tion of C. finmarchicus in Emerald Basin to its esti- 
mated production on Emerald Bank (McLaren et al. 
1989). 

METHODS 

The study area, sampled between 1984 and 1988, 
included the major basins on the Scotian shelf (Fig. 1) 
and stations on the shallow plains and banks. Mesozoo- 
plankton samples were taken with the Bedford Insti- 
tute of Oceanography Net and Environment Sensing 
System (BIONESS), an opening and closing net sam- 
pler with 10 nets of 1 m2 mouth opening each with a 
mesh size of 243 pm (Sameoto et al. 1980). The BIO- 
NESS also continuously measured temperature and 
salinity during tows by means of a Guildline Instru- 
ments digital conductivity, temperature and depth 
instrument (CTD). The flow through the nets was moni- 
tored with external and internal flowmeters. The BIO- 
NESS was towed at a speed of 3 knots as it was slowly 
lowered along an oblique path to the desired depth 
where the nets were opened and closed on command 
from the ship. Each net filtered between 30 and 150 m3 
of water per sample. Samples were taken every 5 to 
10 m depth stratum in the region from the surface to the 
thermocline, and at ca 10 to 20 m intervals below the 
thermocline. 

Samples were also taken with an unmetered 0.75 m 
diameter opening and closing ring net, with a 246 pm 
mesh, towed vertically at 1.5 m S-'. This sampler was 
used on ships of opportunity that were unable to oper- 
ate the BIONESS and enabled us to obtain a time series 
of zooplankton vertical structure at a single station in 
Emerald Basin. The volume of water filtered by the ring 
net was estimated by multiplying the vertical distance 
it was towed by its mouth area. Because the net did not 
take into account the effect of currents or the ship's drift 
it probably underestimated water filtered and overesti- 
mated the numbers of zooplankton m-3 by between 20 
and 30 %. However, because the exact degree of over- 
estimation is unknown, no corrections were made to 
these data. 

In situ zooplankton concentration and sizes were also 
measured using an optical zooplankton counter (Her- 
man 1988). This instrument counted and sized particles 
between 0.5 and 20 mm in spherical diameter. It was 
mounted on the side of the BIONESS with a rectangu- 
lar collecting net (8.5 X 30 cm) in front of the sampler 
mouth. It provided in situ data of the zooplankton 
concentration during the profiles. The counter gave 
information on the vertical distribution of zooplankton 
with an effective resolution of ca 30 cm. The counter's 
accuracy decreased with increased zooplankton 
density due to coincident counts. At concentrations 
greater than 4000m-3 a coincidence correction is 
required (Herman 1988). The optical counter also 
measured light attenuation and thereby indirectly pro- 
vided an approximate depth for the chlorophyll 
maximum (Herman et al. in press). 

The zooplankton samples were preserved in a 5 '10 
formalin seawater solution buffered with sodium borate 
and strontium chloride. All samples were sorted for 
macrozooplankton (animals > l  cm in length) and 
ichthyoplankton that were removed, identified, and 
weighed wet after excess water was removed by blot- 
ting. The remaining mesozooplankton sample was fil- 
tered over a 50 pm screen under vacuum to remove the 
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water until water ceased to drip from the filter and was 
then weighed to obtain a wet biomass. The sample was 
then split to obtain a subsample of about 400 animals 
using a Motoda splitter (Motoda 1959); these animals 
were identified to species and the Calanus spp, staged. 
The maturity stages of female C. finmarchicus were 
determined and classified into the following 3 
categories: 
(1) Developing females; ovaries formed, oviducts 

lightly colored, developing a few small pale eggs, 
abundant oil and the copepod in good condition. 

(2) Gravid females; oviduct and body very dark and full 
of mature sized eggs, copepods in good condition. 

(3) Spent females; oil in body depleted, oviducts with 
very little contents, female in poor condition and 
pale. 

Fig. 2. Profiles of temperature, salinity, 
relative Light attenuance and in situ opti- 
cal zooplankton concentration profiles for 
Emerald Basin during June and Sep- 
tember, and profiles for Louisbourg Basin 
in September. Bottom depths: Emerald 
Basin 272 m, Louisbourg Basin 285 m. 

CM: chlorophyll maximum 

Oxygen concentrations in the total water column of 
Emerald Basin were determined from triplicate water 
samples collected at various depths with a rosette sam- 
pler or measured by means of an oxygen electrode 
mounted on a CTD. 

