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Pt Ce mémoire considdre les relatious réciprogues existant eptre diverses

espéces de poissons enmer &ilorden utilisant les techniques de
v corrélation et de corrélations multiples.

On sboutit aux conclusions suivantes :

1. Il existe une corr€lation positive entre les importances numfriques
de certaines classes d'une méme annfe les unes avec les autres
{c'est~d-dire entre les €glefins et les merlans et entre les carrelets
- et les soles).

. 2. On note ume corrélation négative de certaines séries les wmes avec
les autres (1l'importance numérique d'une classe d'ann€e d°&glefins
avec -1'importance du cheptel de barengs, de mEme 1'importance
numérique dfune classe d'ann€e de harengs avec un indice d'intrusion
de 1l7esu du bsnc entre 1'lslande et les Iles Féroé dans le chensal
entre les Féroé et les Shetland au cours de 1'annfe précédente).

3. L'analyse de corrélation multiple pe révéle pas de rapports
sous-jacents entre les variables si ce n'est ceux qui ont &té& découverts
& 1'aide de l'analyse de simple corrélation.
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Abstract

This paper considers inter-relations between various North Sea fish species
using correlation and multiple correlation techniques.

It is concluded that:

1. certain year class strengths are positively correlated with each
other (ie haddock with whiting and vlaice with sole).

2. o©ertain series are negatively correlated with each other (ie haddock year
class strength with herring stock size, also herring year class strength with
an index of the intrusion of Iceland/Faroe ridge water in the Faroe Shetland

Channel in the preceding year).

3. multiple correlation analysis does not reveal underlying relationships
between the variates other than those detected using simple correlation
analysis-

Introduction

This paper investigates inter-relations between various North Sea fish species
using correlation and multiple correlation techniques. Sets of data covering
as many years as possible were selected for this purpose. They include year
class strengths, stock size, growth and hydrographic data.

Basic Data

Period 1959-1974 (I:ble 1)

For the period 1959-1974, year class strength data are available for 8 North
Sea species, ie haddock, whiting, Norway pout, cod, saithe, plaice, sole and
herring. Table 1 gives millions of each of these species estimated from VPA.
Also given are:-

1. estimates of haddock and herring stock size,

2. mean lengths of 2-group haddock in the period April-June. These provide
indices of conditions for juvenile haddock during the 2 years preceding the
production of each year class.

3. indices of the intrusion of Iceland/Faroe ridge water in the Faroe Shetland
Channel (from Martin 1976). These provide a general measure of variations in
hydrographic condit ons.
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Pre 1959 period (Table 2)

For some of the series, data are available for years prior to 1959, and these
are given in Table 2. They include estimates of the year class strengths

of haddock, whiting, plaice, sole and herring prior to 1959. Also shown are
haddock and herring stock sizes haddock mean lengths and indices of the
intrusion of Iceland/Faroe ridge water. Inch series is shown for as many
years as possible. The longest series are for haddock and herring year class
strengths which go back to 1918. Haddeck and vhiting year class strengths
were based initially on catches per 10 hcurs fishing by Scottish research vessels.
To make them comparable with the series in Table 1 these values were converted
to millions of 1 year old fish, using the post 1958 relation between VPA
estimates of year class strengths and Scottish research vessel catches.

Correlation cocfficients (Period 1947-1974)

The period 1947-1974 is the longest period for vhich data are available for
most of the variates. This period was therefore selected for initial
investigation. The data available are for 9 variates, these being the year
class strengths of haddock, whiting, plaice, sole and herring, and also haddock
and herring stock sizes, haddock mean lengths, and indices of the intrusion of
Iceland/Faroe ridge water.

Correlation coefficients were calculated between each of the 5 year class
strengths and betwcen each of these and the remaining variates. Because of
the relatively large variations in some of the year class strengths, the year
class strength indices were first converted to logarithms before correlation
coefficients were calculated. The correlation coefficients were calculated
both without displacecment of variates and also with the variates displaced
with respect to each other by 1, 2 and 3 years respectively. DMultiple
correlation coefficients wvere also calculated, using combination of both 3
variates and 4 variates at a time.

Table 3 shows the percentages of correlation coefficients that were
statistically significant at the 5% level.

Without displacement of variates, there are 30 different combinations of
each of the 5 year classes with each of the other 8 variates. Cut of these ’
10 (ie 33%) were significant at the 5% level (Table 3A).

With displacement of variates, the percentages of correlations that uere
significant at the F% level were: 8% when the variates were displaced one
year with respect *to each other; 1%% when the variates were displaced 2 years;
and 10% when the variates were displaced 3 years. .

140 multiple correlations were calculated, using combinations of 3 variates
«t a time, and wilthout displacement of variates. Of these 55% were significant
at the 5% level.

