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THE RELATICONSHIP BETWEEN THE DISTRIBUTION OF SEBASTES LARVAE,
ZOOPLANKTON AND TEMPERATURE IN THE IRMINGER SEA

By

1 1

rd
Jakob Magnﬁ;son and Ingvar Hallgrimsson

ABSTRACT

This rontribution is based on material collected from the upper 50 m of the sea with Helgoland
larvae nets and Icelandic High Speed Samplers at 178 stations during a cruise in May 1961 covering
‘he Irminger Sea south to 60°N and east to 24°W.

Charts showing the station grid and the distribution and abundance of redfish larvae are pre-
iented. Sebastes larvae were found in most of the oceanic region of the survey area, The main
roncentrations were cobserved along the western slope of the Reykjanes Ridge in two main zones, one
:orresponding with the area bounded by the 1,000 and 2,000 m depth contours and the other mainly
sutside the area of the 2,000 m contour. Generally, the density zones and tongues ran in a south-
iorth directiom.

Fairly large quantities of zooplankton were found. The volume distribution was also charac-
;erized by marked zones of high density extending Into the area from south and east creating a very
meven horizontal distribution of the zooplankton. This distribution is believed to be closely
related to the complex current system.

A chart showing the temperature distribution at a depth of 20 m is presented. A close connec—
:ion was established between the abundance of larval redfish and certain isotherms.

Although it was not possible to show a detailed correspondence between zooplankton abundance
md the isotherms at 20 m, it was evident that the isolines for the zooplankton volume mainly fol-
.owed the same general direction as the isotherms.

Generally, there was a good agreement between the abundance of redfish larvae and zooplankton
lenslity in the oceanic area. The larval abundance did not always coinclde with high zooplankton
rolume. But in such cases a high percentage frequency of Calanus fimmarchicus was found, this
jpecies being the most dominant one in the whole oceanie area (varying from 72% to 99% of the total
iooplankton numbers). Thus, a good correlation existed between the abundance of larvae and Calanue
inmarchicus. No such correlation was found with Spiratella retroversa. The percentage frequency
if these two species is presented in char.s. The results of this cruise have been compared with
‘he results of crulses in 1962 and 1963. In 1961 and 1962, a great abundance of redfish larvae
:orresponded with a high standing stock of zooplankton. In 1963 there were relatively low numbers
f larvae and the stock of zooplankton was low.

From these results, and assuming that year-class strength is determined during the larval
hase, 1t is expected that the 1963 year class of redfish from this area will be a relatively poor
me.
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ON THE ANALYSIS OF VARIATION IN THE PLANKTCN,
THE ENVIRONMENT AND THE FISHERIES

By

J.M. Colebrook!

INTRODUCTION

One of the objectives of marine bilology 1s the detection of relationships between the plankton,
he hydrographic environment and the fisheries with a view tco determining contreol mechanisms and
stablishing prediction equations. Irrespective of the form of these relationships, the planktolo-
ist's immediate problem is the same: how to measure and express the variations in the plankton in
uch a way as to facilitate comparisons with variables obtained from hydrographical and fisheries
tudies.

The purpose of this paper 1s to describe an appreach to this problem based on the Continuous
lankton Recorder survey of the North Sea and the North Atlantic. Flankton Recorders are towed by
erchant ships and weather ships along a number of standard routes which are sampled (at a depth of
0 m) once in each month. The instrument has been described by Hardy (1939), the methods of analysis
vy Rae (1952) and Colebrook {(1960) and the characteristics of the samples and the survey by Glover
1962). Fig. la shows the routes in operation in 1963 {supported by H.M. Treasury from the Develop-
ent Fund and by contract N62558-3612 between the Scottish Marine Bioclogical Association and the
nited States Department of the Navy, Office of Naval Research).

The survey of the western North Atlantic, including the ICNAF area, has been developed during
he past two years and there i3 insufficient material from this area, as yet, for analyses of the
ind described in this paper, These are based on the survey of the eastern North Atlantie and the
orth Sea during the period 1948 to 1962, However, the intention here is to demonstrate possible
ethods of analysing dats of this kind rather than to draw conclusions about any particular area.

The basic data consists of counts of specles in samples at intervals of 20 nautical miles along
he standard routes. On the average 150 samples have been collected in each month for the last 15
ears (up to 1962) and about 50 species occur regularly in the samples: this amounts to well over
million observations. Each specles shows geographical, seasonal and annual varlations in abun-
ance and clearly this situation is far too complicated to be compared, as it stands, with variations
n hydrography and fisheries: it is necessary to simplify the situaticn in some way.

Glover (1957) and Glover et ail.{1961) used year to year fluctuatiocns in the abundance of zoo-
lankton specles as an estimate of annual varlations in the plankton of the herring fishing grounds
ff the east ccast of Scotland., They found that the variations were related to water movements and
¢ fluctuations in the success of the fishery. A more important result, in the present context, was
hat groups of species were detected showing similar amnual fluctuations of abundance. This sug-
ests the possibility of deriving quantitative estimates, integrated by specles, representing the
nnual fluctuations in the abundance of the plankton as a whole. What would be requlired, in this
ase, 1s a varlable or a small number of variables giving the maximm discrimination between years
nd including the variability of all the species in the plankton. Williamson (1961 and in press)
erived such variables and used them to demonstrate quantitative relations between herring mortality
nd distribution, hydrography and the fluctuations in abumdance of the plankton. There is no reason
hy the same principle should not apply to other aspects of plankton fluctuation such as seasonal
nd geographical variations. This suggests the need for new methods of classifying the variations im
he plankton as a whole. One possible system is that used in analysis of variance. The variability
f the standing stock of the plankton as sampled by the Continuous Plankton Recorder can be repre~
ented as a five dimensional variable, with standing stock as the variate, the other co-ordinates
eing specles, areas, months and years. The variability included in this system can be classified

Oceanographic Laboratory, Edinburgh, Scotland.

CNAF SPEC. PUBL. VOL.6.



292

1 I T 1 L 1

Fig. 1. (a) A chart showing the routes included in the Continuous Plankton Recorder survey
in 1963.

(b) A chart showing the standard large area subdivision of the survey,

(¢) A chart showing the subdivision of the Northeast Atlantic and the North Sea
covering the area which has been sampled continucusly since 1948. FEach rec-
tangle 1s 1° lat x 2° long: subdivided where necessary to glve a boundary
following the edge of the continental shelf.
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s a four factor analysis of variance as shown in Table 1. Each source containe the variability
seasured along the included co-ordinates with the variability due to the other factors eliminated

iy averaging and also with the variability due to lower order sources involving the factors, if any,
jubtracted. Thus, the source, specles—areas, contains information about the geographical distri-
jutions of species with data for all years and months averaged and with the differences Iin abundance
jetween species and the variations in the overall abundance in the varicus areas eliminated.

The object of this classification 1s to divide the total variability of the standing stock of
‘he plankton into a number of independent parts. Assoclated with each part is its degrees of free-
lom {the values shown in Table ] are based on expressions of the data in the form described below).
the sum of these degrees of freedom is the same as that of the original variable so this classifi-
:atlon, as it stands, does not constitute any simplification of the system. In order to achieve
‘he required simplification It is necessary to find out first of all whether any of the sources of
sariation can be ignored. This can be done by carrylng out the analysis of variance and expressing
he variability included in each source as a proportion of the total. Any source which is small in
-elation to the others can be ignored without any great loss of informatiom. For the remainder, it
's necessary to find methods of representing the variation of each source, or of groups of sources
including the same factors, by means of a variable or variables with a smaller number of degrees of
‘reedom.

TABLE 1. CLASSIFICATION OF VARIATION OF THE STANDING STOCK OF 22 SPECIES
OF PLANKTON IN THE 17 STANDARD AREAS SHOWN IN FIG. 1» DURING THE
PERIOD 1948-1962.

Degrees of freedom

Specles 21
Areas 16
Months 11
Years 14
Species - Areas 336
Specles - Months 231
Specles - Years 294
Areas - Months 176
Areas - Years 224
Months - Years 154
Specles - Areas — Months 3696
Species - Areas - Years 4704
Species —~ Months - Years 3234
Areas - Months - Years 2464
Specles - Areas — Month - Years 51744

The final object, therefore, is to represent a large proportion of the variability of the
standing stock of the plankton by variables with relatively small total degrees of freedom. This
objective has not yet been achieved in the analysis of the data from the Continuous Plankton Rec-
order survey but successful analyses have been done on several of the sources of varliation. Some
of these are described in the following sections of this paper; more detailed accounts of each
analysis are being prepared for publication.

METHODS OF ANALYSIS
1. Presentation of Data.

The first problem in the representation of variability is the selection of suitable units and
methods of presentation. This is a matter of compromise between the requirements of the analytical
methods and the limitations of the original data. The calendar month and year have been used as
the time units and a system of areas was selected dividing the survey into rectangles of 1° lat x
2° long (Fig. le). For many purposes a less detailed sub-division is convenlent and a system of
larger areas (Fig. 1b) was devised with the intention of dividing the survey into as small a number
of areas as possible without introducing too great a loss of variability and also giving areas cor-
responding as closely as possible with those in general use for the presentation of fishery and
hydrographic data., The variate, standing stock, is represented by the logarithmic transformation
(in the form y = log [z + 1] of the original sample counts: all subsequent analyses are carrled
out using the transformed values.
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Ideally the taxonomic unit should be a bilolegically self-contained population with its own
chgracteristic parameters of reproduction, growth and mortality, which can be treated as being dy-
namically independent (Glover, 1961). In practice, the species 18 usually the smallest unit that
can be identified end sometimes it 1is necessary to resort to larger taxonomic units or to groups
of specles to avold spending an undue amount of time identifying the organisms. Judging from the
results so far, it appears that most species represent ecologically homogeneous populations, within
the context of the Recorder survey, but several cases of ecological differentiation within a species
have been described by Colebrock and Robinson (1963).

Most of the analyses which have been carried out so far are based on data for the copepods and
the gastropods Clione and Spiratella. The other major groups in the zooplankton are not identified
to specles during the routine counts and the phytoplankton has been omitted from most of the analyses
because, up to 1958, the counting method that was used did not yield sultable data.

2. Classification and Analysis of Varlance

Table 2 gives the results of an analysis of variance with the variability due to years excluded.
The analysis was based on the monthly means of 22 species, averaged for the years 1948 to 1961 in the
standard areas shown in Fig. 1b, The results are expressed as percentages of the rotal sum of squares
and the degrees of freedom are given. It can be seen that by far the largest single source of var-
lation is specles with 43.4%; this merely reflects the fact that some Specles are more abundant than
others and 1s of no particular interest in consldering relationships with the environment. The second
column in the table shows the percentage of the total sum of squares with species excluded. It is
clear that the only source of variation that could be ignored with little loss of information is
areas-months. In practice, however it was found convenient to include thls source with specles-areas
months in a single analyeis; similarly it was found convenient to include months with species-months
and areas with specles-areas.

TABLE 2. ANALYSIS OF VARIANCE FOR 22 SPECIES IN THE 17 STANDARD AREAS
SHOWN IN FIG, 1b BASED ON LONG-TERM AVERAGES FOR THE PERIOD
1948-1962.

Z Sum of Squares

Degrees of

Freedom
Species 43,4 21
Areas 5.2 9.2 16
Montha 12.7 22.4 11
Specles ~ Areas 11.8 20.8 336
Species - Months 13.5 23.8 231
Areas - Months 2,5 4.4 176
Specles-Areas-Months 11.0 19.4 1344

3. The Variability due to Areas and Specles—Areas.

The 2° x 1° rectangles (Fig. le) were used as the area units in this analysis and 22 specles
were Iincluded. The first step was to elimlnate the variability involving the sources months and
years by averaging; the resulting means were written as a two-dimensional matrix with each columm
referring to a rectangle and each row to a species. Each row of the matrix represented the mean
geographical distribution of a species. Each row was expressed in standard measure, with a mean

¢f zero and unit variance, by applying the transformation ti' = (mi‘ - ﬁ; ) /si to each row where ﬁ%
is the mean of the observations of specles £ and 8¢ 1s the standard deviation. This procedure is

equivalent to subtracting the variability due to specles in analysis of variance. The resulting
standardized matrix contained only the variabllity due to areas and specles—-areas, Z.2. the pattern
of variation of the geographical distributions of the different species.

A principal component analysis was applied to this matrix. The objlect of component analysis,
ag used here, is to select variables, which are linear functions of the geographical distributions
of all the species included in the analys1s, in such a way that the distributions may be represented
by a smaller number of variables known as components. The first component is a representation of
all the geographical distributions, selected so as to have the greatest possible variance. The se-
cond component is uncorrelated with the first and it has the greatest possible variance in relation
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STANDARD DEVIATIONS

Fig. 2. Charts showing the distributions of the first three components (Cl'

C; and C3 of the geographical distributions of 22 zooplanktcn species.
A key is glven.

to the residual distributions after the removal of the varlance associated with the first component,
and so on. The detalls of the procedure are described by Kendall (1957}. The components are row
vectors with terms corresponding to the rectangles and the values may, therefore be plotted on charts
and the distributions of the first three components are shown in Fig. 2. The sign of each component
is arbitrary. The positive and negative forms of the first and second components and the positive
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form of the third component show sensible distriburions which are easily related to those of individ-
ual species (Robinsom, 1961; Colebrook et al. 1961; Vane, 1961).

The sum of the variances of these three compenents amounted to 65% of the total variance of the
22 species In the standardized data matrix. In the analysis of variance given in Table 2, the sources
areas plus species—areas accounted for 30% of the total varlability (excluding species) and had 352
degrees of freedom. The three components retain 65% of the 30% and have only 48 degrees of freedom.
Clearly a considerable simplification in the representation of the variability has been achieved; the
loss of information is, however, fairly high.

4. The Variability due to Months and Species-Months.

The mean seasonal variations in abundance of 18 species for the whole of the area shown in Fig,
15 were calculated by averaging by years and by standard large areas, thus eliminating the varia-
bility of those sources including years and areas. These seasonal variations were standardized (wlth
zerc mean and unit variance) eliminating the variability due to species. The resulting varlables
showed only the variability due te months and species-months, Z.e. the pattern of variation of sea-
sonal ecycles of abundance of the different specles.

The results of a correlation analysis of these variables are shown in Fig. 3a as a triangular
matrix. The specles are ranked along the principal diagonal of the wmatrix in such a way that as
many as possible of the high positive correlations appear in the matrix as close as possible to the
principal diagonal. This implies that species showing similar seasonal variations in abundance oc~
cur close together in the rank while species showing different variations occur further apart. The
specles in the matrix can be allocated to three overlapping groups each showing relatively high cor-
relations within the group and lower values with the other groups. The weans of the standardlzed
seasonal variations of the species in each group were calculated and the resulting variables re-
standardized. They are shown in Fig. 3b; they account for about 86% of the total months and speciles-
months varlability. In the analysis of variance shown in Table 2 the sources months plus species-
months accounted for 46.2% of the total variability and had 242 degrees of freedom. The seasonal
variations shown in Fig. 3% recain 86% of the 46.27
and have only 33 degrees of freedom. Again a consid-
erable simplification in the representation has been
achieved and in this analysis the loss of varlability
is small.

5. The Variability due to Months-Areas and
Species-Months—Areas.

R R

The variability included in these sources may be
expressed as the geographical variation of the seasonal
cycles of the different species. OQne of the main pro-
blems in finding methods of representing this varia-
bility is that many species do not occur throughout the

area: 1n the analysis, the seasonal variaticns of 17
(: v species in 17 standard areas (Fig. 1) was included,
20 IS “ but, because of the restricted distributions of many
i specles, only 162 estimates of seasonal variation were
available out of a pessible total of 28%. Because of
this the motre refined methods such as principal com-
ponents analysis and correlation analysis could not be
used, at least in the initial etages, and a relatively
crude parametric representation of the variability was
used and the loss of variability in the final repre-
sentation cannot be estimated. Three parameters were
used to represent the seasonal variations; mean abun-—
dance, timing (calculated by T = Emﬁ j/er, where j is

+05)

o

STANDARD DEVIATIGNS
b

=
=

_3“555 the oumber of the month, with January = 1, February =

] F M A M ] j’ A S O N D 2, etc., and s is the abundance in month j) and season

Fig. 3. (a) The correlation matrix of the duration (calculated by L = /[Erj (F - m* /313])1
mean seasonal cycles of 18 zoo-
plankton species.

(b) Graphs of the standardised
mean seasonal cycles of each of
the groups of species shown in
the matrix in a.

two examples of the relationships between the parameters
and seasonal variations are given in Fig. 4. Trials
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Fig. 4. The graphs show two examples of the values of the parameters 4, T and
L in relation to seasonal variations in abundance. The chart shows
the distribution of the first component of the parameters and a key to
the direction of variation of the parameters is given.

indicated that integraticn by species could be achieved by taking the mean and varlance of these
>arameters. This was done for two groups of species, The first group contained only the common
species for which nearly complete data were available; the few missing values were interpolated.
lhe second group contained all the specles included in the analysis and a system of welghting was
levised to compensate to some extent for the missing values. At this stage a correlation analysis
7as carried out which showed that the twe sets of estimates agreed quite well and that further in-
tegration of the parameters was possible. The first principal compoment of both sets of means and
variances of the parameters was calculated and is shown in the chart in Fig. 4, together with a
table indicating the direction of varlation of the variables.

This chart is a representation of the variability in months-areas and specles-months-areas,
{.e. the geographical variation of the seasonal cycles of the different species; it has 16 degrees
’f freedom compared with a total of 1,451 in the original classification. The loss of variability
is not known but is probably rather high.
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Fig. 5. The correlation matrix of the annual
variations in abundance of 22 species
or specles groups in area D5 (see

Fig. 6).

6. The Variabllity due to Years and

Specles-Years.

In studying relaticnships with hydrography
and fisheries, the annual variations in the
plankton are, perhaps, the most interesting;
they are, at the same time, the most difficult
to interpret. For this reason only a preliminary
study of the sources years and species-years has
been carrled out so far; the object being to
assess the extent to which the fluctuations form
coherent patterns.

Two series of correlatlion analyses have been
carried out on data for the years 1948-1960,
first on the annual fluctuations of the specles
in each of eight standard areas (Fig. 6) to find
out whether there are any relationships between
the annual fluctuation in abundance of different
specles, i.e. between-specles within-area rela-
tionships; and second, on the annual fluctuations
of each of 19 specles In the different areas to
find out whether some or all of the species showed
geographical patterns of varying abundance, Z.e.
within-species between-area relationships. The
correlation matrix for area D5 is given in Fig. 5.
This shows that there were clear relationships
between the annual fluctuations of many of the
species. In addition, there were marked simil-
arities between the ranks of the species in the
matrices for six out of the elght areas: the
mean ranks of the specles in the matrices were
calculated and the results are given in Fig. 6a.
This shows three clear groups of specles. The
order of the zooplankton specles is very simlilar
to the order in the correlation matrix of seasonal
fluctuations (Fig. 3a) suggesting that speciles
which occur at the same time of year tend to
show similar annual fluctuations in abundance.

Fig. 65 shows two within-specles between-area matrices which have been selected to illustrate

different patterns of fluctuation.

The matrix for Calanus finmarchicus, stages V and VI, shows

two groups of areas showing simllar fluctuations of abundance within the groups but with differences
between the groups (a more detailed analysis of the geographical fluctuations of Calanus has been

carried out by Colebrook, 1963).
between all the areas.
year in a similar manner over the entire area:

The matrix for Ceratium horridum shows high positive correlations
The implication is that this species fluctuates in abundance from year to
several other specles show the same result.

This

is clearly of great interest considering the wide range of environmental conditions found in the
area, varying from oceamic conditions over water more than 2,000 m deep in the Atlantic to fairly
extreme neritic conditions In the southern North Sea.

7. The Variability due to Areas-Years and Specles-Areas-Years.

The variability included in these sources represents annual fluctuations in the geographical
distributions of species, and the obvious first stage in the analysis would be to carry out a prin-

clpal component analysis based on estimates of the
However, because of year to year variations in the

distribution of species in the individual years.
pattern of sampling and of gaps in the information

about a number of species, it would be very difficult to cbtaln a truly comparable series for analysic

One of the stages in the principal component analysis of areas and specles areas gives a series

of variables, known as vectors, with terms referring to species.

One variable is assoclated with
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Fig. 6. (a) The mean ranks of the specles In the correlation matrices of the annual fluc~
tuations in abundance in each of the areas in the chart in b, The rank shows
three clear groups of specles Indicated by the letters, A, B and C,
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(b) Correlation matrices for the annuyal fluctuations in abundance of Ceratium
horridum and Calanus finmarchicus, stages V-VI in the standard areas shown in
the charts.

sach component and is used in the derivation of the component. The vectors describe patterns of
relationship between the species which are probably determined by variations between specles in the
response to environmental factors and there is no reason why these patterns should fluctuate from
Jear to year to any great extent. And as a first approximation, these vectors, which were derived
Erom the long-term mean distributions of the specles, can be applied to the distributions of speciles
in individual years teo provide estimates of the components in individual years. This was done for

the three components shown in Fig. 2 based on annual means for each species in the standard large
areas (Fig. 1b).

The next problem 1s to find methods of extracting any systematic variation in the annual esti-
nates of the components, and, as a first step the annual fluctuations of the variance of each com
yonent were calculated; they are shown In Fig. 7. Two features are lmmediately obvious. First,
there is for each component a trend of increasing variance over the period from 1948 tc 1967. A
straight line was fitted to each variable using orthogonal polynomials and in each case the fit was
significant, at the 1% level for C; and Cz and at the 5% level for Ci.
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The second obvious feature was the relationship
between the variance of C3 in year » and Cs in

year » + 1. The correlation between the two
variables in this manner was calculated and it
wag significant at the 1% level. To judge from
these relationships the variables represent
neaningful fluctuations in the geographical
distribution of the plankton and they are in

a form that can easily be compared with other
estimates of annual variations.

+
b

s

APPLICATIONS OF THE ANALYSES

The analysis of the Continuous Plankton
Recorder survey is just beginning to reach the
stage where 1t is profitable to carry out ex-
tensive studies of relationships with hydro-
graphy or with fisheries; the examination of
annual variation, however, is far from complete.
It is probably desirable to complete these
analyses because it seems likely that internal
evidence from relationships between the dif-
ferent varlables will be of assistance in re-
ducling the inevitable trial and error element
in the search for related environmental factors.
A certain amount of work has been done, however,

1 L e on the distribution components shown in Fig., 2
’ —— and Williamson (1961 and in press) using tech-
48 48 50 51 52 53 54 55 58 57 58 59 &0 5’82 niques similar to those described here, has
studied relationships between the plankton of
the north-western North Sea and the hydrography
and herring fishery in the same area.

STANDARD DEVIATIONS
L (o)

|
[ ]

Flg. 7. Graphs showing the standardized annual
fluctuations in the variance of annual
estimates of the three components of
geographlical distribution shown in
Fig. 2.

Williamson derived a series of six compoments describing the annual fluctuations in abundance of
23 species or specles groups in the plankton. The first component was correlated with an estimate
of the annual fluctuations in the vertical mixing of the water in the spring. The second component
was not related to any of the hydrographic or herring parameters that were tested. The third com
ponent was correlated with the mean temperature anocmaly for March, April and May. The fourth com-
ponent was correlated with a rank estimate of the strength of inflow of water from the Atlantic into
the North Sea and also with a measure of the northerliness of southerliness of the herring stock.
The fifth plankton component was correlated with the apparent mortality of the herring and the sixty
component was not related to any of the hydrographic or herring parameters.

It must be stressed that these comparisons represent a very Incomplete analysis of the sltuation}
the information that was avallable about the hydrography, the herring fishery and the plankton did
not permlt a complete study of the variability. However, ome feature inm relation to the fishery
1s capable of a reasonable interpretation. In the vector assoclated with Williamson's fourth com—
ponent of the plankton the two most abundant specles, Calamus finmarchicus and Spiratella retroversa,
both showed large values with the same sign. The correlation with the position of the herring stock
was such that when these two specles were common the stock was more southerly, when they were scarce
the stock moved northwards. Further, the abundance of these zooplankton species may be related to
the strength of inflow of Atlantic and coastal water intoc the northern North Sea.

Colebrook (in preparation) has described some possihle relationships between hydrography and the
components of plankton distributions shown in Fig. 2. Data for surface salinity and temperature
were studled and Flg. 8z shows a matrix of correlations between the components and a number of temp—
erature and salinity functions. The first component was correlated with the distribution of salinity
{§) and the distribution of temperature in the winter months (Ib). The second component was cor-

related with the distribution of temperature during the summer months (Ts) and also with the
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Fig. 8 (@) The matrix of correlations between the first three components of geographical
distribution, C1 Cz and C3 (see Fig. 2) and the distributions of surface sal-
infty (5), winter temperature (T},}, summer temperature (T} and the standard

deviation of the seasonal variations of temperature (T,).

(b) A scatter diagram af salinity (5) against the standard deviation of tempera-
ture (T;). At each point the value of C3 (Fig. 2) is shown by a symbol. A

key to the symbols Is given.

range of temperature {7;). The third compoment was not directly related to any of the temperature

and salinity functions but Fig., 8b shows a form of T.5. diagram with the values of the third com—
ponent superimposed; the high positlve values of the component tend to fall in the centre of the
plot. It seems likely that the first component was Telated to salinity, the second component to a
complex function of temperature involving vertical stability and summer temperature and the third
component might be related to the distribution of mixed oceanlec and coastal water.

CONCLUDING REMARKS

It is obvious that the methods of analysis that have been described can result in comsiderable
simplification in the representation of the variability of the standing stock of the plankton. More-
over, 1t seems that in some cases more has been achieved than the derivation of convenlent mathe-
matical artefacts. The three distribution components shown in Fig. 2 would appear to have identi-
fiable separate existences and to be genuine "components' related to specific environmental factors.
In other cases the final variables may be no more than convenient representations with no identifi-
able reality: probable examples are the three seasonal varliations shown in Fig. 3b; there is little
doubt, however, that these variables will be useful 1n investigating the factors which determine the
variations in the timing of plankton organisma.

Plankton, hydrography and the pelagic stages of fish can be consldered as subdivisions of a sin-
gle ecosystem, It is obviously necessary to study this system as a whole In order to determine the
Interactions within the organisms and between the organisms and the abiotic environment. The methods
of analysis that I have described in relation to the plankton could also be applied to hydrographical
and fisherles data and they offer at least a partial solution to the problems of analysing the complex
patterns of variation within the system and of studying the interactions and relationships between its
varlous parts.
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B-3
A PRELIMINARY STUDY OF SEBASTES LARVAE IN
RELATION TO THE PLANKTONIC ENVIRONMENT OF THE IRMINGER SEA

By
V. Bainbridge?
ABSTRACT

The diet of young Sebastes from the Irminger Sea was ilnvestigated using material collected
furing the Continuous Plankton Recorder Survey. Individuals smaller than 10 mm were found to be
feeding prineipally on Calanus eggs, Spiratells larvae belng virtually the only other organisms
raten. Calanus finmmarchicus 1s the dominant copepod in the Irminger Sea where it constitutes over
70%2 of the total numbers of zooplankton organisms present in Recorder samples. The extrusion of
Sebaates larvae occurs during April and May which coincides with the main spawning period of Calanus.
Juring May, when maximum numbers of both young Sebastes and spawning Calanue occur, a positive cor-
relation exists between the spatial distribution of the numbers of fish larvae and the numbers of
salanue stages V and VI.

This might be accounted for 1f the survival of young Sebastes was largely dependent on the
availability of food, 'Z.e. the numbers of Calanus eggs, but direct evidence is lacking and other
factors may be involved.

INTRODUCTION

The distribution of young Sebastes In relation to the planktonic environment was discussed by
several contributors to the ICES/ICNAF Redfish Symposium of 19592, Dietrich, et al (1961) described
the results of a series of cruises in the Irminger Sea during 1955 and 1958. Highest numhers of
Sebastes larvae were found in the area of the Reykjanes Ridge, a distribution which appeared to be
associated with high turbidity, due mainly to zooplankton and detritus. A correlation with high
aumbers of the trachymedusan Aglemtha digitalis during May and June was also noted. Hansen and
Anderson (1961) investigated the distribution of Sebastes larvae from 1947 to 1958 at 21 standard
plankton stations on a transect worked regularly along 62°N lat from the Faroes to East Greenland.
They suggested that the considerable annual fluctuations in numbers of larvae present might be re-
lated to the food available at the time of extrusion. Elnarsson (1960) considered relationships
between Sabastes fry and zooplankton in Icelandic waters and adjacent seas. He made some prelimin-
ary observations on the food of the young fish at two stations and noted a preference for food or-
ganisms of about 150u In diameter. Spiratella larvae, together with copepod and other crustacean
eggs, were found to be the main items in the dietary of specimens less than 25 mm in length. Larger
food organisms, such as the copepodite stages of copepods, were found Iin the stomachs of young Se-
bastes greater than 25 mm in length.

An attempt 1s now belng made to extend these environmental studies using material from the
Continuous Plankton Recorder Survey and a preliminary repert is presented in this contributioen.
The work lncludes some observations on the food of young Sebastes in relation to the planktonic
environment which may help towards an interpretation of their distribution and fluctuations in
abundance. Charts illustrating the distributions of these larvae are given by Henderson (this
symposium) who also discusses the problem of their specific identity.

Recent accounts of the Flankton Recorder and of the scope and methods of the survey operated
from the Oceanographic Laboratory, Edinburgh, are given by Colebroock, et al (1961) and Glover (1962).
The Recorder, which is towed by merchant ships and Ocean Weather Ships, takes a continuous sample
of plankton at a depth of 10 m. The plankton is collected on silk with a mesh-aperature of 230-
250p.

THE DIET OF YOUNG SEBASTES

A detalled study has been made of the food of young Sebastes from the Irminger Sea during May,
the month in which largest numbers were usually taken by the Recorder. Alternate ''10 mile" samples
collected during May of the years 1959 to 1962 within the standard sub-areas B6, B7 and C7 shown
on Fig. 1 have been examined and an analysis made of the gut centents of all undamaged larvae. A
total of 193 Sebastes ranging in length from 6 to 10 mm were dissected and the results are given In
Table 1.

1 Oceanographie Laboratory, Edinburgh
2 gpec. Publ. int. Comm. Northw. Atlant. Fish., No. 3, 196l.

ICNAF SPEC. PUBL., NO. 6.
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The young fish were feeding on Calanus eggs
(140-160u diameter) and Spiratella larvae (shells
100-150u across). the only other organisms present
belng two speclmens of the diatom Joscinodiscus
sp. (100u diameter). Numbers of Calanus eggs in
the guts showed a marked diurnal variation; during
the period between midday and sunset there was an
average of 8.3 eggs per gut compared with an av-
erage of 1.6 between midnight and sunrise. The
eggs were at various stages of digestion and num
erous egg membranes were alsc present. This ex-
tremely restricted diet should be considered in
relation to the compesition of the zooplankton in
the Irminger Sea. Table 2 gives the average num-
bers per ""10 mile" sample (equivalent to 3m3 of
water filtered) of the various species and gToups
within the sub-areas B6, B7 and C7 during May.

Flg. 1. Area used for the study of Sebastes- There was an overwhelming predominance of the
Calanus relatiomships. It comprises various stages of Calanus finmarchicus while the
3 of the standard sub—areas (B6, B7 small copepods and Cladocera, which are important
and C7) of the Plankton Recorder sur- members of the plankton of coastal waters as well
vey (Glover, 1962). Recorder routes 45 many oceanlc areas covered by the Recorder
are shown as broken lines. survey, were very poorly represented. Apart from
TABLE 1. THE GUT CONTENTS OF YOUNG SEBASTES LESS THAN 10 MM IN LENGTH
FROM RECORDER SAMPLES TAKEN DURING THE MONTH OF MAY.
1959 1960 1961 1962 May of all
four years
Percentage containing food 73% - 68% 715% 722
Number of larvae examined 45 2 65 83 195
Total Calanus eggs 136 4 384 510 1034
Total Spiratella larvae 2 5 130 218 355
Other organisms (Coscinodigcus sp.) - - 1 1 2
TABLE 2. THE COMPOSITION OF THE PLANKTON TC A DEPTH OF 10m DURING MAY: MEAN NUMBERS PER ™10

MILE" SAMPLE (EQUIVALENT TO 3m3 OF WATER FILTERED) WITHIN THE SUB-AREAS Bb, B7 AND C7.

1959 1960 1961 1962 May of all

four vears
Total Calanus (all stages) 101 65 127 325 154
Calanus stages V and VI 22 7 43 47 30
Copepoda other than Culanus 28 20 4 28 20
Spiratella (wainly 5. retroversa) 15 10 8 21 13
Euphausiids (mainly Thysancessa 2 1 5 10 4

longicaudata)

Larvacea 2 10 7 1 5
Other zooplankton 1 <1 <1 <1 <1
No. of samples 68 38 90 83 279
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i >f CALANUS Calanus, the commonest copepods were i thona
| STAGES V& VI spp. and Euchaeta Norvegica, two genera 1m

| 1 which the eggs are carried in ovisacs. Of the
i O other groups, only the gastropods Spiratelia

100 y STAGES I-1Iv spp. and the euphausiid Thysancessa longicau-

1 -—X—-— data were present in appreciable numbers. It

B ¥ has not been possible to trace a reference to

|

the egg size of T. longicaudata but both T.
1 inermis and T. rgschii, two specles in which
1 the early furcilias are of similar size to T.
A longicaudata, are known to have egg diameters
1 exceeding 400y (Eilnarsson, 1945), much larger
1 than the selected particle size suggested by
‘ Einarsson (1960).
X

The monotonous diet of Sebastee larvae dur-
ing the early weeks after extrusion must there-
fore be at least partly due to the limited choice
of food organisms availlable, the early atages of
Calanus and Spiratella belng the only abundant
organisms to fall within a suitable size range.

PER SAMPLE
3
|

The apparent absence of nauplii in the diet
is noteworthy but I have found some in the gut
contents of early Sebastes larvae from stramin
net samples taken off the east coast of Green—
land during the Danish NORWESTLANT crulses.
Calanus nauplii are present mainly in the top
50 m (Marshall and Orr, 1955), and were, in fact,
frequently present in Recorder samples from the
: Irminger Sea during May, but like the eggs, they
——o — T T are too small to be samples quantitatively by
JFMAMUI J ASORND gilk with a mesh-aperture of 230-250u. It is
possible therefore that, in addition to size,
other factors such as wobility may also play a
part in determining the relative vulonerability
of prey. It may be relevant that the Spira-
tella larvae present in the gut contents were
veligers with cllia as the only organs of loco-
motion. S. retroversa, the common speciles in
the Irminger Sea, does not develop swimming
'wings' until the shell measures about 300u
across (Lebour, 1932).

SEBASTES

NUMBERS

=
|

05—

ig. 2. Seasonal fluctuations in the numbers
of Calanus and young Sebastes at a
depth of 10 m in the Irminger Sea. Av-
erage numbers per sample have been cal-
culated using all data collected from
1957 to 1962 within the three standard
sub-areas shown in Fig. 1.

Although this paper is concerned primarily with Sebastes larvae during the first weeks after
xtrusion it should be mentioned here that larvae of 15 mm or more in length which occur in the
ecorder samples during June and July have a more varied diet including the calyptopsis and furcilia
tages of euphausiids as well as the copepodites and adulte of Calanus.

THE SEASONAL DISTRIBUTION OF YOUNG SEBASTES AND CALANUS.

Calanus eggs are clearly the principal food item of redfish larvae durlng the first weeks after
ktrusion so it is interesting to consider the seasonal distribution of the young fish in relatiom
> the breeding of Calanus. Figure 2 shows the average monthly distributions of Calaqnue and young
sbastes in the Irminger Sea estimated from data collected over the period 1958 to 1962. Calanus
tages V and VI, which were virtually absent at the 10 m level during the winter months, showed a
lg increase from March to April reaching a maximum in May, while highest numbers of copepodite
tages I-IV were found during May and June.

These observations may be Interpreted by a consideration of the findings of @stvedt (1955) who
tudied the vertical distribution of Calanus fiwmarchicus at Weather Ship M in the Norweglan Sea,
¢ found that the overwintering stock of Calaqnus consisted chiefly of stages IV and V with the ma-
>rity of the population below a depth of 600 m and that an ascent to the surface occurred during
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April to May. Moulting from stage V to stage VI occurred both during or after the migration and was
immediately followed by the spring spawning. Henderson {1961) found that newly extruded Sebastes
were present in Recorder samples from early April to the end of May. From Fig. 2 it can be de-
duced that it is during these two months that highest numbers of spawning Calanus are present in

the surface layers. During May both maximum numbers of Calanue V and VI and young Sebastes were
present.

THE SPATIAL DISTRIBUTION OF YOUNG SEBASTES AND CALANUS

During the analysls of Recorder samples it was noted that during May samples with high numbers
of young Sebastes were frequently those with high numbers of Calanus stages V and VI. In Table 3,
the samples have been divided into two groups, those with more and those with less than 50 Calanus
stages V and VI. The higher average numbers of redfish larvae were found in samples with more than
50 Calemus V and VI in every year except 1958 when, as in 1960, only a few samples contained young
Sebastes., The young fish were too scarce to allow a simlilar comparison for April while, during June,
distributions are likely to be confused by the effects of dispersal.