RESULTS 

Physical oceanography of basins 

Deep regions of Emerald and La Have Basins differ 
from the shallow regions of the shelf during all seasons. 
Below ca 100 m, the basins contain slope water with 
temperature and salinity much higher than found in the 
upper l00 m for most of the year (Fig. 2).  The warm 
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saline layer is a permanent feature (Drinkwater & Tay- 
lor 1982, Drinkwater & Trites 1987). These 2 basins are 
flushed by slope water intrusions several times during 
winter displacing the lower density basin water (Her- 
man et al. in press). The mean upwelling velocity was 
estimated to be only 0.1 mm S- ' ,  thereby presenting 
little or no displacement for the zooplankton resident in 
the deep regions of the basins. The basins on the NE 
shelf are not influenced by an inflow of warm slope 
water and the waters in the deeper regions of these 
basins are colder and less saline during all seasons of 
the year (Rowell et  al. 1985, Drinkwater & Trites 1987) 
(Fig. 2). 

The light attenuation profiles in Emerald and La 
Have Basins during June and September generally 
showed a decrease from the surface to the depth of the 
chlorophyll maximum where a sharp increase occurred 
(Fig. 2). Below the chlorophyll maximum attenuation 
decreased sharply. From 50 to 160 m light attenuation 
remained relatively stable to 160 m where an increase 
occurred for a short depth interval and then a decrease 
at about 180 m. Below 200 m the light attenuation 
increased to bottom. 

The light attenuation in Louisbourg Basin during the 
fall was different from that of Emerald Basin in that 
there was little change in attenuation with depth below 
100 m. The large increase in attenuation below 200 m 
in Emerald Basin was not present and there was only a 
slight increase in attenuation in the bottom 20 m 
(Fig. 2). 

Distribution of zooplankton measured 
by optical counter 

Profiles of the concentrations of zooplankton m-3 
made with the optical counter showed that the variabil- 
ity of concentration at successive depths was very 
small, generally less than twice the mean value (Fig. 2). 
The data suggest small localized areas with higher 
concentrations of zooplankton. The counter had a hori- 
zontal resolution of 2 cm, the thickness of the detector 
light beam, and a vertical resolution of 30 cm, the 
vertical dimension of the collecting net in front of the 
optical counter (Herman 1988). 

The vertical pattern of zooplankton concentration 

was similar in all the basins during June and October, 
generally showing high concentrations in the upper 
40 m and low concentrations from 40 to about 200 m 
(Fig. 2). Below 200 m there was a rapid increase in 
concentration to between 1300 and 4000 m-3. 

There was a positive relationship between sharp 
increases in light attenuation and in concentration of 
zooplankton rnp3 in the upper 40 m in the Emerald 
Basin profiles. No relationship between zooplankton 
concentration and light attenuation was seen in Louis- 
bourg Basin (Fig. 2). Particles in the water responsible 
for the increased light attenuation between 20 and 
40 m were believed to be phytoplankton cells, because 
Herman (1988) showed a close relationship between 
the chlorophyll maximum layer and an increase in light 
attenuation at these depths. Below the euphotic zone, 
chlorophyll concentrations were <O.l mg m-3 (Her- 
man et al. in press) and, therefore, the increased light 
attenuation below 140 m was probably detrital material 
with very little if any chlorophyll. 

The concentrations of zooplankton did not show any 
obvious relationship with temperature or salinity in any 
of the zooplankton profiles. There was little change in 
the temperature and salinity below 200 m in all the 
basins, but yet in all of the profiles there was an 
increase in the concentrations of the copepods (Fig. 2). 

The oxygen concentration of the slope water in 
Emerald Basin gradually decreased to ca 5 mg 1-' near 
the bottom during all months with no evidence of 
oxygen depletion near the bottom (Fig. 3). Oxygen 
levels in the basins on the northeastern end of the shelf 
were not measured. 

Season vertical distribution and abundance 
of Calanus spp. 

Calanus finmarchicus was the most abundant 
copepod in Emerald and La Have Basins during all 
sampling periods. Between February and October, C. 
finmarchicus represented up to 70% of the all 
mesozooplankton in the water column and C. glacialis 
and C. hyperboreus accounted for 1 to 27 % of the total 
(Table 1). The main concentration was found in the 
deep part of Emerald Basin during all months except 

0 5 U 6 Fig 3. Distnbution of oxygen in Emerald 
Basin during d~fferent seasons 
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April. There was no evidence of a significant popula- 
tion of C. glacialis or C. hyperboreus in the upper 50 m 
during any of the sampled periods, which suggested 
that these species did not reproduce in the Emerald 
Basin region, but were probably advected from the 
northeastern region of the shelf where they were very 
common (Fig. 4) (Lewis & Sameoto 1988a, b ,  c, 1989). 

