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ABSTRACT: Distribution patterns, abundance and species composition of the assemblages of fish eggs
and larvae in Conception Bay, Newfoundland. Canada. during the early summers of 1990 and 1991 are
described. Several species appear to use Conception Bay as a spawning ground. lnterannual and
seasonal differences in both species composition and abundance in the bay appear to be associated
with differences in environmental conditions, particularly with temperature. Both egg and larval abundances were lower by an order of magnitude in 1991 corresponding to the coldest and less saline
waters. Temperature and wind were the environmental factors most associated with the spatial distribution of eggs. In both years, highest abundances of all species were usually found at the head and
the eastern side of the bay, corresponding to the warmest waters under dominant westerly winds. On
one occasion, greatest abundances and warmer waters were found on the western side of the bay, concomitant with a southerly wind episode. Clustering samples by their relative species composition
revealed well-defined assemblages of fish larvae. The variability in relative species composition was
strongly associated with the physico-chemical conditions of the surface layer and was consistent with
patterns of seasonal successions observed in other ecosystems. We propose that temperature is the
principal factor controlling spatio-temporal occurrence of fish eggs and larvae in Conception Bay and,
most probably, in coastal waters of Newfoundland and Labrador, Canada. This association may be critical in ecosystems characterized by an extremely short growing season. Conception Bay may play an
important role in the early-life history of fish inhabiting the northeast Newfoundland/Labrador shelf.
Even if a smaller proportion of fish reproduced in the coastal reglon, their offspring may contribute signiflcantly to the number of individuals recruiting to the population if growth and survival are considerably higher in coastal areas than in offshore areas due to the presence of more favourable habitats for
early-life stages of fish.
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INTRODUCTION
An essential aspect of fish reproduction is that eggs
and larvae be placed in favourable habitats with
characteristics that will maximise the probability of
survival through the planktonic phase. In fact, there is
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a general consensus that most of the mortality of individuals in a fish population occurs during the early-life
stages (Cushing 1975). Favourable habitats have been
defined by both their biological (high abundance of
food, low abundance of predators; Leggett 1985) and
physico-chemical characteristics (suitable salinitytemperature conditions: Laprise & Dodson 1993; circulation patterns promoting retention or transport to
nursery areas: Harden Jones 1969, Sinclair 1988).
Coastal environments such as bays, fjords and
islands may constitute favourable habitats for the
early-life history of a great number of fish living in a
variety of marine ecosystems (Frank & Leggett 1983,
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Boehlert & Mundy 1993, Leis 1993, McGowen 1993).
These environments are often characterized by high
availability of food organisms (Frank & Leggett 1982,
1983, Taggart & Leggett 1987, Doyle & Ryan 1989),low
abundance of larval predators (Frank & Leggett 1982,
1983), and may be characterized by circulation features which enhance retention of planktonic stages of
fish. Previous studies have demonstrated that coastal
areas are commonly used as spawning and nursery
areas by a variety of species that are otherwise 'ecologically' different, whether they live in various habitats as adults (e.g. pelagos, benthos and intertidal
zone) or exhibit distinct spawning habits (e.g, demersal, pelagic or beach spawning) (Ellertsen et al. 1981,
Frank & Leggett 1983, Doyle & Ryan 1989, Doyle et al.
1993, McGowen 1993).
Although coastal environments appear to be important in the life cycle of many species of fish in northern
marine ecosystems, little is known about spatiotemporal patterns of utilization by different species or
the
these patterns. Such studies are
Scant, even in the traditionally most productive ecosystems such as the iu'orihwesi Aiidr~iic.Doculneniiiig
their utilization on different spatial and temporal scales
in relation to the variability of the environment represents a n essential step towards understanding and
predicting the effects of environmental changes on
fish populations.
In this paper, we describe the distribution patterns,
abundance and species composition of the assemblages of fish eggs and larvae in Conception Bay, a
northern, physically dynamic coastal environment on
the northeastern shore of Newfoundland, Canada. Our
objectives were (1) to determine whether the large
coastal embayments in Newfoundland constitute
spawning and nursery areas for fish of the northeast
Newfoundland shelf as in similar ecosystems, and
(2) to assess whether the spatio-temporal occurrence
of eggs and larvae in the area are associated with the
environmental conditions (e.g. temperature, salinity,
and day of year) that are most commonly associated
with spatio-temporal distribution of ichthyoplankton in
coastal waters (e.g. Richardson et al. 1980, Loeb et al.
1983a, b).
Conception Bay is part of the Labradorhortheast
Newfoundland shelf ecosystem. The region is characterized by an extensive shelf system constituted of
shallow banks (<200 m) and deep channels extending
to more than 360 km offshore and spanning more than
2000 km from north to south (Fig. 1).Conception Bay is
a fjord approximately 50 km long and 25 km wide with
a maximum depth exceeding 300 m and a total surface
area of about 1000 km2. Previous studies of ichthyoplankton in this region have either been limited to offshore waters >20 km (Frost 1938, Serebryakov 1965) or
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Fig. 1. Conception Bay, Newfoundland, Canada, showing
stations sampled in 1990 (0,
m) and 1991 (+, m) and the site of
the weather station at St. John's Airport. (m)
. . Samples used in
iii:eraiinua! comp;r;,sons

to small embayments <l000 m (Frank & Leggett 1981,
1983, Taggart & Leggett 1987).While most commercial
species of fish are believed to reproduce mainly on the
shelf, the presence of eggs, larvae and juveniles inshore (Frank & Leggett 1981, 1983, Taggart & Leggett
1987, Keats 1990) suggests that large bays bordering
the shelf may contribute to the early-life history of
fishes inhabiting the area.