TABLE 3. AVERAGE NUMBERS OF YOUNG SEBASTES PER POSITIVE RECORDER SAMPLE IN MAY,
GROUPED ACCORDING TO WHETHER THERE WERE MANY OR FEW CALANUS STAGES V
AND VI IN THE SAMPLES. THE NUMBERS OF SAMPLES ARE GIVEN IN PAREN-

THESES.

Samples with Samples with
Year

50 Calanus V & VI S0 Calanus V & VI

1957 2.3 (13) 1.9 (17)
1958 1.5 (2 1.5 { 2)
1959 4.7 ( 8) 2.3 (17)
1960 3.0 (1) 1.0 (2)
1961 5.4 {25) 3.1 (28)
1962 4.9 (17} 3.7 2N
All years combined 4.5 (64) 2.9 (85)

The two variables can also be compared in each of the standard statistical rectangles used to
present the results of the Recorder survey (e.g. Colebrook, et gl., 1961). These are the small
rectangles, 1° lat 2° long, illustrated by Henderson (this symposium). Figure 3 shows the fre-
quency of occurrence of sampled rectangles in relation to the logarithm of the mean number of Cgl-
anus stages V and VI per sample. The histograms are arranged in four groups according to the mean
nunber of young Sebastes per sample (0,<1, 1-2.9,3+). All the rectangles sampled each May from
1957 to 1962 over the area of the Irminger Sea (i.e. sub-areas B6, B7 and C7) have been included.
The frequency distributions show that there was a clear tendency, during the month of May over the
six years, for high numbers of Sebastes young to be associated with high numbers of Calanus V and
VI. An analysis of variance has shown that there is a significent difference between the groups of
rectangles with 0 and <1 young Sebastes and the group with 3+ Segbastes (P < 0,001). The difference
between the groups with 0 and <1 and the group with 1-2.9 young Sebastes is significant at a lower
level (P < 0.05). The analysis of variance does not take into account the possible effects of inter-
action between adjacent rectangles.

The correlation raises a number of questions since the combination of data from several years
conceals the effects of annual and spatial fluctuations. However, the relationship is net merely
due to higheat numbers of Sebastes larvae being extruded in exactly the same area of the Irminger
Sea each year which happens also to be an area of high Culanus production. If, for example, the
six year mean number per sample of Sebaetee larvae and Calanue V and VI during May in each rectangle
is calculated, neo correlation between the two varlables is evident.

Diurnal variations are difficult to assess but would appear to have litcle, if any, effect on
the relationship. During May less than one-third of all samples are taken at night in this sea
area and the day/night ratio of the average numbers of Calanus V and VI per sample was only 1:1,3.

There would seem to be two possible explanations of the apparent positive relationship between
young Sebastes and Calanus. The main concentrations of adult 'spavning' redfish in the Irminger Sea
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Histograms showing the frequency of
occurrence of sampled rectangles dur-
ing May in relation to the logarithm
{(n+1) of the mean number of Calanus
stages V and VI per sample. The data
are grouped according to the mean num-
ber of young Sebastes per sample. All
rectangles sampled each May from 1957
to 1962 within the three standard sub-
areas of Flg. 1 have been lncluded.
The mean numbers of Calanus per sam-
ple for the four groups of histograms
are shown. In circles.
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may be directly or indirectly related to the
standing stock of Calanus V and VI during May.
Alternatively, the survival of young might be
related to the numbers of Calanus stages V and
VI present and, since the food of Sebastes dur-

ing the flrst weeks after extrusion consists

mainly of Calagnus eggs, this latter hypothesis
merlits further investigation.

CONCLUDING REMARKS

Sebastes constitutes about 90% of the total
stock of young fish in the Irminger Sea
(Einarsson, 1960, Henderson, 1961) and 'spawning’
may take place in alwmost the entire region al-
though the intensity of extrusion is variable
(Magnusson, 1962). The monctonous nature of the
surface zooplankton in this vast sea area, with
the great numerical predominance of Calanug, and
the remarkable uniformity of the diet of Sebas-
teg young, malnly Calanus eggs, have been estab-
lished, It is possible therefore, as Einarsson
{1960) has suggested, that the ecological re-
lationships between young Sebastes and the other
plankton organisms may be more easily elucidated
than the undoubtedly complex relationships be-
tween the fish larvae and plankton of coastal
waters.

Further work is in progress and it 1s hoped
te determine whether or not annual variations in
the numbers of young Sebastes are related to the
timing and intensity of the spring spawning of
Calanus.
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B4

REDFISH LARVAE IN THE NORTH ATLANTIC

By

G.T.D. Hendersonl

ABSTRACT

The distribution of young stages of Sebastes In the North Atlantic between Iceland and Newfound-
land in the months of April and July is described and illustrated. The results suggest the pos-
gibility that the young stages may be found in four more or less separate localities. The younger
appear to be more abundant in some restricted parts of the temperature range, at the surface and at
200 m, within which they have been found. The specific identity of these young stages 1s discussed
in relation to the catches of adult mentella-type at Ocean Weather Station Alfa.

INTRODUCTION

During the course of the regular survey of the North Sea and North Atlantic with Contilnuous
Plankton on the Recorders, the young stages of the redfish (Sebastes) were encountered during the
months of April and July in certain areas of the North Atlantic. The preliminary account of their
distribution has been-given by Henderson (1961, a, b). ‘

Although the sampling is limited to the single depth of 10 m and the individual samples are small
{representing the plankton in only 3 m3 for each 10 nautical miles of tow) the repetition of sam
pling at regular intervals makes it possible to study annual and seasonal changes in distribution
and abundance over a very wide area,

The first account of the distributions of these young Sebastes (Henderson, 1961 a, b) was based
on the material available up to 1960. Since then the scope of the Recorder survey has been widened
by the extenslon of existing routes and the introduction of additional omes; our knowledge of the
distribution, therefore, is now much more detailed than that shown in the earlier report, and the
charts in Fig. 1 are provided for convenient reference. This work was assisted by a grant from
H.M. Treasury through the Development Fund and by Contract N62558-2834 between the Office of Naval
Research, United States Department of Navy and the Scottish Marine Biological Association.

DISTRIBUTION OF THE YOUNG STAGES

The results of the Recorder sampling are expressed as the mean numbers of Sebastes, per 10 m?
sampled, in statistical rectangles measyring 1° of lat x 2° of long.

The average distributions of the young stages of Sebastes are shown in Fig. 1; each of the
charts for the monthe April to July ia based on the combination of all Recorder sampling, in those
months, from 1955 to April 1963. Kotthaus (this symposium) discusses the distribution of young
Sebaates in the Atlantic from April to June 1961, and sugpgests that there are three main areas of
gbundance. He defines these and believes that they were discernible in the charts shown in the
earlier account of the Recorder work (Hendersom, 1961 b, Fig. 3) but is not certain of the separa-
tion south of Iceland which might be due to the combination of data. Because the charts in Fig. 1
represent cowbined results from a number of years, and because of the limitations imposed by the
geographical distribution of the available sampling, the Recorder data are not yet censidered ade-
quate to demonstrate these separations with certainty. For the purposes of this paper, however,
it 1s convenlent to divide the distributions into four groups (a,b,c and d) which are similar to
those of Kotthaus, although it seems possible that one of his areas may be divisible into two,

(a} over the Reykjanes Ridge and south of Iceland and (b) south to southeast of Greenland.

In April the young were found in small to moderate numbers (mean length 7.3 mm). They appeared

Oceanographic Laboratory, Edinburgh, Scotland.

ICNAF SPEC. PUBL., VOL.6.
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Fig. 1. Charts showing the average distribution of young stages of Sebaates (excluding S.
viviparus) in the months April to July. The charts are composite ones, including all
the information from 1955 to April 1963. The symbols indicate the mean numbers per
10 w3 for all sampling in each statistical rectangle 1° of latitude by 2° of longi-
tude. The broken lines and lower case letters a to d on the charts indicate the loc-
alities discussed in the text.

to be present in three more or less separated localities; (a) on both sides of the Reykjanes Ridge
and south of Iceland, but mainly to the morth of lat 59° N, with the larger numbers between 60° and
62° N lar; (b) in an area southeast of Cape Farewell {(Greenland) over the mid-Atlantic Ridge between
the lat of 54° and 59° N; and (c) between the northeast edge of the Newfoundland Banks and Flemish
Cap. In May (meen length 8.1 mm) the pattern was generally similar but the distributions over the
Reykjanes Ridge and southeast of Greenland (a and b above) have expanded in area and greatly in
abundance while that near Flemish Cap (c) has diminished, There is a suggestion of a possible fourth
concentration of young (d), close to the southern tip of Greenland.

In June populations of young redfish (mean length- 11.4 mm) were present in three of the local-
ities described above (a, ¢ and d}). The numbers were generally lower than those found in May, and
included only a few recently extruded individuals. In July (mean size 20.0 mm) relatively small
numbers of young were taken, more or less within the localities defined above as 2 and b. However,
in June and July the limits of separate concentrations may be more difficult to define due to drift
and dispersal of the now more active young Stages.

The separation of these oceanic stocks of young Sebastes into different localities, outlined
above, must be considered as tentative ag it is dependent on the sampling available sinece 1955.
Regular sampling west of 35°W. long has only been available over the last one to three years; there
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1ave been some unfortunate gaps in June; and in July one of the routes alters when the ships change
-0 the Belle Isle track and go traverses an area south of Cape Farewell not sampled in the preceding
gonths. It has not, therefore, been possible to establish any connection between the localities b
ind d which might be considered likely from an inspection of the May and July charts in Fig. 1.

HYDROGRAPHIC ASSOCTATIONS

TAning (1949) suggested that the 'spawning' (or extrusion of young) of the large redfish (Sebas-
tes) required temperatures of between 3° and 8.5°C in depths of about 300-500 m, with salinities of
‘rom 34.8 to 35.3 O/oo. Einarsson (1960 pp. 16-20) discussed the temperature requirements in re-
lation to fluctuations observed inm the mumbers of young stages, and suggested the possibllity of a
\arrower temperature range, from 4° to 6°C, at a deeper 'spawning' level 6f 500-800 m. He considered
that this hypothesis resulted in better agreement with the distributlons of young stages. Kotthaus
(this symposium) expresses support for Einarsson's suggestion, pointing out that so far no 'spavning'
redfish has been caught in fishing trials of any kind down to a depth of 450 m (see also below -
section on adults), and that hydrographic conditions favouring this hypothesis may be found over
juite large areas along the Mid-Atlantic and Reykjanes Ridges.

The Continuous Plankton Recorder survey does not provide contemporaneous cbservations of temp-
:rature or salinity, so that direct comparisons between the Recorder catches of young Sebastes and
‘he immediate hydrographic environment cannot be made. Several attempts have been made to compare
:he mean numbers of young in our statistical rectangles for the individual months in various years
7ith contemporary data for surface temperature, but so far without satisfactory results because there
tere too few occasions on which Sebastes and temperature data were avallable for the same rectangles,
mnd very little temperature data for greater depths.

In the earlier aceount (Henderson 1961 a2, p. 188), it was noted that the long term mean surface
jalinities based on observations extending over more than 50 years (Krauss 1958}, were within the
limits postulated by Tlning (1949) - 34.8 to 35.3 o/oo - In &2ll areas where young were taken except
for the patch off the Newfoundland Banks, where the salinity was about 34.0 ofoo. The additional
paterial obtained since then confirms this observation, and adds only the fact that the catches close
iround Cape Farewell were also taken where the surface salinity was about 34.0 ofoo.

l. Assoclations with Surface Temperature.

Henderszon (196la, p. 187) noted "....some correspondence between the distribution and the surface
temperatures”. The additional sampling since 1960 has provided many more observations, and a de-
talled examination of this correspondence has been attempted. The long term mean surface tempera-
tures for the months- April to Jume, based on observations extending over more than 30 years (Krauss,
1958) are compared with the mean abundance of Sebastes, and the results are shown as histograms in
g, 2 A.

In April the mean surface temperatures over the area sampled ranged from <3°C up to >8°C, and
the majority of the young Sebasies were found within the range of 5.0° to 7.5°C. The largest mean
wmbers of Sebastes per unit volume occurred in temperatures of from 5° to 6°C with one exception
it <4°C, which 1s composed entirely of the catches off Flemish Cap. In May, with a mean tempera-
ture tange of from <4°C to »9°C the catches occurred over the whole temperature range, but the lar-
jest numbers, exceeding 2.0 per 10 m?, were found at 5.5°C and from 6.5° to 8°C. This is the month
sf greatest abundance of young stages. In June, with a mean temperature range of from <5° to >10°C
the majority of the young stages occurred in temperatures between 7° and 10°C, maximum mean numbers
securring at 8° and 8.5°C., The single exception, at <5°C, represents the catches close to the south-
:rn tip of Greenland.

It is thought possible (Henderson, 196la, p. 188) that the temperature requirements of the larger
stages found in June and July (less than 20% are under 10 mm in length) may be less critical than are
required for the earlier stages found In April and May (leses than 10% are over 10 mm in length)., The
April and May results are shown combined in the final histogram where the largest mean numbers of
young Sebastes are found at <4°, at 5° and 5.5° and between 6.5% and 8°C. The subscript to this
ilstogram indicates the localities ( P-309 ) within which the majority of the catches contributing
to the individual histograms were taken.

2. Associations with Temperature at 200 Metres.

If the 'spawming' of redfish in the oceanic areas of the north Atlantic takes place only where
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temperatures of between 3° and B.5°C are found in depths of 300 - 500 m (Tlning, 1949) or within

the narrower range of from 4° to 6°C at 500 to B0O m (Einarsson, 1960), it would appear that a
comparison of the abundance of young (at the levels at which they are sampled) with temperatures
below the surface might provide clearer results than when the surface temperatures were used. It
has recently been possible to make some comparisons of this kind with the mean annual temperatures
at 200 m presented by Schroeder (1963). The results are shown as histograms in Fig, 2B. The three
monthe April, May and June are plotted separately, and April and May results are combined in the
final histogram to emphasise the importance of the period of extrusion. The temperatures were
avalilable as annual means only, s¢ that any relationship with seasonal changes In temperature is ob-
scured (although Schroeder says that "....over most of the North Atlantic temperature conditions

are remarkably stable'.) Catches of youmg Sebastes were taken over the whole temperature range of
from <3® to »9°C. There is, however, some separation into groupings of larger mean numbers of young
stages between 3° and 4°C and from 5.5° to B°C. The subscript to the final histogram indicates the
localities ( p.309 ) within which the majority of the catches making up the individual histograms
were taken.

ABUNDANCE OF THE YOUNG STAGES

In each year the average abundance of young
Sebastes in April and May has been assessed
for a standard area south and southwest of
Iceland, where the sampling has generally been
fairly uniform. Quite large fluctuations from
year to year have been noted and possible re-
lationships between these and other variables
a in the environment have been examined, s¢ far

with little success. It was noted, however,
M that the poorest year for young Sebastes,

1858, was that in which the surface tempera—
ture ancmalies published by Smed (1957-1962)
reached high values. The annual fluctuations
in numbers of young Sebastes, expressed as
standard deviations from the mean, are compaved,

19 in Fig. 3, with the mean surface temperature

anomalies up to 1961 for March, April and May
Ju E for Smed's large area F, which most nearly
corresponds with the standard area from which
the Sebastes flgures are derived. The co-
incidence of the three highest positive temp-
erature anomalies in this area with the three
%5307 lowest points on the Sebastes curve seems wor-
thy of note. However, the period of years
APRI covered 15 rather short, and it is as yet by
no means certain how much significance there
may be in associations with surface tempera-
o tures, so that this may be of coincidental

. slgnificance only. Nevertheless, it is con-
C‘d sldered that these comparisons should be con-
tinued over a further period of years, and in
greater detail over a wider area as results
become available, to assess their possible
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A Surface Temperalure BTemperuiure at 200 Metres

Fig. 2. Histograms showing the relationship be- value.
tveen the mean abundance of young Sebaa-
tes and: A, the long term mean surface IDENTITY OF THE YOUNG STAGES
temperatures for the months April to
June: B, the mean annual temperature at The adults of the large redfish, Sebas-
200 metres depth. The acale of Sebas- tes marinus (L.) are separated into marinus-—
tas represents the mean number per 10 mw? and mentella~ types. Both are ovo-viviparous
found at each 0.5°C interval. The sub- and the larvae have been distinguished from
scripts to the combined April and May those of §. viviparus (Kr.) (Tning 1949, 1961),
histograms for both A and B indicate and from each other (Templeman and Sandeman,
the localities within which the major- 1959) by the absence or presence of isolated

ity of the observations were contained. melanophores ventrally at the root of the
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primordial caudal fin. AIl the young stages
taken in the oceanlc areas by the Recorder sur-
vey have been without sub-caudal melanophores

and have been consldered to be the martnus—
type. Doubts as to the reliability of this
identification are growing, however, (for ex-—
ample, Graham, 1962, p. 148) and it is evident
that much more directly related information

about parents and young is required. It is

known that the only adults caught at Ocean
Weather Station 'A' (see next section) are
mentella- type, and pre~extrusion and 'left
over' larvae from these have all been without
the sub-caudal melanophores which should have
been present in this type (Templeman &
Sandeman, 1959). It will probably be some

Se bcstes time before sufficlent material is available

to determine whether or not young stages from
different parts of the oceanic area exhibit
any characteristics which can be used to dis-
tinguish them.

IDENTITY OF THE ADULT STOCK

In late May and June 1961, the crew of the
Dutch weather ship Cumuius caught redfish by
angling at Ocean Weather Statiom "A' (lat 62°
N, long 33°W). This station i8 situated over
the western slope of the Reykjanes Ridge, in
AREA F an area where young Sebagtes have usually been
abundant in April and May, and a series of fish-
ing trials was carried out from April to Sep-
tember 1962, with the help of British and Dutch
i weather ships occupying this station. These

%955‘56='57='58 ='59: '6[]:'61 :.'62_1 trials have been resumed, with the added help of

Norwegian and French weather shlps, to cover the

Fig. 3. Graphs showing the relation between whole of 1963. The trlals were designed to

the annual fluctuations in abundance sample down to 400 m, the main objectives being:
of young Sebastes (based on the sam (a) to catch 'spawning' redfish and, (b) to ob-~
pling in a standard rectangle south tain as much information as possible about the
and southwest of Iceland I1n April adult stock from specimens preserved in formalin
and May and expressed as standard and returned to the laboratory. At the time of
deviation from the mean for the writing these fishing trials have been carried
years 1955 to 1962) and the surface out in 1962 or 1963 (or in both years) from Jan-
temperature anomalies for March, uary to December and -specimens have been obtained
April and May combined for the large in each of these months except most of April and
Area F, for which Smed (1957-1962) the first part of May. Although these trials are
has published data. not yet completed some observed facts about the

1.

2.

adults caught may be stated.

All the 172 speclmens received in the laboratory so far were taken at depths of 100-250 m,
the majority between 150 and 200 m.

All these specimens agree with the published criteria for the mentella-type. No marinus-—
type adults have been taken.

It is thought that the gap in the sequence of catches in April and early May is more likely
to be due to 'spawning' activity than the absence of fish because large numbers of larvae

are found at this time. The fish may be at a deeper level at this time or may be disinclined
to take the hooks.

Some of the specimens taken in March had well developed larvae in the ovaries, and in many
of the 'spent' fish caught from mid-May to mid-July some larvae had been retained. None of
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these larvae so far examined exhibited the sub~caudal melanophores which might have been
expected for mentella- type parents (Templeman and Sandeman, 1959).

5. The existence of a resident population of mentella- type redfigh in the area around Ocean
Weather Station 'A' must, it seems, now be considered a probability., These observatiocns
are, however, limited to the vicinity of Station 'A', but it may be possible to relate the
findings to the larval population in the Reykjanes Ridge area. Much more information will
be required before wider application becomes practicable.

SUMMARY

1. The distribution of the young stages of the redfish {Sebastes) in the north Atlantic, as sampled
by the Continuous Plankton Recorder survey at 10 m depth, 1s described and 1llustrated for the months
April to July. The possibility that this oceanlc population may be found in four more or less sep-
arated localities s Indicated, but precise definition of these localitles is hindered by the limi-
tations of the sampling.

2, Comparisons have been made between the mean catches of young Sebastes and (1) monthly mean sur-
face temperatures, (2) annual mean temperatures at 200 m depth. The young stages are caught over
most of temperature ranges encountered, but in April and May they appear to be rather more abundant
in limited parts of the temperature range. There is a measure of correspondence here with the loe-
alities in which they appear to occur more or less separately.

3. The coincidence of the exceptionally poor year for young Sebastes, 1958, with high or maximum
surface temperature anomalies in certaln relevant areas in the Atlantic is noted, but some reser-
vations exist about the significance of this.

4. The identity of the young stages is discussed and the current doubts as to the validity of the
specific characteristics which have been used for some time are stated.

5. The identity of that part of the adult stock which has been sampled by fishing trials at Ocean
Weather Station 'A' is found to be the mentella- type. The stock appears to be represented in the
area for a large part of the year. Larvae taken from ripening and spent ovarles were found to be

without the pigment characteristics which would have been expected for mentella— type.
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ABSTRACT

Data is presented on the vertical distribution and diurnal variation in the catch of haddock
eggs, larvae, and pelagic juveniles, and on the diurnal variation in the catch of the early demer-
sal stages of haddock 1n the Gulf of Maine. .

Haddock eggs were concentrated in the surface layers and there was a decrease in their abun-
dance with an increase in depth. Haddock larvae and pelagic juveniles were concentrated within a
limlted depth stratum, the depth limits of which were defined by the thermocline. There were no
significant diurnal differences in the catch or in depth distribution of larval and juvenile had-
dock during surveys In which high-speed samplers having a high ratio of effective filtering area to
sampling aperture were used.

The otter trawl catch of young-of-the-year and one-year-old haddock was greater during the night
while the catch of 2+ year haddock was greater during the day, The diurnal variation in the catch of
2+ year haddock ig due to a change in availability resulting from a movement off the bottom during the
night, while the diurnal variation in the catch of young-of-the-year and one-year-old haddock appears
to be due to an increase in avoidance or escape through the trawl meshes during the day.

Suggestions are made regarding sampling techniques which take cognlzance of these distribution
and behaviour patterns.

INTRODUCTION

Fishery blologists have been spared for the most part the heavy pressure for predictions that
has long beset the meteorologist. A most important goal and primary obligation of fishery biolo-
glsts, however, 1s to prepare predictions of value to the industry regarding the relative abundance
of fish, the years when fish will be abundant and the areas where fish will concentrate. But what
is more significant, the proof of our understanding of what is happening in the sea is the ability
to speclfy what will happen next. In order to assess the seasonal and yearly fluctuations in dis-
tribution and abundance of fish and to make predictions regarding future availability and size of
stock, it is essential that we conduct census surveys of these populations before they enter the
commercial fishery. Although sampling is the heart of such studles, a more thorough examination of
sampling techniques and of distribution and behaviour patterns 1s needed before reliable estimates
and predictions of abundance and distribution can be made.

The problems involved are complex, for populations of fish are not static and are not distri-
buted randomly in either time or space. The vertical and horizontal distribution of fishes varies
with the stage of development, season of the year and time of day. In addition, many species of
fish are able to avold or escape from standard collecting gear, and this ability also varies with
the stage of development and time of day. It 1s the purpose of this paper to present data on the
vertical distribution of haddock eggs, on the vertical distribution and diurnal variation in the
catch of larvae, pelagic juveniles and early demersal stages of haddock in the Gulf of Maine -
Georges Bank area. Sampling techniques are suggested which take cognizance of these distribution
and behaviour patterns and which are possibly applicable to other specles of figh.

VERTICAL DISTRIBUTION OF HADDOCK EGGS

There have been three surveys In the Gulf of Maine - Georges Bank area in which quantitative
gamples were obtained Iin a suitable form for analysis of the vertical distribution of haddock eggs.
The first series of observations was made during March, April, May and June, 1931 and April, 1932,
in connection with a study of the distribution and survival of haddock egge and larvae on Georges
Bank (Walford, 1950). Sampling consisted of 30-min oblique tows with 1-m nets at a towing speed of
1.5 knots. In depths less than 100 m two nets were used, and in depths of 100 m or more three nets
were used. The approximate depth ranges of the three strata sampled were O m to 55 m, 55 m to 110 m
and 115 m to 170 m. '

In Table 1 the average abundance and percentage of haddock eggs by depth strata are tabulated
for stations where two nets were used in serles (78 stations) and for stations where three nets were
used in series (36 statlions). These values were determined from Walford's Tables 4 and 5, p. 64—
65. His values of eggs per minute have been converted to eggs per cubic metre.
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TABLE 1.—THE AVERAGE ABUNDANCE AND PERCENTAGE OF HADDOCK EGGS BY
DEPTH STRATA, MARCH - JUNE, 1931 AND APRIL 1932

Depth No. of eggs
strata per cublc metre Percent
2 strata Om- 55m 0.258 70
stations 55 m~ 110 m 0.111 30
3 strata 0m=- 55m 0.034 87
statlions 55m- 110 m 0.002
115 m - 170 m 0.003

Although there was conelderable varlatliod in the relatlve abundance of eggs in the three depth
strata between individual stations, in only 5 of the 78 statlons where tows were made at two levels
were more eggs taken in the second stratum than in the upper stratum. In only 2 of the 36 stations
where tows were made at three levels were more eggs taken in the deepest stratum than in the upper
two strata. Eggs were found throughout the water column at most stations, but by far the majority
of eggs were in the upper 55 m of the water column and 1in shallower water areas.

The second series of data was collected on Georges Bank in the springs of 1940 and 1941 in con-
nection with studies of the distribution of Sagitta elegans (Clarke, et al., 1943). The tabulations
of fish eggs and larvae collected during these crulses have been placed at our disposal by Dr Clarke.
Briefly, the zooplankton was collected by means of quantitative oblique hauls with Clarke-Bumpus
Samplers (Clarke and Bumpus, 1950) arranged vertically to divide the total depth of water into two
or three strata. The samplers were equipped with No. 2 silk nets and hauls were made at a speed of
approximately 2 knots. The depth strata to be sampled were designated as follows:

Stratum Water depth less than 75 m Water depth more than 75 m

Shallow Omto 25 m Omto 25 m

Second Depth 25 m to bottom 25 m to half distance to
bottom (or half distance to
200 m)

Deep 0 0—m=-==---- Remaining distance to bottom

(or to 200 m).

The average depths actually sampled were as follows: ''Shallow”,- 0 m te 22 m, "Second Depth",
- 22 m to 56 m, and '""Deep'", — 66 m to 104 m.

For each station the number of eggs per cublic metre was calculated for each stratum, and the
total number of eggs under each square metre of sea surface was determined by multiplying the number
per cublic metre for each stratum by its thickness and then adding the products. The average number
of eggs per cublc wetre for the whole water colummn at each statlon was obtained by dividing the num-
ber of eggs under each square metre by the total depth of water sampled at each stationm.

The abundance of haddock eggs in each depth stratum 1s presented in Table 2. The data are shown
for individual cruises and also include the seasonal average and percentage at each depth.
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TABLE 2.—THE ABUNDANCE (NUMBER PER CUBIC METRE) AND PERCENTAGE OF
HADDOCK EGGS BY DEPTH STRATA AT TWO AND THREE LEVEL
STATIONS, THROUGH - JUNE, 1940 AND 1941

1940

Atlantis

Crulse Ko: a5 96 a7 98 100 Avg Percent

Date: 21 March 17-27 9-16 1-8  19-27

2 April April May June June

2 level shallow

0m-22m 1.12 1.98 2,04 0.12 0.01 1,05 57
stations second depth

22 m - 56 m 1.03 1.46 1.42  0.08 0 0.80 43
3 level shallow

0m-22m 1.92 2,47 2.46  0.11 0.01 1.39 47
stations second depth

22 m - 56 m 1.42 2.16 1.19  0.07 0 0.96 33

deep

66 m - 104 m 0.45 1.69 0.74  0.03 0 0.58 20

1941

Atlantis

Cruise No: 112 113 114 116 Avg Percent

Date; 21 March 15-23 7-14 28 May

2 April April May 4 June

2 level shallow

0m-22m 3,00  2.90 1.91  0.26 2.02 61
stations second depth

22 m - 56 m 0.96 1,66 2.41 0.16 1.30 39
3 level shallow

Om=-22m 4.11 2.53 1,54 0.25 2,11 58
stations second depth

22 m - 56 m 1.00 0.88 1.99 0.13 1.00 27

deep

66 m - 104 m 0.77 0.64 0.75 0.06 0.56 15

In both 1940 and 1941 the average abundance of haddock egge decreased with depth. The relative
gbundance in the three depth strata varied congiderably between cruises, but with the exception of
Cruise 114 in May 1941, when eggs were slightly more abundant in the second depth stratum in both
two and three level stations, eggs were more abundant in the upper stratum during all months. The
average depth range of the upper two strata (0 m to 56 m) sampled during the 1940-41 cruises coin-
cldes with the depth range of the upper stratum gampled during the 1931-32 cruises (0 m to 55 m)
and confirms the finding that haddock €ggs are more abundant in the upper 50 m of the water columm,
In addition, it is seen that haddock eggs are most abundant in the upper 20 m of the water columm.

The third series of data was collected during the Continuous Plankton Recorder surveys of the
Gulf of Maine - Georges Bank area during March, April and May, 1953 and February, March, April and
May 1955 and 1956. These surveys were designed to locate spawning areas and to study the effects
of assoclated environwental factors upen the survival of haddock eggs and larvae. During these
cruises Recorders were towed at a speed of 10 knots, one just below the surface and one at 10 m,
The average abundance (catch per cubic metre} and pexcentage of early stage eggs (from fertilization
to the approach of the germinal ring to the equatorial position), late stage eggs (from the equatorial
position of the germinal ring to hatching), and total epggs at the surface and 10 m during 1953, 1955
and 1956 are presented in Table 3.
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TABLE 3,—THE ABUNDANCE AND PERCENTAGE OF HADDOCK EGGS AT THE
SURFACE AND 10 mDURING 1953, 1955 AND 1956

Early stage eggs Late stage eggs Total eggs
No. / m3 % No. / m % No. [/ m® 4

1953 Surfade 0.024 a9 0.079 88 0.103 88
10 m 0.003 11 0.011 12 0.014 12
1955 Surface 0.688 77 0.053 79 0.141 78
10 m 0.026 23 0.014 21 0.039 22
1956 Surface 0.097 56 0.102 61 0.198 58
10 m 0.076 44 0.065 39 0.141 42

Although the proportion of eggs at the surface and at 10 m varied between years and between
cruises within a given year, the proportion of early stage and late stage eggs at the surface and
at 10 m was similar within each year, during all years both early and late stage eggs were most
abundant at the surface. There were only two crulses In which haddock eggs were taken in greater
numbers at 10 m than at the surface. In February 1963, 68% of the late stage eggs and in March
1963, 63% of the early stage eggs were found at 10 m.

The corroborative evidence from the three serles of surveys demonstrates that although haddock
eggs are present throughout the whole water colummn, eggs in all stages of development are concen-—
trated in the surface layers, and there is a decrease in abundance with an increase inm depth. To
my knowledge there have been no detailed studies made of the wertical distribution of haddock or
other gadold eggs in other areas, but the observations of Sette (1950), Silliman {1943) and Kramer
(1960) which showed that the eggs of the Atlantic mackerel (Scomber scombrug), Pacific sardine
(Sardinops caerulea) and Pacific mackerel (Prnewmatophorcus diego) were concentrated in the upper
20 m of the water column and above the thermocline, and of Farris (1961) who found jack mackerel
(Trachurus syrmetricus) confined to the upper 40 m of the water column, indicate that vertical seg-
regation occurs in the eggs of many species and in many areas.
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Fig. 1. Distribution of haddock eggs by depth strata, March-June 1960. Values are the
number of eggs per 100 cubic metres.
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If, as seems likely, the vertical distribution of haddock eggs does not vary appreclably in
time or space, 1t would be possible to cbtaln a reliable estimate of the relative abundance of had-
dock eggs between years from samples within the upper 20 m of the water colum. Furthermore, if the
relative abundance between stations in the depth stratum of maximum abundance was similar to that
based on a sample of the whole water columm, the horizontal distribution and thus the time and loc-
ation of spawning could be determined from sampling a limited depth stratum. To test the feasibility
of such an approach a comparison is made in Fig. 1 of the distribution of haddock eggs as determined
from a sample of the whole water columm and of the 0 - 22 m, 22 - 56 m, and 66 - 104 m depth strata
during March, April, May and June, 1940.

In all cruises the relative abundance of eggs between stations in the shallow and second depth
stratum was generally similar. The distribution of eggs in the shallow depth stratum was most rep-—
resentative of the distribution as determined from a sample of the whole water column.

One distinct advantage of confining sampling to a restricted depth zone 1s that once the depth
and depth range of thils stratum of maximum abundance is established for a particular specles of egg
a more rapld and thorough coverage of an area can be accomplished. This 1s not only desirable in
studies of the timing of spawning, but because of the patchiness of the distribution of eggs 1t is
also essentlal to obtain a maximum number of samples in order to delineate spawning locations ac-
curately, A good 1llustration of the irregularity in the horizontal distribution of haddock eggs is
afforded by the data collected during the Continuous Planktgn Recorder surveys. The distribution of
haddock eggs at the surface and 10 m during April 1956 1is shown in Fig. 2.

VERTICAL DISTRIBUTION AND BEHAVIQUR OF HADDOCK
LARVAE AND PELAGIC JUVENILES

1. Vertical Distribution

There have been four surveys made In the Gulf of Maine - Georges Bank area in which quantita-
tive samples were obtained in a form suitable for an analysis of the vertical distribution of larval
and juvenile haddock. The first serles of data was collected during the Atlantis cruises to Georges
Bank during the springs of 1940 and 1941. The majority of haddock collected during these cruises
were prolarvae and early postlarvae (average length - 4.7 mm and size range - 3.1 mm to 10.0 o) .
The average number of larvae per cubic metre in the individual depth stratum for stations where tows
were made at two levels and for statlons where tows were made at three levels for individual crulses
and the yearly average number per cubic metre and percentage of haddock larvae in individual depth
stratum for 2 and 3 level statlons are presented in Table 4,

The Telative abundance of larvae in the three depth strata varied comsiderably between crulses,
In both 1940 and 1941 and on Individual crulses in which appreclable numbers of larvae were caught,
the average abundance of larval haddock was greatest in the shallow stratum at both two and three
level stations. At three level statlions, the average abundance 1n the second and deep stratum was
simllar in 1940, but greater In the second stratum than in the deep stratum in 1941.

Decidedly fewer larval haddock than haddock eggs were collected during the Continuous Plankton
Recorder surveys of the Gulf of Malne -~ Georges Bank area in the springs of 1953, 1955 and 1956 (av-
erage number of epggs per cublc metre - 0.106, average number of larvae per cubic metre - 0.018).

The average length of the larvae collected at the surface and 10 m during these surveys was 9.2 mm
and the range in length 3.1 mm to 40.0 mm. The average length of larvae caught at the surface (10.0
mm) was greater than the average length of larvae caught at 10 m (8.5 mm). The average abundance
and percentage of larval haddock at the surface and 10 m for individual years and for the 3 years
combined are presented In Table 5.

In 1953 and in 1956 larval haddock were more abundant at 10 m than at the surface, while in 1955
they were slightly more abundant at the surface. The percentage of larvae at 10 m was greatest in
1956, the only year in which apprecilable numbers of larvae were caught. Although the 1940 — 41 data
indicated that both haddock eggs and larvae were most abundant in the upper 20 m of the water columm,
the Continuous Plankton Recorder survey data indicated that, unlike haddock eggs, which showed a
steady decrease in abundance with depth, the depth at which larval haddock are most abundant is well
below the surface.

During May 1958, a cruise was undertaken with the objective of getting more detailed informationm
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TABLE 4.—THE ABUNDANCE (NUMBER PER CUBIC METRE) AND PERCENTAGE OF
HADDOCK LARVAE BY DEPTH STRATA AT TWO AND THREE
LEVEL STATIONS, APRIL - JUNE, 1940 AND 1941

1940

Atlantis

Cruise Nor 96 97 98 Avg Percent

Date: 17-27 9-16 1-8

April May June

2 level shallow

0m-22m 0.01 0.27 0.38 0.17 75
stations second depth

22 m - 56 m 0.03 0.04 0.14 0.06 25
3 level shallow

Om-=-22m 0 0.05 0.23 0.08 46
stations second depth

22 m - 56 m 0.02 0.02 0.13 0.05 27

deep

66 m = 104 m 0 0.01 0.15 0.05 27

1941

Atlantis

Cruise No! 113 114 115 Avg Percent

Date; 15-23 7-14 28 May

April May 4 June

2 level shallow .