There were large seasonal changes in the vertical 
concentration of all 3 species of Calanus in Emerald 
Basin (Fig. 4). During February C. finmarchicus con- 
centrations were low from the surface to about 225 m,  
whereas below 225 m their concentrations increased 
sharply. This same pattern was also seen for C. hyper- 
boreus but less so for C. glacialis. During April the 
highest concentrations of C. finmarchicus were at 20 m 
with no evidence of large concentrations below 200 m, 
while the concentrations of C. finmarchicus, C. hyper- 
boreus and C. glacialis below 200 m were the lowest of 
all (Table 2). 

On May 19, the concentrations m 3  of Calanus fin- 
marchicus in the top 40 m were similar to the April 
values but the concentrations below 40 m were higher, 
suggesting that the new generation of Stages CIV and 
CV were migrating into the deep water. The concen- 
tration of C. hyperboreus and C. glacialjs showed an 
increase below 200 m in May, indicating that these 
species were also accumulating in the deep regions of 
the basins. On June 7 ,  data continued to show a similar 
pattern to that seen in May for all 3 species of Calanus. 

The July, September and October samples all 
showed similar patterns for the vertical distributions of 
the 3 Calanus spp. The highest concentration of C. 
finmarchicus below 200 m occurred in September; this 
suggested a continuous accumulation of copepods 
throughout the summer and fall (Fig. 4). The popula- 
tions of the other 2 species of Calanus did not increase 
in the basin during the summer and fall, which indi- 
cated that these species were brought into Emerald 
Basin between May and July. However, year-to-year 
population variations make it impossible to make a 
definitive statement about the arrival time of these 
species into the basin. 

The distribution of Calanus spp. on the shallow re- 
gions of the shelf was similar to the upper waters over 
the basins. But in June 1988, the concentrations of C. 
finmarchicus over Emerald Bank were more than an  
order of magnitude lower than those in the upper 50 m 
in Emerald Basin. The highest concentrations of C. 
finmarchicus on Emerald Bank in September were near 
the bottom, that suggested that the copepods were 
seeking deep water. The concentrations of C. finmar- 
chicus on the bank were similar to those at  the same 
depths in the Emerald Basin. 

The species composition of Calanus in Louisbourg 
Basin was significantly different to that of the Emerald 
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E M E R A L D  B A N K  

E M E R A L D  B A S I N  

N U M B E R  P E R  

Fig. 4. Calanus spp. Vemcal dstribution in Emerald Basin during different months. (0 )  C. fmrnarchicus; (m) C. hyperboreus; (0) C. 
glacialis. Note different scales for numbers 

and La Have Basins. In October the 3 Calanus species the 2 regions was the higher concentrations of Calanus 
in Louisbourg Basin had similar concentrations m-' hyperboreus and C. glacialis in the N E  and evidence of 
(Table 2). an accumulation in June of C, hyperboreus and C. 

The basins in the NE half of the shelf were only glacialis but not C. finmarchicus in the deeper part of 
sampled in June and October, but they showed similar Louisbourg Basin during June (Fig. 5). It is possible that 
vertical distribution patterns to Emerald and La Have C. hyperboreus and C. glacialis developed to Stage IV 
Basins on these dates. The primary difference between earlier than C. finmarchicus or else underwent sea- 

Table 2. Calanus spp. Concentrations m-* and estimated percentage of Calanus volume of each species in deep regions (> 200 m) 
of the basins 

Date Depth 
range (m) C. finmarchrcus 

No. Percent Percent 
m-' of total of total 

Calanus Calanus 
population biomass 

Calanus species 

C. glacialis C. hyperboreus 
No. Percent Percent No. Percent Percent 
m-2 of total of total m-' of total of total 

Calanus Calanus Calanus Calanus 
population biomass population biomass 

Emerald Basi 
Feb 10, '88 
Apr 14, '88 
Apr 26, '88 
May 19, '88' 
Jun 07, '87 
Jun 10, '88 
Jul 06, '87 
Jul 27, '87" 
Sep 03, '87a 
Sep 18, '85 
Sep 28, '86 
Oct 26, '84 

