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ABSTRACT: Measurements were analysed from a total of 144 781 individuals of blue whiting Micro-
mesistius poutassou Risso sampled from commercial landings at Blanes {1950 to 1964) and Barcelona
(1961 to 1982), Spain. Total length ranged from 60 to 410 mm. The left-skewed length frequency
distribution shows heavy fishing mortality. Length groups 190-260 mm (1 to 3 yr old) support the
fishery. Overall mean length for the period was 204 £ 0.12 mm. Annual mean length varied as a
function of the relative frequency of the smaller lengths and of strong recruitment to the fishing grounds,
attaining highest values every 10 to 11 yr (1955/56, 1967, 1977). Optimal recruitment seems to be
correlated with high primary production levels and with a delay in thermocline formation. The latter
may be related to this species’ change from a pelagic to a benthic habitat. A heavy increasing fishing
effort since 1967 unbalanced environmental interactions with the population and lowered the annual
mean length. Analysis of historical series and their relationships with environmental factors may be

helpful in predicting yield levels.

INTRODUCTION

The stock of blue whiting Micromesistius poutassou
Risso in the northwest Mediterranean remains rela-
tively constant in spite of intense fishing pressure. Its
biomass is of considerable importance as a part of a
multi-species demersal fishery. Nevertheless, 2 par-
ameters change continuously from year to year: the
mean length (ML} of the exploited population and the
mean size at, and time of, recruitment. Analysis of a
long-term series of data collected in a restricted area
can help to explain the variations observed, in which
environmental effects, fishing activity, and autoregula-
tive processes may play a role. The utility of length-
based methods in fisheries research has recently been
emphasised (Pauly & Morgan 1987). General informa-
tion on the biology of this species is not available for the
Mediterranean, apart from the limited references in
Bailey (1982).
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MATERIAL AND METHODS

Samples came from landing ports in Blanes (1950 to
1964) and Barcelona (1961 to 1982), Spain. All speci-
mens were measured (total length), weighed (total and
gutted weight) and sexed. The maturity stage was
identified, otoliths removed, and other biometric data
occasionally recorded. Only total length is considered
in the present study. In all cases mean lengths for each
year were obtained with their 95 % confidence inter-
vals.

Environmental data were obtained from a number of
sources providing regular information. Seawater tem-
perature data for 1950 to 1959 are from the Castellén
fishing area (Andreu & Rodriguez-Roda 1951, Rodri-
guez-Roda 1952, 1953, 1955, Rodriguez-Roda & Her-
rera 1955, Herrera 1957, 1958a, b, 1961); for 1962 to
1967 from Badalona thermoelectric station area
(FECSA); for 1969 to 1982 from L'Estarit; and for 1974
to 1986 from the Medan Islands. Particular attention
was focussed on March, April, May and June because it
is in these months when spawning, water stratification
and recruitment to the fishing ground take place.
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Sun spot data were obtained from meteorological
year books (Anonymous 1986). Catch and fishing effort
data were taken from official records (Anonymous
1985}.

BMDP (Program Version, 1987) and STAT-
GRAPHICS (Version 1.0) packages were used to per-
form statistical analysis.

RESULTS

In all, 144 781 individuals were measured between
1950 and 1982. The smallest recorded was 60 mm, the
largest 410 mm. The total length frequency distribution
over the study period reflects the steady state of exploi-
tation of the population. Length groups between 60 and
180 mm accounted for 80.5 % of all individuals, those
between 190 and 260 mm accounted for 17.2 % and
larger ones for 2.3 % of the total (Fig. 1). Although
small size-classes were clearly more abundant, a
bimodal distribution can still be recognized. It is the
second mode length groups (190 to 260 mm; 1 to 3 yr
old) that support the fishery.

The overall mean length (ML), i.e. the pooled mean
for the entire period, was 204 = 0.12 mm. Fig. 2 pre-
sents the observed annual ML's.

Two periods can be identified in the annual ML
fluctuations: one up to 1967 (X1 = 213 £ 0.93 mm) and
another one from 1968 to 1982 (X2 = 191 + 1.88 mm)
(Fig. 2). The difference between the means (X1 and
X2) during these 2 periods is significant (p < 0.05).

A periodogram for the annual ML's is presented in
Table 1. Although no period is statistically significant
(p > 0.05) (since the series is too short), the periods 2.7
and 3.0 yr have considerable amplitude.