0m-22m 0 0.13 0.48 0.21 54
stations second depth

22 m -5 m 0.01 0.17 0.34 0.18 46
3 level shallow

0m=-22m 0  0.03_  0.42 0.15 62
stations second depth

22 m - 56 m 0  0.02 0.21 0.08 32

deep

66 m - 104 m 0 0.03 0.01 0.02 6

TABLE 5.—THE ABUNDANCE AND PERCENTAGE OF LARVAL HADDOCK AT THE SURFACE
AND 10 M DURING 1953, 1955 AND 1956

1853 - 1955 1936 Avg
No./m> g No. /m3 Z No. /m® % No. /m? %
Surface .005 42 .007 54 017 31 .007 39
10 m 007 58 .006 46 .063 69 .011 61

on the depth distribution of postlarval haddock, employing multi-depth sampling techniques. Modified
Hardy Plankton Samplers (Miller, 1961) were used and. sampling took place at three stations in the
Georges Bank area. Each station was occupied for 2 consecutive days. Thirty-minute horizontal tows
at a speed of 7 knota were taken every 2 hours at depths of 1, 10, 20, 30, 40, 50 and 75 m. The av-
erage length of haddock larvae caught during this cruise was 9.0 mm and the range in length, 4.0 to
21.0 mm. A detailed analysis of these data has been made by Miller et al (1963)., The abundance,
percentage, and mean length of larval haddock caught at each depth at the three stations are listed
in Table 6.

Although there was a variation in the depth of maximum abundance of larvae between stations
and between size groups of larvae, at all stations over 80% of the larvae occurred between the 10-m
and 40-m levels. The average "larval-depth" (determined by multiplying the number of larvae by the
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TABLE 6.-—THE ABUNDANCE, PERCENTAGE, AND MEAN LENGTH OF HADDOCK
LARVAE BY DEPTH, MAY 1958

Station I Statlon II Station III

Depth No./m° % Mean No./m” % Mean No. /m? p Mean

length length length
Surface 0.046 4.2 10, 4mm 0.050 9.2 11.8mm 0.017 2.7 10 . 6mm
10 m 0.267 24.3 8.6mm 0.221 40.8 12.0mm 0.114 18.1 9, Orm
20 m 0.218 19.8 7.2mm 0.135 25.0 12 .0mm 0.386 38.6 8. Bmm
30 m 0.277 25.1 6.6mm 0.082 15.1 11.2mm 0.202 31.9 9.5mm
40 m 0.187 17.0 6. 7mm
50 m 0.106 9.6 6. 8mm 0.040 74 10 .9mm 0.055 8.7 9. 6mm
75 m 0.013 2.5 1l.7mm

depth sampled, summing the weighted samples and dividing by the total larvae at all depths) was 25 m
at Statlion I, 20 m at Station II, and 24 m at_Station IITI. Larval haddock less than 8 mm in length
were dispersed over a greater depth range than the larger larvae. The average larval depth for lar-
vae smaller than 8 mm was 27 m. The data showed that over 80% of the haddock larvae in the 8 - 21
mm size range were concentrated within the depth range of the thermoeline which occupled about 25%
of the entire water columm sampled.

Data on the vertical distribution of juvenile haddock were obtained on four cruises to the Gulf
of Maine during the periods 25 July — 2 August and 5 - 11 September, 1957 and 28 July - 1 August and

9 - 16 September, 1958 (Albatross III Cruises 99, 102, 116 and 117) in connection with a study of
the vertical distribution of redfish {(Kelly and Barker, 1961). The sampling gear used was a 10-ft

Tsaacs-Kidd midwater trawl modified to operate as an opening and closing net. Consecutlve l-hour
tows were made at a speed of 4.5 knots at depths of 10,20,30,40,60,80,100 and 110 m. A total of

366 haddock were caught in 1957 (average length —~ 92.6 mm, size range - 32 mm to 124 mm) and a total
of 4,261 haddock were caught in 1958 (average length — 90.4 mm, size range - 27 om to 121 mm). In
Table 7 the number of tows, catch per tow and percentage of juvenile haddock by depth for the 1357,
1958 and total cruises are tabulated.

TABLE 7.—NUMBER OF TOWS AND ABUNDANCE AND PERCENTAGE OF JUVENILE
HADDOCK BY DEPTH, JULY - SEPTEMBER, 1957 AND 1958

Albatrosa IIT Cruises 99&102 Atbatross III Crulses 1165117

July - September July - September Total Crulses
1957 1958
No. of Catch No. of Catch No. of Catch
Depth tows per tow % tovs per tow A tows per tow %
10 m 23 1.3 9.6 14 85.9 21.2 37 33.3 22.3
20 m 35 7.1 52,2 15 118.1 29.2 50 40.4 27.1
30 m 20 2.3 16.8 11 59.3 14.7 31 22.5 15.1
40 m 21 0.8 5.9 10 44.3 11.0 31 14.8 9.9
60 m 7 1.3 9.6 4 48.3 11.9 11 18.3 12.3
80 m 6 0.8 5.9 4 48.5 12.0 10 19.9 i3.3
100 m 8 0 Q 8 0 0
110 m 4 0 0 4 0 0

In both 1957 and 1958 the greatest abundance of juvenile haddock occurred at 20 m, although the
proportion of fish at this depth was greater in 1957 than in 1958. No juvenile haddock were found
below 80} m., During all four cruises the thermecline extended from approximately 10 to 50 m (Relly
and Barker, 1961, Fig. Z, p. 227), and it was In this zone of rapid temperature change that the
greatest numbers of juvenile haddock were caught. The average depth of juvenile haddock depth was
28 m in 1957 and 33 m in 1958. The average depth of juvenile haddock from July to September was
greater than that of larval haddock in May as was the average depth of the thermocline. In 1357,



326

85% and in 1958, 76% of the juvenile haddock were found within the depth range of the thermocline.
These percentages agree closely with those obtained in May 1958 for postlarval haddock.

In Fig. 3 the percentage of 10-mm length groups of juvenile haddock at each depth are plotted
for the periods July - August, 1957 and 1958 (Albatross IIT Cruises 99 and 116) and September, 1957
and 1958 (Albatross IIT Cruises 102 and 117). The average length of juvenile haddock caught during
July - August was B4 mm and during September was 99 mm. The average depths during all cruises for
the eight length groups in order of Increasing size were 31, 28, 32, 32, 33, 39, 37 and 30 m. With
the exception of haddeck larger than 79 mm in July - August, all length groups were concentrated be-
tween 10 and 40 m during both periods. During the July - August period the greatest percentage of
Juvenile haddock 80 mm and larger was at the 80 m level, Although appreciable numbers of haddock
were caught in only one of the 10 tows made at this depth, the data for both periods indicate that
there 15 an increase in the average depth and depth range with an increase in length. Further sam-
pling incorporating high-speed simultaneous tows is needed to validate these data.

- Vertical segregation has been observed for
other species of larval and Yuvenile fish by
many investigators (Russell, 1928; S8illiman,
1943; Wiborg, 1948; and 1960; Sette, 1950;
Ahlstrom, 1954, and 1959; Bridger, 1958;
KEramer, 1960; Colton et al., 1961; and

Farris, 1961). The four serles of observa—
tlons in the Gulf of Maine - Georges Bank area

- T, |

A0-49 mm

ad demonstrate that prolarval, postlarval and
i juvenile haddock up to approximately 120 mm in
length also tend to be concentrated within a
pry narrow depth range. Over 90% of the prolarval
T0-T9 M

and postlarval haddock (4,0 - 21.0 m) occurred
in the upper 40 m of the water column and over
80% of the postlarval haddock (8.0 - 21.0 uwm)

w-ssmm | ) were concentrated within the thermocline., Al-
”M: though haddock larvae smaller than 8 mm were

dispersed over a greater depth range than lar-

. § Z r vae larger than 8 mm, their average larval
2o r %@_ depth was only slightly greater. Wiborg (1960)
r - found that in waters off the coast of Norway
o F smaller cod larvae were also dispersed over a
oo L % % ) m greater depth range and that there was an in-
L [ crease in depth stratification with an increase

" L in length.
Q=119 mm o ~
T;M%ﬁ_ Over 75% of haddock up to 124 mm in length
DEPTH N METRES occurred between the 10- and 40-m levels, so
that it appears that It would be possible to
Fig. 3. The relative abundance in percent of obtain a religble estimate of the relative abun-
10 mm length groups of haddock by depth, dance of larval and juvenile haddock within a
July - August, 1957 and 1958 and Sep- given area, between years, from a sample within
tember 1957 and 1958. a limited depth stratum. The depth range of

maximum abundance of larval and juvenile haddock

colncided with the depth range of the thermocline.
The depth limits of the thermocline are readily definable and do not vary markedly with location in
an area such as Georges Bank. These facts Suggest that it would be possible to determine the hori-
zontal distribution of these fish from a sample within this restricted depth zone,

2, Behaviour

There are two aspects of the behaviour of larval and juvenile fish, namely diurnal migration and
escapement, that must be considered in any sampling program. Diurnal migrations, at least for many
specles of larval and juvenile fish, are not as extensive as once assumed (Johansen, 1925; Russell,
1928; and Sette, 1950), as it has been demonstrated that varlations in the day and night catch are
due in large part to the ability of many species to avoid slow-moving collecting nets (Si1liman,
1943; Ahlstrom, 1954; Bridger, 1956 and 1958; and Colton and Marak, 1962). This abllity to avoid
capture increases with the size of the fish and the amount of light, with a resulting decrease in
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the catch and average size of fish caught in the surface layers during the day and an increase dur-
1ng the night. Bridger (1958} and Southward (1962) in experiments made with the Gulf IIT high-
speed sampler have shown that a reduction in the shock wave that precedes the net and an increase In
filtration efficiency are as important as high speed in preventing evasion by fast moving animals.

The data used in this report corroborate these findings. For example, the average size and range
in size of haddock and cod larvae taken with the Continuocus Plankton Recorder were considerably
greater than the average size and range in size of haddock and cod larvae collected with 1-m nets
of. the same cruises or with Clarke-Bumpus Samplers during similar seasons (Colton and Marak, 1962).
In addition, there was no consistent diurnal difference In the average number of larval haddock
caught in the upper 10 m of the water columm with the Continuous Plankton Recorder (54% in the day
and 46% at night), while with both the metre net and Clarke-Bumpus Sampler many more larval haddock
were caught during the night. More Juvenile haddock were caught durling the night at all depths ex-
cept 80 m with the Isaaca-Kidd midwater trawl during 1957 and 1958. The average catch per tow of
juvenile haddock for all depths during the day was 17.5 and during the night was 36.5. The night/
day ratio in the catch tended to decrease with depth and increase with the length of fish. There
was no significant difference at any depth in the abundance, average size/and size range of larval
haddock, caught with the modified Hardy Plankton Samplers during the vertical distribution studies
in May, 1958 (Miller et al., 1963).

Durlng both surveys in which there were no significant differences in day and night catch of
haddock, high-speed samplers having a high ratio of effective filtering area to sampling aperture
were used. The Continuous Plankton Recorder has a filtering ratio of 32 to 1 and the modified
Hardy Plankton Sampler has a filtering ratio of 18 to 1. Both these ratios are much larger than
those of the ordinary tow nets and thus assure a more rapid movement of water through the mouth of
the gear. '

There was no evidence of any diurnal change in the depth distribution of larval haddock in May
1958. The average larval depth at the three stations was 24 m during the day and 22 m during the
night, The average depth of juvenile haddock caught with the Isaacs-Kidd trawl in 1957 and 1958,
however, did show diurnal variation, being at 40 m during the day and at 30 m during the night.
Considering that no juvenile haddock were found below 80 m during the day or night, that over twice
as many juvenile haddock were caught during the night than during the day, and that the night/day
ratio in the catch tended to decrease with depth, it would appear that this diurnal variation In
depth distribution is an artifact resulting from increased daylight avoidance. In addition, simul-
taneous tows were not made with the Isaacs-Kidd trawl so that there was considerable wvariation in
time and locatlion between sampling depths. In nelther series of data was there any evidence of a
night-time migration of larvae or juveniles from depths below the maximum depth sampled. Such
stability in the depth distribution of larval and juvenile fish has been observed in other specles
as well (Ahlstrom, 1959 and Farris, 1961).

VERTICAL DISTRIBUTION AND BEHAVIOUR OF EARLY DEMERSAL STAGES OF HADDOCK

Census surveys of the groundfish populations in the Gulf of Maine - Georges Bank area were made
in September 1955 (Albatrogs III crulses 65 and 66), November 1956 (Albatrcgs III cruises 81 and 82),
and October 1958 (Albatrose III cruises 118, 119, and 120). One of the objectives of these surveys
was to estimate the abundance of young-of-the-year haddock for predictions of year class strength.
The survey gear was a standard otter trawl having a 1.3 cm mesh cotton liner in the cod end and
uvpper belly. The towing speed was 2.5 knots, and all tows were 1/2 hour long from hook-up to haul-
back.

An analysis of these data showed that the abundance of young-of-the-year and 1-year-old haddock
fluctuated in the same way, both being high in all areas in 1955 and 1958 and low in 1956, This
tendency towards a greater abundance of haddock in certain years was also manifest to a lesser de-
gree in the survey catches of older haddock. For example, the catch per tow of haddock of all ages
was greater in 1958 than in 1956. One consequence of this fluctuation in fishing efficiency between
years is that estimates of year class strength are dependent upon what age fish are chosen to rep-
resent the year class and in what year the sampling was done. From these data the 1356 year class
would appear much stronger on a basis of the abundance of 2-year-old haddock in 1958 than of the
abundance of young-of-the-year haddock in 1956.

The gear, method of tow and area of coverage were similar during all survey crulses, so that it
does not appear that the variation in fishing efficlency between years could be due to any differences
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in fishing technique. However, commercial vessels tend to catch more haddock during the day than
during the night and this variatlon in the day and night catch is greatest in deeper water, If
during the survey crulses, there had been a marked variation in the proportion of day and night
tows, this could, conceilvably, be the cause of the variation between years in fishing efficiency.
To determine 1f such was in fact the case, a tabulation was made in Table 8 of the number of day
and night tows and of the catch per tow of young-of-the-year, l-year-old, and 2+ year haddock dur-
ing the day and night for the three survey cruises. Young-of-the-year and l-year-old haddock are
tabulated separately, for it was for these ages that the most marked yearly variation in sbundance
were observed. The reason for the difference in the number of tows tabulated for young-of-the-year
haddock and in the number of tows tabulated for l-year-old and 2+ year haddock in 1955 and 1956 is
that at some statioms only young-of-the-year haddock were counted or young-of-the~year haddock were
lost due to a tear in the fine mesh liner.

TABLE 8.—THE NUMBER OF TOWS AND THE CATCH PER TOW OF HADDOCK BY DAY
AND NIGHT IN THE GULF OF MAINE - GEORGES BANK AREA,
SEPTEMBER 1955, NOVEMBER 1956 AND OCTOBER 1958.

Day (0730 - 1629) Night (1930 - 0429)
No. of No. of No. of No. of

Year tows fish c/T tows fish c/T
oy 1955 I3 718 5.7 53 732 13.8
B &
4y 195 34 72 2.1 37 58 1.6
gﬂg 1958 46 264 5.7 50 1216 24.3
S = Toral 126 554 44 140 2006 14.3
T’ 1955 42 %5 1.1 54 349 6.8
Eﬁ 1956 35 74 2.1 37 48 1.3
:;ié 1958 46 286 6.2 50 548 11.0
£F  Torar 123 405 3.2 141 945 6.7

1955 42 466 11.0 54 270 5.0
yy 1956 35 285 8.1 37 212 5.7
:P_'wsé 1958 46 958 20.8 50 732 14.6
Y rotal 123 1709 13.9 141 1214 8.6

The day and night effort did not vary markedly, although in all years more tows were made dur-
ing the night than during the day. The catech per tow of young-of-the~year haddock was slightly
greater during the day in 1956 and much greater during the night in 1955 and 1958. The catch per
tow of l-year-old haddock was greater during the day in 1956 and greater during the night in 1955
and 1958. The average night/day ratio of abundance was greater for young-of-the-year haddock than
for I-year-old haddock. 1In all years the catch per tow of 2+ year haddock was greatest during the
day as is the case 1in the commercial catch. The day/night ratio of abundance of 2+ year haddeock
was of the same order of magnitude during all years, but the abundance of young-of-the-year and 1-
year—old haddock was only greater at night in the years when the survey cruises indicated that these
two age groups were most abundant (1955 and 1958).

Year-class strength estimates based on the abundance of young-of-the-year haddock during both
day and night would indicate that the 1955 and 1958 year classes were strong. The night time data
would not only indicate that the 1955 and 1958 year classes were considerably stronger than indi-
cated by the day time data, but that the 1958 year class was approximately twice as strong as the



329

74° 73°
447
f
477
42°
4° .
rus 3] a o @ o DAY
n [P
| ° e
Q o] s ,__‘r"- H i
a0°}- 5 == 020N oo — . . 40
E j o i
= !
o !
s |
39° 4 | ; 39°
74 73" 72° T 70° 63" :1:2 g7° 66" 65° &84’
74° 73° 72° 71° 70° 69° &g8° £7° 86° 65° 64"

o 5 _@}" NIGHT
ol o .o AT
. e, |
e B | | 140"
- ® POSITIVE TOW
O NEGATIVE TOW [
CONTOUR LINES |, 10,20,30,40,50, 100,200,300

FISH PER TOW H
¢ y . i ' 39‘

74 73 72" 7" 70" 69 68" 67" 66" 85° 64

Flg. 4., Distribution of young~of-the-year haddock during the day and night,

Cectober, 1958.



330

1355 year class. The day time catch of l-year-old haddock would indicate that only the 1957 year
class was strong, while the night time catch would indicate that both the 1957 and 1954 year classes
were strong. Although not as marked, significant yearly differences in the relative abundance of 2+
year haddock also oceurred between the day and night data.

Not only do estimates of abundance of haddock based on day and night observations vary, but also
the distribution pattern is different if based on night observations than if based on day observa-
tlons. This is demonstrated in Flg. 4 showing the distribution of young-of-the-year haddock as de-
termined during the day and night tows in October, 1958. Young-of-the~year haddock were found over
a much wider area at night and also areas of high abundance (off southeastern Nova Scotia) were not
indicated by the day time data.

When the 3-year average catch per tow of young-of-the-year, l-year-old and 24+ year haddock was
determined for hourly intervals, the plots showed marked hourly fluctuations in the abundance of all
age groups. Although in general the catch per tow of young-of-the-year and one-year-old haddock
tended to be higher during the night time hours and the catch per tow of 2+ year haddock tended to
be higher during the daylight hours, the fluctuations in the number of fish caught, between Individ-
ual tows within a given hour, were too great to attach anmy significance to the abundance figures.
The main cause for these fluctuations appears to be the marked regional variations in the abundance
of haddock. Cbviously there were many tows made during the night in areas where there were few or
no young-of-the-year and l-year-old haddock, or many 2+ year haddock, and tows made during the day
where the reverse situation exlisted. 1In any event, the day/night variability in the catch is real,
but special sampling programs in which tows are made at set time intervals within relatively small
areas for an appreciable number of days are needed before this variability can be accurately assessed.

Diurnal migration appears to be the cause of the varlation in the day and night catch of 2+ year
haddock. Although no sampling has been tndertaken to determine if haddock move off the bottom during
the night, trawling experiments and echo sounder observations have shown that haddock move off the
bottom at night in other areas (Woodhead, 1961). Indications are that this is also the case in the
Gulf of Maine - Georges Bank area where the commercial catch of haddock 1is greater during the day than
at night. Diurnal migration cannot explain the variation in the day and night catch of young-of-the-
year and l-year-old haddock unless, unlike older haddock, these young fieh move up in the day and down
at night. It is also possible that young-of-the-year and l-year-old haddock do not move off the bot-
tom at night. However, observations on the diurnal migratiom of herring in the North Sea (Lucas,
1936) and of haddock 1n the Barents Sea (Woodhead, 1961) have demonstrated that smaller fish show
more tendency to leave the sea bed than do larger fish., It appears that the day time decrease in the
catch of young-of-the-year and l-year-old haddock is due to a variation in the catching efficiency
of the otter trawl between day and night. This variation in catching efficlency could be due either
to an increase in the avoidance of the trawl during the day, as has been demonstrated in the case of
larval and juvenile fish, or to an increase in escape through the unlined meshes of the trawl wings
(12.7 cm stretched mesh) during the day. No doubt haddock of all ages are able to avoid the otter
trawl to some extent, but it appears that the younger fish may exhibit a more rapid visual and audi-
tory response to the trawl and that the day and night variability in the catch of young-of-the-year
and l-year-old haddock due to avoldance or escapement ig greater than that due to vertical migratiom.

There would appear to be only two possible methods of increasing the daytime catching efficlency
of the otter trawl. One would be to increase the towing speed, but this does not appear practical
for it is difficult to keep the trawl on the bottom at high speed and the amount of backwash and
turbulence at the mouth of the net would be increased. Another, and possibly more effective way of
reducing escape, would be to decrease the mesh size of the trawl wings. It appears quite possible
that all age haddock enter the net at the same rate, but the smaller fish (young-of-the-year and 1-
year-olds) are able to escape through the meshes of the wings and are better able to do this during
the day than during the night. In order to determine if this is in fact the case, it would be neces-
gary to make a duplicate series of tows durlng the day and night with and without a fine mesh liner
in the wings.

It is evident that one of the causes of the variability in fishing efficlency between years is
the diurnal variation in the catch. If the various age haddock were randomly distributed and if the
diurnal cycle was esimilar for all age haddock and for all depths, due allowance could be made for
this diurnal variation. However, in addition to the variance caused by day and night differences
in depth distribution there is apparently also blas caused by a variation in the fishing efficiency
of the otter trawl with age of fish and time of day. Until this variance is allowed for and the
bias eliminated, the relative abundance of haddock between areas and years can only be made for a
specific age group and on a basis of data collected either by day or night.
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SUMMARY AND CONCLUSIONS

The analysis of the data on the vertical distribution of haddock egegs collected in 1931, 1932,
940, 1941, 1953, 1955 and 1956 in the Gulf of Malne - Georges Bank area demonstrated that, although
iaddock eggs occurred throughout the water column, egpgs in all stages of development were concen-—
rated In the surface layers and there was a decrease in abundance with an increase in depth. The
elative abundance of haddock eggs in the upper 20 m of the water colum was similar to the relative
bundance of epggs based on a sample of the whole water columm.

Surveys made in 1940, 1941, 1953, 1955, 1956 and 1958, in which quantitative data on the vertical
istribution of prolarval and postlarval haddock were obtained, demonstrated that haddock up to 21 mm
n length were concentrated within a limited depth stratum, the depth limits of which were defined by
he thermocline. At stations in which simultaneous samples were taken at depths down to 75 m over
0% of the larvae were found between the 10-and 40-m levels and within the thermocline,

In studlies of the vertical distribution of juvenile haddock conducted in 1957 and 1958 in which
amples were taken at specific depths down to 110 m, over 75% of haddock, ranging in length from
7 mm to 124 mm, occurred between depths of 10 and 40 m and within the thermocline. Xo juvenile
addock of this size range were found at depths greater than 80 m.

In surveys in which high-speed samplers having a high ratio of effective flltering area to sam
ling aperture were used, there were no significant differences in the day and night catch of larval
nd Juvenile haddock and no varliation in the depth distribution between day and night.

It appears that not only would it be possible to obtaln a reliable estimate of the relative
bundance of the eggs, larvae, and pelagic juveniles of haddock as well as other species on a basis
f samples confined to a limited depth stratum, but also that the areal distribution and thus the time
nd location of spawning and the drift and migrations of larval and juvenile fish could be obtained by
ampling a restricted depth stratum.

In studies of the early 1ife history and year-class strength fluctuations of most specles of mar-
ne fish it does not seem feasible or expedient to attempt to determine the absolute abundance of eggs
nd larvae. Indeed, no conclusive correlation has been demonstrated between the abundance of eggs and
arvae and the brood strength of these fish as measured by their contribution to the fishery im suc-
eeding years {Thompson, 1929z and 1929b; Poulsen, 1931 and 1941; Heegard, 1947; Carruthers et al.,
951; Rae, 1953; and Radovich, 1962)., The time and location of spawning and the subsequent disper-
al of larvae and juvenlles are likely to have greater influence on brood strength than the absolute
umber of eggs or larvae produced. The data on the vertical distribution of haddock eggs, larvae,
nd juveniles indicates that such information can be obtained from samples taken within a relatively
arrow depth zonme. Because sampling of a limited depth stratum would be more rapid than sampling the
hole water column, a greater number of samples could be obtained in a given period. Reliable esti-
ates of abundance over broad geographlcal areas would be possible and more accurate data obtained
n the fluctuations in abundance in time and space.

To define the vertical distribution of the eggs or larvae of any species of fish it would be
dvisable to use high-speed, simultaneous, horizontal tows. Once the vertical distribution 1g ascer-
ained, it would be expedient to make high~speed oblique tows with samplers of high filtering capa-
ity to eliminate avoldance and to insure adequate samples. The studies of Bridger (1956, 1958) and
f Southward (1962) show that with modifications the Gulf III high-speed sampler (Gehringer, 1952)

3 1deally suited for this purpose. A simple closing mechanism for this sampler has beea‘deﬁcribed
vy Kinzer (1962).

The analysis of data on the distribution and abundance of haddock during otter trawl surveys of
roundfish populations in the Gulf of Maine - Georges Bank area in 1955, 1956 and 1958 showed that
1e catch of young-of-the-year and l-year-old haddock fluctuated in the same way, both being high in
11 areas in 1955 and 1958 and low in 1956. The variation in abundance between years appears to re-
11t from a decrease in fishing efficiency during daylight hours, for the average catch per tow of
nmg-of-the-year and l-year-old haddock was markedly greater during the night than during the day
1 years when the abundance figures were high. This day and night variation in the catch af yenns
addock 1is opposite to that of 2+ year haddock, the catch of which was greater during the day in 'l
:ars as 1s the case Iin the commercial catch. The variation in the catch of young-ot-tlie~year and
-year-old haddock is not due to a change in avallability resulting from a movement off the bottom
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during the night as in the case of 2+ year haddock, but appears to be due elther to an increase in
avoldance or escape through the trawl wings during the day. Special sampling programs are needed
to determine the cause and to assess accurately the degree of this day and night variation in the
catch. Regardless of the cause, the effect is real in that there are marked differences in abun—
dance and distribution as determined from day and night observations.

This analysis of the catch of haddock eggs, larvae and juveniles shows that in studies of the
early life history and brood strength fluctuations of fish we have to deal with populations of such
complexity that special investigatlions on the nature of the distribution of the various develop-
mental stages should be undertaken to improve sampling programs and the design of collecting gear
with a view of minimizing variance and eliminating bias.
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B-6

FACTORS CONTROLLING DISPERSAL OF THE PELAGIC STAGES CF FISH
AND THEIR INFLUENCE ON SURVIVAL

By

Alan Saville !

ABSTRACT

The part which dispersal of the planktonic stages may play in generating differential recruit-
ment to a fish stock is discussed in relatlon to the habitat of the stock. Wind i1s considered teo
be the dominant factor in bringing about differences In dispersal between years. Evidence for the
effect of wind on the distribution of haddock eggs and larvae at Faroce and in the North Sea, and
of herring larvae in the Clyde is reviewed. It 1s concluded that there is a relationship between
wind direction and strength and the distribution of larvae. for Farce haddock and Clyde herring but
not for North Sea haddock. The impact of this on subsequent year-class strengths of these stocks
is discussed.

INTRODUCTION

Appreciation of the major role played by variation in the success of year-classes, in generating
the fluctuations in productiveness to which most fisherles are subject, has made the investigation
of the factors controlling this varlation a major preocccupation of fisheries research, For the ma-
jority of fish stocks it has now been clearly established that the size of a year-class 1s fixed
at least by the end of the planktonic phase (Parrish, 1950), although opinion is still divided as
to the part of this phase in which the operative factors principally exert their effect.

The planktonic nature of the early spawning products, both the eggs in the majority of species
of commercially important fish, and larvae for all but an insignificant proportion, must mean that
dispersal could play a vital part in determining the fate of a year-class. The possible importance
of dispersal was first propounded by Hjort (1914) who encountered great numbers of cod larvae over
deep water in the Norwegian Sea and suggested that such drift into an unsuitable environment might
be a major cause of differential mortality between years. Although differential survival of the
initial production between years seems to be a feature of virtually all spawning stocks, the opera-
tive factors producing this differential survival must be expected to differ between stocks and
indeed within the same stock in different years. This must be particularly true for the effects of
variations in dispersal.

Stocks of fish spawning on isolated shallow banks surrounded by deep water, or on narrow shelves
bordering oceanic depths would be expected to be much more vulnerable to this source of mortality
than those whose chosen spawning areas are surrounded by large areas of suitable ground for the
settlement and growth of the post-metamorphic stage. The presence of self-contained spawning stocks
on such banks would seem to demand a current system over them, such as an eddy, which would tend to
retain the planktonic stages of the life-cycle over the bank, The part played by eddy systems in
maintaining benthic populations with planktonic larvae in such situations has been pointed out for
bivalves by Orton (1937) and the role of convectlion currents Iin similar situations for lobsters at
Bermuda by Boden (1952)., Whether the planktonic stages carried beyond the habitat of the spawning
stock survive to recrult to another area or perish is a moot polnt and must be dependent on the
length of the planktonic phase, on any ability of the organism to postpone the change over to the
adult mode of 1ife until a favourable environment is reached (such as Wilson 1952 has demonstrated
for the planktonic larvae of certain invertebrates) and on the proximity of alternative areas
sultable for settlement. Unless, however, one postulates a reverse migration of the organism to
the spawning site of the parents, whether the organism survives in a new habitat or not does not
affect the generation of differential survival of the initial stock.

Marine Laboratory, Aberdeen, Scotland.
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Distribution of haddock larvae at Faroe,
June 1950. Dots show the positions

of the stations; the abundance of the
larvae is shown by contours at 1 to

5 per haul (broken line) and >5
(unbroken line).

N |

Fig. 2.

Distribution of haddock larvae at Faroe,
June, 1952. Contour levels as in Fig.l.

Thus the maintenance of a permanent spaw-
ning stock demands a current system over the
spawning area which under normal circumstances
retains the planktonic stages within that area
or alternatively brings about dispersion withih
an environment suitable for subsequent settle-
ment and growth, and permits of a contranatant
migration back to the original spawning area.
Any short-term distortion of the current system,
during the spawning season, which results in a
dispersion not fulfilling these conditions,
could be expected to result in a poor recruit-
ment from that year class.

0f the factors which would bring about such
a distortion of the normal current pattern an
abnormal persistence of wind from one direction
seems the most likely. The major part of this
paper deals with a consideration of wind effects
on egg and larval dispersion and subsequent year-
class size in different types of spawning sit-
uations.

DISTRIBUTION OF HADDOCK EGGS
AND LARVAE AT FAROE

The Faroe plateau, which forms part of the
submarine ridge connecting Scotland and Iceland,
comprigses an area of about 23,000 sq km within
the 200 m contour. This area is Intensively
fished, largely for cod and haddock, - the had-
dock landing im a typical year amounting to
something of the order of 400,000 cwt. Tait
(1934), largely on the basis of drift-hottle
returns, postulated an anti-cyclonic eddy
system around the islands and this is supported
by the fact that the plateau appears to main—
tain its own plankton population, which Is quite
different from the typical oceanlc fauna of the
surrounding waters (Fraser 1939; Hansen, 1955).
The haddock stock of the area is considered to
be a self-contained one (Raitt, 1936) and, con-
sidering the extensive area of deep water sepa-
rating Faroe from the contiguous haddock stocks
of Iceland and off the north and west Scottish
coasts, it is difficult te believe that haddock
larvae carried off the Faroe plateau and possibly
reaching these areas to settle subsequently are
able to return. On this basis the Faroce stock
would appear to be an almost classic case, in
which any influence which disrupts the normal
eddy system operating over the Farce shelf will
have very serious repurcussions on the size of
the recruitment to the year class bora in that
year.

In the years 1950-53 inclusive an intensive
investigation of this area was carried out by
Scottish research vessels to sample the plank-
tonic stages of the haddock. This material has
been reported by Saville (1956) with particular
reference to the demarcation of the spawning
season and locations, and the assessment of egg
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production and of the subsequent larval mortal-
ities in the different years. The favoured
centres of spawning were markedly constant from
vear to year and it is noteworthy that they are
situated near the edge of the shelf where the
spawning products would seem particularly liable
to displacement over the adjolning deep water.
Unfortunately in all years the cruises were too
widely spaced in time to allow the drift of the
eggs and larvae to be traced in any great detail.
Figures 1-3 however show the distribution of had-
dock larvae in June for the years 1950, 1952
and 1953. It is clear from these that in June,
when the larvae are near the end of the plank-~
tonic phase in 1952 and 1953 a considerable

body of haddock larvae was still present in the
area, with a generalised distribution over the
Farce shelf such as one would expect from the
cperation of an eddy system arcund the 1slands.

; o The 1950 picture is very different; larvae in

e = q\_).-\ that year were very scarce in the area, with the
{ £ ﬁ*n_.z! greater number on the eastern edge of the shelf

. in June. This situation in June was to some ex—
" o R tent forecast by the May cruise of that year when,
" Vi although a considerable body of larvae was still
present within the area, they were very markedly
Fig. 3. Distribution of haddock larvae at concentrated to the east of the islands compared
Faroe, June 1953. Contour levels with the distrlbution in the same month in 1951.
as in Figure 1. The distribution of the planktonic haddock stages
over this period would seem to suggest that in
the years 1951-53 the bulk of them were retained
within the Faroe plateau but that in 1950 there
was a major loss of these spawning products over the aeep water to the east. The same may alsc have
been true of cod larvae which were also markedly scarce in June 1950 compared with 1952 and 1953.

From these data the best index of recruitment to the adult stock was considered to be the abun-
dance of larvae In June when they were nearing the end of the planktonic phase. As these covered a
variable size range between years, from the calculated mortality and growth rates their abundance
were first converted to the equivalent numbers at a standard size and then to the mean number at
this size below 10 sq m of surface. The figures so derived, for the years 1950, 1952 and 1953,
showed a satisfactory degree of agreement with the strength of these broods in thelr first year of
life assessed from trawl surveys, and published by Jones (1951) and Jones and Main (1953, 1954).
This suggests that in these years at least there is no appreclable differential loss of haddock
larvae from the area after June and, as the assessment of juvenile haddock is a satisfactory index
of their subsequent strength throughout thelr fishable life, that any loss from the area through
larval drift is not subsequently made good by a compensatory return migration during the adolescent
or adult phase.

Thus from these data it appears that the planktonic haddeock spawning products at Faroe are nor—
mally retalned within the eddy system overlying the Faroe plateau and that their abundance there
late in the planktonic stage gives a valid index of the resultant year-class stremgth. 1In 1950 how-
ever there was a marked scarcity of haddock larvae within the area in June and the resulting year-
class was a poor one. Events during the planktonmic stage make it probable that this scarcity of
larvae was due to many having drifted out of the area and over the deep water to the east. The most
likely force to bring about such a distortion of the normal circulation pattern seemed to be persis-
tent winds from the west. Wind directions and strengths for Faroe are avalilable in the dally reports
of the British Meteorological Service. These were plotted during the course of the planktonic phase
of the haddock (March-June)} and resultants calculated for each month. Normally one quarter of the
annual production of haddock eggs are present In the area In March and the total has been produced
by the end of April. As March winds must therefore exert a lesser effect than those of the ensuing
months the strength of the March resultant was reduced to one quarter of its real value. The Te-
sultant for the season as a whole was then calculated and the water transport assessed on the assump-
tion that it would be 45° to the right of the wind direction. The easterly component of transport
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wag then calculated for each of the years on a comparative basis taking 1953 as a standard with
an arbitrary value of 1.

These data are given in Table 1 along with the assessment of haddock larval abundance in June
for those years in which the area was sampled in that month, and the sbundance of haddock in their
first year of life from trawl surveys given by Jones (1951) and Jones and Main (1952, 1953, 1954).

TABLE 1.—EASTERLY WIND COMPONENT AND ABUNDANCE OF FAROE HADDOCK
AS LARVAE AND AS 1-GROUP.

Easterly wind Larvae abundance Abundance of haddock
Year component in June as l-group
1950 14.8 1.2 228
1951 ~25.0 ? 538
1952 6.0 2.4 488
1953 1.0 2.7 495

The data are admittedly based on a very short series of years but they do suggest that a per-
slstence of strong winds from the west is inimical to the retention of haddock larvae in the Faroe
areda and to the subsequent reeruitment to the demersal stocks. o

This situation at Faroe seems to parallel closely that of haddock on Georges Bank. There too
there 15 a considerable population of spawning haddock more or less surrounded by matural hazarda;
by high temperatures to the southwest; by oceanic depths along the southern edge; and by deep water
and muddy bottom along the northern edge. On the eastern edge 18 a deep channel which probably
forms at least a partial trap on that side (Walford, 1938). Chase (1955), by using the winter temp-
eratures to estimate the time of the spawning season and calculating the off-shore wind component
for the period of planktonic life so assessed, got a very satisfactory correlation with the brood-
strengths of haddock for the 24 years for which brood-strength data were available.