MATERIAL AND METHODS

Sampling procedure. In 1990, 3 main transects
located between the head and the mouth of the bay
were sampled June 26-29, and July 3-4 and 11-16
(Fig. 1). Each transect consisted of 4 to 8 stations,
approximately 2.7 km apart. Depending on time and
weather conditions, all stations of 1 or 2 transects were
sampled on a given day. In 1991, a grid of 11 stations,
approximately 9 km apart and distributed throughout
the bay, was sampled on July 3, 9 and 15 (Fig. 1 ) .The
day after (July 4, 10 and 16),samples were collected at
7 stations located on 2 transects extending from the
mouth of the bay to 36 km offshore. Finally, a transect
of 7 stations 2.7 km apart located at the mouth of the
bay was sampled daily July 5-8 and 11-14 (Fig. 1, line
CW). All samples in both years were collected during
daylight (07:OO to 19:OO h).
At each station, a vertical profile of salinity and temperature was made using a Seabird 19 (1990) or Seabird 25 (1991) CTD (conductivity/temperature/depth
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meter). Ichthyoplankton was sampled using a small
pelagic trawl (mouth: 2 X 2 m) fitted with a plankton
net of mesh size decreasing from 1000 pm at the mouth
to 333 pm at the cod end (length: 8 m). Two General
Oceanic flowmeters were placed at the mouth of the
trawl to monitor the volume of water filtered. A 15 min
oblique tow was made between the surface and 40 m
at a speed of 2 to 3 knots. Most fish eggs and larvae in
Conception Bay are found in the surface layer which
does not exceed 40 m in depth (J. T. Anderson pers.
comm., Northwest Atlantic Fisheries Center, St. John's,
NF). Volume of water filtered at each tow ranged
between 727 and 3425 m3.
Ichthyoplankton was preserved in 2% buffered
formaldehyde and later sorted by the Atlantic Reference Center (Huntsman Marine Science Center,
St. Andrews, NB, Canada). Taxa that exceeded 200
eggs or larvae in a given sample were subsampled
using a beaker technique (van Guelpen et al. 1982).
Fish eggs and larvae were identified to the lowest taxonomic level possible and larvae were measured to the
nearest mm. In 1991, eggs were assigned one of 4
development stages according to Markle & Frost
(1985) criteria.
Numbers of eggs and larvae in each sample were
standardized to 1000 m3. Abundance estimates of
each taxon were corrected for unidentified individuals ( < O S %).
Data analysis. Distribution patterns were described
along 2 distinct frames of reference: a geographical
framework to visualise the spatio-temporal distribution
of fish eggs and larvae, and an ecological framework
to assess possible associations between biological descriptors and environmental variables (Fromentin et al.
1993). Descriptions were made for 2 levels of biological organization: individual species and species
assemblages.
Individual species: Temporal comparisons of abundance, size or development stage of eggs and larvae in
Conception Bay were made between years (interannual) and between different periods within a cruise
(ca weekly), herein referred to as seasonal comparisons. Analyses were performed using subsets of
samples chosen to avoid sampling bias due to differences in aggregation of samples in space and time
between sampling periods. Interannual comparisons of
mean abundance and size were made using samples
collected at 5 stations distributed throughout the bay
on 3 occasions in both years (July 3-4,9-12 and 14-16;
Fig. 1). Seasonal comparisons in 1990 were made
between 4 periods (June 27-28, July 3-4, 11-12 and
15-16) using samples collected at stations of lines CT3
and CW (Fig. 1).In 1991, seasonal comparisons were
made using all stations visited on July 3, 9 and 15
(Fig. 1; solid circles and crosses inland of line CW).
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Spatial patterns in distribution of eggs and larvae
were described by producing composite maps of abundance using all samples collected in the bay and adjacent shelf waters during a 2 or 3 d period. In addition,
in 1991, statistical comparisons were made between
samples collected within the bay (July 3, 9 and 15) and
on adjacent shelf waters (July 4, 10 and 16; Fig. 1,
crosses seaward of line CW).
The associations among abundance, development
stage or size and physical characteristics of the water
column were assessed using multiple and partial linear
correlation coefficients. Four variables were used to
describe environmental conditions: surface temperature and salinity (5 m), and the average temperature
and salinity for the top 40 m of the water column,
which corresponds to the depth stratum sampled. Prior
to analyses, Linear seasonal trends were removed from
biological and physical variables by calculating the
residuals of a linear regression between each variable
and the day of year. This was necessary because both
biological and environmental variables varied as a
function of time within a year, rendering it impossible
to separate the effects of environmental conditions on
distribution from those patterns due to seasonal trends.
Species assemblages: Multivariate analyses were
carried out to determine whether there were characteristic and recurrent species assemblages of fish
larvae in the bay, and to verify whether the presence of
these assemblages was associated with time of year
or particular environmental conditions. For these
analyses, we used all samples collected in the 2 years
(n = 196). Each sample was described by 14 variables
consisting in the percentage of the total abundance of
larvae in a sample constituted by each of the 14 most
abundant species found in the overall samples collected in the 2 years (Table 3). This method eliminated
seasonal or yearly trends in the overall abundance of
species. Whereas the abundance of all species found in
the bay may vary according to oceanographic conditions or other unknown factors, the relative species
composition may remain similar if all species in the
assemblage show the same response to these factors.
Thus, results are interpreted in terms of relative species composition without reference to seasonal or interannual differences in absolute abundances: a given
species may represent 10 % of the larvae collected in a
sample regardless of its absolute abundance.
The 14 variables were used to construct a chisquared similarity matrix (Legendre & Legendre 1984).
The hierarchical agglomerative clustering model of
Lance & Williams (1967)was used to group the stations
into homogenous clusters. Clusters were then superimposed on a projection in the reduced plane of the
first 2 axes of a principal coordinate analysis in order
to separate groups of samples with similar relative
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species composition. These 3 steps were done using 'R'
software for Macintosh (Legendre & Vaudor 1991).
Spearman correlations were calculated between the
principal axes and the original data in order to identify
species that contributed the most to the formation of
each group of samples (Legendre & Legendre 1984).
Finally, a discriminant analysis was conducted on the
groups of species formed in order to interpret the intergroup variability in relative species composition with
temperature, salinity and the day of year.