280 maltiple correlations were caleulated, using combinations of 4 variates
wivhout displaccient of variates. Of these €0 were significant at the %
level.

Table 4A shows the 10 statistically eignificant correlations obtained without
displacement of variates for the period 1947-1974.



These include significant correlations between:-

haddock and whiting year class strengths (positive)

plaice and sole year class strengths (positive)

haddock year class strength and herring stock size (negative)

haddock year class strength and the mean lengths of 2-group haddock in the
year of spawning (positive).

Correlation coefficients (period 1959-1974)

The period 1959-1974 is the longest period for which data are available for
all 12 variates (Table 1). Correlation coefficients were calculated between
each of the 8 year class strength series and between each of these are the
remaining variates.

Table 3 shows the percentages of correlation coefficients that were significant
at the 5% level. These estimates range from &% (for simple correlations with
variates displaced 2 years) to 37% (for miltiple correlations using 4 variates).

Table 4B shows the 13 significant (and 1 almost significant) correlations
obtained out of 60 simple correlations without displacement of variates for
the period 1959-1974.

These include:-

positive correlations between haddock, whiting and Norway pout year classes,
negative correlation between haddock year class strength and plaice and sole
year classes and herring stock size

a positive correlation between plaice and sole year class strengths

Here again, it appears that considerably more than 5% of the correlations were
significant at the 5% level.

Comparison of 1959-1974 correlations with pre 1959 correlations

Particular significance can be attached to those pairs of variates which
happen to show statistically significant correlations for different and
independent time periods. For those series which extended over a sufficiently
long time period, correlations were therefore also calculated for the period
before 1959 as well as for the veriod 1959-1974.

Taking the variates in pairs, only 5 pairs were found for which the correlation
coefficients were statistically significant for both time periods.

Simple correlations: Details for these are given in Table 5.

1. Haddock and whiting year class strengths were found to be significantly
correlated, both pre 1959 and also 1959-1974. These data are plotted in
Figure 1.

2. Plaice and sole were also correlated significantly using both pre P59 and
1959-1974 data separately.

3. With displacement of variates one year, only 1 pair of variates stood out
as showing significant, or near significant correlations for both time
periods; ie herring year class strergth was found to be negatively correlated
with the index of iceland/Faroe ridge water in the preceding year. The
correlation was significant at the 5% level for the pre 1959 period and for
all years combined. For the 1959-1974 period the correlation coefficient was
-0.44 which although not statistically significant, is quite close to the

6 level of significance.



L4, Haddock year class strength is significantly and negatively correlated with
herring stock size during the period 1959-1974 and for all years. The correlation
for the pre 1959 period however is not significant (Table 54).

5. Haddock year class strength is significantly and negatively correlated
with herring year class strength 3 years previously both for the period pre
1959 and 1959-1974, as well as for the entire period (Table 5C).

For herring, in which there are relatively large variations in year class
strengths, the stock of 3 year and older fish in any year is influenced to a
large extent by year class strengths 3 years earlier. To a first approximation
therefore, a correlation with herring stock size is much the same as a
correlation with herring year class strengths 3 years earlier. Therefore, the
correlations in 4. and 5. together, suggest that there could be a negative
correlation between haddock year class strength and herring stock size.

Multiple correlations

Multiple correlations, using 3 and 4 variates, were also calculated for the
period before 1959 as well as for the period 1959-1974. .

In this analysis, it seemed appropriate also to confine attention only to
those sets of data for which the various regression coefficients were all
individually significant. With these restrictions, without displacement of
variates, and using 3 variates, only one combination of variates was found for
which the regression coefficients were both statistically significant and for
both time periods.

This was the regression of haddock year class on whiting year class and
haddock mean lengths. For this combination of variates the regression equation
is ¥ = -7.77 + 1.16 X1 + 0.208 X2

where Y = 1n (haddock year class strength) X1 = 1n (vhiting year class strength)
X2 = mean length of 2-group haddock in the year of spawning.

The relationship between observed haddock year class strwngths and the
predicted values obtained using this regression equation is shown in Fig. 2.

Using % variates and without displacement of variates, no combinations were .
statistically significant for both time periods separately.

Conclusions

A large number of correlations were calculated and it is to be expected that
%% of all correlations would prove to be statistically significant at the 5%
level even if the populations were statistically uncorrelated. The analyses
show however that considerably more than 5% of the correlations that were
calculated were statistically significant at the 5% level.

As a more rigorous test, it may be thought appropriate to pay attention

only to those pairs of variates which were significantly correlated when
calculated for different time periods. With this restriction it was found that
commratively few of the simple correlations were statistically significant.

In the case of the multiple correlations it is also appropriate to consider only
those combination variates for which each of the regression coefficients is
individually significant. Only one combination of 3 variates and none using 4
variates were found to satisfy these conditions.

