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ABSTRACT

Cod larvae (Gadus morhua) appeared on F
time since he beginning of the Flemish Cap
from 3.5 x 10 10 larvae in early May to 4.8 x
those estimated for redfish larvae. There i
as compared to previous years. Abundances o
similar to previous years although by July tl

emish Cap in 1981 in significant numbers for the first
roject four years ago. Larval abundances decreased
108 larvae twelve weeks later, values being <1% of
no immediate explanation for their occurrence in 1981
larval redfish (Sebastes spp.) during April-May were

ey were the lowest yet observed. Distribution on
Flemish Cap and the estimated date of peak h<tching in cod and extrusion in redfish, about 23 April
1981, were very similar for both species. Hrwever, trends in both growth and mortality rates,
differed. Growth rates for larval cod ranges from 0.20-0.42 mm SL d 1, increasing throughout the
period as surface_waters heated. Redfish growth rates, on the other hand, decreased initially from
0.08-0.04 mm SL d 1, then increased to a maxi um of 0.26 mm SL d 1 by July. There appeared to be no
direct relationship between growth rates and ortality in either cod or redfish. Mortality rates
for cod larvae peaked at 0.079 during early June while those of redfish increased from 0.043-0.093
throughout the sampling period.

I

Ichthyoplankton surveys were carried out on Flemish 'Cap four times in 1981 as part of the
Flemish Cap Project. :This is a continuation of work carried out during the preceeding three years,
with samples being taken during June for the first time in an attempt to sample the onset of a
second peak in redfish spawning. The distrib ! tion, abundances and population growth rates of redfish
(Sebastes spp.) and cod (Gadus morhua) 4 larvae ^are reported.

MATER ALS AND METHODS

NTRODUCTION

The 42-station grid on Flemish Cap was s
26-30 June. During 1-4 August, 20 stations o
Bongo tows were made to 200 m, or within 5 m^
by Smith and Richardson (1977). In most case
mesh sizes, although some stations during 2-9'
eggs and larvae were counted and measured to 1

Processing of samples and calculations of aburt
and Akenhead 1981).

mpled three times in 1981, 2-9 May, 22-27 May and
the grid were sampled. In all cases double oblique
f the bottom, following the basic procedures outlined
61 cm Bongos were fitted with paired nets of 0.333 pm

May were sampled using 505 pm mesh net sizes. All
he nearest millimeter standard length from both nets.
dances followed procedures previously outlined (Anderson

RESULTS

Redfish

Redfish were the most abundant larvae sam`
2-9 May 1981, our first cruise to Flemish Cap
an extensive area of values greater than 100 l
total abundance estimated to be 2.44 x 10 14 la
abundance had approximately halved to 1.13 x 1^

led on Flemish Carp during 1981. Abundances during
n 1981, ranged from 0.2-559.6 larvae m 2• There was
rvae m 2 over much of Flemish Cap (Fig. la) with
14e. Approximately three weeks later, during 22-27 May 1981,

larvae; ranging from 0.0-220.1 larvae m • Distribution
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of the most abundant larvae were now in a large band north of central Flemish Cap between -200-400 m
depth (Fig. lb). One month later, during 26-30 June 1981, abundance had dropped by an order of
magnitude, to 1.46 x . 10 13 . Larvae now ranged from 0.0-23.4 larvae m 2 being distributed in a broad
irregular area over Flemish Cap (Fig, lc). Finally, five weeks later during 1-4 August, 1981 abundance
had dropped to approximately, 2.5 x 10 11 larvae. Values ranged from 0.0-2.1 larvae m 2 , highest
values being observed in waters just west of central Flemish Cap >200 m depth (Fig. id).