RORTH SEA HADDOCK

Considerable interest was aroused in the part played by wind induced transport of fish larvae
in the North Sea following on the work of Carruthers and his collaborators. These authors presented
a series of correlations between fluctuations in wind direction and strength and the strength of
the corresponding year-class of various species of commercial fish (Carruthers, 1950; Carruthers
et al., 1951; Carruthers et al., 1951; Veley, 1951). The mechanism underlying these correlations
was in no case categorically stated but in general terms it was inferred that the surface currents
induced by the winds controlled whether the larvae were dispersed into enviromments favoursble or
unfavourable for survival.

In particular for Nerth Sea haddock the close correlation found between the wind funetion used
and-resulting year-class strength led to the suggestion that the poor brood survival found with
south-westerly winds was due to the planktonic spawning products being carried by the surface currents
induced by such winds, north-eastwards into the north-geing stream along the Norweglan coasts, Winds
from other quarters were in general found to be favourable and this was explained as being the re-
sult of dispersion over the main body of the North Sea, which is the customary haddock nursery area,

In the period 1952-57 research vessels of the Department of Agriculture and Fisheries for Scot-
land carried out a series of cruises to investigate the planktonic stages of haddock in the northern
North Sea and in particular to trace their drift and its variations from year to year. The materisl
collected on these cruises has already been reported by Saville (1959). The most striking conclusion
arrived at from this investigation was that any drift of the planktonic haddock stages in the mor-
thern North Sea, at least during the years covered by the investigation, was extremely small. In
Figures 4 and 5 are shown the distributions on successive crulses of eggs and the resulting larval
stages in 1955 and 1956. The other years investigated gave very similar distributions. It will be
seen that any transport which took place must have been exceedingly small and certainly inadequate
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Fig. 4. Distribution of haddock eggs and Fig. 5. Distribution of haddock eggs and
larvae in the North Sea on sue— larvae in the North Sea on suc-
cessive cruises, in 1955. cessive cruises, in 1956.

to account for major variations In year-class strength. In Table 2 are given the average northerly
and easterly components of the wind for the months April-June inclusive for each of the years in-
vestigated and the strength of the south-west component over these three wonths all in terms of

sea mliles per day.

TABLE 2.—ANNUAL VARIATIONS IN WIND IN APRIL-JUNE
OVER NORTHERN NORTH SEA 1952-57.

1952 1953 1954 1955 1956 1957

N E__SW N E_ SW| N E SW| N E 5W b E SW; N E_ SW
-73 -120 140 j-23 -36 42 |-8 -75 61| + 39 -93 40|+ 28 -95 46|+ 57 -B2 18

With the exception of 1952, with a very large component of wind from the 5.W., and 1957 with a
rather small one, there was not much variation in this respect between the variocus years. The year
class of 1952 was a fairly good one - up to the mean of the series of good broods produced between
1951 and 1955. ©On the other hand 1956 and 1957 were both particularly poor broods. On this limited
evidence it would seem that winds from the south-west bear lirtle relation to brood prospects and,
in view of the rather static distributions of haddock spawning products found over these ranges of
wind strength and direction, 1t would seem doubtful whether wind plays any major part in inducing
transport in the North Sea. Steele (1957), discussing the hydrography of the northern North Sea in
spring and summer, states that in this area at this time the water below the thermocline is rela-
tively stationary. Above the thermocline the dominating Influence is the westwards spread of low
salinity water coming from the Baltic ocut~flow. The fact that this spread is in the opposite di-
rection from that of the prevalling wind implies that the wind effect is not predominant. It is
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probable that the balance produced between this westwards spread and the westerly wind component
accounts for the relatively static distributions of haddock eggs and larvae found in this area.

Rae (1957) was able to relate the distribution of Metridiq in the northern North Sea in the
winter months to the direction and strength of the prevalling winds and showed a relationship be-~
tween the wind function at this time and the strength of the haddock brood born in the following
spring. In autumm and winter the hydrographic picture in the northern North Sea is completely
different from that of the spring and summer with the dominating influence being inflow of Atlantic
water. The extent of the easterly spread of this water might well be affected by wind stress. Rae
tentatively suggested that the principal effect of the wind function he used on haddock year-class
strength was in orientating mixed oceanic-coastal water, of which Metridiq 1s an indicator, over
the haddock spawning grounds, and that such water provided a favourable environment for the devel~
opment of the planktonic haddock stages. Saville (1959), using data on the distributions of plankton
indicator species, was able to show a high degree of correlation between the proportion of the had-
dock spawning area occupied by such mixed water conditions and the size of the haddock broods over
the period 1936-57.

CLYDE HERRING

Although not strictly applicable to a consideration of ground-fish stocks, the situation of
the Clyde herring is of considerable interest in illustrating another situation where dispersion
could play a major role in determining recruitment. The Clyde herring stock is a spring-spawning
one with spawning taking place on Ballantrae Bank — a small bank of around 12 sq miles in extent
situated near the entrance to the Clyde estuary. In addition to the fishery on the adult spawning
shoals there 1s throughout the rest of the year a fishery within the estuary on adolescent fish and
fish approaching first maturity. After spawning these fish leave the Clyde for feeding grounds off
the Scottish west coast. The indicaticns are that the Clyde adolescent fish reecruit to the Clyde
spawning stock and that the strength of a brood in its first and second years of 1ife in the adol-
escent fishery is closely related to its subsequent strength as three year old flrst time spawners
in the spawning fishery (Wood, 1960). This situation led to the hypothesis that the Clyde estuary
formed a nursery ground for the recruits to the Clyde spawning shoals and that little if any re-
crultment to these shoals of first time spawners took place from any other nursery areas. In view
of the situation of Ballantrae Bank — the major if not only spawning ground —it appeared highly
probable that variations in direction and speed of drift could play a major role in determining
year class strength. The situation of the spawning ground is such that minor variatioms in drift
pattern could result in larvae going northwards into the Clyde estuary, southwards into the Irish
Sea or westwards into the Atlantic and the Scottish west coast. If the interpretation of the stock
characteristics 1s correct, then drift northwards into the Clyde would result in recruitment to the
Clyde adolescent and subsequently to the Clyde spawning fishery whilst drift in other directions
would mean poor recruitment to both branches of the Clyde fishery.

In 1957 a programme was commenced to Investigate this situation and has been continued each
year slnce. This programme took the form of a close grid of plankton stations over the spawning
ground, repeated at short time intervals, to measure the production of larvae throughout the hat-
ching season; and a grid of more widely spread stations, at less frequent intervals, to trace their
subsequent dispersal. Each year, in the first fortnight of May, a survey of the upper reaches of
the Clyde estuary was carried out to give a measure of the abundance of larvae, near the end of the
planktonic phase in this reglon, as an index of recruitment to the Clyde stock.

In the 1958 season sampling over the spawning ground showed that over 90% of the season's hat—
ching tock place in the period 9th to the 15th March. Unfortunately sampling on the wider grids at
this time was rather inadequate both in timing and in the extent of the area covered. The grids
sampled on the 1lth and 12th of March however both showed high concentrations of larvae over and to
the south-west of the spawning area (Fig. 6). There was then a gap In the sampling until the 19th
March. By then herring larvae were very scarce but the contoured distribution was suggestive of
higher concentrations of larvae to the south and west of the area sampled (Fig. 7). In the remain-
ing cruilses of the 1958 season very few herring larvae wetre taken and the May cruise in the upper
reaches of the estuary yielded the smallest numbers of herring larvae of any year in which the area
was lnovestigated.

The 1960 season showed a rather similar picture. The overwhelming preponderance of a fairly
large hatching took place in the period 10th-18th March. A cruise covering a major part of the
outer Clyde estuary on the lé6th March yilelded an abundance of early herring larvae with the contours
open to the west and south of the area sampled (Fig. B). On the next cruise to this area between the
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Fig. 6, Distribution of her-
ring larvae in the Clyde on
the 11th March 1958.

Broken line 50 larvae per

15 min tow, 1 m net.

Fig. 7. Distribution of her-
ring larvae in the Clyde on
the 19th March 1958.

Broken line 50 larvae, solid
line 1 larva per 15 min tow,
1 m net.
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Fig. 8. Distribution of her-
ring larvae in the Clyde on
the l6th March 1960.

Broken line 50 larvae per

15 min tow, 1 m net.

Fig. 9. Distribution of her-
ring larvae in the Clyde on
the 30th March 1960.

Broken line 50 larvae per

15 min tow, 1 m net.
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29th - 31st March the numbers of larvae had been very markedly reduced - giving an apparent mor-
tality rate of almost 18% per day - and again there was evidence of a leakage of larvae west-
wards beyond the area sampled (Fig. 9). In 1959 and 1961 - the only other years for which the data
have so far been completely analysed - the picture is rather different. In both years the centres
of larval ebundance on all cruises showed a marked restriction to the eastern part of the outer
Clyde estuary and a steady progression northwards inte the lnner estuary between successive crulses
(Figs. 10~12). 1In the years (1959, 1961) when the dispersal took place into the inner estuary the
pattern 1s clear from the distribution on successive cruises. In the case of apparent dispersal
outwith the area the evidence from this source is less conclusive - probably because of the short
time it took the main body of larvae to drift from the spawning area to the limit of the surveyed
area., As a result the distribution shown on succeeding cruises probably largely representa the
proportion of larvae which were retained rather than the main body of larvae. This is supported
by Fig. 13 which 1llustrates the reduction in larval numbers on succeeding cruises in each of the
years considered. 1In 1958 and in 1960 larval abundance within the surveyed area suffered a very
marked reduction within a short time of the main hatching peak with apparent mortality rates of

357 and 18% a day; in the years when dispersal was into the Firth the initial reduction in abun-
dance was lower at under 10% per day.

N2
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.
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. 8
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Fig. 10. Distribution of Fig. 11. Distribution of Fig. 12. Distribution of
herring larvae in the Clyde herring larvae in the Clyde therring larvae in the Clyde
on the 21lst March 1961, on the 25th March 1961. on the 5th April 1961,
Broken line 50 larvae Broken line 50 larvae Broken line 50 larvae
per 15 min tow, 1 m net. per 15 min tow, 1 m net. per 15 min tow, 1 m net.

As previously mentioned, in the first fortnight of May in each year the upper reaches of the
Clyde estuary were sampled to gauge the numbers of larvae which had reached this area. This number
must be a function of three factors - Initial number of herring larvae hatched in that year, larval
mortality between the time of hatching and the time of the survey, and the proportion of larvae
which were transported northwards into the area. In the years considered there were very marked
variations in the amount of hatching which took place. In order to estimate the proportion of lar-
vae reaching the upper Clyde these have been allowed for by dividing the abundance of larvae in the
inner estuary (expressed as the mean catch per haul) by the ratios of the hatching in the year in
question to that of 1959 taken as a standard, The material on the amount of hatching in 1963 has
not yet been fully analysed but a preliminary value has been assigned to that year from a cursory
inspection of the samples. This will be at least of the right order of size. No correction can be
made for mortality because of the absence of any criterion to distinguish between transport out of
the area and mortality sensu stricto. If however transport is a major factor in determining re-
crultment to the upper estuary any relatliconship between factors inducing transport and the pPropor-
tion of larvae reaching the upper estuary should emerge in spite of the effects of other causes of
loss in disturbing the relationship.
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Fig. 13. Reduction in the abundance of herring
larvae on succeeding cruises, 1958-
1961.

These values for proportionate recrultment to the Clyde estuary are given in Table 3,

TABLE 3.—ABUNDANCE OF HERRING LARVAE IN CLYDE ESTUARY IN MAY 1957-63.

Year Larval Abundance in May Larval Abundance in May corrected for
: variations in hatching

1957 5.0
1958 0.0
1959 3.2
1960 7.1
1961 78.0
1962 1.0
1963 10.6

It will be seen that In the corrected data the values for these years fall into two well-defined
groups — 1958, 1960 and 1962 with very low values and the remaining years with high values.

Additional information which supports the view that much of the variation in recruitment of
larvae to the Inner Clyde estuary 1s the result of water movements is supplied by drift bottle re-
leases. In the years 1958-63 inclusive, whilst sampling of the spawning ground was in progress
10 drift bottles were released on each day the research vessel was over the spawning grounds. I am
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indebted to my colleague Mr R. E. Craig for information on the returns derived from these drift
bottle releases. For the present purpose only returns from these releases made whilst hatching

of herring larvae was in progress have been utilised. In Table & are given the number of drift
bottles released during the period in each Year, the number of returns from within the Clyde estu-
ary and the numbers returned outwith the Clyde. These latter were principally from N, Ireland, the
west coast of Scotland, and from the shores of the Irish Sea.

TABLE 4&.——RETURNS OF DRIFT-BOTTLES RELEASED OVER CLYDE SPAWNING GROUNDS 1958-63.

Year No. of D.B.'s No. returned Returns outslide % of returns
released from Clyde Clyde from Clyde

1958 70 2 10 17

1959 80 26 0 100

19260 60 4 11 27

1961 35 15 0 100

1962 75 11 11 50

1963 90 33 0 100

These data show that the years also fall into the same two well-defined groups -~ 1959, 1961
and 1963 when all the returns came from the Clyde and 1958, 1960 and 1962 when half or more of the
returns came from outwith the Clyde estuary. In 1957 when this work in the Clyde was begun the
programme was more of an exploratory nature. 1In that year drift bottle releases were widely spread
over the south-eastern part of the outer estuary and took place in two periods only, namely 4-5th
March and the 25th-26th March. The returns from the releases of that year have already been repor-
ted by Craig (1959) who states: 'The earlier releases suggested that most of these larvae would be
carried into ‘the Firth while the deduction from the second series is that most of the larvae pro-
duced near the later date would be carried out of the Firth". In view of the fact that the pre-
ponderance of hatching of herring larvae took place almost half way between these two release per-
lods this information is not in itself of much value in deciding the role played in larval disper~
sion by water tramsport in that year (see however p.345).

In view of the major role played by wind in determining water movement wind data were extracted
from the Daily Weather Reports of the British Meteorological Office. These give observations, at
six hourly intervals, of wind direction and speed In knots at certain specifled stations. For this
purpose the observations selected were those taken at Renfrew, as being the closest to the Clyde
area, and an arbitrary choice was made of the observations taken at 1200 hours on each day as being
reasonably representative of the twenty-four hour period. For this purpose the daily wind values
were considered over a three-week period, chosen to cover the three weeks occurring immediately after
the inception of considerable hatching in that year. This period was chosen because experience of
the course of hatching during the spawning seasons sampled, and the speed of drift experienced, sug-
gested that this would be the maximum time necessary to determine whether the bulk of the season's
production of larvae would reach the inner Clyde estuary or be lost to it. The winds for the days
so selected were plotted in direction and strength and the northerly and easterly components for
each week were calculated., These are given in Table 5.

TABLE 5.--NORTHERLY AND EASTERLY WIND COMPONENTS [N CLYDE DURING HATCHING PERIOD 1957-63.

Year Week 1 Week 2 Week 3 Mean
N E N E N E N E

1957 6.7 -6.3 3.6 + 0.8 3.8 + 1.7 4.7 - 1.3
1958 1.8 + 7.3 0.8 + 6.7 - 1.0 + 6.0 0.5 + 6.7
1959 1.0 - 6.0 5.7 - 0.5 2.7 - 1.0 3.1 - 2.5
1960 0.5 + 6.3 ~ 2.0 + 6.7 - 1.0 + 7.7 ~ 0.8 + 6.9
1961 2.3 - 7.3 1.7 - 9.0 0.8 - 4.3 1.6 - 6.9
1962 - 0.3 + 3.5 - 1.0 + 0.8 0.3 - 1.1 - 0.3 + 1.1
1263 2.7 ~ 0.5 - 2.0 - 4.7 0.3 0.5 0.3 - 1.6
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It will be nmoted that, as in the larval data of Table 3, and the drift bottle release data of
Table 4, the years 1958, 1960 and 1962 are distinguished as being years with a prevalence of winds
from the east, and with a weak northerly component, in contrast te the other years when the pre—
valling winds were from the west. Thils relationship would however seem to be of a qualitative
rather than a quantitative nature; the particularly strong component of wind from the west in 1961,
vith a particularly low northerly value, did not result in an improved recruitment to the inner Clyde
in that year when compared with the years of less strong westerly components; similarly the rather
veak easterly component of 1362 appears to have been as deleterious as the much stronger one of 1960.
This is only to be expected in view of the other factors which must play a part in controlling larval
survival.

In view of the apparent relationship between wind and drift bottle returns shown in Tables 4

and 5 it seemed worth re-examining the wind data for 1957 in the light of Craig's (1959) drift bottle
results. This showed winds consistently from the west in March up te the 22nd of that month with a
reversal thereafter for the remainder of the month into winds from the east. It would appear likely
therefore that the change in the current system in the Clyde, which Craig found between the 5th and
the 25th March, took place probably as late as around the 22nd March. By that time the main hatching
of herring larvae was over and the current system depicted by ®raig for the first series of releases
srobably played the major role in determininf larval drift. From this evidence, 1957 would fall into
the same group as the years 1959, 1961 and 1963 (Table 4). Barnes and Goodley (1961}, also concluded
that the pattern of surface drift in the Clyde iIs markedly wind dependent.

There thus seems to be reasonably strong evidence that the direction of dispersal of spring-
spawned larvae from Ballantrae Bank is largely determined by the east-west and north-south wind
romponent over a short period after hatching and that this influences the abundance of later stage
ijerring larvae in the inner reaches of the Clyde. It would seem however that the abundance of such
larvae in this area is by no means a criterion of future year-class strength in the commercial fish-
ary. In Table 6 are given the catch per unit effort of each of the year classes investigated in
their planktonic phase which have sc far recrulted to the fishery as adolescents between 1 and 2
years old and as recruit spawners spawning as 3 year oclds. These were computed from routine landing
statistics and from the age composition of the landings assessed from one or two random samples taken
zach week.

TABLE &.—CATCH PER UNIT EFFORT OF YEAR CLASSES OF CLYDE HERRING.

Year Class Catch/effort as 1+ fish  Catch/effort 3 year old spawners

1957 10.28 17.22
1958 14.38 5.84
1959 2.13 0.32
1360 5.87 0.41
1961 7.80 ?

The two indices of year class strength are nmot in as close agreement as one might wish - par-
ticularly with respect to the low index of the 1958 brood as spawners compared with their abundance
ln the adolescent fishery. This has also been a feature of this year class in subsequent years and
jeserves further Investigation. Both of these indices however are in agreement in marking 1958 as
1 successful year class in the scale of this serles of years and 1959 as a very poor one, in con~
trast to their rating in Table 3. The evidence from these data with regard to the 1958 year class
vould suggest therefere that drift out of the Clyde 1z not necessarily inimical to the prospects of
1 year class and presumably a return movement may take place during the post-planktonic stage. A
romparison of the data of Tables 3 and 6 would also suggest the possibility of considerable dif-
ferential mortality between year classes in a late planktonic or post planktonic stage in herring.

DISCUSSION

The early work of Carruthers (1937) and Carruthers and Hodgson (1937) suggested a relationship
yetween both year-class strength of North Sea haddock and Southern Bight herring and the wind regime
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prevailing during the planktonic stages In the life-cycle. This suggestion of a relationship
between brood-strength and wind was further formalised and extended to cover a wider range of spe-
cles in the post-war papers of Carruthers and his collaborators. A similar relationship between
wind and year-class strength was demonstrated for Georges Bank haddock by Chase (1955). In spite

of these apparent associations between wind and brood strength, there appear in the literature to

be few authenticated cases of a direct effect of wind on the transport of eggs and larvae. In par-
ticular successful predicrions have been few, although Graham (1925) was able, In a very generalised
way, to predict the distribution of cod larvae in the central North Sea in one year from a consider-
atlon of wind direction and strength.

In the present paper some evidence is produced that under an unusual wind regime the normal
distribution of haddock larvae at Faroe is distupted, and for herring larvae in the Clyde the effect
of wind variations on larval transport seems well authenticated. In the North Sea haddock, on the
other hand, wind variation, within the range found in the years investigated, seems to have no ap-
preclable effect on larval transpert, It would appear, on this evidence, that only in certain sit-
uations, where comparatively minor variations in wind from the normal pattern can produce wide ran-
glng effects 1s wind variation likely to produce marked differences in dispersal pattern., Ome such
sltuation is where isolated stocks occupy banks of small extent when short periods of persistent
winds from one quarter can push the planktonic fauna overlying the bank over oceanic depths or into
well-defined stream currents. This situation is well {l1lustrated at Faroe and on Georges Bank. In
the north Atlantic there are several such banks which maintain what are apparently self-contained
stocks of ground fish. Fraser (1958) has discussed the problem of the retention of the planktonice
etages within the habitat of the stock in such situations. It is of interest in this conntection
that what little is known about the population structure fn such habitats suggests that year-class
fluctuations are more viclent than in populations with less restricted distributions. This would
seem to be 80 for the haddock stocks on Porcupine Bank in the north-east Atlantic (Hickling, 1946)
and on St. Plerre Bank in the north-west Atlantic (Beverton and Hodder 1962).

The Clyde situation is probably & peculliar case where comparatively slight northwards trans-—
port brings the larvae within the sheltering arms of the Firth while initial southerly or westerly
transport of limited extent results in larvae being carried into a current system which militates
against subsequent return in the planktonic phase. Even here however there seem to be no demon—~
strable relationship with the subsequent number of recruits to the commercial shoals.
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COMPARATIVE CHARACTERISTIC OF SOME BIOLOGICAL INDICES OF THE BOTTOM STAGES OF (-GROUP
COD BELONGING TO THE 1956, 1958, 1959, 1960 AND 1961 YEAR-CLASSES.

By
I.Ja. Ponomarenko!

ABSTRACT

Annual fluctuations in the fatness and nutritional condition of cod fry in the southern part
yf the Barents Sea are governed by the availability of Euphausiacea in thelr food, the main item of
:he diet of the O-group of cod. The more Euphausiacea there are in their food, the higher is the
level of fatness and nutritional condition of the fry.

The length of cod fry at the end of the first year of 1ife 1s closely related to the tempera-
:ure conditions in a given year. In warmer years the fry grow faster than in colder omes, Due to
:he annual fluctuations in length and condition of fry, their accessibility to small predators (for
instance the young cod of age groups I, II and III) changes from year to year. The smaller and less
wurished are the fry, the more can predators feed on them.

Feeding conditions and the thermal regime of the sea, affecting growth indirectly {through pre-
lators), influence the mortality of the fry; that is, the formation of the year-class strength. Due
;0 the faster growth rate of the 0O-group, the conditions for maintaining the strength of a year-class
)f cod at a high level are better in warmer years than in colder ones, all other conditions being
:qual, particularly the feeding conditions.

To determine the factors influencing variations in the amount of fish recruited to the commer-
:1al stock of the Barents Sea cod, the Polar Institute (PINRO) annually carries out investigations
m feeding, fatness, nutritional conditiom and sizes of the bottom stages of O-group cod.

In this report the following indices for cod fry belonging to the five generations are compared:
1) food composition (weight in %Z);

2) stomach fullness Index in 9/oco {the relation of food welght to fish welght multiplied by
10000, Z.e., per decimille);

3) fatness (the relaticon of liver weight to fish weight in %);

4) nutritional condition (the relation of the weight of a fish to the long-term mean weight
of fish of the same length in %);

5) mean length (in cm);

6) the importance of the bottom stages of O-group cod to the feeding of cod fry of the
I-I1I-IIT age groups im November-December.

These indices are compared with the abundance of the bottom stages of O-group cod belonging to
:he given year-classes and with the temperature anomalies occurring along the Kola hydrological sec-
:ion. The materials were collected by PINRO research vessels in November-December of 1956 and 1958
:0 1961 to determine the abundance of the young of the commercial fishes. The 25-meter bottom trawl
7ith a fine-mesh net (10 mm), Inserted intc the codend was used. The quantitative analysis of young
:od is carried out annually in the autumm-winter perlod in the Barents Sea. From the catch of the
ottom stages of O-group ceod per hour, one can determine the abundance of a year-class at the first
rear of life. The data on catches of fry per hour's trawling are taken from the work of A.S.
jaranenkova.

g Polar Research Institute for Marine Fisherles and Oceanography, Murmansk, USSR,

ICNAF SPEC. PUBL., VOL. b.
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Fig. 1. Areas where samples of O-group cod were taken for the analysis of
food, fatness and nutritional condition. The dotted line sepa-
rates the Central Zone (A) from the South-eastern (B) and North-

eastern (Bl) zones.,

1956

] r A 14 5 eom

Fig.2. The size composition of the
fry of D-group cod which
were examined (dotted line)
and of all the O-group fry
caught by trawl during the
period of the study.

Samples were collected from the Murman Coast to Novaya
Zemlya Bank (Fig. 1). The length composition of the fry
examined and of all fry of the O-group taken with a trawl
1s given in Figure 2.

Euphausiacea (32.5% by welght), Gammaridea (15.6%),
Polychaeta (10.6%) and Pisces (17.4%) were the main food
items of cod fry over the average period of five years in
the near-bottom layers of the Barents Sea (Figs. 3 and 4).
Appendicularia (4.9%Z), Hyperiidea (4.5%), Decapoda (4.32),
Chaetognatha (4.1%), Mysidacea (2.0%), Cumacea (0.6%),
Caprellidea (0.5%), Isopoda (0.4%), and others are of
secondary importance in the food of cod fry. A total of
101 species were found in the stomachs of O-group cod.

Local differences are traced in the feeding of the
bottom stages of cod fry. On these grounds we can divide
the southern part of the Barents Sea into the three con-
ventional zones (Figs. 1, 3, 4 and 5): Central (A), where
the main fry food is Euphausiacea; South-eastern {B), where
Gammaridae and Polychaeta prevail; and North-eastern (B1),

where the fry of Boreogadus saidz and the young of Lum-
benus are the dominant food objects. All the quantitative
data on feeding, represented in Figures 3, 4 and 5, were
calculated separately for each of the three zones and for
the whole gea.
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"Mg. 3. Food composition (as % by weight)
of the bottom stages of O-group
cod according to the five year
observations:

A-1n the Central zone;
B-1in the South-eastern zone;
B;-in the North-eastern zone;

C-all zones combined;
1. Euphausiacea (together with 1
Hyperiidea and Mysidacea)}:

1961
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2. Gammaridea (together with Fig. 4. Food composition (as % by weight) of
Caprellidea, Cumacea and the bottom stages of O-group cod of
Isopoda); the 1956, 1958-61 year-classes. The

3. Polychaeta; ’ zones (A - C) and organisms (1-7)

4, Plsces; are the same as those shown in Fipgure

5. Appendicularia; ) 3.

6. Chaetognatha;

7. Others.

The radius of each cirecle 1s in
proportion to the average index
of stomach fullness.

Food composition of cod fry in 1956 and 1958 to 1961 is shown in Figure 4; fatness (I), nutrit-
.onal econdition (II), stomach fullness index (III} and the single index of Euphausiacea (the relation
yf the weight of the Euphausiacea eaten to fish weight in Z) are presented in Figure 5. The percen-
:ape of feeding specimens did not differ greatly from one year to another (from 76% to 86.3%) and
wer the course of five years it averaged 82.8%7 in the Central zone, 83.87 in the South-eastern zone
nd 82% in the North-eastern zcne.

Most of the material was collected In the Central zone, where the greatest abundance of the bot-
:om stage of 0-group cod occurred in the years investigated (Fig. 5). Annual varifations in fatness,
wtritional condition and stomach fullness Index of O-group cod in the Central zone are closely con-
iected with the annual changes in ifwmportance of Euphausiacea in the diet of fry, Thus, the highest
‘in 1958) and the lowest (in 1960) fatness, nutritional condition and stomach fullness index cor-
‘espond to the greatest (98%/ooo in 1958) and the least (7.8%/ooo in 1960) importance of Euphausiacea
n the feod of fry (Fig. 5, A.I,II,IITI). The importance of Euphauslacea Iin the diet of fry deter—
unes the annual variations in fatness and nutritional condition of the bottom stages of O-group ced
n the southern part of the Barents Sea. The stomach fullness index, fatness and nutritional con-
lition of cod fry belonging to the moderately abundant 1956, 1958, 1959 year—-classes were similar.
he relative importance of Euphausiacea in the food of fry was approximately the same during these
rears (special index 39.2, 51.7 and 48.8 respectively). The fry of the 1960 and 1961 year—-classes
jecurred in low numbers in the southern part of the Barents Sea and were characterized by lower
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Fig. 5. Quantitative Iindex of feeding of the bottom stages of O-group cod in Nov-
ember/December. The zones (& — C} are the same as those shown 1in Fligure 3.
I - Fatness.
II -~ Nutritional condition.
IIT - Total index of stomach fullness (solid line}.
Tndex for Euphausiacea (broken line).

fatness, and nutritional condition, which corresponded to the lesser importance of Euphausiacea in
the foed of cod (Fig. 5, C, I, II, III Table 1}. Prabably, Euphauslacea play a great part in the
diet not only of the bottom but also the pelagic stages of O-group cod. This assumption is confir-
med by the PINRO data on feeding of the pelagic fry of cod (Sysceva and Degtereva, 1964, and
Wiborg's data, 1960). The tranmsition of cod fry to the near-bottom life ig evidently closely assoc-
iated with the descent of Euphausiacea to the bottom layers.

For the five years investigated, the three values change almost in parallel from one year to
another: 1) importance of Euphausiacea in the diet of O-group cod at the bottom stages; 2) nutri-
tional condition of O-group cod; 3) abundance of O-group cod. Such interdependence can probably
be explained by the drift of cod fry and the young of Euphausiacea from the west to the east and by
the greater survival-rate of cod fry during the years when the young of Euphausiacea are abundant,
However, further investigatioms are necessary.

No link was traced between the temperature conditions during the year and the quéntitative
data on the feeding of the bottom stages of O-group cod. Thus, In the cold vears (1956 and 1958),
when the annual temperature anomalies in the 0-200 m layer in the Kola section were —0.65° and
-0.58%, and in the relatively warm year (1959), the fry of cod had similar stomach fullness index,
fatness and nutritional condition. In 1959 and 1960, when similar temperature conditions occurred
(anomalies +0.18° and +0.17°C), the fatness and nutritional condition indices of fry strongly dif-
fered (Fig. 5). However, a close relationship between the sizes of cod fry in November-December,
and the temperature in February-October was found (Fig. 6). The growth rate of O-group cod was
somewhat lower in the cold years than in the warm years. In November-December, the average length
of fry of the 1956 and 1958 year-glasses was 9.29 and 9.57 cm and of fry of the 1959 and 1960 year-
classes was 10.79 and 10.8l cm. Temperature and the length of fry are average for the other years,
1957, 1961 and 1962.

One of the most numerous swall predators of cod fry in the bottom layers of the Barents Sea 1s
small cod of the I, II and ITI age groups (length 15-35 cm)., The importance of fry im the diet of
cod of these age groups depends upon the abundance of the O-group, and also upon the length and
nutritional condition of fry. Our data show that im November-December the small cod feed mainly



353 B-7

on cod fry not over 10 cm in length (Ponomarenko,
1961). The larger fry, however, are fed on only

1f they have a low nutritional condition value. The
fry of the 1956 and 1958 vear-classes, having the
lowest length, and the fry of the 1960 year-class,
having the lowest nutritional condition, were eaten

in the greatest quantity. The large fry of the 1959
year-class, with high value for nutritional condition,
were eaten In the smallest quantity. {Table 1). If
one now conslders the small size and low nutritional
condition of fry of the 1961 year-class, one would
expect these fry to be found in numbers in the stomachs
of cod of the I, IT and JII age groups. The fry of
this generation were, in fact, fed upon in small num
bers. This 1s another demonstration of the low abun-
dance of the 1961 year-class in the southern part of
the Barents Sea. Thus, in the years when the bottom
stages of O-group cod are small or in low nutritiomal

1956 1957 1958 1959 1960 w961 1962

Fig. 6. Relation between the mean wa- condition or both, they become more available to the
ter temperature (I) 1in the O- predators and the number of predators which are able
200 m layer in Pebruary/Octo- to live on the fry in the bottom layer increases.

ber (along the Kola section)
and the mean length of the
bottom stages of O-group cod
in the Southern part of the
Barents Sea in November/
December (II).

TABLE 1.—THE IMPORTANCE OF THE BOTTOM STAGES CF 0-GROUP COD IN THE DIET OF
CCD FRY OF AGE GROUPS T, Il AND TII* IN COMPARISON WITH THE ABUN-
DANCE OF 0-GROUP FRY, THEIR SIZES AND NUTRITIGNAL CONDITION,

Year-classes; 1956 1958 1959 1960 1961
Importance in the diet
% by weight 42.8 55.0 4.4 20.7 5.2
occurrence 1.7 25.5 2.9 13.2 5.4
Average catch per hour of O-group cod

12 11 11 7 3

in the southern part of the Barents Sea
Average length of O-group cod 9.29 9.57 10.79 10.81 9.9

Nutritional condition of O-group in %
100 100 100 93.1 94.0
of the long-term mean

The thermal regime of the sea and the feeding conditions of 0-group cod influence the sizes
and nutritional condition of fry. The latter two indices determine the degree of fry mortality
caused by the small predators. Owing to the more intensive growth of O-group cod, thelr survival-
rate In the warm years will be better than in the cold years.

¥ Samples for study of the feeding of cod fry of the I, II and III age groups, 15-35 cm in length,
were téken in the same areas and in the same way as the samples for study of the O-group feeding.
Age—composition was approximately the same during all the years. A total of 2289 stomachs were
examined. The analysis of stomachs was made by the quantitative-weight method.
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DRIFT MIGRATIONS AND THEIR SIGNIFICANCE TO THE
BIOLOGY OF FOOD FISHES OF THE NORTH ATLANTIC

By

Ju.Ju, Martyl

ABSTRACT

The passive transport of fish by water currents 1s discussed in relation to the evolution,
feeding and development of the fish stocks. It is shown that knowledge of such drift migrations
is needed for assessing the productivity of a sea area and for predictions of recruitment to the
commercial stocks. In calculating growth rates it is necessary to remember that different contin-
gents of a species may have differing histories of drift migration and hence of feeding and de-
velopment. Detailed investigations of the dynamics of fish stocks are needed and international
collaboration will be necessary.

Drift migrations, Z.e., the passive transport of living organisms by water masses, are com-
mon amongst representatives of the animal world living in the hydrosphere, These migrations occur
not only among planktonic organisms, whose possibilities for horizontal movement are very limited,
but among nekton as well and particularly among various species of fish. Drift migrations are es-
pecially characteristic of fishes inhablting the boreal waters of the North Atlantic (Meek, 1916;
Schering, 1929; Schmidt, 1947; Zenkevitch, 1963), The drift of eggs, larvae and fry has been well
studied for cod, haddock, herring and redfish of the Norwegian, Greenland and Barents Seas (Hjort,
1914; Lea, 1929; Baranenkova, 1957, 1960; Baranenkova and Khokhlina, 1959, 1961; Maslov, 1944,
1957 and 1960; Marty, 1941, 1956 and 1961), Eel larvae brought by the Gulf Stream to the European
shores serve ag a classic example of a prolonged drift migration (Schmidt, 1929). Passive disper-
sal starts either at the stage of developing egg (gadoids; flatfishes), or at that of hatching for
demersal eggs (herring) (Marty, 1961).

Drift migrations result in the extension of the specles habitat and wider utilization, as
feeding areas, of enormous sea spaces which for various reasons cannot be used by a given specles
for reproduction. Through the resulting extension of the habitat, drift migrations reduce the
possibility both for interspecific and intrespecific competition.

Drift of eggs, larvae and fry represents the filrst stage in the migration cycle of immature
fish, The second stage of thisg cycle is a return migration of fish to the spawning grounds. For
the majority of specles the drift migration lasts for about 6-8 months. During this period the
young are carried from the spawning grounds to the feeding areas over a distance of 500 to 800 or
more miles. The return migration is accomplished within 3 to 8 years depending on the rate of
growth and maturation of particular species.

Pagsive dispersal of living organisms takes place not only in the hydrosphere but also in
the atmosphere where the air currents carry, first of all, plant seeds. However, there are some
radical differences in the passive dispersal of living organisms in the atmosphere and in the
hydrosphere {Marty, 1961). Plant seeds can be carried and deposited by alr currents into various,
even lethal conditions. Eggs and larvae of fish and of other marine animals are transported with
water masses within which their development began and which are characterized by a very slow and
gradual change of their physical and chemical qualities. Yet, even in the hydrosphere, it 1s pos-
sible that the young may find themselves in unusual environmental conditions. For example, the
young of the coastal fish can be carried out to the open sea; pelaglic eggs and larvae can drift
into areas occupied by floating ice etc., Such conditions are known to exist in a number of areas
of the Pacific Ocean.

I All-Union Research Institute of Marine Fisherlies and QOceanography, Moscow, USSR.