RESULTS

Environmental conditions
The water column in Conception Bay presented typical summer conditions both in 1990 (Fig. 2) and 1991.
The water column was generally well stratified and
characterized by a warmer, less saline and well-mixed
layer of less than 23 m (Table l ) , separated by a
thermo-halocline from the very cold (<Z0C)and more
saiine boiiom iayer (Fig. 2 ) . At a iew stations sanipied
in 1991, there was another uniform layer present
within the first few meters ( c 9 m) of the water column.
This second uniform layer was colder and less saline
than the one below. The presence of this layer was
probably the result of melting from the great number
of icebergs observed in the bay in 1991 but not in 1990.
The entire water column was colder and less saline
in 1991 than in 1990 (Table 1).The mean depths of the
surface and upper mixed layers were greater in 1990
than in 1991, probably due to greater mixing of surface
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Fig. 2. Vertical profile of temperature (T), salinity (S) and
density (0,)
at Stn CW4 (set 31) in Conception Bay. July 3,
1990. Z; depth of the surface mixed layer; Z,: depth of the
upper mixed layer

Table 1 Environmental conditions at 5 selected stations in
Conception Bay (Fig. l ) , 1990 and 1991. SML: surface mixed
layer, defined as the depth where temperature was 1" less than
that of surface waters; UML: upper mixed layer, defined as the
depth where temperature reached -1.3"C. ~ncludingthe thermocline. For wind data, overall averages were based on daily
average wind speed
Variable

Mean

SD

Min

Max

1990

Temperature ("C)
5m
Avg. 40 m
Sallnity
5m
Avg. 40 m
Depth (m)
SML
UML
Stratification
Te~npardlure("C 111-l)
Salinity (m-')
Wind speed (m S - ' )
1991

Temperat~~re
["C)
5m

Avg. 40 m
Salinity
5m

Avg. 40 m
Depth (m)
SML
UML
Stratification
Temperature ("C m-')
Salinity (m")
Wind speed (m S")

waters caused by the presence of wind of higher velocities in 1990, as well as higher average atmospheric
temperature. Average vertical stratification of the
upper mixed layer was not different for temperature
between the 2 years whereas stratification in salinity
was twice as much in 1991 as in 1990.
Wind appears to have a major effect on the spatial
distribution of surface isotherms in the bay (Fig. 3).
During most of the sampling periods in 1990 and 1991,
wind blew mainly from a westerly direction, displacing
warm surface waters towards the southeastern side of
the bay. This movement of surface waters induced
upwelling of cold water along the west coast, creating
a lateral gradient in temperature across the bay. As a
result, temperature of the surface well-mixed layer
was higher at the head and on the eastern side of the
bay. A particularly strong lateral gradient in temperature was observed on July 11-13, 1990, concomitant
with a period of higher wind velocity. On this occasion,
there was a difference of more than 3.0°C over only
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15 km at the mouth of the bay (Fig. 3). On July 3 to 4,
1990, wind blew mainly from the southern direction. In
a manner consistent with earlier observations by Frank
& Leggett (1982), surface waters were then colder on
the eastern side of the bay and warmer on the western
side. Temperature and wind patterns on June 27 and
28, 1990 (not presented in Fig. 3),were similar to those
observed on July l l to 13.
In both years, the surface layer became significantly
warmer as the season progressed (Table 2) and this
warming progressed from the head towards the mouth
of the bay (Fig. 3). However, temperatures observed in
the bay at the end of June 1990 were not reached
before the middle of July in 1991. In 1990, average
temperatures of the surface mixed layer increased
from 7.6"C on June 27-28 to 9.0°C on July 3-4. On
July 11-13, average surface temperatures were lower
by more than 1' compared to July 3-4, probably due to
the strong upwellings observed on the western side of
the bay. After this event, surface waters warmed again
to reach average temperatures of 8.7"C on July 15-16.
In 1991, surface temperatures went from an average of
6.2"C on July 3-4 to 8.4"C on juiy is-i6. Saiinity oi
surface waters also increased significantly as the
season progressed in 1990, but not in 1991 (Table 2).
Surface salinity and temperature were significantly
intercorrelated when the effect of seasonal warming
was removed (Table 2). However, the relationship was
different between the 2 years. In 1990, stations with
higher surface temperatures were on average less
saline than those with lower surface temperatures. In
contrast, higher surface temperatures were associated
with more saline waters in 1991. Small linear correlations indicate a high variability around these

patterns. Factors such as wind velocity, the presence of
cloudhain or melting iceberg may all have contributed
to this variability. Temperature showed the most consistent patterns in both space and time in the 2 years
sampled.

Individual species distribution
Eggs

The eggs of 8 species representing 4 families were
found in Conception Bay (Table 3). The eggs of all 8
species were found in both years except witch flounder
which only occurred in 1990. There was an average of
707 * 416 (SD) eggs per 1000 m 3 in 1990 and 4 species
constituted more than 89% of all eggs sampled
(Table 3). Cod and yellowtail flounder were most
abundant, with more than 200 eggs per 1000 m' on
average. Plaice and cunner were next with about
100 eggs per 1000 m3.
The abundance of fish eggs in 1991 was lower by almost an order oi magnitude compared to i990. On average, only 91 c 90 fish eggs per 1000 m3 were sampled in
the bay that year. All species were significantly less
abundant in 1991 than in 1990 (Table 3).Cod, plaice and
yellowtail constituted nearly 99% of all the eggs, with
more than 19 eggs per 1000 m3. Pre-embryonic eggs
(stage I), which do not last longer than a few days at the
temperature observed (Page & Frank 1989),constituted
a significant proportion of all species of eggs collected
(Fig. 4), indicating spawning within the bay.
Day of sampling was an important source of variability
in fish egg abundance. In 1990, the mean abundance of
eggs in the bay almost doubled as the season
progressed, going from 467 eggs per 1000 m3
Table 2. Environmental conditions in Conception Bay in 1990 and 1991.
on June 27-28 to 867 eggs per 1000 m3 on
Linear correlation coefficients calculated (a) between temperature and
~~l~ 15-16, c o d , pouock, cunner and macksalinity and the day of year (seasonal),and (b) between temperature and
ere1 all contributed to this increase and the
salinity partialled for the day of year (aseasonal). Values shown are siglast 2 species appeared in the samples only at
nificant at p = 0.05. The sign of non-significant correlations is also shown
the end of the sampling period (Fig. 5).There
were
also significant temporal changes in the
Year
Temperature
Salinity
abundance
of witch flounder. However,
Vanable
5 m Avg. 40 m
5 m Avg.4Om
these changes were not linear, consisting of
(a) Seasonal
successive increases and decreases.
1990
0.29
0.35
0.28
0.35
In contrast to 1990, the average abun1991
0.66
0.44
dance of fish eggs in 1991 significantly
(b) Aseasonal
decreased during the sampling period,
1990
going
from an average of 144 eggs per
40 m
0.53
Avg. temp.
1000 m3 on July 3 to 75 eggs per l000 m3 on
Salinity
5m
-0.44
-0.22
Avg. salin.
40 m
-0 40
-077
0.61
July 15. Most of this reduction was due to
1991
plaice (Fig. 5). As in 1990, cunner and
40 m
0.65
Avg. temp.
mackerel
eggs appeared in the samples
Salinity
5m
0.36
+
only at the end of the sampling period, but
Avg. salin.
40 m
+
-0 35
0.63
a week later than in 1990. No significant
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Table 3. Ichthyoplankton of Conception Bay, 1990 and 1991. Percentage of occurrence (%O), range and mean abundance
(no. 1000 m-=)
of fish eggs (E) and larvae (L). Abundances corrected for unidentified individuals. 'Average abundances
significantly different between the 2 years at p = 0.05 (2-tailed t-test on log-transformed data)
Species