La Have Basin 
Jul 30, '87 175-235 61 555 32 
Oct 28, '84 200-230 28247 69 

Louisbourg Basin 
Sep 21, '85 200-285 134 225 3- 

I a Samples taken with ring net 
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L o u i s b o u r g  B a s i n  

N U M B E R  P E R  m3 

Fig. 5. Vertical distributions of concentration of Calanus spp. 
and of total zooplankton biomass g m-3 in Louisbourg Basin. 
(e) C. finrnarchicus; (m) C. hyperboreus; (0) C. glaclalis; N/A:  

data lost 

sonal vertical migration earlier or were remnants of an 
overwintering population. 

Daylnight differences 

Calanus finmarchicus, C. hyperboreus and C. gla- 
cialis did not show any evidence of diurnal vertical mi- 
gration from below 200 m (Fig. 6). 

t - B l O M A S S  PER m3 

Fig. 6. Day/night vertical distribution of total numbers m-3 of 
Calanus spp. and total zooplankton biomass g m-3 in La Have 
Basin. (e) C. finrnarchicus; (m) C. hyperboreus; (0)  C. glacialis 

Table 3. Calanus spp. Percentages of copepodite stages below 
200 m in Emerald Basin 

Date Copepodite stage 

Male Female CV1 CV CIV C111 C11 

C. finmarchicus 
Feb 10. '88 3 17 63 15 1 
Apr 14, '88 8 8 69 10 4 1 
Apr 26, '88 27 12 48 10 2 0.5 
May 19, '88 7 5 38 20 16 9 
Jun 10, '88 8 2 85 3 1 0.5 
Jul 27. '87 0.4 4 92 3 
Sep 03, '87 0.5 4 93 3 
Oct 26, '84 1 2 97 1 

C. glacialis 
Feb 10, '88 100 
Apr 14, '88 47 50 2 0.5 
Apr 26, '88 92 7 1 
May 19, '88 71 12 7 7 
Jun 10, '88 67 33 
Jul 27, '87 51 49 
Sep 03, '87 53 47 
Oct 26, '84 87 13 

C. hyperboreus 
Feb 10, '88 95 4 
Apr 14, '88 0.5 49 44 3 
Apr 26, '88 43 48 7 0.3 
May 19, '88 22 72 5 
Jun 10, '88 10 88 1 
Jul 27, '87 3 85 11 
Sep 03, '87 100 
Oct 26, '84 10 90 

There were no major differences in the vertical day/ 
night profiles of total zooplankton biomass or concen- 
trations of Calanus spp. below 80 m. Above 80 m there 
was a slight increase in biomass at night due to the 
upward migration of euphausiids (Fig. 6). Calanus spp. 
below 80 m were mainly resting stage individuals that 
probably remained at these depths until the following 
spring. 

Vertical distribution of Calanus spp. stages 

Calanus finrnarchicus concentrations between 50 
and 200 m from June to October were usually < 50 m-3 
during both day and night. The copepodites in this 
depth range were primarily CIV and CV, with CV 
dominating. However, small numbers of CIII and C11 
were found below 200 m during April and June 
(Table 3).  Copepodite Stages C1 to C111 were concen- 
trated in the upper 40 m during all sample periods. 
Below 200 m during February to June C. finrnarchicus 
males and females were common indicating that some 
individuals were reproducing. After June the percent- 
age of males and females dropped, primarily because 
of increased CVs of the new generation. 
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E M E R A L D  B A N K  

E M E R A L D  B A S I N  

B I O M A S S  P E R  rn3 

Fig. 7. Vertical distribution of total zooplankton biomass (g m-" for Emerald Basin through the year and Emerald Bank for June 
and September 

Calanus glacialis CV was the only stage of this 
species found below 200 m during February, whereas 
Stages CIV and CV were dominant between April and 
September. In October CV was the dominant stage of 
C. glacialis. No males were found and only a small 
number of females were seen in early April (Table 3), 
suggesting that C. glacialis did not breed in the 
Emerald Basin area. 

Copepodite CIV was the most common stage of C. 
hyperboreus during all months but April. In April CIII, 
CIV, CV, and male and female CV1 were present 
(Table 3). 