The length frequency distributions changed from
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Fig. 1. Micromesistius poutassou. Total length composition of
blue whiting from the Catalonian coast, 1950 to 1982. N =
144 781
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Fig. 2. Micromesistius poutassou. Variations in annual mean

length (ML) with 95 % confidence limits. 1950 to 1967, 1968 to

1982 and total period means are also indicated. Dashed line:
fishing power (gross registered tonnage)

year to year, with different modal groups predominat-
ing each year (Fig. 3). Examination of the distributions
shows the influence of high recruitment levels in 1950
and 1951. In 1953 there was an early recruitment to the
fishing ground of a small group of 120-130 mm indi-
viduals. This group was very strong in 1954, giving rise
to the extremely populous larger groups of 1955 and
1956. An apparent late recruitment in 1957 (Fig. 3)
resulted in a larger ML in 1958 and 1959. In these years
an incipient recruitment of 170-180 mm individuals
can already be observed. This situation is very clear in
1960, producing the high adult abundance levels
between 1961 and 1964, with a conspicuous
220-230 mm group in 1965.

The bimodal distribution of 1966 contains younger
recruits resembling those in 1953 together with the

Table 1. Micromesistius poutassou. Periodogram for the blue
whiting annual ML

Cycle/year Period Amplitude
0.0667 15.000 167.4
0.1000 10.000 232.4
0.1333 7.500 161.8
0.1667 6.000 263.0
0.2000 5.000 423.1
0.2333 4.286 130.8
0.2667 3.750 399.7
0.3000 3.333 2.822
0.3333 3.000 616.0
0.3667 2727 659.5
0.4000 2.500 338.1
0.4333 2.308 487.8
0.4667 2.143 548.6
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Fig. 3. Micromesistius poutassou. Percentage

length frequency distributions by year (all

figures are at the same scale, except the 1966
y-axis which is 50 %)

larger individuals. The latter grew to produce the high
annual ML in 1967 (250 mm)}.

Data from 1968 and 1969 showed the strong presence
of young groups (180 and 170 mm, respectively). These
strong recruitment levels are reflected in the following
years. The growth of the 1974 recruits can be seen in
1975; in 1976 and 1978 there was a sizeable increase in
the younger classes, while 1977 reflects the growth
from the year before. Information is unavailable for
1979 and 1980, but young groups predominated in
1981 and 1982.

Sea surface temperature shows highest fluctuations in
May and June, when the summer thermocline forms, and
does not seem to follow any periodic cycle (Fig. 4). Its
possible relationship with the ML is discussed below.

DISCUSSION

The annual ML varies over the study period, with 2
clear situations separated by 1967, the year in which
the highest ML (250 mm) was attained. Before 1967 the
ML was almost always larger than the overall ML, but
after 1968 this situation was reversed (Fig. 2). This is
remarkable in that annual ML's tend to vary in zig-zag
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fashion, while in this case the highest annual ML was
preceded by a constant increase from 1961 or perhaps
even 1958. On the other hand, the ML declined sharply
in 1968 and 1969 (175 mm) and has not gone up again.

In other words, fluctuations due to internal self-reg-
ulatory processes within the population have remained
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Fig. 4. Sea temperature (maximum temperature — minimum
temperature) in May and June in the study area
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stable at a lower level. The cause of this lower level is
presumably the heavy fishing pressure exerted since
1967. This structural stability of fish populations has
also been observed in some gadids in the North Sea
(Ursin 1982).

Cyclic changes in fish population structure are well-
documented. Cushing (1982) pointed out (based on the
work of other authors) the following periods above the
noise level obtained by Fourier analysis: 2.75, 8.50,
11.33, 18-19, 23, 35, 38 and 57 yr. He reported positive
correlations for these periods in the data for certain
fisheries (mainly in the North Sea) and suggested that
the gadid stocks were responding directly to climatic
changes expressed in long-term changes in air or sea
temperature. It is worth noting that he also found
periods in the vicinity of 3 and 10-11 yr, coinciding well
with those found in the present analysis.

Possible causes for the variations in the annual ML
are:

(1) Sampling reliability. There are 2 points to make in
this regard. First, sampling was not equal in all years
(Table 2); and second, there were 2 different sources of
samples, Blanes (1950 to 1964) and Barcelona (1961 to
1982). Time of sampling biases the annual ML. Some
years have more samples collected in certain months
than in others; larger sizes are caught during the first
half of the year (Figs. 5 and 6). In order to smooth that
bias, the observed ML was weighed by a Missing
Sample Correction Factor (Table 3). This factor was
inspired by Pauly's ‘temporal weighting factor’ (Pauly
1987). It assumes linearly larger monthly average
length from January to June and shorter from July to
December. Even when in some years the difference
between the observed and estimated ML is consider-
able, the difference between the 2 data sets is not
significant {p > 0.05; t = 0.536). Length frequency
distributions of samples from Blanes and Barcelona
collected over the same period do not show significant

Table 2. Micromesistius poutassou. Monthly mean length (cm) and total number of sampled individuals over the study period.
Underlining: mean month of thermocline formation, obtained from sea temperature profiles