Common name
%Oa

Agonidae
Agonus decagonus
Aspidophoroides monopterygius
Aspidophoroides olriki
Ammodytidae
Ammodytes sp.
Clupeidae
Clupea harengus
Cottidae
Gymnocanthus tn'cuspis
Icelus sp.
Myoxocephalus octodecemspinosus
Myoxocephalus scorpius
Triglops sp.
Cyclopteridae
Cyclopterus lumpus
Liparis atlanticus
Liparis fabricii
Liparis gibbus
Liparis inquilin us
Paraliparis sp.
Gadidae
Boreogadus saida
Enchelyopus cimbrius
Gadus morhua

1990
Rangea
Mean (SD)

1991
%Or Rangec Mean (SDld

AUanhc poacher
Alligatorfish
Arctic alligatorflsh

L
L
L

8
27
0

0-1
0-2
0

0.09 (0.33)
0.06 (0.16)
0

49
21
1

0-16
0-3
0-<l

0.77 (1.09)
0.43 (0.79)
0

Sand lance

L

6

0-1

0.07 (0.17)

24

0-2

0.15 (0.43)

Atlantic herring

L

44

0-5

1.21(1.59)

4

0-4

0

Arctic staghorn sculpin L
L
Longhorn sculpin
L
Shorthorn sculpin
L
L

1
O
3
0
O

0- < l
O
0-4
0
O

0
0
0
0
0

2 0-4
6 0-1
10-<l
24 0-3
10-<l

0.05 (0.19)
0.12 (0.36)
0
0.18 (0.33)
0

Lumpfish
Atlantic snailfish
Gelatinous snailfish
Dusky snailfish
Inquiline snailfish

L
L
L
L
L
L

O
94
0
33
1
0

O
0-23
0
0-2

0
5.21 (3.03)
0
0.22 (0.38)
0
0

1
24
2
87
0
1

0-4
0-18
0-4
0-28
0-<l
0-1

0.05 (0.18)
0.51 (0.83)
0
6.56 (7.91)
0
0

Arctlc cod
Fourbeard r o c k h g
Atlantic cod

L
E
E
L
E
L

O
23
93
99
58
16

O
0-28
0-1022
0-11
0-53
0-<l

0-11
0-4
1-213
0-5
0-9
0

2.39 (1 70)
0.21 (0.60)
35 17 (37 34)
0.62 (1.28)
0.25 (0 61)
0

*

0
* 80
3.11 (7.31)
15
217.92 (216.90) * 100
3.70 (2.35) * 33
6.34 (7.24)
21
0.14 (0.27)
0

Pollachius virens

Pollock

Labridae
Tautogalabrus adspersus

Cunner

E
L

50
12

0-1774
0-4

93.26 (151.96)
0.30 (0.85)

4
0

0-40
0

0 37 (1.12)
0

0

0

g

Osrneridae
Mallotus villosus
Pleuronectidae
Glyptocephalus cynoglossus

Capelin

L

78

0-986

158.82 (147.30) *

0

Witch flounder

Hippoglossoides platessoides

Amencan p l a c e

Liopsetta putnami
Pleuronectes americanus
Pleuronectes ferrugina

Smooth flounder
Winter flounder
Yellowtail flounder

E
L
E
L
L
L
E
L

40
15
100
100
1
76
99
61

0-439
0-2
8-365
2-231
0-4
0-25
0-1716
0-110

47.30 (65.57)
0.07 (0.16)
107.60 (60.65)
46.82 (23.75)
0
3.46 (2.65)
204.66 (126.64)
14.81 (19.00) *

0
0
99
63
0
5
67
1

0
0
0-200
0-15
0
0-3
0-548
0-1

Rock gunnel

L

3

0-4

22

0-4

0

Atlantic mackerel

E
L

51
12

0-868
0-2

26.88 (63.47)
0.04 (0.12)

6
0

0-2
0

0.3 (0.13)
0

Redfish

L

63

0-14

0.57 (0.74)

37

0-4

0.24 (0.49)

Arctic shanny
Radiated shanny

L
L
L

5
35
99

0-4
0-35
0-462

88
78
72

0-33
0-24
0-82

3.61 (3.92)
2.59 (2.38)
5.37 (7.33)

Pholidae
Pholis gunnellus
Scombridae
Scorn ber scom b m s
Scorpaenidae
Sebastes sp.
Stichaeidae
Lumpenus sp.
Stichaeus punctatus
Ulvaria subbiffurcata

0

0
2.59 (8.92)
38.66 (40.62) *

dCalculated using 97 samples collected in the bay between J u n e 28 and July 16, 1990
bCalculated using the abundance at 5 stations on July 3-4. 11-12, and 15-16 ( N = 15)
CCalculatedusing 82 samples collected in the bay from July 3-16, 1991
Calculated using the abundance at 5 stations on July 3, 9, and 15 ( N = 15)