Seasonal distribution of copepod biomass 

Depth profiles of the total zooplankton biomass 
(g  m-3) in Emerald Basin showed a biomass maximum 
between 230 and 250 m during May to October (Fig. 7) 
with the highest concentration m-3 found in July. The 
lowest total biomass (g m-*) occurred during February 
and the highest in May (Table 4). No samples were 
collected between November and February, so it is 
unknown if the biomass m-' continued to increase or 
decreased after October. 

The biomass m-3 in the upper 50 m of Emerald Basin 

Table 4. Total zooplankton and euphausiid wet biomass m-2 (g m-') 

Date Total zooplankton biornass Total zooplankton Euphausiid blornass in Percentage of total water column 
in entire water column in bottom 100 m entire water column biornass in bottom 100 m 

Emerald Basin 
Feb 10, '88 34.4 30.9 0.4 90 
Apr 14, '88 47.4 20.4 3.1 27 
Apl 26, '88 55.0 17 5 3.2 32 
May 19, '88 308 14 1 14.6 4 6 
Jun 07, '87 72.5 59.6 0.9 82 
Jun  10, '88 92 63.2 8.0 69 
Jul 27, '87 l78 157 2.0 88 
Sep 18, '85 94.5 76.9 1.0 8 1 
Oct 26, '84 66.3 58.1 6.2 88 
La Have Basin 
Apr 14, '88 179 89 25.2 50 
Jun 08, '88 110 79 29.5 7 2 
Jul 30, '87 518 481 1.0 93 
Oct 28. '84 46.8 31.6 1.6 68 
Louisbourg Basin 
Sep 28, '85 228 212 1.3 93 
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was about 5 times greater than it was at  the same 
depths on Emerald Bank during June. During Sep- 
tember the values were similar in the basin and on the 
bank (Fig. 7). Data from the optical zooplankton 
counter towed on a Batfish over transects across 
Emerald Basin and Bank at the same times as the 
BIONESS sampling confirmed the large differences 
seen in zooplankton concentrations with the BIONESS 
(Herman pers. comm.). 

Copepods represented up to 90 O/O of the total zoo- 
plankton biomass below 200 m in the basins with the 
euphausiids, primarily A4eganyctiphanes norvegica, 
the second most important group, making up between 
1 and 27 % of the biomass. No other single group of 
animals made up more than 1 % of the total biomass in 
the deep regions of the basins. 

The body volumes of Calanus hyperboreus CIV and 
CV are 2.8 and 11.7 times the body volume of C. 
finmarchicus CV (Herman 1988). If it is assumed that 
the specific densities per unit volume of these 2 species 
are the same, then it is possible to estimate the per- 
centages of the total Calanus biomass of each of the 
species represented in the deep regions of the basins. 
This was done by taking the total volume of the differ- 
ent stages of each species relative to the volume of C. 
finmarchicus CV, and assuming these volume per- 
centages were equal to weight-based percentages. 
Based on these assumptions C. hyperboreus rep- 
resented a majority of the Calanus biomass in the deep 
regions of Emerald Basin from February to June and 
almost equalled the biomass contribution of C. finmar- 
chicus for the other months (Table 2). In Louisbourg 
Basin in October C. hyperboreus dominated the bio- 
mass and the contribution of C. glacialis to the biomass 
equalled that of C, finmarchicus. 

DISCUSSION 

Emerald Basin acts as an  accumulation site for 
Calanus finmarchicus, C. glacialis and C. hyperboreus 
that undergo seasonal migration when they reach 
Copepodite CIV and CV. Such basins probably collect 
the copepodites that developed in the water immedi- 
ately over them and also migrating individuals carried 
into them by currents from shallower regions. This 
results in a higher concentration of Calanus in the deep 
basins than would be expected from the production in 
the water column of the basin. The general direction of 
currents on the Nova Scotia shelf in the is from NE to 
SW (Smith & Petrie 1982, Herman et al. in press) which 
means that some of the copepods in the basins likely 
originated from the NE regions of the shelf, or from the 
Gulf of St. Lawrence. Head (unpubl.) found the species 
composition of Calanus in the Strait of Belle Isle region 

of the Gulf of St. Lawrence was similar to that of 
Louisbourg Basin, which may explain how C. glacialis 
and C. hyperboreus accumulated in Emerald Basin 
during the summer when there was no evidence of 
reproduction in the upper layers. Below 100 m (the sill 
depth) the basin is a very quiet physical environment 
with the mean current below 200 m in the spring to fall 
period only 0.008 m S-'  and the low frequency RMS 
amplitude 0.06 m S-'  (Herman et al, in press). These 
weak currents enable Calanus to accumulate below 
200 m and remain there for the winter. 