During our first cruise to Flemish Cap, 2-9 May, 1981,. the mean size of redfish larvae was.
8.34 mm SL (Fig. 2a).• This increased to 9.83 mm SL by'the end of May and to 18.87 mm SL by the end
of June. The re-appearance of 6 mm SL larvae during 26-30 June 1981 indicates the beginning of a
second redfish spawning at this time (Fig. 2b and c). By 1-4 August, 1981 larvae >15 mm SL and
>18 mm SL averaged 20.44 mm SL and 21.37 mm SL, respectively (Fig. 2d). Values were model around
20 mm SL, with a second peak at 16 mm SL. Larvae relatively abundant at 6 mm SL indicated extrusion
was still taking place during this time. •

Redfish abundances decreased from a maximum of .6.11 x 10 12 larvae estimated for the 42-station
grid area during 2-9 May, 1981 to approximately 1.24 x 10 10 larvae during the first week of August
(Fig. 3) (Table l). During this time there was apparently 99.8% mortality in redfish larvae on
Flemish Cap. Mortality rates O increased from 0.04 to 0.093 d ± 1 throughout this period, with
highest mortality occurring between the June and August surveys (Table, 3). Abundances observed
around the end of April through May were virtually identical with those observed during the preceeding
three years. By July, however, values had decreased below that of preceeding years, including .1979
when only larvae <11 mm SL were observed (Fig. 3). July abundances, standardized to Julian day 200,
indicated 1981 redfish larvae were only 1/3 of 1979 abundances and an order of magnitude less than
estimates for 1978 and 1980 on this date.

Offsetting increasing rates of mortality were increasing growth rates in redfish larvae.
Initially values were low, decreasing from 0.08 mm SL d 1 at day 136 to 0.04 mm SL d 1 at day 162.
After this point growth rates increased for the remainder of the sampling period to .a maximum of
0.26 mm SL d 1 between the June and August sampling dates (Fig. 4). Paralleling this increase in
growth rates was increasing surface water temperature. Average water temperatures in the upper 30 m
over central Flemish Cap, at 47°N 45°W, increased from 5.87°C in early May to 11.80°C in.early
August (Fig. 4). The greatest rates of increase occurred up to day 162 (12 June 1981) (0.11 °C d 1)
with values falling off after this. date.

Cod

Cod larvae were present in significant numbers during 1981 for the first time in_four years of
survey. work on Flemish Cap. During 2-9 May, 1981 values ranged from 0.0-4.1 larvae m 2 with highest
values being observed in the area north of central Flemish Cap between 200-400 m depth (Fig. 5a).
Three weeks later, during 22-27 May, 1981, larvae were again most abundant in the area just north of
central Flemish Cap (Fig. 5b). In both cases abundances >1.0 m 2 were also observed just south of
the central area. By the 26-30 June, 1981 cod larvae had disappeared_ from all but a small area in
the central region (Fig.. 5c) and 1-4 August, 1981 were only observed in small numbers at two stations
on Flemish Cap (Fig. 5d).

Abundances of cod larvae decreased from an estimated 3.49 x 10 10 in early May to <5.0 x 108
larvae in early August 1981 (Table 1). While present during our surveys in significant numbers for
the first time in four years abundances were still low, usually being <1% of redfish larvae. By the
June survey the actual number of cod sampled at four stations on the grid was only 7 cod larvae.

As with redfish larvae estimates of mortality were higher, ranging to over 98%. Mortality
rates (f ranged from 0.023 to 0.079 with the highest value occurring between Julian days 145 and
179 (Table 3). Unlike redfish larvae mortality rates did not increase throughout the sampling
period. However, due to the extremely low numbers of cod. larvae' sampled, especially duri n .g the last
two sampling dates 26.30 June and 1-4 August, 1981, these values should be viewed with caution.

Average size of cod larvae were 6.00, 9.83, 18.87 and 34.06 mm SL, respectively, during the
four sampling periods. These values represent average growth rates ranging from 0.20 to 0.42 mm SL d~1.
Unlike redfish growth rates in cod larvae increased throughout the sampling period (Fig. 4). Although
numbers are low the rate of growth increased in a linear fashion and the values appear to reasonably
represent growth rate for these larvae. The increase in the rate of growth closely parrallels
increasing water temperatures, at least to day 180(24 June, 1981).

DISCUSSION

The most notable observation in ichthyoplankton samples form Flemish Cap during 1981 was the
appearance of cod eggs and larvae in our samples. For the first time in four years of survey work
cod larvae were observed throughout the Flemish Cap area. Reasons for their appearance remains a
cause for speculation. Redfish larval abundance was very similar to previous years during the
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April-May period, and lower during July.

approximately_O.152 mm SL d-  from late !
0.146 mm SL d 'during this same period

over central Flemish Cap were not substat
within ±1.0°C of each other at any one t
did not appear to be any substantial dif

Redfish growth rates, although low initially, were
ay to July. This was very similar to an estimate of

n 1980 (Anderson MS 1981). Finally, water temperatures
tially different in 1981 for the previous two years, being
me from April to July (unpubl. data). In general, there
erences in the overall Flemish Cap regime.