0
0
35.86 (48.90)
2.36 (2.73)
0
0.09 (0.34)
19.23 (26.23)
0
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Fig. 4 . Developmental stages of fish eggs
in Conception Bay.
1991. The number of
eggs staged is indicated at the top of
the bars

re:a:ioriship wc?s found b ~ t w e e i i egg developmen:
stage and day of year, suggesting continuous spawning activity during the whole period sampled.
Under dominant westerly winds, greatest abundances of all species were generally observed at the
head and on the eastern side of the bay in both years,
forming a skewed distribution as in the case of surface
temperature (Figs. 3 & 6). Moreover, as for temperature, an exception occurred on July 3-4, 1990, when
eggs were more abundant in the northwestern part of
the bay. This was concomitant with the southerly wind
episode observed during that period and indicates
that, as for temperature, the spatial distribution of eggs
in the bay is influenced by changes in wind patterns.
The distribution of eggs on June 27-28, 1990 (not
presented in Fig. 6), was similar to other observations
made under westerly wind conditions. In 1991, fish
eggs were always more abundant in the bay than in
adjacent shelf waters where only 3 species were found
(cod, plaice and yellowtail). In the case of these
species, eggs were less abundant on the shelf than in
the bay (Mann-Whitney test, p < 0.05). and yellowtail
was found on the shelf only on July 10.
Salinity and temperature together explained 27%
and 52 % of the variability in total abundance in 1990
and 1991, respectively (Table 4 ) . In the case of the most
abundant species within each year, temperature and
salinity significantly explained between 11 and 52 %
of the variability. In 1990, highest abundances of all
species were associated with the warmest and less
saline waters. In 1991. fish eggs of all species were also
associated with the warmest waters but with the most
saline waters. This suggests that temperature was the

Fourbeard rockling
a..-.

......

......

f :::::::. ..A..

............

Day of year
Fig. 5. Seasonal fluctuations in the abundance of fish eggs in
Conception Bay, 1990 and 1991. Open symbols indicate absence of the species in the samples. Solld lines indicate significant differences (p < 0.05) between 2 adjacent sampling
periods (l-way ANOVA and SNK tests on log-transformed
data)