Large populations of Meganyctiphanes norvegica 
are found in all the basins whereas few were found on 
the shallow plains or the banks (Lewis & Sameoto 
1988a, b,  c, 1989). M. norvegica needs high concen- 
trations of copepods to survive and grow (Sameoto 
1980, McClathie 1985); therefore the high concen- 
trations of Calanus spp. in the deep basin provided a 
favourable growing environment for the euphausiids 
the year around. The high concentrations of copepods 
and euphausiids in Emerald and La Have Basins may 
also be  attractive to juvenile and adult silver hake 
Merluccius bilinearis, in the basin (Cochrane et  al. in 
press), copepods and euphausiids make up a large part 
of the diet of the silver hake (Koeller et al. 1989). 

There was a large decrease in the numbers of the 
Calanus spp.  populations in Emerald Basin over the 
winter. There are 3 likely explanations: (1) that the 
population of Calanus spp. was grazed by predators 
such as the euphausiids and silver hake; (2) possibly 
that a large part of the population in the deep water 
migrated vertically to the upper 50 m prior to February 
10, meaning that some individuals started their sea- 
sonal migration as early as January; (3) that these 
copepods cannot survive on their oil reserves at  tem- 
peratures between 8.5 and 10°C for the period from 
June to February. Respiration rates of the Calanus spp. 
from the deep water of the basin in June were a t  levels 
that would exhaust the oil reserves before the next 
spring. It is unknown if the rates remained a t  these 
levels through the full winter (Head, Bedford Institute 
of Oceanography, pers, comm.). None of these species 
feed while in the resting CV stage (Conover 1962, 
Hiche 1983). 

In Emerald Basin females and males were present 
during all sampling periods (Table 1, Fig. 8),  having 
their highest percentage of the total population in Feb- 
ruary (Table 5). The highest percentage of gravid fe- 
males in the population of females occurred at  the end 
of April, whereas the highest percentage of gravid 
females in the total population in was early in April 
(Table 5). There was an small increase in the percent- 
age of gravid females in late July and August, when 
females represented up  to 5 % of the total population 
(Table 5). The main reproductive period for Calanus 
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FEBRUARY 15 APRIL l4 JUNE 10 JULY 27 SEPTEMBER 3 OCTOBER 26 

PERCENTAGE OF TOTAL POPULATION 

&llc"R$ 
finmarchicus was in April with a smaller one occurring 
in late July. However, when the total numbers of gravid 
females m-' were compared at different times of the 
year they suggest that the July and September period 
may be equal to or more important than spring for 
reproduction (Table 1). In July and September the 
percentage of gravid females in the total population is 
much lower than in spring but the total number m-' 
is higher due to the much higher total population 
(Tablel) .  In July and September the concentration of 
C. finmarchicus in the upper 50 m is much lower than 
in the spring. This may be the result of the copepods 
reaching Stage CV faster in 10 to 20°C water than in 
the 2 to 4 "C water in the spring. The slower growth in 
the spring would cause the population of younger 
copepodites to accumulate in the upper 50 m resulting 
in a large population. 

There were large numbers of CV and CV1 copepods 
below 200 m in February that probably reproduced 
later in the year. Few Calanus finmarchicus were found 
below 200 m on April 14, suggesting that the ovenvin- 
tering population (Go) had migrated to the surface 
waters to reproduce. Therefore, the main breeding 
period was probably between mid-February and mid- 
April. The copepods that stated to accumulate below 

CV 

CVI 

200 m in May were likely CIV and CV of the first new 
generation (G,) produced from eggs laid in mid-Febru- 
ary. A large part of the total population remained in the 
surface waters from May to early July. These could 
have been G, copepods from late breeding Go individu- 
als or they could have been G2 or G3 copepods that 
breed without going into a resting stage. 

McLaren & Corkett (1986) reported that Calanus 
finmarchicus collected from Emerald and Brown's 
Bank, south and southwest of Emerald and La Have 
Basins (Fig. l ) ,  produced 2 generations per year, a 
large one in spring and a much smaller generation in 
late summer. 