Although preliminary analyses suggested a relatively high degree of correlation
among the variates, these more detailed considerations tend to restrict attention
to Jjust certain groups of variates.



The main conclusions appear to bei- -

1. Certain pairs of variates appear to be positively correlated with each other
ie (a) haddock and whiting year classes appear to be positively correlated

with each other. ' :

(b) plaice year classes appear to be positively correlated with sole year
classes.

Positive correlations between groups of year classes suggests that recruitment
could be influenced by general conditions, affecting the year class strengths
of more than one species at a time.

2. Other pairs of variates appear to be negatively correlated

ie (a) haddock year class strength with herring stock size.

This is not inconsistent with suggestions made by Jones & Richards (1976)

ie that during the 1960s, some North Sea gadoids might have benefitted from
the food energy released by the reduction in the stocks of adult herring and
mackerel.

(b) herring year class strength with the index of intrusion of Iceland Faroe
ridge water in the preceding year.

3. In general, more significant correlation is not obtained by multiple
correlation of the variates in 3's or 4's.
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feble 1 Post 1958 year class strengths end other data
Year class atrengths ~ Stock sizes g
Cour Haddock®  Whiting') Norway2  Cod®)  Saithe® Platced’ Sole®) Herring’’ | Haddock® Herring?’ | addoek™® 1Y
o pout : K : : lenpgtha - index -
195 254 575 107 31 36 567 Lo 2.1 - 238 18 - (28.8) c2
€0 15 Ll 28 31 50 466 58 16.0 356 13 29.0 4o .
T £33 916 182 88 84 379 14 7.2 .1 310 - 12 32.1 L
2 3203 1562 142 €8 178. 354 17 8.7 223 8.1 32.0 20
3 70 387 7 149 156 127 552 10.9 570 15 28.0: 29
4 115 €82 19 146 167 376 15 5.6 2773 1% . 1 (25.0) - 65
S 7 777 6 190 134 32 62 5.3 1779 13: 22.9 77
6 7267 977 (60) 173 366 316 62 7.6 - 1028 10 28.1 (59)
7 (298 2614 243 €7 382 263 97 7.6 537 7.8 34,1 (40)
& 285 858 (6) €6 Lob 340 b7 3.8 7G4 5.9 - 27.% as
.9 778 %3 201 207 hi0 135 9.1 5183 4,6 2h.0 .. 71
70 9 829 112 321 203 320 39 7.1 - 2689 4.8. 2ha1 52
1 1510 1784 329 65 209 287 75 5.0 808 118 T 2741 72
e 273 2343 17 128 238 699 84 2.2 938 3.5 27.1 €7
3 1338 1667 122 136 934 L80 61 5.9 1191 3. 25.4 84
L 2080 2504 10 284 291 248 13 1.0 L690 2.2° 26.1 - .5

1} Killions of 1-group- fish in cea frem VPA - from Anon 1977/F:8

2) Trom Aron 1977/F:7 index of I-group abundance - value in brackets calculated using indices of O-group abundance.
%) rrom Anon 1976/F:9 and Anon 1977/F:8 - millions of fish aged 2 yrs - from VPA

4). From:Anon 1974/F:2 and Anon 1977/F:3 ~ millions of fish aged 2 yrs from VFA

5) From Ancn 1375/F:h, and 1977/F:5 - millions of fish aged 2 yrs - from VPA

6) From Anon 1976/F:4 and 1977/F:5 milliogs ‘of fish sged 2 yrs from VPA

?) From Auon 1977/H:2 - O-group nos X 10 7

8) Millions of fishd 3 yrs - from9VPA

9) Nos of fish aged » 3 yrs % 10”7 from Anon 1977/if:2

10) Kear lengths of 2-group haddock in peried April-June - from Scottish research vessel samples = values in brackets by interpolation
11) Index of intrusion of Iceland/Faroe ridge water - from Martin 1976 - values.in bracksts by interpolation.



Table e Pre 1959 vear class strengths and other data

Year class strengths stock sizes *Haddock IFR .