most important factor explaining the distribution of
eggs. While the relationship with temperature did
not change between the 2 years, the association with
salinity was reversed and reflected interannual differences in the relationship between temperature and
salinity (Table 2). In 1991, later stages of development
of both plaice and yellowtail were also associated with
higher temperatures (Table 5).
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m3 (Table 3). Plaice, radiated shanny and
yellowtail were next with mean abundances ranging from 15 to 47 larvae per
1000 m3. These 4 species constituted
nearly 97 % of all fish larvae captured.
As in the case of eggs, total abundance
Temperature
Salinity
Year
of fish larvae was lower by an order of
Species
5 m Avg. 4Om
5 m Avg. 40 m
magnitude in 1991. The average catch was
1990 (n = 97)
28 + 18 larvae per 1000 m3. The assemAmerican plalce
blage of species was more diversified than
Atlantic cod
in 1990 - Shannon-Wiener index: H' =
Atlantic mackerel
2.1 (1990) and 3.2 (1991) -and the 4 most
Cunner
Pollock
abundant species only constituted 70%
All species
of all captures. The most abundant species were, in decreasing order, radiated
1991 ( n = 9 8 )
shanny, dusky snailfish, Lumpenus sp.,
0 27
054
0.31
0.46
0.57
American plaice
Arctic
shanny and plaice, the only species
Atlantic cod
0.59
0.44
0.47
0.25
0.45
+
0.21
to exceed 1 larvae per 1000 m3 (Table 3).
Fourbeard rockling 0.34
+
0.11
0.30
+
t
0.ii
Poilock
0.25
Most abundant species captured in
Yellowtail flounder
0.62
0.45
0.53
0.29
0.52
1990 (13 species) were mainly newly
All species
0.63
0.42
0.53
0.27
0.52
hatched individuals (Fig. 7). Exceptions
were Agonidae, herring, sand lance, rock
giinnel, Liinlpenus sp. ail6 Arctic shanny.
Larvae
In 1991, only 6 species (radiated shanny, cod, plaice,
Atlantic snailfish, redfish and winter flounder) were
The species of fish larvae found in Conception Bay
close to hatching size. Other species were either in the
middle or the end of the larval period, and several
in the 2 years were different. At least 32 species
(6 genera could not be identified to species) belonging
juveniles were present. Alligatorfish, plaice, redfish
and shannies were larger in 1990 than in 1991
to 13 families were identified (Table 3). A total of 24
speciedgenera were found in 1990, 26 speciedgenera
whereas sand lance, cod and the 2 snailfish species
were collected in 1991, and only 18 speciedgenera
were larger in 1991 than in 1990 (Kolmogorovwere common to both years. Fish species with
Smirnov test, p < 0.05).
demersal eggs dominated the larval
assemblages, comprising 64 and 79% of
Table 5. Relationships between the average development stage of eggs or
the species present in 1990 and 1991. iflength of larvae and environmental conditions in Conception Bay, 1990 and
were
ferences in
1991. Linear correlation coefficients were partialled for the day of year. Only
mainly due to rare specimens collected in
samples containing more than 5 eggs or larvae were used in the calculations. Number of samples given in parentheses. Squared multiple correlaonly a few catches in 1 year such as the
inquiline snailfish in 1990 and the ~
~ tion
~ coefficients
t
i (R2)~are also presented. Only significant (p c 0.05) coefficients are shown. The sign of non-significant correlations is also shown
alligatorfish in 1991 (Table 3), In addition,
some species were absent in 1991, most
Year
Temperature
Salinity
R2
probably due to delayed biological develSpecies
5 m Avg. 40 m
5 m Avg. 40 m
opment: whereas pollock, cunner and
mackerel larvae were not captured in
1991
1991, eggs of these species were nonethe+
0.24
0.34
American plaice (79)
0.45
0.29
less found in the bay that year. Finally,
0.41
+
0.26
0.29
0.33
Yellowtail flounder (52)
some species that were common and
abundant In one year, such as witch flounL~~~~~
der and capelin in 1990 and Arctic cod and
1990
Atlantic cod (64)
shorthorn sculwin in 1991, were not found
Capelin (52)
in the bay the other year
a d d shanny 8 4 )
06
'
The average catch in 1990 was 238 + 177
lggl
larvae per 1000 m3 Capelin was by far the
Arctic shanny (34)
0.50
0.47
most abundant species with average abunDusky snailfish (50)
-0.40
-0.30
-0.29
0.21
dances of more than 150 larvae per 1000
Table 4. Relationships between log-transformed abundances of fish eggs
and environmental conditions in Conception Bay, 1990 and 1991. Linear
correlation coefficients were partialled for the day of year. Squared multiple
correlation coefficients (R2)are also presented. Only significant (p c 0.05)
coefficients are shown. The sign of non-significant correlations is also shown
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There were significant temporal changes in the
p < 0.05). Atlantic snailfish and rock gunnel were
abundance of fish larvae in both years. In 1990, the
absent from samples collected outside the bay.
average abundance initially decreased from 185 larvae
Poacher, Arctic cod, cod, Lumpenus sp. and shannies
per 1000 m3 on June 28-29 to 89 larvae per 1000 m3 on
were on average larger inside the bay whereas dusky
July 3-4, and then steadily increased as the season prosnailfish were larger outside the bay (Kolmogorovgressed to reach 418 larvae per 1000 m3 on July 15-16.
Smirnov test, p < 0.05).
Most of the initial reduction in the total number of larTotal abundance of fish larvae was not significantly
vae was d u e to plaice (Fig. 8). Abundances of redfish
associated with temperature or salinity in 1990 (Table 6).
and Arctic shanny also decreased significantly as the
In 1991, only 15% of the variability was explained by
season progressed. Most of the increase in larval abunthese variables. As in the case of eggs, the highest
dances in the second part of the cruise was due to
abundances were associated with the warmest waters
that year. The small correlation between total abuncapelin, which went from less than 1 larvae per 1000 m3
in June 28-29 to 266 larvae per 1000 m3 on July 15-16.
dance of larvae and environmental conditions in the
The abundances of yellowtail, snailfishes, winter and
2 years may be partly due to pooling species together.
radiated shanny also increased as the season proIn 1990, the 3 most abundant species showed speciesgressed. Cod abundances varied in the same fashion as
specific relationships with temperature and salinity.
total abundances whereas herring abundances peaked
No significant relationships were found in the case
in the second and the last sampling periods.
of capelin. Cod was found to be associated with the
I n 1991, ihe dbuncidrlce of fish iarvae aiso increased
warmest and least saline waters whereas the opposite
as the season progressed. The average abundance of
was true for yellowtail. Overall, the abundance of only
larvae doubled after the first week of sampling, going
4 of the 12 species present in more than 20% of the
samples in 1990 was significantly associated with temfrom 18 larvae per 1000 m3 on July 3 to 35 larvae
1000 m3 on July 9, and rcmainec! stable until July 15.
p e r a k r e and/oi salinity. In 1991, ?C of :he 12 species
However, winter flounder and shorthorn sculpin were
collected in more than 20% of the samples were sigthe only species for which temporal variations in abunnificantly associated with these variables.The propordance were statistically significant (Fig. 8). Both were
tion of the variability explained ranged from a low of
more abundant at the end of the sampling period.
10% (Arctic cod) to a high of 52 % (radiated shanny).
Temporal changes in the size of fish
larvae were also found for some species. In
plaice, yellowtai1!
Table 6. Relationships between log-transformed abundances of fish larvae
and shannies became larger as the season
and environmental conditions in Conception Bay, 1990 and 1991 Linear
correlation coefficients were partialled for the day of year. Squared
progressed (Fig. 9). In 1991, larvae of all
multiple correlahon coefficients (R') are also presented. Only significant
species captured in significant number
(p < 0.05) coefficients are shown. The sign of non-significant correlations
were larger at the end of the sampling
is also shown
period. The averaqe
- size of radiated
shannies and plaice at the end of 1991
Year
Temperature
Salinity
R2
were similar to those of these species at
Species
5 m Avg. 4 0 m
5 m Avg. 4 0 m
the beginning of 1990.
1990 (n = 97)
Spatial distribution of fish larvae in 1990
Amencan plaice
0.42
-0.33
0.32
and 1991 resembled that of eggs, with
Atlantlc cod
0.56
-0.45
0.4 1
+
highest concentrations generally found at
+
0.17
0.36
Radiated shanny
the head of the bay (Fig. 10). However,
+
0.16
-0.27
Yellowtall flounder
distribution was sometimes skewed toAll species
+
+
wards the western side of the bay, and
1991 ( n = 9 8 )
patches of high abundances were also
American plaice
0.56
0.40
0.31
+
0.35
observed in the region of the mouth,
Arctic cod
-0.28
-0.22
0.10
extending in a SW-NE direction on July
Atlantic cod
-0.23
-0.38
-0.32
0.18
11-13, 1990. There was also species
Atlantic poacher
-0.24
-0.32
0.13
Arctic shanny
+
0.43
-0.33
0.20
segregation in spatial distribution. For
Atlantic snailfish
0.34
0.30
+
+
0.14
example, in 1991, radiated shanny, dusky
Radiated shanny
0.70
0.47
0.34
+
0.52
snailfish, plaice and alligatorfish were sigRedfish
-0.24
-0.34
-0.36
0.24
nificantly more abundant in the bay than
Sand lance
+
0.12
Shorthorn sculpin
-0.25
-0.29
0.15
on adjacent shelf waters whereas the
All specles
0.32
0.29
0.15
reverse was true for redfish, shorthorn
sculpin and cod (Mann-Whitney U-test,
lggO1
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Fig. 9. Seasonal fluctuations in the size of the most abundant species of fish larvae captured in Conception Bay, 1990 and 1991.
Solid lines indicate significant differences ( p < 0.05) between 2 adjacent sampling periods (Kolmogorov-Smirnov tests on
frequency distributions)

There were also significant relationships between
environmental factors and the size of some species
(Table 5). In 1990, largest cod were found in the
most saline waters whereas largest capelin and
shannies were associated with the warmest and less
saline waters. In 1991, largest dusky snailfish were
found in the coldest and less saline waters whereas
Artic shanny were usually found in the warmest
waters.

Larval fish assemblages
Clustering samples collected in 1990 and 1991 on the
basis of their similarity in larval fish relative specles
composition resulted in 5 groups (Fig. 11). The first
3 principal axes of the principal coordinate analysis explained 66 % of the variability (Table ?). The position of
the groups on the reduced plane followed a linear gradient from A to C which is characteristic of a gradual
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-0.01

0

0.01

Axis I
Fig. !l. Fish larvae in Co~ceptior?Bay, 1990 and 1991: silmultaneous projection of samples and groups of samples on the
first 2 axes of a principal coordinate analysis. Clustering of
samples was obtained using a hierarchical agglomerative
clustering model. Groups were formed at the similarity level
of n 83

succession of species (Fig. 11). However, groups D and
E, which appear to stem from group C , were highly
segregated. The first axis, negatively correlated with
the presence of poacher, Arctic cod, dusky snailfish,
Lumpenus sp., redfish and Arctic shanny, and positively correlated with all other species, contributed to
separating groups A and B from groups C, D and E.
The second axis, positively correlated with cod, plaice,