ICNAF SPEC. PUBL., VOL. 6.
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The main condition for drift migration of the young is the proximity of the spawning grounds
to the permanent currents. The next condition for favourable drift of the young of the bottom and
demersal fishes 1is the direction of the currents along the shelf or towards the shallow waters.
Pelagic fishes and herring, in particular, can be carried even to the remote areas of the open sea.
There are a variety of ways in which the young may "withdraw" from the drift. The young may cease
to drift when the movement of the water masses stops, or if they get into the eddy zones, sink to
the bottom, or swim out of the areas of the permanent currents.

Habitats of the main commercial species in the Barents Sea (Figs. 1,2,3,4,5) are quite dif-
ferent. These differences are based, first, on the different starting points of the drift, Z.e.,
on the location of the epawning grounds and, second, on the biological pecullarities of the young.
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Fig. 1. Atlanto-Scandian Herring. Showing Fig. 2. Cod. Showing distribution of finger-
distribution of fingerlings (shading), lings (shading), spewning areas
spawning areas (crosses), limits of (crosses), limits of distribution of
distribution of adults (heavy line). adults (heavy line).

(from Marty and Shutova-Korzh). (from Maslov and Baranenkova).

It 18 not yet clear to what extent the habitat of the young of certain commercial specles reflect
the natural mortality of the young in different areas as being influenced by the ablotle factors or

predation.

The greatest habitats of the young herring as a pelagic fish are mostly found in the
Norweglan, Greenland and Barents Seas. They are encountered. in the eastern part of the Norwegian
Sea and in the Spitsbergen Current up to 76 -~ 77°N and further north. The young herring inhabit
both the southern part of the Barents Sea and the White Sea.

The distribution of young cod in the Barents Sea is similar to that of herring. Im. the
Norwegiasn Sea young cod are observed in the eastern braach of the Norwegdan Current and in the
Spitsbergen Current — along the whole western coast of Spltebergen. Some of the young. cod, accord-
ing to observations made by the Polar Institute, are carried into the Aretie Ocean. The young cod
are undoubtedly carried to the White Sea as well, though to a much less extent than herring. Had-
dock are characterized by a more westerly distribution. The young of the "golden redfigh" are
found predominantly in the northwest areas of the Sea, as well as along the main branch of the
Norweglan Current. The young of Sebastes mentella inhabit the northwest ereas of the Barents Sea
and do not occur in its central part.
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Pig. 3. Haddock. Showing distribution of
fingerlings (shading), spawning areas
(crosses), limits of distribution of
adults (heavy line),

(from Baranenkova and Sanina)}.
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Fig. 5. Sebastea mentella.
tion of fingerlings (shading), spawalng
areas (crosses), limits of distribu-
tion of adults (heavy line).

(from Baranenkova and Khokhlina).
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Fig.4. Sebastes marinus, Showing distribu-
tion of fingerlings (shading), spawn-
ing areas {(crosses), limits of distri-
bution of adults (heavy line).

(from Baranenkova and Khokhlina}.

Observations on the distribution of the
individual year-classes of herring in the
Barents Sea were begun as far back as in the
thirties and have been continued to the present
day by Dr Shutova-Korzh (Marty, 1941, 1956;
Shutova-Korzh, 1960). The widest distribution
was observed for the 1937 and 1950 year-classes.
Inshore distribution characterised the abundant
1930 vear-class, the bulk of which penetrated
into the White Sea, returned along the Murman
coasts and entered the inlets of the Motovsky
Gulf. The asbundant 1934 year-class had an open
sea distribution. A similar pattern of diatri-
butlon was registered for the 1943 and 1944
year-classes, The rich 1959 year-class was dis-
tributed widely. However, it did not penetrate
into the east and northeast areas.

The drift migrations of the ichthyofauna
of the boreal area probably originated during
the glaclal epoch; first, the reproduction of
all relatively warm-water specles could then
occur only In the areas affected by the warm
currents; secondly, the drift of the young per-
haps had already been taking place in the more
northward latitudes (Marty and Wilson, 1960).
Alternate cold and warm periods have made the
migrations a habit (Marty and Wilson, 1960). It
seemed to be equally advantagecus for the boreal
specles Iin the period of stabilization of the
temperature regime of the sea as in the periods
of temperature ups and downs.
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Experience gained in the cod and herring fisheries in the North Atlantic shows convineingly
that, during the periods of temperature rise of the Subarctic areas and the extension of the boreal
area, the abundance of boreal species tends to go up, resulting in extended feeding areas and leonger
feeding migrations. In hydrologically warmer years drift migration of the young of boreal species
is also extended. Research conducted by Wiborg (1557} showed that the abundant year-clagses of cod
relating to warm years are carried from the northwest coast of Norway much faster than poor ones.
This is undoubtedly due to acceleration of the current in warmer years. The young of cod, haddock
and herring are brought to the Barents Sea earlier and distributed wider and more to the east during
warm years than in colder years,

Thus, there seems to be a definite relation between the spawning conditions, the abundance of
the young and the factors favouring the dispersal of the latter. The great speed with which the
young adapt to favourable life conditions resulting from the drift migration, is specially interest-
ing. The extension of the boreal area due to an increased intensity of the warm currents causes a
rapid "stocking" of the areas affected by the warm water masses by the young of commercial fish
(Kisliakov, 1960).

Drift migrations of the young represent a most interesting example of the unity of the organism
and the environment; besides, what we observe in this case is not a simple adaptation of the organism
to the life conditions, but a deep assimilation of these conditions by the species. A true under-
standing of various aspects of the biology of commercial fish is impossible without thorough know-
ledge of drift migrations. Their gtudy allows us to understand the scheme of the migration cycles
of the species and to determine the conditions necessary to retain the intraspecific integrity or to
form races and local stocks.

Wherever there are long drift migrations of the young and return migrations of the maturing

fish, the possibility of race formatiom is out of the question (Marty, 1958). At the same time, a
stable extension of the habitat by the apecies at the expense of any branch of the warm current may
lead to the formation of a local tribe. An obvious case is provided by the conditions which exist
in the Barents Sea. As long as the northwest Norweglan coast remains the area of reproduction owing
to its favourable temperature conditions, it hes one tribe of the Arctic cod, although some contin-
gents of the maturing fish in the Southern Barents Sea and in the Bear Island-Spitsbergen area live
separately.

Drift migrations result in the fact that for many species the area of distribution of the
young can be just as wide as that of the adult fish performing spawvning migrations. In a number of
cases the habitat of the young is much wider than that of the adult fish and the limits of the habi-
tat are determined by the pattern of distribution of the young at the age of one or two years.

Pageive distribution of the young is possible only because of their exclusive eurybiotic and,
particularly, eurythermal qualities which are formed in the process of phylogenesis. During the
first years of 1life, young cod, herring and haddock are limited in their movement and the above men-
tioned eurythermality allows them to survive rather severe winter conditions, with temperatures of
about -1°C and even lower (Marty, 1941},

Study of the age distribution of herring in the Barents Sea showed that the younger year-
tlasses always keep more to the east and north than the older ones. Migration contours of the matur-
ing year-classes are being constantly shifted ggainst the current. Because maturation of fish depends
not only on the age but also on the size of figh in the areas of digtribution of young individuals,
one can observe a stable withdrawal of specimens having the higher growth rate which move to the
west with older year-classes (Marty, 1941). Our observations on the individual year-classes of her-
ring have ghown that their reaction to the temperature conditions remains unchanged for a number of
years. Thus, those populations of the young that had grown up under the severe conditions of the
White Sea prefer cooler waters in the subsequent years as well, and the young that had grown up in
the Fipmarken waters remain in the areas of higher temperature range.

The study of the distribution of the maturing year-classes of commercial fish is of great im-
portance for forecasting the strength of the year-classes; also for planning selective fisheries by
excluding from the fishing operations the areas known to be occupled by non-commercial size fish,

Studies of the distribution of the young of commercial fish are important in assesaing the pro-
ductivity of the basina. Wherever drift migrations exist, the fishing productivity of the basin can
be differentiated into the productivity of young fish resulting from their passive distribution, and
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the productivity of the adult fish performing feeding migrations. The relationship between the first
and the second types of productivity depends first of all on the age composition of the populations
characteristic of a glven species. Changes in the age composition of the population, as shown by
Maslov (1961) may reduce the feeding migrations and utilization of the feeding resources of the

basin.

Knowledge of the drift migrations of the young is most important in forecasting the rate of
recruitment to the commercial stocks. The extent of the drift of the young determines the extent of
its feeding grounds and the growth and maturity rates of year-classes: the farther the young are
carried by the drift, the slower they grow and mature. Without knowledge of the feeding grounds, it
is impossible to estimate the growth of separate contingenta of the young that had grown up in sepa-
rate areas, and to predict the rate of recruitment to the stock. Therefore, the attempts of many
investigators to describe an average growth rate of individual year-classes cannot be successful.

Our experience shows that in a number of cases we Tave quite definite contingents of maturing fishes
with notlceably different growth rates and attempts to calculate growth rate averages only complicate
the problem instead of aiding its solution.

In cur opinion, in order to get a true idea of the growth rate, it.1s. necessary to study the
growth of individual contingents of fish with due regard to their distribution and significance in
the composition of the year-class. Such well-organized investigations can greatly help us to under-
stand the dynamics of the formation of the commercial stock and.{ts exploitation.

To summarize, the growth and maturity rates of the recruits are closely related to the feeding
grounds and, consequently, to the conditions of the drift migrations of the young. Schematically,
this interdependence seems to assume the following shape:

Conditions of drift
of the young

S . Feeding conditions
pawning

of young and
grounds maturing fish

Stock Growth of young
recruitment and maturing fish

Rate of sexual
maturity of fish

Drift migrations are particularly important in the northesst part of the Atlantic. 1In the
northwest areas they should be less important, firat of all because of the more limited boreal area
(Marty, 1962), However, the drift migrations do exist in the northwest Atlantic and it is important
that they shall be studied., Internatfonal investigations into the distribution of eggs, larvae and
young of fish in Davis Strait, commenced in 1963 and the recent studies of the distribution of young
of food fishes by the Soviet investigators will undoubtedly help to get more accurate {nformation on
many problems pertiment to the biology of the food fishes in the ICNAF area.
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SURVIVAL OF THE YOUNGEST STAGES OF FISH, AND IT3 RELATION TO YEAR-CLASS STRENGTH

By

J. A. Gulland!

ABSTRACT

Most fish have enormous fecundities, and there must be a correspondingly enormous mortality
etween the egg and adult stages. Most of thils mortality is believed to occur in the first few
wonths of 1ife, and this stage Is belleved to be lmportant for two other reasons; because the diff-
rences between good and bad year-classes are determined at this stage, and because the regulatory
density~dependent) effects which prevent the population expanding without limit in favourable con-
itions, or dwindling to extinction under poor conditions (e.g. with heavy fishing), may occur in
his stage.

Year-class fluctuations are presumably due to some environmental factor. Attempts to show the
nvironmental effect by correlation technliques have generally not been successful; the wide range
f possible environmental factors makes the usual statistical tests of significance invalid If the
actor studied has been chosen on the basis of goodness of fit. Also the correlation coefficient
or even an envirenmental factor directly responsible for year-class changes is not likely to be
igh because of difficulties of estimating both the year-class strength and the environmental
actor.

The relation between year-class strength in the Arcto-Norweglan stock was studled. Relations
reviously suggested between year-class and wind, or plankton were shown not to be firmly supported,
ut there seemed to be a relation, though not a close one, between year-class and temperature in the
arents Sea.

In this, and other stocks, the mortality between eggs and recrultment (for the cod, recruitment
ccurs at 4 years old) was shown to decline with increasing adult stock, and a pattern of the de-
line in numbers during the first years of life 1s proposed. It is suggested that further under-
tanding of the happenings in these early stages will be reached by using the techniques of popula-
ion dynamics, i.e. direct measurement of growth, mortality ete, Low mortality, as deduced from the
elative sbundance of larger (and presumably older) larvae is shown to be related to good year-class
trength Iin several stocks.

Most marine teleosts have enormous fecundities. A female cod in her lifetime may produce mil-
ions of eggs, but in a stable population an average of only two will survive to maturity. While
he fish are of commercial size the mortallity 1s (by these standards) low, of the order of 30-75%
er year. Mortality between the end of the first few months of life and the time of reaching com
erclal size is not known so0 precisely, but Is probably also fairly moderate, and the bulk of the
9.9999% mortality occurs in the first few months of life.

The mortality in these early stages 1s believed tc be important to the study of fish populations
n two ways. Filrst, it is at this time that the difference between good and bad vear-classes is es—
ablished ~ certainly thils difference Is usually established and observable by the time the fish are
ig enough to be sampled with normal fishing gear (cf. Baranenkova, 1960, for Barents Sea cod).
econd, any population must have some basic density-dependent factors controlling it, preventing it
rom expanding without limit when conditions Improve, and from declining when conditions worsen
g.g. when adult mortality increases due to fishing). This effect, for at least some fish stocks,
robably occurs in the early larval stages (Beverton, 1962).

Variations in year-class strength are presumably due to variations in the environment at sone
ime in the early 1ife. Failing the information needed to make a direct study of the ef¥ec.t of
arious environmental factors on the survival of young fish, correlations between year-class strength
nd various environmental data have been made for several fisheries. Thus Carruthers and his
olleagues (Carruthers €t al. 1951) used wind data, mainly because these were regularly and easily
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avallable without the need of any speclal investigation, and wind could reasonably be expected to
influence other more direct factors such as the distribution of larvae in unfavourable areas,
rather than because of its direct effect on young fish.

The use of correlations to establish a connection between environment and year-class strength
is made more difficult by the small number of pairs of observations avallable (one per year). On
one hand there is the statistical danger, pointed out by Gulland (1953), that with the wide range
of possible environmental factors avallable, including the chelce of precise season, a high degree
of correlation between some factor and year-class strength is likely to arise merely by chance. On
the other hand the estimates of year—class strength, and probably also of the environmental factors,
are likely to contaln considerable observational variance. Thus Beverton and Holt (1957, p. 270),
comparing for the North Sea haddock the variances of year-class strength and of the total annual
catch, concluded that, for the period 1922-37, the variance of the estimared year—class strength
was conslderably greater than the variance of the real year-class strength. Also, as shown below,
there appear to be discrepancles in later data between changes in year-class indices and in catch
per unit effort of the fishery. Thus, however close the real relation may be, the correlation be-
tween the estimates of year-elass and environmental factor canmot be very large, perhaps not large
enough to be significant except when determined over a considerable number of years. For example,
estimates of year-class strength have been made for the Bear Island cod - a stock for which the
data are probably rather better than average - based on the abundance of 7- and B-year old fish.
The correlation between these two estimates 1s 0.896, and this is about the best degree of cor-
relation that could be expected between either of these (fairly good) estimates and an environmental
factor which could be measured precisely, and which determined the true year-class strength absol-
utely precisely., Even this fairly high correlation needs seven palrs of observations (Z.e. seven
years) to be significant at 1%. Thus tests of statistical significance give only a poor guide to
the reality of a derived correlation and, as Saville (1959) points out in his survey of such cor—
relations for the North Sea haddock, the best test is given by the passage of time, and by the re-
lation between varlables in the years after the correlation was firsrt suggested.

Despite these difficulties, it is worth examining the relation between the estimated year-class
strength of the Arcto-Norweglian cod and some environmental factors, particularly where such a re-
lation has already been suggested {e.g. Hill and Lee, 1958; Corlett, 1958az). Hill and Lee, working
with very limited data, both in number of years and preclsion of year-class strenpgth in the Bear
Island-Spitsbergen area, suggested that there was a correlation between good year-classes and strong
southerly wind during the period when the larvae were drifting from the Lofoten spawning grounds to
the Bear Island area, the latter causing increased northerly water transport, Mr Lee has kindly put
the complete series of wind data at my disposal. A series of pairs of observations of wind (mean
southerly component at Bear Island during April and May) and year-classes (using the data of Gulland,
1964) can be obtained for twenty-eight years between 1921-56., These data have been plotted in Fig. 1;
distinct symbols have been used for the periods 1921-32, 1937-41 and 1946-55. No clear relation
emerges, nor, examining the early and late years separately, does there appear to be any relation

In these shorter periods. The correlation be-
eoor tween the two variables is 0.1, which 1s not
x 182¢-32 significant.
. 1937249 .
o 1948-18
500 Another correlation has been suggested by
Corlett (1958a) between dry weight of summer
plankten and year-class strength. Only one
year (1956) can be added to his series, but
o with the year-class strengths expressed in
° quantitative terms it is possible to calculate
a correlation coefficient. For the eight years
1949-36, this 1is 0.56 (P>0.1, not significant).
cooh Corlett (this symposium) also correlates year-
class strength with plankton and wind. Using
2 o different periods of years, and another estimate
100} B 0 B x of year-class strength (one based on only one
% x x year's data, and likely to be affected by the
x x . e e amount of fishing in the previous year or two),
¢ — —t ) he obtains correlation coefficients of 0.758
Resiauar  wing - tompenens. Mesn  of Awﬁ°2:$°;;; between plankton and year-class, and 0.594 be-
tween wind and year-class. This again 11lus-
Fig. 1. The relation between year-class strength trates the degree to which the value of the cor-
{expressed as the percentage of aver- relation coefficient obtained depends on
age) in the Bear Island region, and the precisely which sets of data, of both year-
mean wind component at Bear Island. class strength and environmental factors, are
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used, often from a considerable choice. Under these conditlions the levels of significance as given
in statistical tables can be very poor measures of the probability of the observed relation between
the selected pairs of year-class indices and environmental factors occurring by chance, and the level
of significance may be grossly overestimated.

This of course In no way disproves the hypothesis that plankton or wind in fact affects year-
class strength;-but merely that the correlatlon approach 1s unlikely to provide useful evidence one
way or another. In fact other evlidence on growth, as discussed later in this paper, suggests that
plankton — or rather the indices of plankton used by Corlett - is not related to year-class survival.
Also, even lgnoring the fact that the depth from which samples were taken was different in 1949-53
and in 1953-59, it is extremely doubtful if the single figure used by Corlett, based on a few ir-
regularly timed samples, can adequately represent the changing plankton standing crop throughout
the period of mearly six monthe from mld-April to the end of September, Even with perfect sampling
the mean standing crop of total plankton over this perilod is likely to be a poor measure of the
food availlable to the cod at the critical perioed, when in any case it is possibly only certain pre-
ferred specles that are of vital importance. This critical period, as defined later in thils paper,
is likely to occur fairly early in the year, but the correlation coefficient between year—class
strength (using Corlett's indices) and dry weight of plamkton in Aprill and May for the seven years
available - 1950 to 55 and 1957 (Corlett, 1953, 1958¢) is +0.01. This last calculation probably
attempts to make more use of the data than 1s profitable. Further research into the factors deter-
mining year-class strength in the Arcto-Norweglan cod stock, or any other stock, requlres detalled
quantitative study of the dynamics of the eggs and larvae, such as the surveys of eggs, larvae and
0-group cod made by Russian scientists, and reported to this Symposium by Baranenkova. -

For the other main feeding/mursery area of the stock in the Barents Sea, data collected by
PINRC are avallable for the mean temperature in the 0-200 m zone along the Kola meridian (33 1/2°E),
together with corresponding brood indices for twenty-five years between 1924-56. These are plotted
in Fig. 2. Again separate symbols are used for the periods 1924-32, 1937-40 and 1945-55. There is
some slight relation, as indicated by the fitted
x 1B34—32 regresslon, though the correlation coefficient
« 1937 =40 9 ® is only 0.23, which 1s not significant. The
° 1943738 lack of statistical significance, of course,
does mot prove that there 1s no relation, but
° only that the data are not Inconsistent with the
s00f hypothesis that the year~class strengths are
independent of the envirommental factor con-
s sidered. Probably, In fact, at least in the
Barents Sea, the temperature may have an infl-
uence, but if the true correlation is only 0.23,
then, purely by the statlstlical method of cor-
relation, it would take seventy years of ob-
servation to establish it, even at the 5% level
of significance. Another relation with tempera-
ture has been derived by Kislyakov (1961). He
. ' ‘ related the temperature off the west Norweglan
° 3= 20 25 %0 coast (Z.e. close to the spawning grounds) to
Annual mean temperature year-class strength, as measured by the total
Flg. 2. The relatlion between year-class yield, in arbitrary units, and obtained a cor-
strength in the eastern Barents relation coefficient of 0.91. When comparing
Sea, and the spring tempera- his results and the present ones in detail, the
ture on the Kola meridian. most striking discrepancy 1s not so much in the
greater value of the correlation coefficient
observed by Kislyakov (if the critical phase 1s
very early in life it 1s presumably more closely related to temperature nearer the spawning ground)
as 1n the apparent differences in year—class strength. It is not precisely clear how his estimates
were obtained, nor to what group of fish they refer - to the whole stock spawning at Lofotem, or to
some part of it - but taking the same data of year-class strength for regions I and IIb as used
earlier in this paper, and also a single weighted mean (factors of 2:1) to give a best estimate for
the whole Arcto-Norweglan stock, and relating thils to the temperature data in his Table 1, the fel-
lowing correlation coefficlents were obtailned.

I00r

o1 averucge

Parcentage
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Reglon I 1 D.48
Region TIb : 0.55
Welghted mean of both areas : 0.66.
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These are considerably smaller than the correlation coefficlent of 0.91 mentioned above, which is
in fact larger than the correlatlon between the two most reliable single estimates of year-class
strength based on English data. This suggests that the closeness of Kislyakov's observed relation
between temperature and year-class strength, based on a rather short serles of data, is fortuitous.
The basic weakness of the correlation approach 1s illustrated by the different conclusions reached
by Kislyakov and in the present paper, and particularly by the fact that, without using different
techniques, the discrepancy will only be settled by the passage of time, possibly of quite a large
number of years.

In fact, though many such correlations between year-class strength and environmental factors
have been suggested, few if any have stood the test of time. Thus one of the most promising, re-
lating wind force and direction to year-classes of North Sea haddock {Carruthers, 1938), which at the
time when 1t was proposed fitted data for some fifteen years extremely closely, has given an extre-
mely bad fit for the post-1945 data (Saville, 1959). Attempts could be made to improve matters by
considering additional envirommental factors either in the initial analyses, so as to produce a very
high correlatlon coefficient, or later, when the simple relation fails to hold. Such attempts have
to be made with caution because the danger of introducing spuriocus correlations is very great.

Density-dependent mortality

It 18 easy to show that if a population of animals is to remain reasonably stable under dif-
ferent conditions, for example 1f a fish population is to be able to stand the large additonal mor-
tality caused by fishing without declining to extinctlion, then one or more of the vital parameters
(mortality, growth, reproduction) must change with the abundance of fish. While growth can decrease
with increased stock abundance, the more important factor seems to be the recruitment. This has often
been assumed to be Independent of the abundance of the parent stock, and thie is equivalent to assum
ing that the average survival from eggs to recruits decreases with increasing adult stock. This de-
creased survival has been clearly shown for such different stocks as the Karluk River sockeye salmon
(Rounsefell, 1958), the North Sea plaice (Beverton, 1962) - a marine stock where the recruitment does
not vary much, - and the Californian sardine (Radovich, 1962), where there Is much greater varlation
Independent of stock abundance. It {s probable that this relatlon would be found for most fish stocks
but at present sufficient data on adult stock and subsequent recrultment are available for only a few
stocks.

The following data have been obtained for the Arcto-Norweglan cod. Recruitment has been taken
as the sum of the numbers of fish at four years old in regions I and IIb. Stock estimates are based
on the catch (in weight) per man at Lofoten (which gives the longest series of data) comverted to
actual numbers of eggs. From rthe Arctic Working Group (ICES, 1959), it 18 known that the effort in
region IIa from 1951-58 was equivalent to 40,000 men at Lofoten. During this period the total mor-
tality coefficient was 0.99, so that allowing for natural mortality (eca. 0.2), and for fishing mor-
tality due to fishing in other regions, we may take 40,000 men as causing a fishing mortality co—
efficlent of 0.4, so that the estimate of stock 1is obtained by multiplying the catch per man by

40,000 = 105
i . 0.4 *

108
n
o

The fecundity has been estimated by Mrs
Woodhead (personal communication) to be closely,
. though not exactly, proportional to welght, and
. as equal to about 1.5 x 10% eggs per female of
. 85 cm, Z.e., ca. 8 kg, so that a catch per man
of 1 kg 18 equal to an egg production of, say,
1/2 x 105 x 1.5 x 105 . jq10 (taking a sex

ratio of unity). In Fig., 3 the estimated num
. ber of recrults has been plotted against esti-
mated egg production. There 1is clearly no
sl . "’ . significant relation (r = 0.13). 1In Fig. 4
S the survival from eggs to recruits, Z.e. the
. number of fish surviving to four years old per
ae " e million eggs laid, has been plotted against the
. number of eggs laid. There does seem to be a
12 relation, as indicated by the curve drawn by
eye. The correlation coefficlent is signifi-
Fig. 3.The relation between the number of eggs cant (= = 0,434, P 0.02). This test is not
laid at Lofoten and the resulting num— the most sensitive, because of the probable
ber of recruits. true curvilinear relation, but a relatiom of

Number of recruits at 4 yeors old «x

9% 2 4 10
Number of eggs laid x 10-12

@F



367 ' B-9

this type could be developed by chance due to
errors in estimating the egg-production. These
40} . are probably not very large, and we may con~
clude that there is a real difference of about
two—fold in average survival over the observed
range of stock density.

mitlion

aop
. : While the survivals above were calculated

. from egg to four years old, the surveys by
Baranenkova (1960) show that year-class strength
is already determined by two-three years old.

In the table below, the data from her Tablea

1 and 3 are grouped to give a single average
value of catch per hour for each age-group.

one

20F

from

10F

Catch per hour's fish-
ing of each age

Area

Survivaors

o+ 1+ 2+ H

o N A M i A i —_

o 2 4 a ) 10 12
Number of eggs lola x 10°"? Southern Barents Sea 13.1 19.7 20.1 16.6

fig. 4. The relation between the number of Near Bear Island 5.3 40.9 32.8 10.6
egge laid and their survival.

The results suggest that mortality among these ages is not very high (even allowing for probable
lower vulnerability of the younger ages); probably it is of the same order as the natural mortality
in the older fish, 20-30% per year. Thus, of the total mortality between eggs and four-year-olds,
shich reduces the numbers by a factor of 2 x 103, t.e., ea. 5.3 logarithmic units, the last three
years account for 3 x 0.1-0.15 log units. Taking an upper limit of this mortality leaves nearly

5 log units for the mortality in the first year, i.e. half a unit (nearly 70%) per month, or ca.

3% per day. This decline in numbers is shown diagrammatically in Fig. 5, for average conditions of
stock and year-class. Even if an extreme upper limit of mortality after the first year (0.2 log
umits or 35Z per year) is taken, the survival curve in the first year must be very much steeper than
in the néxt three years.

A curve, or set of curves may now be drawn
to represent the presumed decline in numbers of
o' a given yesar-class from eggs through the first
] few monthe of life. This curve must firstly
' show a very high mortality of around five orders
of magnitude, common to all year-classee. At
some point during theae months there is what may
\ be defined as the density-dependent phase, in
k) which mortality 1s higher for year-classea with
v an initially high number of eggs than for one
% with an initially low number of eggs. There is
10'%t . also the critical phase, which in the sense used
* here is the phase during which the strength of a
- year-class is determined, Z.2. the phase during
which the mortality of an ultimately poor year-
- ] . . A clase 1s higher than that of an ultimately rich
10 2 3 p) year-class. These definitions do not imply any-
Age in years thing about the duration or timing of, or total
mortality during, elther phase. 1If, however,
Fig.5. The mortality of Arctic cod during its the density-dependent mortality is caused by
first years of life. competition between larvae of the same age (e.g.
for some scarce food at a critical stage of dev~
elopment) rather than say competition with, or
predation by, the adults, then the density-dependent phase must at least in part precede the criti-
cal phase. Otherwise the differeuces caused by the latter would be removed by the density-dependent
effect.

nip'2)

Number

e .
Racruits
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‘0"‘r.Lul'u- stock
.

alternotive Hypothetical examples of the decline in
 Tritical phase” numbers in the early stages and the differential
mortality in the density-dependent and critical
el phases are shown In Fig. 6. Two possible criti-
good year-closses cal phases are shown, one of short duration in
which mortality for a good year-class 1s small,
.. bad year-classes and much less than that for a PooTr year-class,
- and one of longer duration, in which the dif-
ferences In mortality rate for good and poor
year-classes is only slight. For simplicity
the general mortality rate has been shown as
- fairly steady, but it is not denied that there
. good yeor-classes may be certain stages (e.g. when larvae first
martaity varies So. start to feed) at which mortality may be very
10" betwean yeors | Tv.. [bed year-ciosses much higher than for older or younger stages.
However, such a stage is not a ecritical stage,
in the sense defined here, unless the mortality
during this stage is different In good and bad
year-classes.

Smaill
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stockls, i mortality
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9 n i 1 L
1
a ) 1 2 3 a 5

Age in montns

Population dynamics of young stages
Fig. 6. Hypothetical mortality curves of eggs
and young fish. From the discussion in the preceding seec-
tion it is clear that further advance in these
studles requires the use of the same type of
population techniques as have been used for commercial-sized fish; that is, the study of mortality
rates (if possible split up between different causes), growth rates, etc. For young fish, mortal-
ity and growth are closely linked, poor growth not only being a sign of adverse conditions likely to
Increase mortality, but also directly affecting mortality by increasing the time during which the
young fish are vulnerable to the smaller invertebrate predators.

Few surveys of eggs and young fish have been published in a form suitable for detailed popu~
lation studies. Some of the best of these, e.g. that of the Atlantic mackerel (Sette, 1943), cover
only one year or, though covering more than one year, include years in which conditions and also
subsequent year-classes were nearly identical, e.g. the Pacific sardine (Ahlstrom, 1954). 1In nei-
ther case is it possible to observe differences in mortality which may be related to ultimate year-
class strength, or to differences in the parent stocks.

Some other studies of young stages have been made, which though' not so detalled and hence
less sultable for direct estimation of mortality rates, etec., do enable comparisons to be made he-
tween years. Wiborg (1957) made studies of the Lofoten cod. He examined some hypotheses about
year-class strength and found that there was no relation between numbers of eggs and early larvae
and subsequent strength of year-class; in fact the outstanding year-class of 1950 corresponded to
the lowest number of eggs and larvae observed in the period 1948-56, Data were also presented on
the size of larvae caught each year, and the striking feature is that the years when large larvae
(over 12 mm) were caught coincided with good year-classes (1948, 1949, 1950, 1954, 1956). The data
cannot be used directly to give quantitative estimates of the mortalities of larvae, because of
lack of information on growth and possible changes in growth from year to year, and because the
drift of eggs and larvae through the area makes repeated samplings of the same group of eges and
larvae very difficult. They do suggest however that in the early monthe of life there is an observ—
able difference in the size composition of the larval catches between years, corresponding to the
differences in mortality and hence in ultimate year-class strength.

Baville has gilven such data for haddock in the North Sea (Saville, 1959), and at Faroes
(Saville, 1956). For the North Sea, data on size of larvae are given for 1953, 1956 and 1957.
The year 1956 had an outstandingly poor year-class, and in this year very few larvae of over 15 mm
were caught, even though small larvae were abundant. However, there was no difference in abundance
‘'of larger larvae between 1953 and 1957, though the 1957 year-class was appreclably poorer than that
of 1953. For the Farces, length datz for larvae caught Iin June are given for 1950, 1952 and 1953.
The numbers of larvae of over 15 mm beneath 100 m? surface were 14, 21 and 27 respectively, which
agree well with the indices of year-class strength obtained by research vessel surveys of I-group
fish of 228, 488 and 490 per 10 hours fishing.
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Simpson's (1959) surveys of the North Sea plaice were concentrated principally on the eggs,
ut some data on larvae were also given. Sizes of larvae were not given, but taking his post—larvae
t.2. those with the yolk-sac completely absorbed), it is possible to calculate the mean number
aken per haul for each cruise. Taking the mean of the catch per haul for each cruise (omitting
ecember cruises), one obtains indices of the abundance of later larvae of 0.95, 0.56 and 0.36 for
he years 1947, 1948 and 1950 respectively. The corresponding year-class strengths, in terms of
umbers of fish caught per hour's fishing as four-year-old fish by Lowestoft trawlers, are 46, 22
nd 23, These data do suggest that, in each of the stocks examined, the critical stage (in the
ense defined above) occurs very early, and its effect can, at least to some extent, be measured.

f this is so the study of the effect of environment on year—class strength will be greatly helped,
ot only by defining more precisely the timing of the importamnt critical step, and hence narrowing
he range of possible factors, #.e. only those directly or indirectly operative at that time, but
lso by increasing the number of possible comparisons above the one palr of year-class strength and
avironmental factor per year. That is, mortality rates may be calculated for different groups of
arvae of the same year-class, Z.e. those spawned at various times or in slightly different areas,
nd these mortalities may be compared with the conditions affecting each group. Shelbourne (1957}
ound two patches of plalce larvae In the Southern Bight of the North Sea; in one Oikopleura (the
avourite food of larval plaice} was abundant, the larvae were in good condition, and late stage
arvae were not uncommen; in the other food was scarce, the larvae were in poor condition, and late
tage larvae were rare. This example does mnot glive complete proof of poor feeding causing high
ortality, because Shelbourne was not able to maintain continucus sampling on the same patch, so
aat it is not certaln whether the scarcity of larger larvae was due to high mortality, or to am
riginally smaller number of newly hatched larvae. Even when there are no data on the relative
sundance of different sizes, and hence probably of ages of larvae, many other less detalled pieces
f informatlon may be used to narrow down the possible factors or the timing of the critical phases
Efecting larval survival or year-class strength. Fraser (1961) has suggested some differences be-
veen types of water in the North Sea. This difference is reflected as relatively fewer larvae in
1e type of water, even though the numbers of eggs are much the same in the two water-masses. This
juld be due to differential mortality at any time between the youngest eggs and quite late stage
arvae. For cod and haddock, however, three stages or "age-groups" can be determined from the data -
arly eggs (which for cod and haddock are indistinguishable), late eggs, and larvae. These data,
aking the two specles together, are summarized below, together with the survival from one stage

3 the next.

Type of water

Cod + haddock
5. elegans 5. elegans

present present

Averapge No. per haul

Early eggs 24.45 33.63

Late eggs 4.24 1.66

Larvae 1.24 0.38
Survival: %

Early to late eggs 17 5

Late eggs to larvae 29 23

1e blg difference between the types of water is that the survival from early to late eggs 15 much
:ss when Sagitia elegans is absent; there is very little difference in the survival from late eggs
> larvae. The difference therefore lies somewhere in the egg stage, due to predation, or possibly
(sease, rather than to feeding.

Observations other than those on the relative numbers of different stages of eggs or larvae
m often be eof help. Thus food shortage affecting year-class strength, or indeed competition for
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food causing density-dependent mortality, 1s likely to affect growth first. Differential mortality,
therefore, is unlikely to take place without some change in growth. Thus seaward migrating sockeye
salmon smolts from Karluk River are longer in the more abundant broods (Rounsefell, 1958). Growth
changes are rather easier to detect, either simply from size at a given time (when spawning is res-
tricted to a short known season), or from the progression of modes in length composition, or as
done by Shelbourne (1957) by the appearance of the larvae — robust when food is abundant, but thin
when food is scarce. For the cod round Bear Island, Corlett (1958a) has suggested that the abun-
dance of planktonic food in the summer influences the year-class strength. Corlett (19585) gives
some data on slze of O-group cod in October, Z.e. at the end of the period to which the plankton
data refer. These data are summarized below.

Year 1350 1951 1953 1954

Dry weight of
plankton 54 15 26 46

S5ize of O-group
cod (cm) 11.25 11.5* 10.0 10.5

*Cod were caught in two areas; west of Bear
Island and west of Spltsbergen; mean lengths
10.6 and 12.4 cm respectively,

There does not seem to be any relation between size of cod and abundance of plankton, nor are the
years of good year-classes (1950, 1954) years of particularly good growth, While such analyses

do help to get some insight into the causes of variations in larval survival and in year-class
strength, and are far more satisfactory than mere correlations between annual pairs of values of
year-class strength and some feature of the environment, they are a poor alternative to a thorough
egg and larval survey designed to measure mortality directly.

Such surveys are however very time-consuming. If the form of the decrease in numbers is to
be defined with any precision the individual surveys have to be quite frequent, é.g. at intervals
of a week to ten days. This work 1s likely to need several research vessels if it is to be dope
satisfactorily, and it therefore appears to be a field where international ccoperation, with several
research vessels, 18 likely to be very productive. The stock to be investigated should be chosen
with some care. It should be one in a small and fairly well defined area, so that the actual survey
work taken as little time as posalble. More important, the strength of year-classes should be very
variable, so that say three years of surveys should give a good chance of including one year-class
of unusual strength, from the data on which the critical phase might be determined fairly precisely.
If possible, the abundance of the parent stock should also be variable, thus giving a better chance
of observing any demsity-dependent effect. One stock that satisfies these conditions is the North
Sea haddock, which has the advantage of being located not far from several laboratories, but there
are several other suitable stocks.
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WINDS, CURRENTS, PLANKTON AND THE YEAR-CLASS
STRENGTH OF COD IN THE WESTERN BARENTS SEA

By

John Corlett!