Abundance at age from Canadian rese.
f rom 10.0 x 106 in 1978 to 2.7 x 106 in
3.0 x 106 fish (Gavaris MS 1981). This i
recruits from the 1977 year-class,. 	 Tot.
to 5.2 x 10 6 during this same period ( Ibi
samples can be attributed to incoming rei
survival of col e99s and larvae would ac'
did not indicate significant increases i.
response resulting in greater numbers of

rch trawl surveys indicated 4-yr-old cod recruits decreased
979 and 0.6 x 10.6 in 1980 but increased again in 1981 to
ncrease.in 4-yr-old fish can be attributed to incoming
1 abundance, however, has decreased steadly from 51.1 x 106
d.). Whether or not the appearance of cod larvae in our
ruits from the 1977 year-class is not known. Increased
ount for the presence of cod larvae in 1981, redfish data
abundance or mortality in 1981. Whether there was a
eggs being released in 1981 is not known.

The progression of redfish distributions in 1981 was very similar to previous years. Larvae
were distributed throughout the area at earlier dates when abundant, but were confined to shallower
waters later on. As in 1979 larvae were
west of central Flemish Cap, numbers bein
was observed for cod larvae. The extent.
whether there is higher survival in these
yet been examined. Growth and condition
largely controlled by surface water tempe
Cap (Anderson MS 1982). • The question of
areas versus physical retention mechanism
the important outstanding questions for t

Redfish growth rates from 22-27 May
similar to that of 0.146 mm SL d ' estima^

for redfish larvae ranged from 0.04 to 0..',
initial decrease in growth rates was unex!
water temperatures appeared to be seasona
during this same time. A similar decrease
from larval redfish otoliths (Penney MS 1
peak extrusion of larvae was around the b
expected during May, as was observed. Gr
indicated the minimum growth rate occurrec
later than would have been expected from 1
occurred around in late April-early May.

ost often found in highest numbers in waters north and
low over the central area. A very similar distribution
which water transport governs these distirbutions or

areas associated with better feeding and growth has not
tudies carried out in 1980 indicated these factors were
atures specific to small water masses scattered on Flemish
he importance of variable larval survival in different
as determinants of growth and survial remains as one of
Flemish Cap Project.

1-4 August averaged 0.152 mm SL d'. This was very
ed for this same period in 1980. However, growth rates

6 mm SL d- ' throughout the May-July sampling period. The
ected. Abundances were similar to previous years and
. In addition, cod experienced increases in growth rates
was observed in instantaneous growth rates calculated
82). This decrease occurred about 18 days post hatch. If
ginning of May than these low growth rates would have been
wth rates calculated from length-frequency data, however,
between 25 May (day 126) and 28 June (day 145), much
he otolith instantaneous growth estimates if peak extrusion

   

Increased growth rates following the initial decrease in redfish larvae reached a maximum of
0.25 mm SL d ' from the June through July. At this time larvae averaged 34 mm SL. If this rate of
growth was maintained then 180 days later, corresponding to 1 Feburary, 1982, these fish would be
-80 mm SL. This corresponds very closely to the smallest size of juvenile redfish observed in cod
stomachs at that time, around 70 to 80 mm otal length (Lilly MS 1982). Incidence of feeding by cod
on juvenile redfish, presumed to be 1-yr-old, would be a useful index of year-class strength corresponding
to larval survival.

Cod larvae growth rate estimates incr
period. Unlike redfish cod larvae did not
maintained a growth rate of 0.42 mm SL d '
cod would be -110 mm SL. This correspond.
cod during February 1982. The increasing
temperatures which warmed from 5.5-5.9°C d
Similarly, increasing growth rates in redf
increase. Obviously temperature is an imp
changes from year to year in temperature a
and survival in fish larvae on Flemish Cap.

ased from 0.20 to 0.42 mm SL d' throughout this same
demonstrate any initial decrease in growth rate. If cod
then 180 days later, correspondingrto 1 February, 1982,
ery closely to a model value of 100 cm observed in 0-group
rowth rate closely parallel increasing surface water
ring 2-9 May to 10.7-11.8°C during 1-4 August, 1981.
sh, following in initial decline, parallel this temperature
rtant deterimant affecting growth rates. Significant
d the rate of heating would be exxected to affect growth