Table 7. Fish larvae in Conception Bay, 1990 and 1991. Spearman correlation coefficients between the relative abundance
of each species in each sample and the first 3 axes of the
principal coordinate analysis, % of variance. percentage of
the variance explained by each axis. Bold coefficients are
significant at p 2 0.05
Axis:
% of variance:

American plaice
Arctic cod
Arctic shanny
Atlantic poacher
Atlantic cod
Atlantic herring
Atlantlc snailfish
Capelin
Dusky snailfish
Lumpenus sp.
Radiated shanny
Redfish
Winter flounder
Yellowtail flounder

I
33
58
-79
-72
-58
26
41
58
84
-60
-77
33
-22
74
77

11

21

111
12

-9

2
0

20

36

-11

11
29
1
-19
10

57

25

-4
16
-5 1

-12
-13
18
34
-32
-62

-43
-26
-62
39

-6
7

Atlantic snailfish, redfish and shannies, and negatively
correlated with capelin, winter and yellowtail flounders, contributed to separating groups C, D and E.
Finally, the third axis, positively correlated with cod,
redfish and Arctic shanny, and negatively correlated
with snailfishes, Lumpenus sp. and radiated shanny,
contributed to separating groups A and B. The clusters
mainly reflected differences in species composition between the 2 years. Groups A and B included samples
taken in 1991 whereas groups D and E were composed
of samples collected in 1990. However, the analysis
also revealed overlap between the 2 years: group C
was composed of samples coming from both years.
The 2 first functions of the discriminant analysis carried out to separate the groups on the basis of environmental conditions and day of year explained 98%
of the intergroup variance (Wilks' lambda = 0.03,
p < 0.0001). The first axis, mainly correlated with
salinity and temperature averaged for ine first 40 m oi
the water column (Table 8), contributed to the separation of all groups. The second axis, mainly correlated
with the day of year, separated groups A, B and C.
. .. oniy piiysi~diL i e ~ ~ . l . iWeii:
vvnen
p i ~ ~used
~
iii & ieclassification scheme, 80% of the samples were reclassified in their original group.
Fig. 12 shows the relative species composition for
each group as a function of the physical characteristics
of the samples. Samples coming from the coldest and
freshest waters of 1991 were dominated by Arctic
shanny, Arctic cod, Lumpenus sp. and dusky snailfish,
all cold water species (Scott & Scott 1988). Whereas the
importance of these species in the assemblage diminished as salinity and temperature increased, the importance of radiated shanny and plaice increased to
dominate the assemblage in group C, which was
characteristic of the warmest waters in 1991 and the
"ldest waters in
As
and temperature
~ncreasedin 1990, the importance of plaice increased
accordingly to constitute almost 80 % of all larvae cap-

.

Table 8. Fish larvae in Conception Bay, 1990 and 1991. Contribution of environmental variables (standardized canonical
coefficients) to the formation of the first discriminant axes
separating the groups of samples. % of variance percentage
of the variance explained by each axls Numbers in parentheses indicate rank in decreasing order of importance
Axis:
% of vanance:

Day of year
Temperature 5 m
Avg. 40 m
Salinity
5m
Avg. 40 m

I
68

I1
29

0.34 (3)

2.09 (1)
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DISCUSSION

Mean day of year

Abundance

o

liength

6
32.5

31.5
31.0

In this study, the eggs and larvae of at least 33 species of fish were found in Conception Bay. This represents a significant addition of 13 species to previous
ichthyoplankton lists published for the area. Frank
& Leggett (1983) reported 20 species from a small
embayment on the northwestern side of the bay, of
which 19 were found in our samples. Of the 16 species
reported in studies conducted offshore, over the entire
northeast Newfoundland/Labrador shelf (Frost 1938,
Serebryakov 1965), 10 were found in our samples.
Several species appear to use Conception Bay as a
spawning ground. The pelagic eggs of 8 species were
collected and their stage of development in 1991 indicates spawning within the bay. Moreover, most of
these species were absent from adjacent shelf waters.
The presence of newly hatched larvae of benthic,
beach and intertidal spawners, which indicates spawning and hatching in the bay, is consistent with previous
findings of Frank & Leggett (1983). Newly released
redfish larvae, an ovoviviparous species of fish, were
also collected.
Interannual and seasonal differences in both species
composition and abundance of ichthyoplankton in the
bay appear to be associated with differences in environmental conditions, particularly with temperature.
Both egg and larval abundances were lower by an
order of magnitude in 1991 corresponding to the coldest and less saline waters. Larval fish composition in
1990 was mainly characterized by warmer water
species such as mackerel, whereas boreal species such
as Arctic cod were more common in 1991 (Scott & Scott
1988). The biological development (presence of eggs
and larval stages, larval size) of some species in 1991
was delayed compared to 1990, most probably due to
lower temperature.
Temperature was the single characteristic of the
habitat most associated with the spatial distribution of
eggs. In both years, highest abundances of all species
were usually found at the head of the bay, corresponding to the warmest waters. Moreover, highest abundances were found on the northwest side of the bay on
July 11-13, 1990, corresponding to the movement of
warmest isotherms to that side of the bay. This strong
association between fish eggs and surface temperatures may be explained by 2 factors. First, spawning
activity of both demersal and pelagic spawners is
usually related to temperature (e.g. Gagne & O'Boyle
1984, Ellertsen et al. 1989, Borkin 1992, Frank et al.
1992). Therefore, warmer waters found over the extensive shallow areas at the head of the bay may constitute the most suitable spawning habitats for the 2
types of fish. Second, egg distribution is influenced by
circulation and most likely has a response to external
-
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Otherspp.

M . villosus

U . subbifircata

Lumpenus sp.

S,punctatus

L . gibbus

Sebastes sp.

H L. atfanticus

89

P. ferrugina
H. platessoides
B.saida

A. decagonus

Fig. 12. Conception Bay, 1990 and 1991: species composition,
average abundance and size of fish larvae in the groups of
samples revealed by the multivariate analyses. Mean temperature, salinity and day of year are also presented for
comparison

tured in samples of group D. The warmest and the
most saline waters in 1990 were overwhelmingly dominated by capelin.
Other biological characteristics of the groups of samples showed strong associations with environmental
conditions (Fig. 12). Total abundance of fish larvae
increased exponentially with temperature (R2 = 0.97,
p = 0.0001) and salinity (R2 = 0.89, p = 0.0001) whereas
the average size and the species diversity H' of fish
larvae decreased as a linear function of temperature
(R2 = 0.95 and 0.71, p = 0.0001) and salinity (R2= 0.95
and 0.92, p = 0.0001). No significant relationships were
found between biological characteristics of the groups
and the day of year.