ABSTRACT

The early life history of the Arcto-Norweglan cod is described. The first few monthe of 1life
are discussed in relation to winds, water transport and plankton agbundance in the Bear Island area.
The first reliable estimate of the year-class strength is from the commercial fishery when the fish
are fully recruited at 5 years old. Correlations between year-class strength and wind and plankton
indices are presented. It 1s suggested that wind and plankton data can be used as a basis for pre-
diction of cod year-class strength 5 years in advance. Predictions for the year-classes of 1958 to
1963 in 1963 to 1968 are given.

INTRODUCTION

Cne of the aims of fishery research is to predict the size of a stock of fish as far ahead
as possible. The ideal is to be able to estimate the size of a year-class soon after its birth and,
from this estimate, to predict its strength when recruited to the fishable stock. In looking at
the early life history of a fish stock and its environment in this context, we hope to find some
factors which will help in making the predictions. This paper is a short account of the early life
history of cod of the Arcto-Norwegian stock in the western Barents Sea, with a discussion of the
possible influence of some environmental factors; from this a basis for early predictions of the
size of a year-class is suggested. The discussion is confined to the western Barents Sea because
most of the English work has been done there and because simllar studies In the south-eastern Barents
Sea are described by Russian scientists 1in Contributions B-7, B-15 and B-16 from this symposium.

LIFE HISTORY OF ARCTO-NORWEGIAN CCD

The mature cod of the Arcto-Norweglan atock are found over most of the Barents Sea during sum-
mer and autumn and come together to spawn each spring off the Lofoten Islands. The main spawning
is in the Westfjord, but spawning also takes place along the Norwegian coast to the north and south
{Fig. 1). The spawning season is from late February to late April, with the peak usually in the
second half of March. The distribution of eggs and larvae arcund the Lofoten Islands in spring has
been described in several papers by Wiborg (e.g. 1950, 1952 and 1960a). From the spawning grounds
many of the eggs and larvae are carried by the surface currents north-eastwards along the coast in
the Atlantic Current, and when this divides to form the West Spitsbergen Current and the North Cape
Current the larvae are separated; some are carried northwards towards the Bear Island, Hope Island
and Spitsbergen Banks, and others are carried into the south-eastern Barents -Sea (Corlett, 1958a;
Wiborg, 1960p). Some of the eggs and larvae also find thelr way among the fjords and islands of
the Norweglan coast. By late summer the young cod are beginning to descend towards the sea bed,
and from late September onwards are found as 0-group cod on the nursery grounds all over the Barents
Sea (Baranenkova, 1960; Corlett, 1958z). The codling grow up on these banks and eventually form the
basis of extensive trawl fisheries. Many are caught when 4 years old, but they are not fully re-
cruited into the fishery until they are 5 years old. Trout's {1957) work on otolith types has shown
that yound cod tend to remain until they are mature In the area in which they begin their demersal
life.

The numbers of eggs and young larvae near the spawning grounds have been estimated for many
seasons by Norweglan sclentists and the work has been symmarized by Wiborg (1957). In spite of the
difficulty of estimating the total production of eggs over a large area and throughout an extended
spawning season, using only one ship, Wiborg could give estimates of egg numbers for several seasons.

Fisheries Laboratory, Lowestoft, Suffolk, England.
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But he could show no correlation between the
abundance of eggs and young larvae and the sub-

sequent strength of the corresponding year-
classes.

During the early summer, when the larvae
are larger and more widely dispersed, their
numbers are very difficult to estimate, be-
cause of the inadequacy of the nets used and
the large area that has to be covered. No
full scale survey has yet been attempted.

75"

When they are demersal from October on-
wards, 0O-group ced can be caught in ordinary
otter trawls uslng covered cod-ends. Some
attempts to estimate numbers at that stage
sy have been made by the Ermsgt Holt in the north-
western Barents Sea in October in several years.
76 But in the time avallable one ship was not able
to cover adequately the large area involved.
Russfan workers using several ships during the
autumn and winter Iin the southern Barents Sea
have been much more successful in estimating
the abundance of young cod (e.g. Baranenkova,

15° * 3 1960 and 1963).
Flg. 1. BSurface currents in the westemrn

Barents Sea.

et o -

——
. :

70*

Our first reliable estimate of the size
of the year-class is obtained from market

measurements of commercial catches. Four-year-
old fish are not fully recrulted and when caught are not always kept by the trawlers because they

are too small for the market; so our earliest good estimate of abundance is at 5 years old., After
this the abundance of the year-class is affected by fishing. What we would hope to predict as
many years beforehand as possible, 1s the size of the year-class at 5 years old.

EARLY LIFE HISTCRY AND ENVIRONMENT

The size of the year-class 1s generally considered to be decided in the first few weeks or
months of pelagic life of the brood. After discussing the factors affecting the numbers and dis~
tribution of cod eggs and larvae on the north Norweglan coast, Wiborg (1957) concludes:- 'the
transport of eggs and larvae from the spawnlng areas to the nursery grounds In the Barents Sea and
adjacent areas is probably of greatest lmportance for the abundance of a rich year-class. But in
addition, other conditions, such as the number and kind of predators, the food organisms available,
and the physical and chemical properties of the surrounding medium, are undoubtedly of great im
portance for the survival of the cod larvae'. Of these other conditioms the availability of food
is probably most important; transport and food will now be considered further.

Cod larvae are carried to the banks of the western Barents Sea in the West Spltsbergen Currents
and its various offshoots (Fig. 1). If the current is strong in spring and early summer the larvae
should have a good chance of being widely distributed over the nursery grounds, and of not being
carried westwards into the Norweglan Sea. During the period between 1949 - 59 the Ernest Holt
regularly worked a line of hydrographic stations across the current west of Bear Island. Values
of the volume tramsport above 400 m depth have been calculated for each crossing between stations
"$" and "W" (Fig, 1). The values of this transport have been published by Hill and Lee (1958) and
Lee (1961). 1In the spring and early summer the largest number of crossings was made in the month
from mid-April to mid-May, and the values for these iz years are given in Table 1, By this time
the eggs have hatched and the young larvae are belng carried between the Norwegian coast and Bear
Island. Hi1l and Lee {1958) and Lee {1961) have discussed the relation between the wind and water
transport in the eastern Norweglan Sea, and have shown that in the "mon-summer" months of September
to June, that is before thermal stratification occurs in the surface layers, there is a significant
positive correlation between the southerly wind component and the volume transport between 2 and 20
days later. The correlation coefficient has its greateat significance around 10 days later, with
P<0.01. The wind data are ocbtained from the records of the Bear Island Meteorological Station,
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ind in Table 1 the mean southerly wind for April for each year from 1947 to 1959 is listed. Since
je have the early summer transport values for so few years we have had to use the wind data in-
itead to relate to the year-class strength.

TABLE 1.—ENVIRONMENTAL FACTORS AND YEAR-CLASS STRENGTH OF ARCTO-NORWEGIAN COD IN
THE WESTERN BARENTS SEA.

Southerly Water transport Summer O-group 5=yr-old

Year wind. April mid-April plankton cod. October cod

mph to mg /m3 no. per hr no. per hr

mid-May

W km?/hr P Y
1947 -5.96 135.0
1948 -1.33 232.5
1949 -0.92 47 157.6
1950 -0.81 54 371.1
1951 -10.89 -0.2 15 139.7
1952 -5.94 22 30.0
1953 -7.11 26 93.4
1954 +0.66 B.4 46 237.3
1955 -4.63 0.3 24 119.2
1956 -2.30 29 210.8
1957 +3,28 3.6 34 3.8 203.5
1958 +3.75 4.1 45 9.9
1959 +2,49 5.2 35 11.3

Wiborg (1948 and 1960b5) examined the food of cod laxvae off the Norweglan coast and in the
jouth-western Barents Sea between April and August and found that the main food organisms were
:opepods, with Calanug fimmarchicue the most important. Other common foods are euphausiids, ap-
sendicularians and, locally, Spiratella and the larvae of bottom invertebrates. All these foods
ire planktonic and their frequency In cod stomachs is about the same as thelr frequency in plankton
samples in the area. During the 11 years that the Ermest Holt was working In the western Barents
jea, plankton samples were taken on most crulses at fixed stations west and south of Bear Island
(Fig. 1). Detalls of these stations and others in the Barents Sea and the quantity of zooplankton
:aught in each cruise, expressed as dry welght, have already been published (Corlett, 1953, 19585
ind 1961). For each year a mean value has been calculated to represent the standing stock of zoo-
sylankton in the Bear Island area between mid-April and the end of September - that is, in the months
then the cod larvae are pelagic. These Iindices of summer plankton are set out in Table 1.

The first regular index of year-class strength of cod in the western Barents Sea is obtained
from the English commercial fishery when the fish are 5 years old. These indices are the numbers
:aught per hour's fishing and are published by the Minlstry of Agriculture, Fisheries and Food
(Great Britain, 1962). They are listed here in Table 1, with the addition of the previously unpub-
lished value for the 1957 year-class in 1962. Also in Table 1 are the mean catches per hour of 0-
jroup cod obtained during three October cruises of the Ermegt Holt, using covered codends. Each
sstimate comes from between 30 and 40 stations on the West Spitsbergen Banks, Hope Island Bank and
the south Bear Island Bank.

CORRELATIONS AND PREDICTIONS

The relation between the strength of the year-class when five years old and the wind and
>lankton.indices, representing transport and foed, have been examined to see whether year-class
itrengths can be predicted from elither wind or plankton. All the indices are given in Table 1.

The regressions of year-class strength on plankton and wind are shown in Fig. 2 {(c and b). The
formula for the regression of year-class on plankton for the 9 years 1949-57 is Y = 5.63 P-12: the
sorrelation coefficient,r , is 0.758, which 1s between the 1% and 2% levels of significance. The
sossible use of plankton data for predicting year—class strength was discussed in Corlett (1958¢),
sut at that time no reliable indices of year—-class strength were available.
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For year-class on wind for the 11 years 1947 — 57 the regression line is ¥ = 13.27W +
21%. r 18 0.594, which is at the 5% level of significance.

The plankton abundance for any year is not independent of the wind and water transport. In

years of strong southerly wind and increased trans

is richer than average in the western Barents Sea.
wind for the 1l years 1949-5% in Fig. 2a.
relation coefficient 1s 0.730, which is at the 1% level of significance.
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Using the regression formulae the strength
of the 1958 and 1959 year-classes of cod as
five-year-olds in 1963 and 1964 can be pre-
dicted from both plankton and wind. These
predictions are set out in Table 2, together
with predictions for the 1960 - 1963 year-
classes based on wind only.

TABLE 2 —PREDICTIONS OF COD YEAR-CLASS
STRENGTH AT 5 YEARS OLD FROM WIND
AND PLANKTON,

Southerly Predicted Summer Predicted

Year wind year-class plank-~ year-class

mph strength ton strength
mg /m>

W Y P b 4

1958 +3.75 269 45 241

1959 +2.49 252 35 185

1960 +5.23 288

1961 -2.69 183

1962 -0.,47 213

1963 -0.76 209

The estimate from plankton should be
better than that from wind, because of the
greater significance of the correlation. The
estimates suggest that the 1958 and 1959 year-
classes will be above the 1947-57 average of
175 fish per hour, and that the 1958 year-
class will be stronger than that of 1959. The
strong southerly wind in April 1960 should
produce a particularly strong year-class,
Baranenkova (1963) confirms this when she says
that in October-November, 1960 "the O=-group
was especlally rich in the waters of West and
North Spitsbergen and on the western slope of
the Bear Island Bank. The occurrence of such
high numbers of O-group cod in these areas
testifies to a significant drift in 1960 of
fry from the spawning grounds....". She also
suggests that "the 1960, 1959, 1958 and 1957
year-classes in the north-western part of the
sea will not be below average',

Although the mean north-south wind com—
ponent in April in each of the years 1961,
1962 and 1963 was northerly, all were less
northerly than the average for the years



1947-57: so the 1961, 1962 and 1963 year-classes of cod may be expected also to be above average.

Attempts to relate year—class strengths to wind data have been made in several fisheries (Hela
and Laevastu, 1961) and will no doubt continue to be made, because wind data can be obtained regu-
larly and without any use of valuable research ship time.

POSTSCRIPT

In another paper in this section of the Symposium (p, 363-371), Gulland discusses the dif-
ficulties in the use of correlations to establish a connection between the environment and year-
class strength. He quotes this paper and then, using different estimates of year—class strength
and the same plankton values, obtains a correlation coefficient for the years 1949-56 of only 0.56.
Gulland's estimates of year-class strength are based on the percentage age composition of the catches
between 1929 and 1960 and estimates of fishing mortality during those years on fish between 4 and
9 years old. His estimates for the year-classes for 1949-51 are thus based on 6 years (4-9 years
0ld) and for subsequent year—classes on successively fewer ages, until that of 1956 is based only
on four-year-old fish. Thus his estimates are less direct than the catch of fish at 5 years old
used in this paper, and, for the years in question, cannot be considered any better.

It has also been suggested that cod are not always fully recruited to the fishery at five years
old. Using the catch per hour of six-year—-old fish for the year-classes 1949-56 a correlation
with summer plankton gives r = 0.805 (which is between the 17 and 2% levels of significance), com-
pared with 0.758 for the 1945-57 year-classes as five-year-olds. In view of the controversy over
estimation of year—class strengths perhaps it is best to say only that these correlatlons are be-
tween summer plankton and the subsequent catch per effort of five- and six-year-old fish in the
Bear Island - Spitsbergen area.
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ON THE LIFE CYCLE OF LABRADOR CCD

By

A. I, Postolaky!

EDITORIAL NOTE:

This paper reports on data collected on cod in the Labrador area (ICNAF Subarea 2) during
the TICNAF NORWESTLANT Surveys, April-June 1963, It will be published in extenso, in TCNAF
Special Publication Number 7 (Report of the NORWESTLANT Surveys).

l Polar Research Institute of Marine Figsheries and Oceancgraphy, Murmensk, USSR.
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CHANGES TN RECRUITMENT TCQ THE STOCK IN RELATION TO THE ENVIRONMENT,
WITH REFERENCE TO MATHEMATICAL MODELLING

By

T.F. Dementjeva1

ABSTRACT

The factors governing the size of a fish stock are considered briefly., It is argued that the
causes of annual fluctuations of a stock must be clearly understood before planning the regulation
of a fishery. For the most part, such fluctuations are related to changes in survival rates during
the early stages of the 1life history of the fish.

By means of i1llustrations taken from Russian work, it is shown that the abundance of planktonlc
food organisms influences the survival of young fish.

It 15 emphasized that the effects of the biotic and ablotic enviromment on broed strength
should be included in mathematical models of the dynamics of fished stocks.

The efficiency of regulation of a fishery and accuracy of prediction depend in some cases on
the extent of our knowledge of the chuses of fluctuations in the stock. The task facing ichthyo-
logists is to assess the quantitative effect of each factor on the dynamics of the population,
and particularly the role of governing factors. Among other causes affecting the stock, the gover-
ning factor may be one which, under certain conditions, has a direct effect on the abundance of
the population at one or ancther stage of development.

A figh population becomes specific while dwelling in a water body. This is the result of a
relative consistency of the governing factors affecting the survival of the population. The gover-
ning factors may be replaced by some others only Lf fairly sharp changes take place in the hydrologic
regime or food resources, or new fishing methods are introduced, aimed at the intensification of the
fishery.

Among the main factors, it is necessary to distinguish those which bring about long-range fluc-
tuations in the abundance of the stock, and those affecting annual fluctuations in the sizes of the
year-classes. No clear distinction can be established between them due to their close relation.
Nevertheless, an approach should be differently chosen to gain-some knowledge of their role as a
factor governing either long-term or short-term fluctuations in the stock In each case.

The annual recruitment size- varies greatly, and thus the relation between Tecruitment and the
remainder of the fishing stock also varies, particularly in fishes with a short or medium span of
life, bringing about changes in the relation between catches and abundance of fish.

Consequently, it 1s quite obvious that the causes of annual fluctuations in recruitment should
be clearly elucidated. In most specles the annual fluctuations are closely related to the survival
of embryos and the food supply for early larvae. It is at this time that the heaviest mortality
in figh 1s known to occur. Great fecundity of fish is an adaptive ability to compensate for the
early mortality, so that the abundance of the specles can be maintained. If the early mortality
was teduced even by a very small amount, it would lead to a conslderable Increase in the abundance
of the species, assuming favourable conditioms. This conclusion can serve as a basis for fishing
management in the sea by Increasing the food supply for larvae, and in this way increasing the

1 All-Union Research Institute of Marine Fisheries and Oceanography, Moscow, USSR.
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survival rate and fishery yield (Shelbourne et al,, 1963).

Let us congider some results obtained in the USSR during the recent decade, supporting the
existence of a direct relation between the ablotiec and biotic factors and the survival of young
fish at the early stages.

There are many data on the relation between the availability of food plankton and survival of
larvae when they begin active feeding, which undoubtedly indicate that this factor should be con~
sldered as a governing factor for the abundance of a year-class.

Lisivnenko (1961), studying material collected in the period 1955~59 on the abundance of zoo-
plankton 1in the Gulf of Riga and that of larvae of the Baltic spring spawning herring, found a
quite clear, quantitative, relation shown in Fig. 1 as an S5~shaped curve. In some years, when the
larvae of the Baltic herring began active feeding, the small plankton was poor (1 organism in more
than 100 cc of water), so a shift in the normal feeding conditions could be observed and the year—
classes were usually poor. On the other hand, in years when the small plankton was relatively rich
the frequency of occurrence of larvae and plankton organisms Iincreased. If one organism occurs in
less than 100.cc of water, the feeding conditions for larvae become normal and survival is high.
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Number of cm? of water per food organism

Fig. 1. The relation between the abundance of herring larvée and theilr food
organisms (Lisivnenko, 1961). Herring larvae are shown as numbers
per 10 minute haul; food as em?® of water per organism.
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The same relationm is found for the Black Sea anchovy (Pavlovskaya, 1961)}. As shown in Fig. 2.,
there is almost a direct relation between the survival of the young fish and blomass of food zoo—
plankton 1In the perfod 1949-58. The largest generatlons are observed with a concentration of
more than 10,000 organlsms or 500 mg per m? of water for 4-10 mm fish larvae. Of great lmportance
1s the development of food plankton at the time when the anchovy larvae appear in large numbers.
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Flg. 2. The relation between the abundance of young stages of anchovy and the blomass
of their planktonic food in the north-western Black Sea, during the years
1949-1958 (Pavlovskaya, 1961).

For the Baltic cod a direct relation was found between the salinity and oxygen content of off-
bottom waters In the deeps (spawning places for cod) and the survival of eggs. The fluctuations
in the abundance of embryos are in compliance with the fluctuations in the mean catches of one-
summer-olds and catches of adult fish at corresponding ages. For the Barents Sea cod the relation
between the abundance of year-classes and temperature, which seems to affect the food supply for
the cod larvae, was established (Kislyakov, 1959).

In all the inland seas there is a direct relation between the abundance of the migratory and
semi-migratory fishes and the volumes of the river discharges which provide suitable spawning areas
and food supply for the fish at early stages. Speclfic research in this field was carried out by
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L.A. Rannak on the Baltic herring, §.G. Kryzhanovsky on Sakhalin herring, V.I. Vliadimirov on
Danube herring, E.G. Boiko on bream and perch pike of the Azov Sea, T.F. Dementyeva, V.S.
Tanasiychuk, A.G. Kuzmin on sea bream, perch pike and Rutilus rutiius of the Caspian Sea, AL.A,
Ostroumov on bream of the artificial Rybinsk water body and other workers, the results being simi-
lar.

The Interrelation between the spawning of fish and the abiotic and biotic environment is so
distinctly expressed that it enables us to work out methods of calculating the stock population
by using characteristics of environmental factors {Tzhevsky, 1961) in view, of course, of the
fishing mortality,

Because of the above-mentioned effects, the wide range of the annual fluctuations in recruit-—
ment to the fishery stock should be included in models of the dynamics of fished populations. Cal-
culations of the recruitment size and possible changes can be obtained from the quantitative counts
of the young fish at various stages of development. For this purpose annual cbservations on spaw-
ning should be carried out, the result of which can be assessed in various ways, as follows:

1. By mean catches of spawned eggs at various stages of development in view of the percentage
of living embryos and environmental cenditions:

2. by mean catches of larvae at the stage of development after turning to the active feeding;

3. by mean catches of one-summer-clds to assess the density of their distribution per unit
of area;

4. by mean catches of youn age-groups (prior to maturation) per commercial or research fishing
¥ g
gear.

The method of counting one-summer-olds is probably most important because it enables us to assess
the young fish at the stage when the heaviest mortality of eggs and larvae has already occurred.
The evidence can be supperted by a correlation between the fishery returns and mean catches of one-
summer—olds of a certain year-class, Using this relation this index can be applied to calculations
of the recruitment size to the fishing stock.

The counts of eggs and larvae may also be promising in assessing differences in the strengths
of year-classes; however, the data obtained are, to a lesser extent, useful for mathematical cal~
culations. TIn most cases they only indicate trends of fluctuations in the strength of the year-
classes and may be suggestive in the studies of the causes conditioning the survival of embryos
and larvae at early stages of development.

SUMMARY

The efficlency of measures for the regulation of fisheries and the precision of fishery fore-
casts depends in a number of cases on adequate knowledge of the factors affecting fish stock
fluctuations.

For the majority of fish species, annual fluctuations of stock depending on the value of re-
cruitment are noted. These fluctuations depend upon the conditions for survival of egegs and on the
provision of food for larvae at the stage of their transition to external feeding. When the con-
ditions for species are optimal, the decrease in larval mortality, even by a very small fractiom,
results in a considerable increase in a fish population.

During the recent decade a great number of papers were published showing a direct relationship
between abiotic and biotie factors and the survival of young fish at early stages. In particular,
some data on the relationship between the abundance of food Plankton and the survival of larvae,
allow us to consider this factor (which is not dependent on the population density) to be of ex—
treme importance when determining recruitment abundance. The data also show that, in the case of
species for which a critical period is that of transition to active feeding, there is a certain
level of plankton demsity at which an abundant year-class survives.

Thus, to estimate am abundant year-class of the Baltiec herring, it is necessary to have less
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than 100 cc of water per one food organism (Lisivnenko, 1961); the density of plankton which is
1ecessary to estimate an abundant year—class of the Black Sea anchovy is expressed in another form;
such year—classes were observed when the density of food plankton for the larvae 4-10 mm long was
sbove 10,000 organisms or 500 mg per m? (Pavlovskaya, 1961). These data allow us to look for ways
to assess the strength of a stock of consumers on the basis of the value of plankton biomass.

Taking into consideration the wide ramge of fluctuations of annual recruitment to commercial
fish stocks, as a result of the factors mentioned above, it is considered extremely necessary to
show these fluctuations when making models expressing the dynamics of ‘a fished population.
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ON PRIMARY FOOD SUPPLY - THE BASE OF PRODUCTIVITY IN THE NORTHWEST ATLANTIC

By

M. V. Fedosov! and I. A. Ermachenkol

EDITORIAL NOTE:

This paper reports on data collected during the LCNAF NORWESTLANT Surveys, April-June 1963.
It will be published in extenec, in ICNAF Special Publication Number 7 (Report of the
NORWESTLANT Surveys).

1 All-Union Research Institute of Marine Fisheries and Oceanography (VNIRO), Moscow, USSR.



388



389 B-14

B-14

THE EFFECT OF TEMPERATURE AND CURRENTS ON THE DISTRIBUTION
AND SURVIVAL OF COD LARVAE AT WEST GREENLAND

By
Frede Hermannl, Paul M. Hansen® and Sv. Aa. Horsted?

ABSTRACT

The distribution of cod larvae off West Greenland is compared with the surface currents. It
18 shown how the westerly branch of the West Greemland Current carries great numbers cof larvae away
from the Greenland banks.

A comparative measure of the strength of cod year-classes between 1924 and 1951 is calculated.
The year-class strengths are correlated with the water temperature during the larval stage. Signif-
icant correlation was found between year-class strength and mean temperature, surface to 45 m over
Fylla Bank in June.

The number of cod larvae caught off West Greenland in different years 1ls compared with water
temperature in June and July,

The onshore wind component during the larval stage is correlated with year-class strengths.
No significant correlation 1s found.

COD SPAWNING GROUNDS OFF WEST GREENLAND

At West Greenland the most important cod spawning grounds seem to be along the western slopes
of the banks, mainly at depths between 200 and 600 m in the relatively warm water of the Irminger
Current., The map (Fig. 1) which shows the distribution of these spawning grounds, 1s based on
information from Faroese fishermen and from German, Norweglan and Russian research vessels. In
addition, some spawning takes place in coastal waters and in the inner parts of some fjords, but
these spawning grounds are supposed to be of lesser lmportance for the recrulitment of the West
Greenland cod stock.

DISTRIBUTION OF COD LARVAE

The distribution of cod larvae off West Greenland has been investigated for many years by R/V
Dana taking hauls with stramin nets at a number of stations on standard sections. Figure 2 shows,
as an example, the number of cod larvae caught in July 1957 (Hansen, 1958). It 1s seen that most
of the larvae are found north of the spawning grounds, mainly in the area between Fylla Bank in the
south and the southern part of Store Hellefigke Bank in the north., Furthermore it is remarkable
that a great concentration of larvae i1s found more than 100 nautical miles west of Fylla Bank.

These larvae have drifted so far westward that they are probably lost for the Greenlandic cod stock.
They can possibly contribute to the recruitment of the Labrador cod stock.

In the year 1957, which was used as an example here, the number of cod larvae caught was greater
than the average, but the distribution seems to be typical for the month of July, with very few lar-
vae south of 64°N.lat, one comcentration beilng over the West Greenland bamks between 64°N. and 67°N.
and another concentration far west of Fylla Bank.

CURRENTS OFF WEST GREENLAND

The aurface currents off West Greenland are 1llustrated in Figure 3. It is well known that
the main direction of the West Greenland Current is northwestward along the coast, but a branch of
the current turns westward between 64°N. and 65°N. These features explain the distribution of the
cod fry. From the spawning grounds the eggs and larvae are carried northward by the current. Some
of the larvae are carried westward by the westerly branch of the current and, as mentioned, are
probably lost for the Greenland cod stock. The fraction of the eggs and larvae which is carried
away from Greenland waters 1s expected to have some influence on the size of the year-class of the
year in question.

Danish Institute for Fisheries and Marine Research, Charlottenlund, Demmark
2 Greenland Fisheries Investigations, Charlottenlund, Denmark
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Fig.2. Number of cod larvae caught in stramn
net hauls, July 1957.

The West Greenland Current is a mixture of two currents: the Polar component, which 1s a con-
tinuation of the East Greenland Polar Current and an Atlantic component which is a continuation of
the warm Irminger Current. Off the middle part of West Greenland a considerable mixing has taken
place so that the temperature differences between the two components are smaller than in the Cape
Farewell region.

The water temperature over the banks and their western slopes, where the cod eggs and larvae
are found, depends very much on the relative strength of the two current components,

The cod in West Greenland waters lives near its northern limit and it is therefore reasonable
to assume that even small temperature variations will have great effect on the survival of the eggs
and larvae. The correlation between the strength of the cod year-classes and the water temperature
during the larval stage will be investigated in the following sections.

STRENGTH OF COD YEAR-CLASSES AT WEST GREENLAND

The basic material for calculating a comparative measure of the stremgth of the cod year-
classes is the record of the total cateh of the Greenlanders in the different years and the age
distribution in the eingle years calculated from age determinations on samples. From this material
the total catch of each year-class between age-group V and XI is calculated for all the year-classes
from 1924 to 1951. In the present contribution only the catch from Godth8b district and more
northern districts is considered since the cod off the southernmost part of West Greenland 1is
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Fig.3. Surface currents in Greenland waters. (From Hansen and Hermanm: Fisken og Havet ved Gronland)

supposed to be a mixture of stocks of different origin.

Had the Greenlanders' fishing effort been constant during the years, their total catch could
have been used as comparative measure of the year-class strength; but, Iin view of the great devel-
opment of the Greenlanders' fishery, especially in the years after the war, it i1s necessary to
correct for the variation of their fishing effort. A rough measure of the relative fishing effort
is obtained from the percentage of recaptures of tagged cod In different perlods and from the number
of boats in the Greenlanders' fishery. Table 1 gives the number of cod tagged in the Godth3b and
Sukkertoppen districts (between 63°N. and 66°N. approximately) and the number and percentage of re-
captures taken by Greenlanders in all districts in the year of tagging and the following three years.
The mean year has been calculated with the number of cod tagged as a welghting facter for the two
perlods 1924-39 and 1948-58. Cod tagged in the Godthdb Fjord are not included in Table 1 as this
fjord 1s Inhabited by a local stock.
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TABLE 1.
Period Mean Cod Recaptures Recaptures Fishing effort
Y. tagged relative to 1932
No. No. %
1924~39 1932 2374 66 2,78 1.0
1948-58 1954 2738 251 9.17 3.3

It appears that the percentage recaptured for the period 1948-58 was a factor 3.3 greater than
the percentage recaptured for the period 1924-39.

Table 2 gives the number of rowing boats and motor boats in the Greenlanders' fishery for diff-
erent years. Each motor boat has been calculated as equivalent to five rowing boats, The factor
five has partly been estimated from information from fishermen, but it has also been taken into
account, that with this factor the fishing effort calculated from number of boats will fit with the
fishing effort caleculated from tagging experiments.

TABLE 2.
Year Rowing Motor Motor boats Equivalent total no. Fishing effort
boats boats X5 of rowing boats relative to 1932

1932 1210 30 150 1360 100

1939 1410 70 350 1760 129

1945 1650 75 375 2025 149

1950 1950 360 1800 3750 276

1952 1620 450 2250 3870 285

Assuming that the fishing effort of the Greenlanders is proportional to the total number of
boats as given in Columm 5 of Table 2 and to the percentage recapture of tagged ced, the fishing
effort of each year relative to the effort in 1932 can now be calculated. This is done in the last
colum 1in Tables 1 and 2 and plotted in Fig. 4.
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The relative strength of the year-classes is now calculated in the following way: the number
of cod of a certain year-class caught by the Greenlanders is divided by the relative fighing effort
for the mean year of the period in which the year-class In question has been fished, .e. when the
year-class was B years old. The year-class strength is them caleculated as the percentage of the
strength of the 1924 year-class. The results are given in Table 3.

TABLE 3. RELATIVE STRENGTH OF THE YEAR-CLASSES 1924 - 1951

Year-class 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937

Number caught in
age groups V to 1787 57 1425 248 190 516 401 999  B66 454 2741  B72 2355 487

XI in thousands

Relative fishing 1.00 1.03 1.08 1.12 1.17 1.22 1,25 1.29 1.33 1.37 1.41 1.47 1.56 1.66
effort

Belative strenpth 100 3 74 12 9 24 18 43 36 18 109 33 81 16

Year-class 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951

Number caught in
age groups V to 433 977 1008 1349 3950 1411 1236 3337 748 9044 1297 733 3433 1163

XI in thousands

Relative fishing 1.81 1.98 2.15 2.34 2.58 2.81 2.98 3.17 3,30 3.40 3.50. 3.60 3.70 3.80
effore

Relative strength 13 28 28 32 86 28 23 59 13 148 21 11 52 17

CORRELATION BEWEEN YEAR-CLASS STRENGTH AND SEA TEMPERATURE

Table 3 shows that there is wide variation in the year-class strengths. In this section we will
try to see whether this varlation can be explained as an effect of the temperature conditions during
the egg and early larval stage. The temperature data from West Greenland waters consist partly of
surface observations from commercial vessels (collected by the Danish Meteorolegical Institute and
published by Jens Smed, 1958, 1959 as monthly temperature anomalies for large areas} and partly of
subsurface observations from research vessels.

The year-class strengths are correlated with Smed's surface temperature anomalies for Area A
(West Greenland waters) for the years 1924 - 39 and 1946 - 51, for the months April to July. The
correlation coefficients, r, are glven in Table 4.

TABLE &.
Month April Hay June July Mean temperature
anomaly, April-July
r 0.14 0.53 0.15 0.42 0.38

Only the correlation coefficlent for May is significant within the 0.02 probability limit.
One reason for these low correlation coefficlents could be that the surface temperature is not suffe
iciently representative of the temperature in the water layers where the cod eggs and larvae are

found.

In June the cod larvae are mainly found over Fylla Bank and Lille Hellefiske Bank in the upper
50 m. The hydrographic station im this area which has been worked most frequently in June is the
international station r-2 over the shallow part of Fylla Bank (63°58'N.52°44'W.). Observations have
been made in June at this station in the following years: 1924,25,26,28,34,36,37,38,47,49,50,53,54,
56.,57,60,61 and 1963. Thus for 11 years between 1924 and 1950 we have observations of temperature
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as well as:strength of year-classes. In Fig, 5, year-class strength is plotted against mean temper-
ature in June in the upper 45 m on Fylla Bank. The index numbers at the points indicate the year-
classes. At the lowest temperatures it looks as though the year-class strength lles at a constant
low value, but from a certaln temperature the year—class strength seems to increase linearly with
the temperature.

The correlation coefficient between year-class strength and the mean temperature over Fylla
Bank in June is found to be r = 0.85. As the relationship cannot be lipnear over the total temper-
ature range the correlation coeffielent was also calculated omitting the observations from the
"coldest" year 1938 and was found to be r = 0.87. Both correlation coefficients are significant
(P<0.01). Still omitting the 1938 observations the Tegression line for year-class strength on temp-
erature was found to be: y - 60.2 = 45.4 (t - 2.14). The standard deviation of the points around
this regression line is equal to 25 year-class units, (25% of the 1924 year-elass). This glves a
meagure of the accuracy with which year-class strength can be predicted from temperature observations
over Fylla Bank in June.

The year-class strengths have earlier been compared with the temperatures off Fylla Bank
(Hermann, 1953 and 1961). In these papers the Greenlanders' total catch of the different year-
classes up to the year 1946 was used as a measure of the year-class strength and only the year-
classes up to 1938 were studied. In the present paper some of the more recent year-classes have
been included and, after correction for variationa in the fishing effort, they show a.close relat-
lonship between year-class strength and temperature.

The mean temperatures for the water column 0 - 45 m in June for the years between 1953 and
1963 in which observations are available are indicated on Fig. 5 by hatched lines. Judging from the
temperatures we would expect to get good year-classes from the years 1957, 1960 and 1961, the year~
classes 1953 and 1954 should be fairly good and only small year-classes would be expected from the
years 1956, 1959 and 1963.

CORRELATIONS BETWEEN NUMBER OF COD LARVAE AND SEA TEMPERATURES IN JUNE AND JULY

In 1950 and in the years 1952 - 1959 four standard sectioms have been worked out by the Dana
in July in the area from Fylla Bank to Egedesminde with stramin net hauls and hydrography. From
the four easternmost stramin net stations in each section and from two stations between Lille and
Store Hellefiske Banks the total number of cod larvae caught has been calculated. The values for
the few missing stations have been interpolated using the average percentage of the number of larvae
found at stations mentioned. The catches at the westernmost stations were not included because the
larvae found here will probably not benefit the West Greenland cod stock. Table 5 shows the cal-
culated number of cod larvae.

TABLE 5.

Year 1950 1952 1953 1954 1955 1356 1957 1658 1959
Number of

cod larvae 554 30 474 78 64 37 1629 187 77

It is doubtful whether these numbers are a good representatfon of the total mass of cod larvae
off West Greenland. The larvae are not evenly distributed over the area. Thus in 1950, 554 larvae
were caught on the 18 stations. Of these 319 (58%) were caught on one single station.

These numbers of larvae have been correlated with July temperatures from surface, 20 m and
40 w over both Fylla Bank, Lille Hellefiske Bank and Store Hellefiske Bank, but no significant
correlations have been found. Unfortunately temperatures in June over Fylla Bank are only observed
in five of these years but in these five years the number of cod larvae generally Increases with
increasing mean .temperature (surface to bottom) over Fylla Bank in June. This confirms the hypo-
thesis that 1t is during the early larval stage that the temperature conditions influence the sur-
vival of larvae.
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CORRELATION BETWEEN YEAR-CLASS STRENGTH AND BAROMETRIC PRESSURE DIFFERENCES

Ags already mentioned a great part of the cod larvae are carried westward towards Labrador with

‘he westgoing branch of the West Greenland Current and thus are probably lost from the West Green-
.and cod stock.

It is reasonable to assume that the relative strength of the two branches of the West Greenland
wurrent will depend to some degree on the wind conditions and specially on the onshore wind compon-
mt. As a measure of this wind component, the difference in barometric pressure between Ivigtut

it 61°N. lat and Jakobshavn at 69° N. lat 1s used. The barometric ppessure differences were com-
mted from the monthly means published In the Danish 'Meteorologisk Arbog' for the months March to
‘uly and correlated with the strength of cod year-classes for the years 1924 ~ 1951. The corre-
.ation coefficients found were, however, very small and very far from being significant.