Estimates of the number of days it took Calanus 
finmarchicus to reach maturity at different tem- 
peratures were made using Corkett et al. (1986) 
Belehradek's temperature function 

Fig. 8. Calanus finmarchicus. Seasonal 
distributions of copepodites in Emerald 

where a = 17 477; T = water temperature; D = days to 
reach maturity from hatching for C. finmarchicus. 

Gravld females made up 2 % of the total population 
during January and February (Table 5) .  If it is assumed 
that Calanus finmarchicus started to lay eggs on Febru- 
ary 10 - not an unreasonable assumption since 4 % of 

MALE Basin as percentages of the total popula- 
tion 

0 50 0 32 0 4S 0 30 0 W 0 90 0 90 0 103 

Table 5. Percentages of gravid females in total copepodte V1 and total Calanus finmarchicus populations 

Date Percentage of female CV1 in total Percentage of gravid females Percentage of gravid 
C. finmarchicus population in total CV1 population females in total population 

Jan 10, '85a 21 8 2 
Feb 10, '81 57 4 2 
Feb 10, '88 47 11 5 
Apr 14, '88 29 4 0 32 
Apr 26. '88 17 37 8 
Jun 10, '88 14 3 3 5 
Jun  07. '87 10 5 0.5 
Jul 06, '87 11 6 0 6 
Jul 27, '87 14 35 5 
Aug 27, '76 35 10 3.5 
Sep 28. '86 10 10 1 
Oct 26, '84 13 3 0 4 

a Samples taken with 0.75 m ring net towed from bottom to surface 



Sarneoto & Herman: Calanus spp. in deep basins 235 

Table 6. Calanus finarchicus. Estimated number of generations using Belehradek's growth equation (Corkett & McLaren's (1986). 
Generabon G4 reaches Stage CV in 22.7 d or Day 256 when it is assumed to migrate into deep water and goes into a resting stage 

Parent generation Day of the Date they Water No. of days from New generation 
year they reproduce reproduce temperature ("C) egg to Stage CV1 

Go 4 6 Feb 10 2 97 G 1 

G I  143 May 18 6 55 G2 
G2 198 July 12 10 35 G3 
G3 233 Aug 18 12 29 G4 

the female CV1 were spent on this date (Table 1) - an 
estimated 4 generations could be produced by Sep- 
tember i f  each generation omitted the resting stage 
(Table 6). These calculations of the number of genera- 
tions are obviously much too simple, since they do not 
consider other environmental factors besides tempera- 
ture, but the above data suggests that more than 2 
generations are possible. 

If there are only 2 generations as suggested by 
McLaren et al. (1989), then how do we explain the 
presence of gravid females during all months sampled 
from January to October? Possibly a small number of 
females laid eggs in January and February that 
developed into Stage CIV or CV copepodites that 
migrated into the deep water during May and 
remained in the resting stage until the next winter. A 
second possibility is that they may remain in the deep 
water for only a short time before maturing and return- 
ing to the surface to reproduce the late summer genera- 
tion. The presence of large numbers of gravid and 
developing females below 200 m from June to Sep- 
tember suggests that this may happen. If this is so then 
the life cycle of Calanus finmarchicus is not as simple 
as suggested by McLaren et al. (1989). 

McLaren et al. (1989) estimated yearly production 
and turnover rate of Calanus finmarchicus on Emerald 
Bank, an area about 60 km south of Emerald Basin. 
They assumed 2 generations per year, with the second 
generation ovenvintering as CV. They also assumed 
that all females plus one-half the copepodites of each 
generation s u ~ v e d  to reproduce 250 eggs each. The 
size of the cohort of the ovenvintering population in 
February was estimated to be 22.6 m-3 and this cohort 
(Go) produced the first new generation (G1). The size of 
the G, breeding cohort in early June was estimated to 
be between 8.0 and 7.8 m-3 which produced genera- 
tion G2. The size of the reproducing cohort G2 in early 
August was 1.7 m-3. The assumptions McLaren et al. 
(1989) made were also made in estimating production 
of C. finmarchicus in Emerald Basin. To estimate 
cohorts it was assumed that only copepods in the upper 
50 m were potential breeders. This overcame the prob- 
lem of the large numbers of resting individuals that 
accumulated in the deep water of the basin. In the 