Estimated date of peak extrusion in 181 for redfish on Flemish Cap varies depending on the
growth rate used. Calculating from the su vey 22-27 May 1981 and using a growth rate of 0.08 mm_
SL d ' calculated from 6-25 May indicates eak redfish extrusion occurred about 23 April 1981
(Day 113). Using data from 1-4 August 198 with a mean value of 20.44 mm SL and an average growth
rate of 0.15 mm SL d ', calculated for the June-July period indicates peak extrusion occurred
5 May 1981 (Day 125). However, given the lower growth rates observed during May, it is likely peak
extrusion occurred prior to 5 May. Similarly for cod larvae, using a mean hatching length of 3.5 mm
SL, cod larvae averaging 9.83 mm SL during 22-27 May 1981 and growing at 0.27 mm SL d ' indicates
peak hatching of cod larvae on Flemish Cap in 1981 occurred about 23 April (Day 113). The close
agreement in estimated dates of peak hatching and extrusion in cod and redfish larvae is interesting.
It indicates a close syncrony in their life histories no doubt related to their environment.
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Data collected 26-30 June 1981 indicated a second spawning of redf i sh had recently begun and
continued through July into at ,least the first week of August. This second spawning has been attributed
to Sebastes fasciat:us and possibly S. marinus as well (Templeman 1976). In overall abundance it is
possibley two to three orders of magnitude less than the April-May spawning peak. However, the
period of extrusion appears to extend over a longer time as larvae at 5 mm SL were still the most
abundant of the small size group by the first week of August.

Mortality estimates for redfish larvae increased from 0.043 to 0.093 throughout the sampling
period. These rates increased in a linear  'fashi on indicating increased mortality as these larvae
grew: Mortality rates also indicated  there was no 'critical  ' period through the sampling period
associated with the initial period of decreasing growth rates. Cod larvae on the other hand,
indicated maximum mortality occurred during the early part of June, decreasing from 0.079 to 0.031
by July, with no reduction in :growth rates during this time. Thus, while cod larvae experienced
maximum mortalities during June, redfish larvae had increasing rates of mortality throughout the
sampling period. ` These 'data indicate there was no direct relationships between growth and 'mortality
rates from May to early August 1981.
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Tab' e 1. Abundance estimates for c
on Flemish Cap, 1981

od (Cadus morhua) and redfish ( Sebastes spp.) larvae

Cod Redfish
Period

(Julian days
n .	 Area

(m2) bundance	 In abundance	 Abundance	 In abundance

	

122-129	 40 .5.50 X 1010

	

142-147	 42	 5.77 X 1010

	

177-181	 41	 5.63 X 1010

	

213-216	 20	 2.75 X 1010

1.49 X 1010
'.27 X 1010
1.51 X 109
.80 X 108*

24.28
23.84
21.14
19.99*

6.11 X 1012
2.70 X 1012
3.55 X 1011
1.24 X 1010*

29.44
28.62
26.60
23.24*

*Estimate based on 20 stations samp

Table 2. Larval
for Flemish Cap
81. Values were

ing 86% of the larvae present

Sebastes spp. abundance estimated
uring July during the period 1978-
standardized to Julian day 200.

    

Year Abundance	 In abundance

1978
1979
19$0
1981

.57 X 1010

.52 X 1011

,78 X 1011

38 X 1010
	 25.75

24.05

26.35
25.05

Table 3. Estimates of mortality
larvae on Flemish Cap, 1981

n cod (Gadus morhua) and redfish ( Sebastes spp.)

Cod	 Redfish

Period	 Mid-Date
Julian days)	 (Julian Day)

Mortality	 Mortality
Rate(z)

Mortality Mortality
Rate (2

	

126-145	 136

	

126-179	 153

	

145-179	 162

	

126-215	 171

	

145-215	 180

	

179-215	 197

34 9
95.6
93,.3
98.6
97.8
68.2

0.023
0.059
0.079
0 048
0.055
0.031

55.8
94.2
86.9
99.8
99.5
96.5

0.043
0.054
0.059
0.070
0.077
0.093
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