Thus it looks as though the onshore wind component has no influence on the survival of the
od larvae.
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NOTES ON THE CONDITION OF FORMATION OF THE ARCTO-NORWEGIAN TRIBE OF
COD OF THE 1959-1961 YEAR-CLASSES DURING THE FIRST YEAR OF LIFE

By

A.S. Baranenkova®

ABSTRACT

The paper deals with the peculiarities found in the conditions of formation of the Arcto-Nor-
teglan tribe of cod of the 1959, 1960 and 1961 year-classes during the first year of their 1ife.

INTRODUCTION

Every year-class of cod is formed under specific conditions because of great yearly changes
n the abiotic and biotic enviromment. It is known that the natural conditions most strongly affect
‘he strength of year-classes during the early period of thelr 1ife. A characteristic feature of
od biology is that the pelagic eggs and later, the extruding larvae are immediately exposed to the
ffect of local conditions on the spawning grounds. The nature of water masses (temperature and
:alinity, water movement and biological characteristics) determines the area of distribution of the
.arvae, the density of their concentrations, the feeding conditions and the predators. The direc-
ion and speed of currents result in transport of eggs, larvae and pelagic fry into various parts
f the sea, thus determining the conditions of thelr subsequent life. The attention of investi-
;ators has long been drawn to studies of the causes of fluctuations in the strength of cod year-
:lasses. Hjort (1914} and later, Wiborg (1957) failed to find any correlation between the numbers
f liberated eggs, hatched larvae and.abundance of the year—class of cod in commercial catches.
‘rom the data collected for a number of years, Wiborg (1957) concluded that the formatiom of rich
‘ear~classes in the Arcto-Norweglan tribe of cod was favoured by prolonged spawning, large area of
;pawning grounds, extenslon of the central spawning area to the north, prelonged period of hatching
md by more rapid transport of eggs and larvae by currents to the areas of fattening of fry. The
wthor also does not exclude such additional factors as the number of predators, availability of
‘ood and the physical and chemical characters of the environment. Wiborg assumes that the abundance
f a year—-class 15 determined during the drift of pelagic larvae or Just after the fry descend to
‘he bottom., Studying the plankton In the area of Bear Island and the western part of the Barents
jea in 1949-56, Corlett (1958) showed a relationship between the stock of plankton from mid-April to
.ate September (Z.e. during the pelaglc larval phase) and the strength of the corresponding year-
:lasses of cod. He also pointed cut that survival of larvae and the size of the plankton stock were
iffected by water temperature and transport. Hill and Lee (1958) demonstrated a correlation between
‘he volume of water transported by the West Spitsbergen Current, the strength of the south wind in
ipril-May and the strength of corresponding year-classes of cod in the area of Bear Island. Examin-
ng the abundance of 1946-58 year-classes Iin the Arcto-Norweglan tribe of cod in relation to hydro-
.oglcal conditions, Kislyakev (1959, 1961) came to the conclusion that there i1s a close relationship
ietween the yilelds of the year—-classes and the average temperature of water masses on the spawning
irounds during the spawning period. He 1s of the opinion that rich year-classes are assoclated with
iigh intensity of atmospheric circulation, higher intensities and velocities of currents, high heat
iupply in water masses, dilution by coastal water, early timing of biological spring and greater
lepth of the 27.5-27.6 igsopicnal. In warm years, due to the greater depth of the 27.5-27.6 isopicnal,
iggs are found in deeper waters and are less subject to the mechanical effect of waves as compared
1ith cold years. According to Rollefsen (1930), a number of the cod eggs are killed by mechanical
lamage caused by stormy weather.

In 1959-61, the Polar Institute of Marine Fisheries and Oceanography carried out special
nvestigations on the drift of eggs and larvae of various species of fish from the spawning grounds
f the north-west Norwegian coast Into the Barents Sea and the area of the Bear and Spitsbergen

Polar Institute of Marine Fisherles and Oceanography, Murmansk, USSR.

'CNAF SPEC. PUBL., VOL. 6.
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Islands. The investigations were conducted in the area 1imited by the latitude of Bear Island
in the north, and the Lofoten region in the south, by the meridian of the Kola Gulf in the east
and 5° to 10°E in the west (Fig. 1). The main routes of the drift of eggs and larvae of the Areto-
Norwegian tribe of cod pass this area. Two crulses were performed every year: one in the last
ten~day period of April and in May and the
80" other in June and early July. Standard hydro-
&  logical sections were worked. The time of
working the sections varied in different years,
but the difference, as a rule, did not exceed
two days or, occasionally, several days, Sam-
78 Pling of eggs and larvae of fish was accom—
panied by measurements of water temperature,
sampling of water for hydrochemical analysis
and collections of plankton. In the winters
of these years the amount of "“demersal" cod
fry in the O-group was estimated in the sou-
thern and north-western parts of the Barents
Sea, including the areas of the Bear and West
Spitsbergen Islands. The gear used for sam-
pling plankton and ichthyoplankton during
spring-summer surveys were plankton nets
(gauze No. 38), egg nets (gauze No. 140) and
ring trawls of perlon (3 mm mesh).

For estimating the abundance of the 0O-

Pk group cod, a commercial bottom trawl with a
oG fine-mesh (10 mm) cotton net inserted into
66 o — the trawl cod-end was used. Feeding of larvae
5 20 (Sysoeva and Degtereva, this symposium) and
Fig. 1. Sketch map of currents and location “demersal® fry (Ponomarenko, this sympos {um)
of sections, worked during April-May of cod of the year classes in question was
and June-July 1959 and 1961. (The thoroughly studied,
data on currents are taken from the
works of A,I, Tantsura (1959), and SPAWNING OF COD
A,P, Alekseev and B.V. Istoshin
(1956). Observations on sexual maturity, stages

of development of the eggs and sizes of the

larvae showed a slight variation in the timing

of the mass spawning of cod during these years.
In 1959 and 1961, individual specimens in the area of the Rost Bank spawned in the third ten-day
period of January. In January of 1960 no observations were made but in February 1960, the percen-
tage of fish nearing the ripe and post-spawning stages was higher thanm im 1959 and particularly
than in 1961. During these three years mass spawning started in the period from late March and
April. The latest spawning period was observed in 1959. In 1960 spawning of the bulk of cod in
the area of the north-west coast of Norway started and ended earlier than in 1959 and 1961. Ac—-
cording to observations made by Wiborg (1961), mass spawning of cod in Westfjord in 1960 took
place three weeks earlier than in 1959. Our analysis of material showed that mass spawning of cod
in 1960 had two peak periods. This was indicated by the sizes of larvae (Table 1) and the greater
percentage of eggs in early stages of development in April-May as against the same periods of 1959
and 1961. In June 1960, a group of 6-11 mm larvae was notable along with large larvae (16-26 mm).
It is assumed that the second peak period of mass spawning in 1960 was caused by the approach of
younger fish to the spawming grounds. In 1961 spawning was the most prolonged and ended later
than in the two previous years.

DISTRIBUTION OF EGGS, LARVAE AND "DEMERSAL" FRY OF COD

The greatest numbers of eggs In April-May were found on the banks (Malang, Vesterolen and
Rost banks). The distribution of eggs and larvae in the area Investigated varied somewhat from
Year to year (Figs. 2, 3, 4). In 1961 eggs and larvae occupled a much more extensive area than in
the two previous years. In 1959 the greatest drift of eggs and larvae was to the southern part of
the Barents Sea. In 1960 they were carried away in great quantities to the north-west areas of the
Sea. In 1961 drift was obserwed to the north-west areas of the Sea as well as to the southern
part of the Barents Sea in the coastal branch of the current. Annual changes in the direction of



TABLE 1.

SIZES OF COD LARVAE IN mm (PERCENTAGE FREQUENCYD

Year and Fishing Total Mean
3-5 6-8 9-11 12-14 15-17 18-20 21-23 24-26 27-29 30-32 33-35

Month gear number size

1959 April-May egg net 92.5 6.2 1.5 536 4.43

1960 " " egg net 40.0 S0.0 10.0 10 6.65

1961 " " ege net 92.4 6.2 1.5 117 4.87

1959 June~July egg net 2.2  17.8  24.5 26.6 17.8 6.7 2.2 2.2 45 12.45

1959 " " ring trawl 2.1 22.9 31.3 28.1 5.2 4.2 1.0 4.2 1.0 96 17.70

Combined: 0.7 5.8 9.3 23.5 27.0 21.4 4.4 3.6 0.7 2.9 0.7 141 16.02

1960 June egg net 25.8 27.0 6.8 6.7 11.2 7.9 6.7 3.4 3.4 1.1 89 14.52

1960 _ " ring trawl 3.2 3.3 - 6.4 25.8 6.5 22.5 9,7 15.4 3.2 31 23,37

Combined: 20.0 20.9 5.0 6.6 15.0 7.5 10.8 5.0 7.5 1.7 120 16.74

1961 June—-July egg net 7.8 23.6 22,2 23.0 14.0 5.7 2.3 0.6 0.8 487 11,48

1961 _ " " ring trawl 2.5 24.1 34.2 21.6 11.2 4.7 1.4 0.3 663 17.11

Combined: 3.3 10.0 10.8 23.7 25.7 14.7 7.6 2.9 1.1 .2 1150 14.70

66t
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Fig. 2. Distribution of cod eggs of Fig. 3. Distribution of cod larvae of
different stages of develop- different sizes in April-May
ment in April-May 1959-1961 1959-1961, based on catches taken
based on catches takem with egg with egg net.
net. Sizes of circles and Circles and squares indicate av-
squares indicate average amount erage amount of larvae per haul.
of eggs per haul. Squares rep- Squares represent catches taken
Tesent catches taken during during second visit to the
second visit to the station stations along the paths of the
along the paths of the route. route. The key to the map
The T-IV sectors represent is shown in Fig. 4,

the stages of development of
egps.



401 B-15

i 9 . ] the drift of eggs and larvae were conflrmed by the
¢ T - s distribution and catch per hour of trawling of

_ : "demersal" fry of the O-group in winter season
O T I (Figs. 5, 6, 7: Table 2).

‘1

7]

[74°

Fig.5. Distribution of the O-group ced
20 of the 1959 year-class. Sizes
of ecircles indicate the number
of specimens In catches per hour
of trawling.

70°

E8°

10° 20° S0°
L N 7 T T
- (R - Y T ) - . J
= " H74°
- e e OG- -
I P .
] I+ -oﬁﬂﬁi}oﬂge 9-93

‘Flg. 4, Distribution of cod larvae of
different sizes in June-July

1959-1961 based on catches taken Fig. 6. Distribution of O-group cod of 1960
with ring trawl. Circles and year-class. Sizes of circles in-
squares Indicate the number of dicate the number of specimens taken
larvae per haul. Squares repre- per hour of trawling.

sent catches taken during se-
cond visit to the stations
along the paths of the route.
Sectors represent larvae sizes
from 5 mm up (black) from 6 to
10 mm (shade}, over 11 mm
(points).
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AVERAGE CATCHES OF 0-GROUP COD IN VARIOUS AREAS OF THE BARENTS SEA DURING THE WINTER
(NUMBERS PER HOUR USING A BOTTOM TRAWL WITH COVER)

1961-1962 1960-1961 1956-1960
Areas no, of no. no, of no. of no. of no. of
hauls specimens  hauls specimens  hauls specimens
Southern part of the Barents Sea
Central 111 4 108 9 168 18
West 132 2 84 10 247 8
Coastal 26 [ 27 5 68 10
East 42 3 41 2 45 2
North-east 42 2 38 1 27 1
Central elevation 67 2 27 10 29 14
Total: 420 3 325 7 584 11
North-west areas of the Barents
Sea
Bear Island
South slope 33 16 18 14 34 33
East slope 21 10 18 5 21 9
West slope 37 12 15 35 49 21
Total: 91 13 51 17 104 23
North Spitsbergen 17 141 5 39 - -
West Spitsbergen 48 30 49 66 59 9
Zuyd Cape trench 32 7 37 14 30 30
Hope Island 23 7 19 1 27 8
Persues Elevation 44 Fi 14 6 17 4
Total: 255 22 175 29 137 16
West trench - - - - 11 A
Whole Sea 675 10 500 15 832 12

Fig.7. Distribution of O-group cod of 1961

year—-class.

Sizes of circles 1indi-

cate the number of specimens taken
per hour of trawling.

ABUNDANCE OF EGGS, LARVAE
AND "DEMERSAL" FRY OF COD

Table 3 shows average numbers of eggs
and larvae per haul during the three years
under review. The abundance of eggs and lar-
vae In April-May does not correspeond to that
in June-July. The highest abundance of pela-
glc eggs and larvae in April-May was cbserved
in 1959 (95.9 specimens per haul). and the
lowest in 1960 (23 specimens). The greatest
nunber of larvae in the peried June-July was
observed in 1961 (1.1 specimens per haul) and
the least in 1959 (0.19 per haul), Also, the
average number of eggs and larvae per haul did
not correspond to the average catch of "demer-
sal" fry per hour of trawling (Table 2). Onm
the contrary, the number of eggs and larvae
was the least in 1960 and the total number of
"demersal" fry all over the Sea was the grea-
test (15 specimens per hour's trawling against
12 in 1959 and 10 in 1961). Such a discrep-
ancy could be accounted for by a number of fac-
tors, particularly by different rates of sur-
vival of specimens in various years. But very
likely 1t 1s to be explained by the fact that
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the area of distribution of eggs and larvae was not fully covered by our investigations., Wiborg
(1961) found that the numher of eggs and larvae in the coastal waters of Norway, in Westfjord,

was higher in 1960 than in 1959 whereas on the outside of the Lofoten Islands, near Eggum, it was
lower, According to our data, the number of eggs and larvae in the open part of the Sea, near the
north-west coast of Norway, was also much higher in 1959 than in 1960. The difference in the num
bers of eggs and larvae in coastal waters and in open areas of the Sea has been noticed previously
in my own work (unpublished) on the 1948 and 1949 year—classes. According to Wiborg (1949), the
number of larvae in the Westfjord was greater in 1949 than in 1948, whereas according to our data,
the number of larvae on the outside of the Lofoten Islands in the high sea was greater in 1948 than
in 1949,

The average catch of the O-group varied during these years Iin different areas. In the southern
part of the Sea and in the area of Bear Island, a decrease in the average catch of fry per hour of
trawling was observed from 1959 to 1961, whereas the average catch of fry in the areas to the north
of Bear Island was the highest in 1960 (29 specimens) and the lowest in 1959 (1§ specimens).

According to the estimates of the young of various ages, the 1959 year-class can be evaluated as
an average one. On the basis of total catches of the O-group fry over the whole area, it can be
assumed that the 1960 and 1961 year-classes also approximate to the average, with only this dif-
ference, that the 1960 year-class iz somewhat more, and the 1961 year-class somewhat less, abundant
than that in 1959.

The survival rate also varies by years. The ratio of the number of larvae caught during the
second survey (in June-July) to the number of eggs and larvae caught during the first survey (April-
May) may be expressed as a percentage: from this, the survival rate of eggs and larvae in the in-
terval between the two surveys can be estimated. This ratio is shown in Table 4. On the left side
of the table the eggs of all stages of development are presented: on the right side of the table,
only the eggs of the third and fourth stages of development, when their ldentification as cod was
umdoubted. The stages of development of cod eggs are given according to Rass (1949). For 1959 the
percentage i1s quite low. In this year, a high mortality rate during the early stages of develop-
ment of eggs appeared to be due to weather conditions: 1in the spring of 1959 there were more stormy
days than in 1960 and 1961.

TABLE 4,

PERCENTAGE RATIO OF COD LARVAE DURING JUNE-JULY TG EGGS AND LARVAE IN APRIL-MAY
(BASED ON EGG NET SAMPLES IN BOTH PERIODS AND RING TRAWL SAMPLES IN JUNE AND JULYD

To the eggs of all stages To the eggs of the 3rd and
Year of development and to 4th stages of development
larvae and larvae
egg net + egg net +
egg net ring trawl egg net ring trawl
ring trawl ring trawl
1961 2.54 16.00 4.47 11.29 71.15 19.89
1960 3.33 1.17 2,79 46.97 16.66 39,39
1959 0.08 0.52 0.19 0.52 3.23 1.22

In 1960 and 1961 the percentage of the number of larvae caught in June was higher than the per-
centage of the number of eggs and larvae caught in April-May, which indicates a higher survival
rate. The high indices (3.33 and 46.97%) obtained with the egg net in 1960 (Table 4) can be ex-
plained by the presence of the second peak in mass spawning which resulted in the appearance of
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many eggs in early stages of development in April and May, and of small larvae which are easy teo
catch by egg net in June. The indices obtained for ring trawl catches reflect the changes in the
number of larvae which took place during the first peak perlod of spawning. These Indices evidently
lie between those of 1959 and 1961. A great reduction in the abundance of the 1960 year-class in the
southern part of the Sea took place, apparently, at an older age. This assumption is confirmed by
the data published by Ponomarenko (this symposium) which indicate that a great number of the fry of
the 1960 year-class had been eaten by young cod of the IT and III age groups in the winter season of
1960-1961. Greater numbers of fry of this year-class than of the 1959 and 1961 year-classes were
eaten.

The survival rate of eggs, larvae and pelagic fry of the 1961 year-class was the highest of
the three year groups studied. However, the number of "demersal” fry in almost all areas, except
North Spitsbergen, was found to be the lowest. It can, therefore, be assumed, that a high mortality
rate of thls year-class took place in the pelagic stage before "settling" of fry or during their
transition to the near-bottom way of life. 'Demersal” fry in the southern part of the Sea during
winter season were eaten by older young of cod in inconsiderable amounts which, in the opinion of
Ponomarenko (this symposium), was due to their low abundance.

The effect, on the total abundance of the 1961 year-class, of extensive transportation of fry
to such a distant area as North Spitsbergen will be studied further. The estimates of the young
in the north-western part of the sea in autumn of 1962 showed a great reduction in catches of the
young of the 1961 year-elass per hour of trawling (less than one specimen on the average).

THE CONDITION OF DRIFT OF COD EGGS AND LARVAE

The years investigated were characterized by different temperature and salinity conditionms,
intensity of various branches of the warm current, periods of development and plankton bicmass.

The year 1961 was characterized by an average temperature regime: 1959 was warmer and 1960
was the warmest of the three (abnormally warm for the Norwegian Sea). The average temperatures in
the sections investigated im 1959-1961, and changes in temperature in these sections from year to
year, (Kislyakov and Borovaja, 1963) are shown in Tables 5 and 6. As seen from the Tables, temp—
erature conditions during a year and in different years changed in different ways in various parts
of the area, on the routes of drift of eggs and larvae. The years 1%5%, and particularly, 1960
were characterized by an intensive inflow of Atlantic water into the Norwegian Sea. Beginning in
the spring of 1961 a reduction in advection of heat by the current was observed In the Norwegian
Sea (Alekseev et al., 1963).

The intensity of the branches of warm currents varied: for example, the eastern branch of the
Norwegian Current and the West Spitsbergen Current were the most intensive In 1960. Because of

TABLE 5.

AVERAGE TEMPERATURE IN THE 0-200 m LAYER AND IN STANDARD SECTIONS DUR-
ING APRIL-MAY OF 1959, 1960 AND 1961 (ACCORDING TO KISLYAKOV, 19633

Sections 1959 1960 1961
7-c 6.38 7.12 6.79
8-c 6.20 6.27 6.44
9-c 6.34 6.26 5.95

72°00" 5.44 5.92 5.31
10-c 53.62 5.63 4,99
73°50°' - 5.30 4.93
1A 6.61 6.31 6.55
1B 6.87 6.45 6.05
1 6.15 6.96 6.01
2 6.10 6.34 5.81
2A 5.63 6.10 5.54
3 4.82 5.03 4.60
35 4.43 4.58 4.27
4 4.16 4.32 3.85

6 3.59 3.84 2.96
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TABLE 6. -

CHANGE IN AVERAGE TEMPERATURE BETWEEN YEARS IN SECTIONS OF THE
0-200 m LAYER DURING APRIL-MAY (ACCORDING TO KISLYAKOV, 1963)

Change in temperature

Sections from 1959 from 1960 from 1959
to 1960 to 1961 to 1961
7-C H).74 -0.33 +H.41
1A ~0.30 H).24 -0.06
1B ~0.42 -0.40 -0.82
8C +0.07 -0.17 H).24
1 +H.75 -0.70 -0.14
9C -0.08 -0.31 -0.39
72°R 0. 48 -0.61 -0.13
10C +H.01 -0.64 ~0.63
73°50'N - -0.37 -
2 +0.24 -0.53 -0.29
2A +0.47 -0,56 -0.09
3 +).21 =0.43 -0.22
35 +0.15 ~0.31 -0.16
4 +H).16 -0.47 -0.31
6 +H).25 -0.88 -0.63

this, the temperature in the West Spitsbergen Current was higher in 1960 than in 1959 and 1961.

In 1959 the intensities of the branch of the North Cape Current and of the branch of the Murmansk
Coastal Current were higher than in 1960 and 1961. Throughout the year, positive temperature
anomalies were observed in the Murmansk Coastal branch. Kondratsova (1961) is of the opinion that
the year 1959 in tbe Coastal branch was one of the warmest in the period from 1953 to 1960.

The intensity of the main branch of the Murmansk Current in 1959 was low. The north branch of
the North Cape Current was characterized by a lower intensity as compared with the Murmansk branch.
In 1960 the intensity of the main branch of the Murmansk Current was high, and the intensity of the
Murmansk Coastal Current was low (Kondratsova, 1962), In 1961 the north branch of the North Cape
Current was characterized by a particularly high intensity of all the branches in the Barents Sea.
In the second half of the year the temperature in this branch was abnormally high (Kislyakov and
Borovaja, 1963).

The salinity of water masses in the area of the north-western and north coasts of Norway was
higheat in 1960, somewhat lower in 1959 and lowest in 1961. In 1961 the salinity in the east branch
of the Norwegian Current was several hundredths of parts per mille lower than in 1960. The 35.2%
isohaline extended 200 miles farther to the south as compared with 1960 (Kislyakov, 1963). The most
distinctive feature of the year 1961 was the extension of coastal diluted waters fromw Fugloy and
SarY Islands far to the north and their mixing with the Bear Isle Current which was also greatly
diluted by fresh water in 1961. As a result of this, waters with salinity over 35 /oo could not
penetrate into the surface layer of the Barents Sea. In the spring of 1959 and 1960 such a wide
spreading of coastal waters was not observed. In June and July of 1961 there was further dilution
of coastal waters flowing outwards from the area of the north-west coast of Norway towards the north
and from the Bear-Spitsbergen reglon towards south-west. These distributions of waters influenced
the distribution of cod larvae and plankton (Figs. 8, 9).

A8 a result, in that year, no close relation was observed between the distribution of larvae
and the abundance of "settled" cod fry on the one hand, and the intensity of branches of the warm
currents on the other. Such a relationship, between the distribution of larvae and the intensity
of current branches, was quite obvious in 1959 and 1960 and was reported earlier by Kislyakov (1961)
for the fry of the 1946-58 year-classes in the Arcto-Norweglan cod. The transport of a great num-
ber of fry into the Spitsbergen area in 1961, when the intensity of the West-Spitsbergen Current
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was reduced (as compared with 1960) can be ex-
plained, Kislyakov belleves, by the presence in
1961 of a pecullar watershed In the area between
the north coast of Norway and Bear Island. The
appearance of this watershed was caused by a high
water level in this part of the Sea, which ob-
structed penetration of the Antarctie waters into
the Barents Sea and resulted in driving away a
great number of eggs and larvae with freahened
waters from the coastal zone of Norway Iinto the

high seas. The existence of such hydrological conditions in this area 1s considered by Adrov (1957}
as quite normal, In May and June, northern and eastern winds predominate there: these impede the
North Cape Current and carry away greatly freshened waters into the open Sea. Just such an inten-
glve outflow of freshened waters from coastal areas was observed in 1961.

¥rom the data obtained by A.A. Degtereva, who studied the plankton in these years, the blo-
logical spring (beglnning of the Cazlanus spawning) off the north-west coast of Norway began earlier
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in 1960 (late March) than in 1959 and 1961 (the first ten-day period of April). The development of
phytoplankton and the spawning of Cazlovus In the years 1959 and 1960 were observed earlier in the
coastal zone, and somewhat later in deep water areas located outside the continental slope. 1In
1961, unlike the two previous years, spawning of Calanus off the coasts and in the high seas toaok
place at the same time. As a result, the development of Calgnus in the eastern branch of the
Norwegian Current began earlier in 1961 than In 1959 and 1960. In 1961 the period of spawning of
Calanus was more prolonged as was shown by the simultaneous presence in plankton samples of great
quantities of eggs, nauplii and various copepodite Etages of plankton. In 1959, and particularly
in 1960, the period of Calanus spawning was considerably shorter. All this affected the abundance
of plankton as well as its blomass. As a result the highest abundance for the spring season (late
April-May) was observed in 1961, and the highest blomase in 1960 (Table 7). The high abumdance

of Calanus in 1961 has to be accounted for by the presence of great amounts of nauplii and early
8tages, whose proportion by welght was inconsiderable.

TABLE 7.
ABUNDANCE OF Calarus AND BIOMASS OF PLANKTON, 1959-1961.
Calanus IS SHOWN AS NUMBERS UNDER 1 m? [N THOUSANDS ALONG & SECTIONS

(67°31'N, 71°10'N, NORTH CAPE TO BEAR ISLAND AND KOLA SECTION TO 33°30°E)
BIOMASS IS EXPRESSED IN mg/m3 IN THE WHOLE AREA OF THE INVESTIGATIONS

Abundance of Calanus
Plankton
Year April-May June-July biomass

investigated nauplii copepods total nauplii copepods total April-May June-July

1961 62.6 32.2 94.8 1.8 14.9 16.7 182.1 255.3
1960 21.9 40.7 62.6 6.2 28.4 34.86 228,7 455.3
1959 24.3 34.3 58.6 7.2 46.5 33.7 112.7 443.9

In 1960, because of earlier spawning of lalanus in the coastal zone at the time when observations
were made, they had reached later stageés of development (IIT, IV and even V). Small crustaceans
in these stages were comparatively scarce but, because of their slze, they resulted in a very high
bicmass. The only exception was the North Cape - Bear Island section, where in 1960, due to de-
layed spawning of Calanus, the abundance and blomass of plankton were lower than in the years 1959
and 1961,

In the summer season (June-July) the bulk of Plankton was represented by Calanus fimmarchieus
of copepodite stages IV and V, the so-called "Red Calanus". The meost extensive spreading of Red
Calanus towards the east in the coastal zone was observed in 1959 (Fig. 8), less extensive in 1360:
In 1961 the border of the area of their distribution was found in the region of the North Cape-
Bear Island section. Im 1961 in the south-west part of the Barents Sea between the North Cape and
the Kola sections, Calanus were almost absent, and the main components of zooplankton were repre-
sented by Oithona aimilis and Onecasa borealis. This distribution of Calanus resulted in an abrupt
reduction of their abundance and biomass in the south-west part of the Barents Sea (Fig. 8), which
affected the total biomass (Fig. 7). In the Eastern branch of the Norwegian Current, however, plank-
ton blomass was rather high.

These data show the existence in the pericd reviewed of a close relationship between the dis-
tribution and direction of the drift of eggs, larvae and pelagic fry of cod, the plankton organisms
and the movement of water masses. Annual changes are also clearly revealed by the data on distri-
bution of warm water organisms (Fig. 9). The main drift of these organisms in June-July of 1961
took place in the eastern branch of the Norwegian Current, whereas their transport to the southern
part of the Barents Sea was not observed.
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Most interesting data on the life of larvae In various branches of current are reported by
ysoeva and Degtereva in a paper presented to this symposium (see p. 412). A study of feeding
£ larvae and pelagic fry of cod by these authors showed that the distribution of the larvae was
elated to the.greatest concentrations of thelr maln food - Calanus fimmarchiocus. Thus, better
onditions for the feeding of larvae and pelagic fry existed in those branches cf the currents
here thelr main drift was observed. In the branches of the currents where the abundance of
‘alanus was not high, as in 1961 in the southern part of the Barents Sea, large larvae had to feed
n other numerous, but smaller organisms {(in particular, Oithona similis and Evadne nordmani), which
nfluenced thelr weight.

SUMMARY

. As a result of the three years' investigations some peculiarities were found in formationm of
the Arcto-Norweglan tribe of cod of the 1959, 1960 and 1961 year-classes during the first year
of life. These years differed in relation to the temperature and salinity of the water, the
intenaity of different branches of the currents, the periods of development and plankton biomass.

Variations were observed in the timing of the mass spawning and the total duration of cod spaw-
ning, in the distribution and sbundance of eggs, larvae and 'demersal” fry of cod and in the
conditions for the feeding of larvae. TFor every year-class, there was a characteristic period
when greatest decrease in abundance occurred.

. A close relationship was cbserved between the bloleogical processes and the annual changes in
the dynamics pf water masses.

The main drift of eggs and larvae of cod, the highest biomasa of plankton and the most fav-
ourable conditions for the feeding of cod larvae were found mainly in those branches of the
currents which were more intensive in the given year.

. The distribution of cod larvae in the branches of the currents coincided with that of warm
water plankton organisms., An absclute conformity was observed between the periods of spring
development of plankton and spawning of cod.

The investigations showed the complexity of the problem of revealing the factors determining
the strength of individual year-classes of the Arcto-Norwegian tribe of cod.
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THE RELATION BETWEEN THE FEEDING OF COD LARVAE AND PELAGIC FRY AND
THE DISTRIBUTION AND ABUNDANCE OF THEIR PRINCIPAL FOOD ORGANISMS

By

T.K. Sysoeva and A.A. Degtereval

ABSTRACT

This paper summarizes 3 vears' investigations (1959-1961) on the feeding of larvae and pelagic
ty from the Arcto-Norweglian cod stock. .

The main food item of larvae and pelagic fry in the first three months of their life is Calanus
inmarchicus. The larvae and fry feed on C. fimmarchicus in different periods of life and at dif-
irent stages of development, such as nauplii, younger and older copepocdites. The close relation
t the 1ife of cod larvae and pelagic fry with that of Calanue fimmarchicus is supported by the fact
1at, in June of all the years studied, coincident quantitative occurrences of larvae and fry of cod
1d C. finmarchicug were observed in different branches of the currents.

Oithona eimilie, Pseudocalanus elongatug, Acaritia cluasi, Fvadne nordmannt and other specles
ich smaller than Calanus finmarchicus serve as secondary food for larvae and fry of cod. They
:come especially important when there is a lack of Calanus finmarchicus in the plankton. The mini-
m abundance of Calanus finmarchicus in the plankton when the Intensity of feeding of cod larvae
id fry decreases is from 5,000 to 18,000 specimens under 1 m2.

Investigations into the problem of the formation of rich and poor year-classes were carried
it regularly from 1959 to 1961. The present paper deals with the analysis of the material relating
» the feeding conditions of larvae and pelagic fry of cod. The authors used the data on spawning,
yundance and distribution of eggs, larvae and fry which are published by Baranenkova (this sympo-
lum). Some data on the food composition of larvae and pelagic fry of cod as well as on their se-
:ctive ability were obtained previously by Wiborg (1948, 1960).

Our material permitted us to get a generalized picture of the regular changes in the feeding
: young cod during the three months of their life, from the moment when they begin to feed freely
1til they reach a length of 42 mmn. This part of cod ontogenesls can be divided into four perlods
1 the basis of characteristics of the feeding and morphology of larvae and pelagic fry (Fig. 1).

FIRST PERIOD. The larvae, just beginning active feeding, feed on minute slow moving plankton,
dnly on nauplii of Calanue fimmarohicus. Thelr length is 3.2-7.0 mm., A characteristic morpho-
)glcal feature of larvae in this period 1s an undifferentiated fin fold.

SECOND PERIOD. The larvae gradually begln to take more active and, with Increasing length,
irger organisms, such as Copepoda in different copepodite stages. Nauplii and copepodites of
tlanus finmarchiocus and Oithona similis prevall. The larvae are 7.0-19.0 tm in length. During
11s period palred and unpaired fins, stomach, pyloric caeca and barbel are formed. Thus, by the
iginning of the third peried the larvae are already transformed into the fry.

THIRD PERIOD. The fry consume comparatively large organisms, mainly Calanus fimmarchicus at

ie IV - V copepodite stages ("red Calanus"). The length of fry ranges from 19.0 to 35 wm. Thsy
e gradually acquiring thelr characteristic 'chess" pigmentation.

Polar Research Institute for Marine Flsheries and Oceanography, Murmaashk, USSK.

NAF SPEC. PUBL., VOL. 6.
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Fig. 1. Changes in the composition of the food of larvae and pelagic fry of cod with in-
ereasing length.
A. Importance of the main food organisms (numbers in %).
B. Occurrence of the main food objects (numbers of digestive tracts contalning
food in %).

FOURTH PERIOD. This period is characterized by a transition of fry to the consunption of
young Euphausiacea. According to Wiborg (1960) and Ponomarenko (this symposium), Euphausiacea
become the main food of cod fry and, as was observed by Ponomarenko, influence the indices of
fullness, fatness and nutritional condition of fingerlings.

Each period consists of several stages characterized by changes  in feeding and morphology.
These stages cannot be discussed in this short paper. The size limits of these stages are desig-
nated in ¥ig. Z(B).
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C. Percentage occurrence.
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It is clear from the above gummary, that the life of cod larvae and fry is closely related
to the life cycle of €. fimmgrchicus, the most numerous zooplankter in the Barents and Notweglan
Seas. In the second half of April, when active feeding of cod larvae starts, nauplii of C. fin-
marchicus, the basic food of larvae at the first stages of development, occur in the plankton in
great quantities. In late May, the larvae become more active (second period) and can take more
active food organisms, namely Calanue finmarchicus of the I-IIL copepodite stages, which appear
by this time in the plankton. In June, most of the larvae reach a length of about 20 mm and feed
on "red Calgnug" which develops at this time over a large sea area.

In June, a coinclidence of the quantitative distribution of cod larvae with that of C. Finmar-
chicus was observed in separate branches of the currents in all the 3 years investigated. 1In 1959,
the main mass of larvae was carried into the southern part of the Barents Sea. The abundance of
C. finmarchicus in 1959 was also higher in the southern part of the Barents Sea where great bio-
masses of this organism were recorded over large areas (Fig, 2A and Fig. 8 in the paper by
Baranenkova, this symposium). In 1961, most of the larvee drifted into the area of Bear Island and
Spitsbergen where greater abundance and biomass of €. fimmarchicus was observed (Fig. 2A and Fig. 8
in the paper by Baranenkova, this symposium). The year 1960 was Intermediate in respect to the
abundance of larvae and distribution of plankton biomass in Junme in the area investigated. Such a
coincidence of the quantitative distribution of . finmarchicus with that of the larvae and fry of
cod 1s evidently the consequence of the general factors influencing the distribution both of the
food organism and of its consumer, A similar Phenomenon was recorded by Ponomarenko (this sympos—
ium) for demersal fry of O-group cod in the southern part of the Barents Sea, feeding on Euphau~
slacea: the fewer fry in the southern part of the Barents Sea, the more scarce was their food.

The larvae and pelagic fry of the 1961 year-class, being the least numerous in the southern part
of the Barents Sea, could not feed on C. fimmarchicus (their main food item) due to its scarcity.
In 1959, however, the larvae and fry were transperted mainly into the southern part of the Barents
Sea and fed there freely on €. finmarchicus.

Oithona similis took second place in the food of larvae and pelagic fry (Fig. 1). It was more
often encountered in the food of cod larvae in June, in the period of its mass appearance in the
plankton, and provided the food for recently hatched cod larvae. In 1960, the spawning of cod had
two peaks. The food of larvae appearing in April consisted mainly of nauplii of &. fimmarchicus.
The more numerous larvae of the second peak, which reached a length of 6~12 mm in early June, fed
mainly on nauplii of Oi{thoma in the coastal zonme in 69°20'N (Fig. 2B and C). Due to the early spaw-
ning in that year, Calanus finmarehicus reached copepodite stages IV and V in the coastal zone in
early June, too large to be eaten by such small larvae. In the area beyond the continental slope,
the larvae lived on nauplii of Oi{thona and eggs and nauplii of Calanue finmarchicus which were avail-
able in those waters.

Copepodites of 0. gimilie are important in the food of fry and large larvae when C. Finmarchi-
cugs occurs in small numbers. For instance, in 1961, when €. fimmarchicus was very scarce in the
southern part of the Barents Sea (Table I, Fig. 24), O{thona similis was most important in the food
of larvae and fry of 15-35 mm (Fig. 2B, C, Table 2). Together with 0. gimilis, the importance of
other planktonic organisms (such as Evadne nordmamni, Pseudocalanus elongatus, Acartia clauei) also
increased, although, because of the predominance of (. Sfinmmgrehicug in the plankton, the importance
of these species in the diet of larvae and pelagic fry is quite insignificant.

TABLE 1. THE ABUNDANCE OF Calanus finmapchicus (COPEPODITE STAGES) UNDER 1 m? IN THE UPPER
50 m, JUNE-JULY, IN THOUSANDS OF SPECIMENS.