Year Jan Feb Mar Apr May Jun

Jul Aug Sep Oct Nov Dec Total

- - 20.6 - -
225 225 257
259 240 242

1950 -
1951 20.0 17.8 -
1952 19.6 21.6 23.9

1953 23.0 - - 20.6 - 229
1954 - 17.7 - - - 227
1955 240  23.0 - - = 22.4
1956 - - 22.7

1957 196 163 220 224 209  16.2
1958 214 218 221 259 225 249
1959 217 196 233 219 238  23.8
1960 - 234 - - )
1961 - 229 229 239 232 227
1962 16.9 - - 233 243 233
1963 - 202 - 239 244 -
1964 192 221 211 249 222 235
1965 232 - 22.6 - =

1966 - - 23.4 - 232 205
1967 243 - 28.3 - 250 244
1968 - - - - - =

1969 - -

1970 196 - :
1971 - 186 240 237

1972 - - - - =

1973 - 253 259 245 -

1974 184 200 - - -

1975 192 209 216 - 26.7 =
1976 - - - = ]
1977 209 199 - 220 227 284
1978 - 23.3 - 223 - 201
1979 - - - - = =

1980 - - - - - -

1981 - - - - - 16.0
1982 - 24.1 - 237 244 238

—: no data

23.3 18.6 18.1 17.5 17.9 17.7 662
23.7 18.6 19.7 17.9 19.9 19.5 1117
25.3 22.0 21.6 20.7 17.9 21.7 1258

- 24.2 - 22.2 - - 346
- - = 23.9 20.1 - 722
- - 24.1 - - 193
- - - 23.8 - - 94
20.4 203 20.3 17.9 203 20.5 1085
- 223 23.7 - 18.6 - 499
21.0 21.5 - - 20.9 20.1 770
- - - - - 16.9 125
19.6 19.2 16.9 18.2 17.0 219 1298
21.8 - 21.1 - - 20.2 694
- - - 17.8 18.9 18.0 761
19.2 23.6 - 17.2 21.0 19.9 1456
- - 223 - - - 446
- - - - 26.1 - 1386
- - - - - - 524
- - - 18.2 - - 417
- - - - - 17.7 98

- 24.3 23.4 - 219 - 521
- - - - - 259

- 21.0 - - - - 325
- - - 16.4 16.9 17.5 825
- - 18.3 19.9 20.4 1031

- - - - - 425

- - 21.4 19.7 19.5 209 3717
16.2 - 191 - 20.6 19.4 3296
243 - 16.4 - 19.2 - 746
12.3 - 193 19.4 19.7 - 99015
15.0 - - - 18.2 - 20710
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Fig. 5. Micromesistius poutassou. Average length per month
over 3 different periods
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Fig. 6. Micromesistius poutassou. Coefficient of variation (%)
of the average length per month

differences (p > 0.05). The 2 localities are only 58 km
apart, so there is no justification for supposing that
there are 2 independent stocks.

(2) Fishing strategies. Vessels operating out of Bar-
celona and Blanes (and the entire Catalonian coast) have
been using the same kind of fishing gear, mesh size
(38 mm), etc., since 1950, so this factor can be discarded
as a cause of the different ML's observed. Fishing effort
rose from 37 665 hp (horse power of fishing boat} in 1963
to 66 507 hp in 1969 (Anonymous 1985). Catches also
increased but not in the same proportion.

(3) Growth variations among cohorts. Unusual
environmental conditions may seriously affect natural
mortality. A previous study (Bas & Morales 1966)
showed the existence of self-requlation in blue whiting
growth. Thus, the growth rate varies over the life cycle
and is dependent upon both internal and external fac-
tors. There has been little change in the mean length-
at-age over the study period: 15.07 to 15.23 cm; 20.92

Table 3. Micromesistius poutassou. Annual observed mean,
mode and estimated mean length of blue whiting over the
study period

Year Mean Mode® Estimated®
1950 19.7 18.0 26.8
1951 20.3 18.5 20.3
1952 19.5 23.5 19.5
1953 22.2 24.5 20.2
1954 18.6 16.0 18.6
1955 23.3 23.0 19.1
1956 23.2 24.0 23.2
1957 19.5 19.0 19.5
1958 22.3 23.0 22.3
1959 22.0 21.0 22.0
1960 20.0 17.0 20.0
1961 21.0 21.5 21.0
1962 211 23.0 19.1
1963 20.0 18.0 20.0
1964 20.8 20.0 20.8
1965 22.5 23.0 22.5
1966 22.4 23.0 18.4
1967 24.9 25.0 15.8
1968 18.7 18.0 20.4
1969 17.6 17.0 19.2
1970 21.8 22.0 25.7
1971 21.0 19.0 15.2
1972 21.0 17.0 22.1
1973 19.5 17.0 19.5
1974 18.9 18.0 20.6
1975 21.5 20.0 13.7
1976 16.4 15.0 22.4
1977 23.0 22.0 23.0
1978 16.7 14.0 16.7
1981 14.1 14.5 17.9
1982 17.7 16.0 14.5
¢ When bimodal, only major mode is presented
2 Estimated mean = (observed mean) x (MSCF). MSCF =
Missing Sample Correction Factor (when 9 or more month
per year were sampled, factor was not applied). MSCF =1
+ ([no. of missing months between January-June/11] —
[no. missing months between July—December/11])