Haddock | ) '.~ll'x:'d;ing‘l ) Plaic ea) Sblea) Herring} ) Heiddockh) Herrings ) 1ength56) index7‘
1918 27¢ 6.9
1919 300 6.2
1920 540 5.2
1921 138 6.6 .
1922 75 6.2 €8
1923 700 3.1 8o
1924 340 €.8 72
1925 280 3.0 48
1926 500 , 271 4.2 2921 12 26.4 53
1927 170 317 7.5 2126 14 25.8 61
1928 900 246 7.2 1967 12 24,2 20,
1929 230 252 9.5 1736 11 26.2 il
1930 160 o 92 3.9 3160 13 22.7 {53)
1931500 3000 90 17, 7.5 1486 W 24.7 62
19389170 1700 259 179 8.0 1216 18 25.6 55
1933 " 2%0 1000 130 8 - 10.8 weh . 17 25.2 60
1934 140 . 1300 244 14 11.0 677 18 27.4 73
1935 600 1900 25 2. 487 19 27.6 L8
1936 140 1700 63 236 19 28.3 hs
1937 120 800 50 1025 19 25.8 48
1938 230 . koo - 68 953 16 2h.8 58
1945 600 = 1500 447 36 7.8 ;
1946 60 " 500 - 378 . 20 7.0 1275 28.4 74
1947 .120 800 . . 413 278 4.6 1227 18 25.1 80
1948 210 1200 2312 54 L. €65 16 P13 &
1949 180 1200 345 106 5.5 482 17 27.0 57
1950 170 . 700 332 152 - 7.0 578 16 25.4 52

600 900. 264 59 7.6 612 (14) 26.4 3£
1952 370 2000 - 328 3€ 8.9 339 13 26.1 56
1953 400 1000 349 83 8.0 593 13 26.9 47
1954 450 900 392 95 73 1150 13 26.1 75
1953 500 800 L% 72 4.8 1286 - 14 27.9 4q
1956% 50 500 k1% 113 21.4 1037 12 26.9 &h
1957 75 550 541 107 ° 5.5 2203 11 25.7 §a
1958 368 370 579 37 7.6 549 9 28.7 0

Footnotes

. 1) Millions of 1-group fish - based on Scottish research vessel catches per 10 hrgs fishing
2) .Millions of 2-group fish - from Holden (1975)
3) Nos of O-group fish x10~° = from Burd (1975) -~ |
4) Nos of fish22 yrs zmer 10 hours_fishing by Scottish research vessols ‘ }
5) HNos of fich aged > 3 yrs x 10 ° from Burd (1975) - value in brackets by interpolation
€) Mean lengths of 2-group haddock in period April-June from Scottish research vecsel sarples
7) Index of intrusion of Iceland/Farce ridge water = from Martin (Personal communication) =

value in brackets ty interpolation.




Table 3

Percentsge of correlation that ‘were significant at the 5% level

1947-1974 1959~1974

No of correlations ¥ DNo of correclaticns % .

A. Simple correlatious (2 variates caly)
without displacemant of variztes 30 33 60 e2
8

variates displaced 1 yoar 4o &3 0 -
" e g 4o 13 &3 8 !
" A 3 bo 10 &8 10
B. Multiple correlations (5 variates)
without displacement of veriates 140 55 450 E}|
C. Multiple correlations (4 variates) -
wvithout displacement of variates 280 60 1 320 37




* Table &

 A. Period 1947-1974

Correlation coefficient significant at the 5% level - No dikplacement of variates

Year Classes Stock Size
Ca i . . s Haddock | Herring | Haddock | IFR
fladdock | Whiting | Plaice | Sole | Herring| io0™ | gtock | length | index
H&ddcck - o.?o "0-"‘5 -0.51+ - .- -‘0053 0-50 -
Plaice - - \\ 0.48 - - - - -
Sole - - - \\ - - - - -
Herring ¥C - - - _ \ - - - -
5. Period 1959~1974
Year Classes” Stock Size
Year . - . . .__|Haddock| Herring|Haddock| 1FR
Classes Haddock {Whiting|N pout| Saithe|Codj Plaice| Sole {Herring stock | stock |length |index
Haddockl 0.79° |0.63*] - - | -0.614}0.54% - - |-0.52% 0.tV -
Whiting] - \‘\\\\\\ - jo.sor | -] - - |-0.52° - |-0.73%¢ - -
Saithe | - - - S T R - = |-o.710d - -
|
cOd ' - had - - \ Ad - - 0.6“‘ - -0.67.‘ had
SOIQ - - - - - - \ - - - - -

1) Very close to 5% level of signiticance

-



—

Tetle 5
Correlation voefficients

Pre 1959 and 195%-1974 periods

“4. No displnceueat of variates

{eriod .
. 105G :
N;;;;\\\\\\‘ Pre 195¢ 1959-197

3

ill years

Haddock YC/uhiting YC 0.56" 070"
Plaice/sole 0.77** 0.58%*
Haddock “C/herring stock «0.20 NS . <0.,52*

3. Variates displaced one year

HerringYG/IcR index ’ ~0.52° ‘ ~0.h4 NS

C. Variates displaced > years
Haddock?l/herring YC ‘ ~C.47° ! ~0.66"

0,74~
0.61**
~0.53"*

-~0.38*

-0.35°

"

I3 Yot significant
YC Year Jlass
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Figure 2. Relation between predicted and okhserved haddock year class strengths
using multiple regression of haddock year class strength on whiting
year class strength and haddock mcan lengths,