Year Section Section Section Section
69°20'N 71°10'N North Cape along the
Bear Island Kola Meridian
1959 31.6 25.8 53.1 75.3
1960 9.6 15.6 83.8 4.4
1961 20.3% i8.8 18.0 2.6

* This figure represents the abundance of Calanus on the section 67°30°N.
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The food objects were grouped by sizes: (1) small organisms (eggs and nauplil of Copepoda),
(2) medium organisms (small copepoda including 0. similis and C. fimmarchicus at the I-III cope-
rodite stages) and (3) large organisms (C. finmarchicus at the IV-V copepodite stages, Euphau-

slacea, Tunicata, fish larvae). The importance of each group both in the diet of larvae and in the
’lankton 1s shown in Fig. 2d.

As 1s evident from Fig. 2B, C, d, the larvae of cod up to the VI-VII stages, belenging to the
1959 and 1960 year-classes, lived for a relatively long period of time on small organisms: mnauplii
»f O. Ffirmarchicus in 1959 and nauplii of Oithona in 1960. 1In 1961, the larvae as early as the IV
stage ate medium and even large organisms. In 1959 and 1960, the pelagic fry fed on large organisms
(C. fimmarchicus in the IV-V copepodite stages), whereas in 1961, medium-sized organisms prevalled
in their food (0. similis, other Copepoda, Evadne nordmanni).

It was found that the qualitative composition of food Iinfluences the increment in weight. To
illustrate this, we present dlagrams showing the changes In the body welght of larvae and fry inm
jifferent vears (Fig. 3). Larvae and fry up to 29 mm of the 1959 and 1960 year-claases, living for
1 long time on small organisms when in the larval phase, had a lower body welght than larvae and fry
>f the same length in the 1961 year-class which started feeding on medium and large organisms ear-
lier. Fry of over 29 mm in the 1959 and 1960 year-classes, feeding freely on €. fimmarchicus in
he IV-V copepodite stages, had a higher body weight than the fry of the 1961 year-class of the same
length feeding on the great quantitles of 0. similis and E. nordmanni.

b -]
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Fig. 3. Change of the weight of larvae and
pelagic fry with linear growth.

The material on the feeding of pelagic fry in the southern part of the Barents Sea enabled us
to Judge at what concentration of C. fimmarchicus fry start living on the secondary food organisms.
[t can be seen from the material for 1961 (Table 1) that the abundance of . fFimmarchicus of 2,600
specimens under 1 w? in the 50 m surface layer, observed on the section along the Kola Meridian, was
1wt sufficlent for fry feeding. This Is evidenced by the data on the food consumption of cod fry
ln the area eastwards of the section North Cape-Bear Island (Table 2). The abundanee of C.finmar—
shicus of 4,400 specimens under 1 w?, observed on the section along the Kola Meridian in 1960, see-
ned to be very low too: the stomachs of fry, 17 and 27 mm long, caught on this section contailned no
“algnus. As in 1961, the food of fry consisted of 0. aimilis, E. nordmanni and Fritillaria which
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TABLE 2. IMPORTANCE OF THE MAIN COMPONENTS IN THE FOOD OF LARVAE AND PELAGIC FRY IN 1961
IN DIFFERENT PARTS OF THE AREA (NUMBER OF SPECIMENS AS PERCENTAGES OF THE TOTAL
NUMBER) .

Stage Stage
Region Food components VII, VIII.
15.0 to 19.0 to
19.0 mm 24.0 mm
Southern part Calanus fimmarchicus 2.4
of the Barents
Sea to the east Oithona similis 76.13 65.7
of the Section Other Copepoda 1.2 3.5
North Cape-
Bear Island Evadne nordmanni 17.5 30.6
Southern part Calanus finmarchicus 1.8
of the Oithona similis 63.6 12.5
Barents Sea, Other Copepoda 30.4
Inshore Station.
Section Calanus firmmarchicus 68.9 77.8
North Cape Oithona similis 6.7
Bear Island Gther Copepoda 22.2 7.4
Calanus finmarchicus 100 85.4
Section Olthona similis
72°50'N, Other Copepoda 1.7

were abundant in this area, The abundance of C. Flwmarchicus of about 18,000 specimens under
1 m? provides sufficient food supply for cod fry, as is seen from the data for 1961 obtained on
the section North Cape-Bear Island (Tables 1 and 2).
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THE BREEDING AND LARVAL DISTRIBUTION OF REDFISH IN
RELATION TO WATER TEMPERATURE

By

A. Kotthaus!

ABSTRACT

This paper deals with the larval redfish material collected on board the R/V Anton Dohrn on
the occasion of a joint Icelandic-German survey in the central North Atlantic carried out in April-
May 1961. Reference 1s made to the results of a simllar survey during the ICNAF Environmental Sur-
vey (NORWESTLAND 2) in 1963.

Larval redfish distribution along with the water temperature conditions are considered, and
the "breeding" places of the redfish are located from the occurrence of new born larvae. The ques-
tion of the depths at which redfish larvae are liberated is discussed.

INTRODUCTION

T8ning (1949) summarized the known facts about the distribution of redfish larvae in the North
Atlantic. His paper, however, left some questions unanswered. T2ning considered that the area in
which larvae were found corresponded to the breeding area. We know, however, that there are strong
currents in the North Atlantic which may displace the larvae for considerable distances from the
breeding areas within a relatively short time. We may also assume that the larvae were no longer
at the original spawning places at the time when most of the Danish investigations were carried
out (at the end of June and the beginning of July). It would seem, therefore, that Tining's views
are not necessarily correct.

From the hydrographic conditions at the time of the investigations, Tining concluded that the
liberation of larvae occurs at temperatures of 3° to 5°C and at depths between 300 and 500 m. When
the larvae ascend to the upper layers, they need a temperature of B® to 9°. Consequently the ques-
tion remains as to whether or not these temperatures occur at the time of the main spavning, Z.e.,
in April and May, because the hydrographic conditions may change very gquickly.

T8ning gives no detalls of geographical variation in the size of larvae. It is necessary to
know this in order te discover the location of the breeding areds; the smaller the larvae are, the
nearer the breeding places will be.

To study these problems, Iceland and Germany decided to mske a special survey of redfish lar-
vae together with hydrographic observations. It was pot possible, of course, for these two nations
to survey the whole distributional area of redfish larvae shown by Tining. Therefore, the first
inveatigations were restricted to the central North Atlantic, including the Irminger Sea and the
Denmark Stralt. This area was chosen because it seemed to be the most important breeding area of
the oceanlc stocks of redfish and may perhaps be important in studies of the Icelandic and Green-
landic stocks,

The Icelandic-German survey was carried out from the end of April to the beginning of June,
1961. Icelandic scientists aboard the R.V. degir investigated Denmark Strait and the Irminger Sea
north of 60° N. lat., and German scientists aboard the R.V. Anton Dohrn inveatigated the southern
and eastern parts between the longitude of 42°W and the Iceland-Farce Ridge and southwerds to the
northern border of the Gulf Stream. The results of these two crulses were submitted aseparately as
preliminary reports to the ICES Meetings in 1961 (by A. Kotthaus) and 1962 (by J. Magnusson}.

1 Biologische Anstalt Helgoland Abteilung Fischereibfiologie, 2 Hamburg-Altona 1, Federal Republic
of Germany.

ICNAF SPEC. PUBL., VOL. 6.
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GEAR AND METHODS

The Nansen closing net was used for vertical hauls. Horizontal tows were made using three
Icelandic High Speed samplers (IHSS), at different depths, on a few occasions when the sea con- .
ditions were too bad to use the Nansen net. Fish larvae were separated from the whole catch, and
not, as 1s usually done in bigger plankton catches, from a part of it. The water temperature was

measured at every station by a hydrographic series to 500 m or by the bathythermograph from the
surface to 270 m.

RESULTS AND DISCUSSION
a) The disctribution of redfish larvae.

Figure 1 shows that redfish larvae were found over most of the area (square symbols) with the
exception of the relatively warm waters of the Gulf Stream. Two main areas of distribution, sepa-
rated by some stations without redfish larvae (open clircles), may be distinguished (apart from a
third in the south of Iceland, which shall not be conslidered here): a) a small area to the south-
south~east of Cape Farewell, which probebly extends farther westwards, and b) a very extended area
on both sides of the Middle Atlantic-Ridge (MAR), which continues to the north and north-east along
the Reykjanes Ridge as indicated by Magnusson's (1962} simultaneous investigations. These areas
are characterlized by distinct water temperatures at a depth of 30 m: 1In the westernoarea the temp-
erature ranged from 4° to 5.5°C, and in the .central area along the MAR, from 6° to 8°C (south of
Iceland in the eastern area we found still higher temperatures of 8° to 9.5°C). No larvae were found
in waters with temperatures higher than 9.5°, Z.e., Iin Gulf Stream waters. These areas of distribu-
tion correspond well with Henderson's (1961) distribution chart, although the areas in his charts
are not sc well defined, probably because of the combination of material from several months.

b) Abundance of redfish larvae.

The abundance of redfish larvae may be seen from Fig. 1 which showe the total number caught at
each station. The highest density of larvae, more than 10 specimens per sample, was found along
the western slope of the MAR. Somewhat smaller concentrations, 6 - 10 specimens, were encountered
in the western area south-south-east of Cape Farewell. In all other regions the number per station
was less than 6.

As indicated by divided vertical hauls with the Nansen closing net and by catches with the
IH8S, larval redfish prefer the upper layers between 15 and 50 m in depth. No larvae were found
below 60 m or in the upper recorder of the IHSS which was fishing at 5 m.

c)} Breeding places of the redfish,

In order to find out where the redfish larvae were born, all larvae were measured. From mea-
suring pre-extrusion larvae, we know that these range from about 5 to 7 mm in length; in only a
few cases were there larvae measuring up to 7.5 mm. Such small and doubtless new-born larvae with
the remains of the yolksacks still visible were found only at very restricted places. These cor-
respond with the highest concentrations of larvae along the western slope of the MAR and south~
south-east of Cape Farewell. Outside these areas the new~born fish were extremely scarce.,

We must conclude from this that the hatching of larvae is restricted to speclal areas, al-
though some redfish may occasicnally spawn (if this expression may be allowed for the ovo-viparous
redfish) outside these areas. These obaservations show that the area of occurrence of redfish lar~
vae 1s not at all identical with the breeding area of the adult fish.

Figure 2, which is based on the Icelandic material (Magnussom, 1962) as well as the German sam~
ples (Kotthaus, 1961 and 1962), shows the spawning areas in the central North Atlantic. The inten-
sity of spawning in the area west of Iceland slowly decreases to the south and ends at about 52°N.
The spawning area to the south-south-east of Cape Farewell, 1s clearly separated from the central
area but 18 of no significance when compared with this.
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depth contours. The 1sctherms are based on observations at 30 m depth,
Small figures show station numbers.
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d) Spawning depth of the redfish.

The depths at which redfish larvae are extruded have been uncertain until now. Einarsson
{1960) doubts whether redfish fry are born at depths of 200-500 m as T&ning and others had sup-
posed. He believes that the young hatch at depths of between 500 and 800 m, and he has evidence
to show that temperature conditions at these depths, at least to the west of Iceland, are not neces-
sarily in opposition to T&ning's hypothesis that the redfish require a temperature of 3° to 5°C in
order to spawn.

Our observations in 1961 tend to agree with those of Einarsson. The fishing we did in the
open ocean at depths of up to 450 m by longline and floating trawls as well as echo soundings never
indicated the presence of pelagic redfish in the area. From these observations it is easy to be-
lieve that the ripe rediish females are living in much deeper water at spawning time.

The fact that adult redfish have been caught at different localities in the open ocean at
depths of less than 300 m does not conflict with the possibility of spawning in deep water. We
have never heard, so far, that running females have been caught at these depths. It could well be
that these fish caught by line are either spent fish (having ascended from the deep spawning places
to the upper layers and are migrating, using the currents at these depths, to their feeding places
on the Icelandic slope) or else they are fish belonging to an oceanic stock of redfish gemerally
living in these levels, whose breeding places, however, are far deeper. That males were also caught
leads us to suggest this probability. This problem might be solved by racial investigations.

The question now arises as to whether or not the temperature conditions at these depths of
500 - 800 m fulfil the temperature requirements of 3° to 5°C for spawning. Einarsson (1960) states
that, Iin the areas west of Iceland which he believed to be breeding grounds, the temperatures at
depths of 500 — 800 m were within the range of 4° to 6°C.

The hydrographic measurements carried out on our cruise only cover depths dewn teo 500 m. How-
ever, we may conclude from the trends of the isotherms (Fig. 3) that at least along the MAR the re-
quired temperatures must exist at depths of more than 500 m. Our diagrams show this fact clearly:
water masses of relative high temperature of &° to 6°C push down in a wedge-like form to remarkable
depths. In the northernmost section the 5°-1sotherm dipped below the 500 metre-line at ome point.
This downward sweep of warm water masses deems to be common in that season along the Reykjanes Ridge
and the MAR as indicated in the diagrams of Tdning (loe. c¢it., p. 89, Fig. 2) and from the inves-
tigations on Anton Dokrm during the IGY in 1958 and later (Dietrich, 1960, p. 14, 20, 26 and 32).
It is easy to believe that the ripe female redfish are carried by the relatively small and deep-
reaching wedge of warm water running from the south-west coast of Iceland to their breeding places
along the submarine ridges. This supposition 1s supported by the observations in April of several
years that ripe female redfish are concentrated in considerable numbers off the south-west coast of
Iceland in depths of 450 m and more at the base of the Reykjanes Ridge. (This is the marinus type
redfish, which lives at ether times at depths of no more than 350 m). If the hypothesis of deep-
sea spawning of the redfish should prove to be correct, the larvae would be able to ascend to the
surface in more or less isothermal waters.

In 1963, as part of the NORWESTLANT survey, the Anton Dohrm made a cruise off south-east Green-
land from 24 May to 30 June. Detailed results will be published in ICNAF Special Publication No. 7,
as part of the NORWESTLANT series of papers, but a brief summary Is given here.

The area covered by the NORWESTLANT survey in 1963 overlapped partly with the 1961 cruise but
lay further to the north-west, extending to the coast of Greenland. In general the NORWESTLANT sur-
vey provided confirmation of the results based on the earlier cruise. There were three areas in
which redfish larvae were found, two of these corresponding to those found previously (the central
area, west of the MAR, and the region south-south-east of Cape Farewell). The other region was an
area along the east coast of Greenland with temperatures of 5° to 6.3°C. The smaller larvae were
found in the south-west and western parts of the survey and there was an irregular gradient of in-
creasing sizes to the east and north~east. It is assumed that this pattern resulted from the cur—
rent systems carrying the larvae from their birth places and towards the Icelandic shelf where they
can descend to the bottom.
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One difference between the surveys in 1961 and 1963 was noticed in the vertical temperature
distributions. The downward sweep of the isotherms which was a feature of the 1961 results (Fig.3)
was mot apparent in 1963. From our hypothesis on breeding conditions, it would seem likely that
the conditions were unfavourable for breeding in June 1963. Only at the southern part of the MAR
did we find a slight hint of the downward sweep of the isotherms and it was only in this reglon
that we found young larvae.

SUMMARY

Though our investigations are preliminary, we feel there 1s evidence for the following state-
ments:

1) There are three main areas of occurrence of redfish larvae in the central North Atlantic
covered by the Anton Dohrn crulses of 1961 and 1963 each showing different thermal comditions;
these are:

a) a central area along the Middle Atlantic Ridge having temperatures
of about 6° to 8°C (at 30 m depth).

b) a western area south-south-east of Cape Farewell with temperatures
of about 4° to 5.5°C.

¢) an area along the east coast of Greenland with temperatures of 5°
to 6.3°C.

2) The main spawning area in the waters surveyed by Anton Dohrn runs along the western slope
of the Middle Atlantic Ridge, only extending to the eastern slope in the south. Some spawning of
less importance also occurs in the other two areas.

3) The spawning of the redfish probably occurs at depths of more tham 500 m and at water temp-
eratures of between 4° and 6°C., This, however, concerns only the main spawning area. In the others
the breeding conditions may differ from these.

4} Since the spawning areas were fouhd to be restricted, the area of occurrence of redfish
larvae cannot be considered to correspond with the breeding places of the adult fish.
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SOME RESULTS OF SOVIET RESEARCH WORK ON ICHTHYOPLANKTON IN
THE MNORTHWEST ATLANTIC: EGGS AND LARVAE OF COD

By

V.P. Serebryakov1

ABSTRACT

The distribution and sbundance of cod eggs and larvae are considered in relation to the sur—
'ace water temperatures and current systems off the Labrador and Newfoundland regions. Spawning
n the spring months started at very low, and sometimes negative, temperatures. It is shown that
emperature, through its effect on the rate of development of larvae, determines the length of time
‘hat larvae are transported by the currents and, therefore, the subsequent distribution of the
oung cod.

In 1959-62 the Soviet research and scouting vessels collected ichthyoplankton in the northwest
art of the Atlantic Ocean. The samples were taken with conical egg nets with a dlameter at the
pening of 80 cm and gauze 140) in 15-20 min oblique hauls; 1,674 samples were taken. Collections
overed the waters of Labrader (ICNAF Subarea 2), Newfoundland {(Subarea 3), Nova Scotia (Subarea 4)
nd Georges Bank {Subarea 5). Cruises were conducted during the spring and summer, from March to
ugust. The material included eggs and larvae of 37 fish species belonging to 18 families (Appendix).
st numerous were the eggs and larvae of gadolds, Pleuronsctes, scorpionfishes, and Ammodytes. Pre-
iminary data have been published previously (Serebryakov, 1962 and 1963). The present paper con-
ains the results of investigations of cod only.

The distribution of eggs and larvae of cod in the waters of Nova Scotia, Gulf of Maine, Georges
ank, Saint Plerre and Green Bank was given in the works of Dannevig (1918), Bigelow and Schroeder
1953). 1In addition, our investigations cover the more northern areas, which had not been inves-—
igated earlier.

In March, ichthyoplankton was collected only in the waters of Flemish Cap, on the slopes of
rand Newfoundland Bank (GNB) and in the area to the east of the Avalon Peninsula (Fig. 1A)}. Indi-
idual cod eggs were observed over the oceanic depths to the east of Flemish Cap Bank, on the north-
ast and southwest slopes of the Grand Bank over the depths of 150-375 m; and in somewhat Ereater
uvantities (up to 11 specimens per vertical haul) in the area of the Grand Bank east of the Avalon
eninsula over depths of 74 to 160 m (Fig. 1A). In March the surface layer temperature in these
reas was as follows: 0.35°C near Avalon Peninsula along the section 47°00N; 1.8°C in the Flemish
ap area; and 0.52°C on the southeast slope of the Grand Newfoundland Bank. 1In all cases 90% of
he egge were at the first stage of development, according to the stages defined by Rass (1943).
he scarcity of eggs and the predominance, amongst them, of eggs in the first stage of development,
oupled with the small numbers of post-spawners amongst the adult fish (Table 1), suggest that spaw-
ing began in March when only occasional individuals were spawning.

In April and May collections were made in almost all the investigated areas. The distribution
f cod epgs during the spring pericd in the Labrador area is most interesting.

From l4th to 18th April, 1962 large quantities of eggs were found on the boundary between cen-
ral and north Labrador waters on the slope of the shelf over depths from 380 to 450 mi more than
;000 eggs were hauled at two stations (Fig. 1B). More than 600 eggs were also caught on 24 April
t two stations in the area of South Labrador. The catch composition of eggs of North and South
sbrador differed with respect to the ratio of development stages (Table 2).

" All-Union Research Institute for Marine Fisheries and Qceanography, Moscow, USSR.

NAF SPEC, PUBL., VOL. 6.
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Fig. 1A. Distribution of eggs (circles) and

larvae (triangles) of cod (Gadus m.
morhua) ¢ A— in March.

TABLE 1. MATURITY OF GONADS OF ADULT SPAWNERS CAUGHT IN MARCH DURING 1957-61 IN THE
WATERS OF GRAND NEWFOUNDLAND BANK (30 AND 3N) (AS PERCENTAGES OF THE NuUM-
BER OF DISSECTED FISH).

Gonad maturation stages

Areas II IIT v v-v \ VI VI-II Total
) number of
dissected
fish
3N 34.3 12.0 46.0 0.4 0.4 6.9 525
30 50.0 12.0 29.0 5.0 4.0 565

I i A
57° E D N Ca

Fig. 1B. Distribution of eggs (clrcles) and
larvae (triangles) of cod (Gadus m.
morhuz) : B—in April.
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TABLE 2. COMPOSITION OF EGG CATCHES IN THE LABRADOR AREA BY THE STAGES OF DEVELOPMENT
APRIL 1962, AS PERCENTAGES OF THE TOTAL CATCH OF EGGS IN THE AREA.

Stages of egg development

Areas I 11 111 v Total number
of egps

North

Labrador 76 33 0 0 1020

South

Labrador 26 57 13 4 650

Gonad maturation stages of adult fishes In these areas were
also different (Table 3).

TABLE 3. GONAD MATURATION STAGES OF COD CAUGHT IN THE LABRADOR AREA IN APRIL 1962, AS
PERCENTAGES OF THE NUMBER OF DISSECTED FISH IN THE AREA.

Total number

Areas Stages of maturity of dissected
v Iv-v v Vi VI-II fish
Korth . 180
Labrador 20 BO specimens
South 726
Labrador 26 10 19 45 specimens

In May the material was collected in the waters off North and Central Labrador as well as to
the north of Hamllton Bank, on the boundary of Central and South Labrador. Catches of cod eéggs
luring this period were considerably poorer than in April: at two stations in the North Labrador
area only 6 eggs were caught at the temperature -1.0°, whereas in the Central Labrador area B8
specimens were caught at the temperature -0.1°, and at the boundary of Central and South Labrador
irea - 129 eggs at the temperature + 0.9°. The proportions of the development stages of eggs in
the samples off Centrdl Labrador are different from that in samples from the northern part of Ham-
llton Bank (Table 4).

TABLE 4. COMPOSITION OF EGG CATCHES IN THE LABRADOR AREA BY THE DEVELOPMENT STAGES IN
MAY 1962, AS PERCENTAGES OF THE TOTAL CATCH OF EGGS IN THE AREA.

Stage s of egg's development Total num

Areas 1 II IIT IV ber of egpgs
Central Labrador 95 0 2.5 2.5 88
Boundary of

Central part of 1 14 28 57 129
Southern Labra-

dor

Almost all the adult cod caught in these areas were post-spawners, only a few specimens having
jonads at the fifth stage of maturity. The first larvae were taken in May, when larvae, 3.5 mm
imnd 3.6 mm long, were found on the boundary of Central and South Labrador.
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At the end of June there were very few eggs in the area of South Labrador (Fig. 1C); no sam
ples were taken from the north. Only a few eggs were caught (not more than 10 per egg net haul).
A total of 12 larvae of 4.5 - 5.7 mm long
was encountered in the area of South Labrador
W and to the north of the Newfoundland Bank.

g

3

R

The analysis of the distribution of cod
egegs and larvae and the condition of gonads
of adult spawners during spring months 1in
the waters of Labrador allows us to describe

- some of the characterlstics of cod repro-
duction in these areas. The presence of a
large number of eggs and spawning cod in the
areas of North, Central and Scuth Labrador

| 1s a clear indication that the spawning of

o cod on the slopes of the Labrador Shelf takes

place in April-May. However, the character
of spawning in the areas of North and South

Labrador is different. In the waters of North

Labrador the spawning period is shorter and

proceeds on a larger scale than in the waters
of South Labrador. This is confirmed by the
fact that in April adult cod off North Labra-
dor were represented only by spawners, while

0" raa off South Labrador spawners make up only about
30%Z (Table 3). Spawning off North Labrador
Fig. 1C. Distribution of eggs (circles) and takes place in April and in the first ten~day
larvae (triangles) of cod (Gadus m. period of May, whereas in mid~May only post-
morhua): C - in May. spawners are found in the area. O0Off South

Labrador spawning is extended from April to

July: spawning cod and eggs of the first

stages of development are encountered there
in April, May, late June and July.

The presence of eggs in the first stages of development (I and III) as well as the absence in
the samples of cod In the late stages in the North Labrador area in April (Table 2) is explained by
the fact that the extruded eggs in this area are driven away from the spawning areas to the areas
of Central and South Labrador by the Labrador Current where they reach later stages of development
during the drift (Table 2 and Table 4).

In April the temperature of the surface layer where eggs were distributed was very low: -1.5°C
off North Labrador, and -0.1°C off South Labrador; in May the temperature was ~0.1°C in the Central
Labrador area and +0.9°C in South Labrador. Low temperatures of the surface layer of about 100 m
thick and deeper are characteristic of the Labrador Current (Buzdalin, Elizarov, 1962), Develop-
ment of cod eggs in the Labrador areas takes place at very low temperatures, sometimes negative,
influencing both the rate of development and duration of drift of eggs and larvae. Thus, at a
temperature 0.0°C, the period of egg development from fertilization to hatching takes about 43 days,
and at a temperature -1.0°C about 50 days (Apstein, 1909). Within this time the eggs would be
driven about 280-300 miles away from the spawning grounds by the Labrador Current, its velocity
being 10 cm/sec off North and Central Labrador and 14-20 cm/sec off South Labrador (Kilerich,1943),
2.e. they would cover the distance equal to the distance from North to South Labrador. If the ac-
tual pattern of drift and development of eggs corresponds to the described one, then the larvae
hatched from the eggs spawned near North Labrador would be expected to appear in Central and South
Labrador only 40-50 days after the commencement of spawning, t.¢. In mid-May (the beginning of spaw-
ning falling on late March-early April). It was in mid-May when the larvae of cod, 3.5 to 3.6 mm
long, were discovered on the boundary of Central and South Labrador.

The larvae hatched from the eggs In Central Labrador are likely to drift further to the south,
to the areas of South Labrador and northern Newfoundland Bank. This 1s shown by the increasing
size of larvae as they move to the south. Thus, in May the length of larvae in the Central Labra-
dor area was 3.5 to 3.6 mm; in June in the South Labrador area, 4.2 to 5.7 mm; in July in the nor-
thern Newfoundland Bank, 9.0 mm; in August in the northern Newfoundland Bank and southern Labrador,
12.7 to 13.9 mm,
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In the more southern areas the number of cod eggs was considerably smaller, Only individual
:ggs were observed In the egg-net catches in the northern Newfoundland Bank. In April, the eggs
sere found on the northeast, south and southwest slopes of the Flemish Cap Bank, over deﬁths of
290-450 m. In the area southwest of Flemish Cap, some eggs at the first stages of development were
found over a depth of 2,200 m., Individual specimens of cod eggs were observed in the central part
»>f the bank over depths less than 100 m (Fig. 1B}. In May only a small number of cod eggs were
sbserved in the area: only on the west slope of the Bank, five eggs at the first stages of develop-
rent were found. In April larvae of cod {17 specimens) were found Iin this area in the central part
»f the Bank over a depth of 150-255 mm where the temperature of the surface layer was +4.35°C; the
length of the larvae was from 4.0 to 5.5 mm.

The presence of larvae in the central part of the Bank is most probably explained by the drift
>f epgs and larvae from the south and southwestern slopes, where cod spawn in March (Mankevitch
md Prochorov, 1962) with cyclic currents or rather with their branches flowing from the slopes to
the central part of the Bank (Buzdalin and Elizarov, 1962). It is possible that larvae of cod
:ould be brought from the Northern Newfoundland Bank or from the northeast slope of the Great New-
foundland Bank. However, in this case larvae would have probably been larger owing to the longer
luration of the drift.

In April very few cod eggs were found in the areas of the Grand Newfoundland Bank. Only a
few eggs were observed in the northeast and southwest areas of the Bank (Fig. 1B). 1In May, cod
sggs appeared on the northeast and southeast slopes, but in very small numbers; not over 5-6
sjpecimens per vertical haul. In May, considerably more eggs were found on the southwest slope of
‘he Grand Bank as well as in the areas of Saint-Pierre and Green Banks - up to about 50 specimens
>f cod eggs per vertical haul. All stages of development were represented in the catches of egg-
1ets with the first stage dominating (Table 5}.

TABLE 5. COMPOSITION OF CATCHES OF COD EGGS IN THE AREAS OF SAINT-PIERRE BANK, GREEN BANK
AND SOUTHWEST SLOPE OF THE GRAND NEWFOUNDLAND BANK BY THE DEVELOPMENT STAGES AS
PERCENTAGES OF THE TOTAL CATCH OF EGGS IN THESE AREAS.

Stages of development Number
I 1I III IV of eggs
55 19.5 18.5 6 325

Larvae of cod, 4.0 to 5.5 mm long occurred in these areas in May. The temperature of the sur-
face water layer in these areas was from 1.8 to 2.8°C. Of the cod caught by trawl in these areas,
70%Z consisted of spawners or postspawners (see Table 6).

TABLE 6. MATURITY OF GONADS OF COD CAUGHT IN THE AREAS OF SAINT-PIERRE BANK, GREEN BANK
AND SQUTHWEST SLOPES OF THE GRAND NEWFOUNDLAND BANK AS PERCENTAGES OF THE TOTAL
NUMBER OF DISSECTED FISH.

Total number

Stages of maturlity of dissected
11 111 v v VI VI - 11 £1gh
22 0.1 7.2 33.9 20.2 16.4 670

Distribution of cod eggs and adult spawners shows that spawning of cod in these areas takes
’lace during the first ten days of May., However, the abundance of spawning concentration was not
30 great, as the cod catches by trawl with vertical opening 8.5 m did not exceed 100 kg per one hour
>f hauling. This fact can, probably, explain the small number of eggs in plankton samples.

In April and May there were very few cod eggs in the areas of Nova Scotla and Georges Bank
(Fig. 1C).
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Fig. 1D. Distribution of eggs (circles) and
larvae (triangles) of cod (Gadus m,
morhua): D— in July-August.

In August, eggs of cod were encountered over
and the Great Newfoundland Bank. In July-August,
vae of cod were distributed were, naturally, much
layer temperature near Labrador was 1.5 to 1.0°C,

In July-August, eggs of cod were distri-
buted over lesser depths than during spring
months. The main mass of eggs was discovered
close to the coast or in the shallow areas of
the banks (Fig. 1D). In August, eggs were dis-
tributed close to the coast over depths of abeut
150 m and at a temperature of +2.8°C, and in
the shelf area at the latitude of Belle-Isle.

In the area of the Northern Newfoundland Bank,
eggs were also distributed mainly in the coastal
waters. The maln mass of the eggs in the waters
of Grand Newfoundland Bank was distributed near
the shores of Newfoundland Island over depths
48-150 m; in the northeastern part of the Bank
over the depths 150-190 m; in the central part
of the Bank and in the shallow waters of the
southern part of the Bank. Individual eggs are
driven away from the slopes of the Bank to the
areas of oceanic depths. Individual eggs were
found in the central part and on the southwest
slopes of the Flemish Cap Bank. In August lar-
vae of cod were distributed both near Avalon
coast in the northern, northeastern and central
parts of the Grand Newfoundland Bank. The lar-
vae were 4.0-9.5 mm long. Only single larvae
were found in the catches of egg-nets.

small depths in the area of Nova Scotia Shelf
the temperatures of waters where eggs and lar-
higher than in April-May. If in April surface
on the east and southeast slopes of GNB +0.50°C,

on the south slope of GNB +4.0°C, on Flemish Cap Bank +4.38°C, Saint-Plerre and Green Banks +1.8

to +2.8°C, then in July-August the temperature of

the surface layer near Labrador was +2.98° to

+4.6°C, on the north and northeast slopes of GNB +7.70° to +B8.78°C in the south of GNB +8.37° to

+10.40°C and near the Newfoundland coast +7.0°C.

bryos owing to the higher temperatures, was considerably faster than during the spring wmonths.
the area of South Labrador the duraticn of development from fertilization
at the temperature +2.88 - +4.60°C was about 18-23 days (Apstein,

it was in April-May.

In July-August the development rate of cod em
In
to the hatching stage
1909), Z.e. less than half what

In other areas the period of development in July-August was about 11-14 days.

Owing to the increased rate of development, the time of pelagic life during the summer season is
reduced, so it is possible to suppose that the duration of drift both with regard to time and
distance must be much shorter in the summer period than in April-May.

CONCLUSIONS

1.
species from 18 famllies.

2. In April-May spawning of cod takes place
Southern parts).
first ten days of May.
June and early August.

3.

Ichthyoplankton of the investigated areas is represented by eggs and larvae of 37 fish

in the waters of Labrador (Northern, Central and

In Northern Labrador, spewning was observed to begin in April and end in the
In the waters off South Labrador spawning is more extended, in April, May,

Development of cod eggs and larvae in the areas of Labrador in the spring months was ob-

served at very low, sometimes negative temperatures, so the rate of development was very slow.
This extends the period of passive pelagic life which is directly related to the duration of drift

migration.

4,
Direction and velocity of the drift is determined
rador drift from Central to South Labrador.

In the areas of Labrador drift of eggs and larvae was observed from

the spawning grounds.

by the Labrader Current. Eggs from North Lab-

In May larvae appeared in the Central Labrador area

and drifted to the south towards South Labrador and North Newfoundland Bank.
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5. Drift of cod eggs and larvae was observed within the area of Flemish Cap. It was directed
rom the south and southwest slopes towards the central part of the Bank, where the spawning grounds
f cod were situated (Mankevitch and Prochorov, 1962). Direction of drift is determined by the cir-
ular current which is directed from the southwest slope to the centre of the Bank in this area.

6. General trends of spawning of commercial fish specles of Labrador and Newfoundland make 1t
oeslble to conclude that the extrusion of cod eggs takes place on the slope of the continental
helf in the near-bottom slope waters with positive temperatures, %Z.2. in those waters which are
ormed by the Irminger Current. But, their drift takes place In the waters of Labrador Current with
hich the eggs and larvae are driven from theilr spawning grounds to the areas of banks located much
ore to the south from the spawning grounds. ©So, 1t is possible to suppose that the formation of
tocks of commercial fishes In these areas 1s largely determined by the character and conditions of
he drift migrations during the period'of early stages of development.
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APPENDIX

SPECIAL COMPOSITION OF ICHTHYOPLANKTON IN THE AREAS OF
LABRADOR (2D, NEWFOUNDLAND (3D, NOVA SCOTIA (4}, GEORGES BANK (5).

Areas Total numbetr
Species 2 i 4 5 eges larvae
I. Clupeidae
1. Clupea harengue harengus
Linné - - - + - 52

II. Osmeridae

2, Mallotus villoeus ville-
aus (Miiller) - + - - - 162
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Areas Total number
Species 2 3 4 eggs larvae
I11. Bathylagidae
3. Bathylague sp. -+ - - 4
IV. Myctophidae
4. Benthosema glaciale
{(Reinhardt)} + + + - 14
5. Genus sp. + + + - 176
V. Gadidae
6. Brosme brogme (Muller) - - + 426 -
7. Enchelyopus cimbrius
(Linn%) - o+ - 5 7
8. Urophycis sp. - - o+ 11 5
9. Molva molva (Linne) - - + 4 -
10. Merluecius bilinearis
(Mitchill) - + + 467 20
11. Pollachiua virens
{Linn®) -+ - 2 12
12. Melanogrammus aeglefinus
(Linne) -+ 4+ 390 6
13. Gadus morhua morhua
(Linge) + + o+ 11759 110
VI. Macruridae
14. Macrurus sp. - - - - 1
VII. Syngnathidae
15. Genus sp. - - 4+ - 1
VIII. Anarhichadidae - + + - 3
16. Anarhichaa lupus
(Linn€)
17. Anarhicas minor .
(0lafson) - + + - S 1
IX. Stichaelidae
18. Chirolophis aseanii
(‘Halh.) - - + - 57
X. Lumpenidae
19. Leptoclinus maculatus
(Fries) + - - 1
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Areas Total pupber
Species 2 3 4 —eRRs __ larvae
XI. Annodytidae
20. Ammodytes americanus
DeKay - + + - 12500
XII. Scombridae
21. Seomber sp. - = = - 2
22. Seomber scombrus Linne - - + - 1
XIIT. Thunnidae
23. Genus sp. - - - - 2
24, Katewsonus pelomie (Linne)- - - - 2
XIV. Scorpaenidae
25. Sebaastes sp. (5. mentella
Travin) + + + - 2725
XV. Cottidae
26. Genus sp, - - + - 24
27. Miozocephalus ocetodecim
spinogus (Mitchill) - + + - 1
XVI. Agonidae
28. Leptagomus decagonus
(Bloch et Schneider) - + + - 6
29. Aspidophoroides monop-
terygius (Bloch) - - + - 3
30. Uleina olriki (Lutken) - - 4+ - 3
XVII. Liparidae
31. DNeoliparig atlanticus
{Joxdan et Everman) - - + - 51
32. Genus sp. - - + - 1
XVII. 'Pleuronectidae
33. Hippoglossus hippoglossus
hippoglossus {(Linne) - - 4+ 10 18
34. Hippoglossoidse platess-
otdes limandotides (Bloch) + + + 2090 18
35. Limanda ferruginea
(Storer)} - + + 1250 3
36. Microgtomus microcephaius
{Donovan) - + + 74 -
37. Glyptocephalue cynoglossus
(Linné) -+ o+ 405 10

B-18
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