-
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forcing factors similar to that exhibited by surface temperature. Planktonic animals are transported along
with water masses which allow them to remain in relatively stable habitats (Laprise & Dodson 1993, 1994).
The relationship observed between wind patterns,
temperature and egg distribution in Conception Bay
supports this suggestion.
Highest abundances of fish larvae usually occurred
at the head of the bay, similar to eggs. However,
patches of high abundances were also observed in
other areas of the bay and environmental conditions
explained only a small part of the variability in larval
fish distribution patterns. As many species were common only in 1 of the 2 years, we could not isolate effects
of temperature and salinity as in the case of eggs. Radiated shanny and plaice were the only species clearly
associated with the warmest waters in both years.
Other species were either associated with warm or
cold waters, high or low salinities, bay or shelf waters,
indicating spatial segregation among species. Nonlinear relationships with environmental conditions,
small-scale patchy distribution and other factors not
measured in this study (e.g. transport) may expiain the
weak relationships observed.
Clustering samples by their relative species composition revealed well-defined assemblages of fish
larvae, and the variability in relative species composition was strongly associated with the physico-chemical
conditions of the surface layer. Despite the short period
of time covered by our surveys, changes in species
composition following increasing temperature and
salinity resembled patterns of seasonal successions
reported for an adjacent ecosystem (Gulf of St. Lawrence; de Lafontaine et al. 1991). However, in contrast
to that study, changes in species composition were not
related to the day of year. Coldest and freshest waters
in 1991 were dominated by cold water species such as
Arctic shanny, Arctic cod and Lumpenus sp. Radiated
shanny and plaice larvae were characteristic of the
warmest waters in 1991 and the coldest waters in 1990.
Capelin was characteristic of samples collected in the
warmest waters in 1990.
Other biological characteristics of species assemblages were also strongly associated with temperature
and salinity, but not with the day of year. Concomitant
decrease in larval size and increase in larval abundance for species hatched within the bay suggests that
the system changes from being mainly dominated by
larvae and juveniles produced outside the bay to being
highly dominated by species produced inside the bay.
Changes in species diversity support this suggestion.
Diversity decreased in warmer waters to reach values
similar to those observed in semi-enclosed and estuarine environments, where few species overwhelmingly
dominate larval fish assemblages (de Lafontaine et al.

1990).The synchronous emergence of the huge quantity of larvae of species laying benthic eggs on the
beach (capelin) and shallow intertidal waters (radiated
shanny, seasnails, winter flounder) is clearly one of
the major factors affecting characteristics of ichthyoplankton in Conception Bay. Temperature is considered as the principal cue synchronizing emergence of
these larvae (Frank & Leggett 1983).
These results suggest that temperature is the principal factor controlling spatio-temporal occurrence of
fish eggs and larvae in Conception Bay and, most
probably, in coastal waters of Newfoundland and
Labrador. Temperature is a primary factor associated
with the occurrence and distribution of young stages
of fish inhabiting temperate and cold oceans (e.g.
Ellertsen et al. 1981, Obenchain 1981, Doyle & Ryan
1989, Frank et al. 1992).This association may be critical in ecosystems characterized by an extremely short
growing season (Conover 1992). Higher temperatures
increase the metabolism of fish larvae (see review of
Blaxter 1992), therefore decreasing egg development
time and enhancing larval growth (Pepin 1991). In
addition, greater iarvai looci p~vduciioilaiid abiiiidance may be associated with warmer waters, which
further enhances growth rates of larvae (Frank &
Leggett 1982, Taggart & Leggett 1987). Finally, invertebrate predators may be less abundant in warmer
surface waters, increasing survival through the larval
phase (Frank & Leggett 1982, 1983, Taggart & Leggett
1987). The synchronous emergence of several species
of fish larvae in the planktonic environment driven
by temperature may be a strategy to further reduce
predation (Frank & Leggett 1983). The association
observed between salinity and ichthyoplankton in this
study is probably artifactual. While influences of temperature and salinity could not be always separated, it
is unlikely that the small differences in salinity observed between samples would greatly affect marine
animals. Although wind influenced the spat~aldistribution of eggs in the bay, this factor had little effect on
the relationship between their abundance and temperature. The location of the most favourable habitats in
Conception Bay (presumably warmest water masses) is
variable at the scale of the bay and partly depends on
wind patterns. As eggs drift along with water masses,
this allow them to remain in the most favourable conditions for the longest period of time.
Conception Bay may play a n important role in the
early-life history of fish inhabiting northeast Newfoundland/Labrador shelves. As inshore, surface waters
usually warm earlier in spring and reach higher temperatures in summer than offshore waters due to the
presence of extensive shallow areas, bays and coastal
waters offer favourable habitats for the ichthyoplankton. Even if a smaller proportion of fish reproduced in
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the coastal region, their offspring may contribute significantly to the number of individuals recruiting to the
population if growth a n d survival a r e considerably
higher in coastal areas than in offshore areas. Differential survival of eggs a n d larvae could explain the
observation that juveniles of many commercial species
of the ecosystem are found in larger numbers in coastal
waters. Strategies such as spawning in the bay may
allow species to take advantage of favourable physical
and biological conditions. At the minimum surface
temperature recorded (3"C), the average incubation
time for a fish e g g is 13.6 d (Pepin 1991), which is
shorter than the estimated physical retention time in
the bay. Retention time, which is defined as the period
necessary for 50% of the population to be lost from the
bay d u e to transport, may be a s long a s 30 d in Conception Bay (de Young et al. 1994). Moreover, hatching
would occur within 9 d at temperatures varying between ? and g°C, the average temperature for 1991
and 1990, respectively. Larvae hatched from benthic
eggs laid in the bay like winter flounder or having
short planktonic larval stages such a s yellowtail flounder may also have sufficient time to con~pletetheir
development inside the bay. For other species, any
strategy allowing larvae to spend some time in coastal
waters could increase growth and survival.
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