present study the estimated size of the cohort for Go 
was 121 m-3 in February, 133 m-3 for G1 in early June 
and 196 m-3 for G2 in late July. These cohort values are 
5.3 to 115 times larger than the cohorts on Emerald 
Bank found by McLaren et al. (1989), which suggests 
that C. finmarchicus production within basins was 
probably between 1 and 2 orders of magnitude greater 
than that on Emerald Bank, which was estimated at 
122 mg dry wt m-3 (McLaren et al. 1989). We could not 
calculate with any more confidence the production of 
C. finmarchicus in Emerald Basin for 3 reasons. First, 
we lacked an adequate time series of samples. Second, 
with the accumulation of CV and CIV copepodites in 
the deep water there was no way of telling if these 
individuals all originated from the basin region, or if 
they were advected from some other area. Third, the 
percentage of generation G, which migrated into deep 
water and the percentage that produced generation G2 
are unknown. 

The hlgh estimated yearly production of Calanus 
finmarchicus combined with the accumulation of very 
high concentrations of Calanus spp. below 200 m make 
Emerald and the other basins regions of exceptionally 
high biological activity. Different regions of the shelf 
probably have different C. finmarchicus production 
levels depending on the size of the initial breeding 
population and the size of the basins. Therefore it is not 
possible to extrapolate the results from a small region 
to the entire shelf or parts of the shelf. 

The low concentrations of Calanus finrnarchicus 
between 50 and 200 m during day and night between 
May and October may be due to a slow downward 
migration of Stages CIVand CV rather than a single 
mass migration. If so, than there may be a continuum of 
ages of CIV and CV in the layers below 200 m that may 
reproduce at  different times in the late winter and 
spring. C. glacialis and C. hyperboreus accumulated in 
the basin possibly by being canied to the basin by 
advection from the coastal Scotia Current, which con- 
tains concentrations of C. hyperboreus CIV and CV 
that conceivably originated from the Gulf of St. Law- 
rence (Herman et al. in press) or from Labrador Current 
water that is advected on to the shelf. 

The vertical distribution of Calanus spp, in Emerald 
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Basin was similar from May to October. Concentrations 
increased below 200 m and continued to increase until 
about 240 to 250 m, after whlch depth there was gener- 
ally a decrease near the bottom. This decrease near the 
bottom may have been due to predation by high concen- 
trations of Meganyctiphanes norvegica on the bottom. 
Photographic and video observations showed the bot- 
tom 2 m to have high concentrations of euphausiids and 
chaetognaths (Cochrane et al. in press). During the day 
there is also a large population of juvenile silver hake 
and sandlance Ammodytes amencanus on the bottom 
(J. Nielson, Department of Fisheries and Oceans, St. 
Andrews, N.B., pers, comm.). All of these species are 
potential predators of Calanus spp. near the bottom. 

This study has shown that the basins on the Nova 
Scotia shelf are distinctly different from the shallow 
plains and banks. The accumulation of Calanus spp. in 
the deep water may provide the food base for larger 
macrozooplankton and fish. Basins greater than 200 m 
depth make up only about 5 % of the shelf area, but in 
the fall the biomass of zooplankton in the basins was 
estimated to be up to 5 0 %  of the total zooplankton 
biomass on the shelf (Lewis & Sameoto 1988a, b, c, 
1989). The fall Calanus population below 200 m in the 
basins represented 56 O/O of the total Calanus population 
on the shelf. This estimate was based on an autumn 
concentration of Calanus in the upper 200 m of the 
entire shelf of 1 0 4 5 0 r n - ~  and a concentration of 
3 0 1 9 2 0  m-2 below 200 m in the basins (Sameoto 
unpubl.). 

The deep basins on the Nova Scotia shelf influence 
the composition of the zooplankton community of the 
shelf. If the basins did not exist it is likely the Nova 
Scotia shelf zooplankton would resemble that of the the 
Grand Banks which is dominated by microzooplankton 
and gelatinous zooplankton, with Calanus spp. a minor 
component advected on to the edge of the bank from the 
slope water (Anderson & Gardner 1986). Krause P1 
Trahms (1983) discussed the origins of C. finmarchicus 
on the North Sea shelf, which has no deep basins, and 
came to the conclusion that the population is 
replenished each spring by transport from the deep 
waters from the shelf edge, since the absence of deep 
basins on the North Sea shelf resulted in C. finmarchicus 
being advected off the shelf each year. Clearly, to 
understand the production of the Nova Scotia shelf we 
must have a better understanding of the production in 
the basin regions and the physical processes that cause 
copepods to accumulate and remain in them. 
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