to 21.91 ¢cm and 23.83 to 24.97 cm for age 1, 2 and 3 yr
respectively (taking January 1 as birth date, which is
nearly correct since spawning takes place in February).
The first figure corresponds to the period 1952 to 1964
(from Bas & Morales 1966) and the second, to the
period 1981 to 1983 (from Veron-Jane 1986). A more
detailed analysis of growth variations will be the sub-
ject of another paper (Calderon-Aguilera unpubl.).

(4) Fluctuations in recruitment. Variations in size
distributions can be due to differing recruitment levels,
which result in quite distinct annual ML's. Analysis of
length frequency distributions clearly demonstrated
the importance of recruitment (Fig. 3).

Two factors may be related to recruitment fluctua-
tions: sun spot activity (as a gross indicator of primary



226

Mar Ecol. Prog. Ser. 54: 221-228, 1989

MAY

1951
ZOOIO I~

20% .

57
20%} I
58 |
20%,f I.
81
20%%F -l
B4
ZOO/OH I .
77
20° 1
| &
78
20%L ‘ F
I . MEEr N
20 -
- BZL 82
h *%_
s 21 2% ; ® 21 26 3 B
cm

productivity) and the time of summer thermocline
formation.

Minimal sun spot activity is followed by years in
which large length groups are abundant. This could be
due to delayed action upon adults or to later than usual
recruitment. In contrast, sun spot maxima seem to coin-
cide with small length group abundances. Length rela-
tive frequency distributions for June 1957, 1978 and
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Fig. 8. Micromesistius poutassou. Variations in annual ML and
sun spot activity (no. of Wil-Wolfer)
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1981, years of high number of sun spots, seem to
support this hypothesis (Fig. 7). The influence is appa-
rently direct: less plankton, less food, less growth, ear-
lier migration to the bottom where the fish become
available to gear sooner (Fig. 7 and 8). However, with
such a small series it is difficult to reach statistical
significance and in any case this hypothetical relation-
ship should be taken with caution.

Cushing (1975) suggested that recruitment levels for
fish stocks in temperate waters were governed by the
balance between larval production and larval food
levels; when well-matched, the quantity of food per
larva is high, with subsequent high recruitment; when
poorly matched, the quantity of food per larva is low
and recruitment poor (Match-Mismatch Hypothesis). In
the Western Mediterranean, 1951, 1957 and 1963 were
defined as 'remarkably productive' years (Margalef
1968). In those years recruitment was high as could be
inferred from the low annual ML.

This same author (Cushing 1984) contended that the
gadid explosion from 1962 in the North Sea could be
attributed to a delay in Calanus production (principal
larval food). For blue whiting, Bainbridge & Cooper
(1973) pointed out that recruitment may be directly
affected by short changes in phyto- and/or zooplankton
production cycles.
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Thermocline formation along the Catalonian coast is
clearly seasonal. From January to March, sea tempera-
ture is vertically uniform (12 to 13 °C from surface to
bottom). Solar heating begins in April, but only in the
upper layers. In May the thermocline becomes sharp
and begins to descend. Sea surface temperature starts
to rise, from 15 to 20°C to 27 °C by early August.
Cooling begins in September and by November sea
temperature is again uniform (Font 1986).

If thermocline formation can be associated with
sharp oscillations in sea surface temperature over a
brief period, larger oscillations in June than in May
may indicate that thermocline formation has been
delayed. In line with this assumption, 8 delays can be
identified up to 1967 and in 6 such years the annual ML
was higher than the overall ML (1951, 1956, 1959, 1963,
1965 and 1966) (Fig. 2).

If climatic stability is defined as low levels of thermal
change, annual ML can be observed to be larger with
increasing stability in a given year. Perhaps this is
because migration to the bottom is delayed so that the
fishes are taken at larger sizes (always by trawling). Off
the Catalonian coast the spawning season of this species
lasts for a very short period in February. Juvenilesremain
at middle levels in the water column until they are 15 to
17 cm long, when they migrate to the bottom, usually by
May (Bas 1964). Because of this the monthly ML begins to
decrease by June andisshortestin July when catches are
usually highest (Fig. 5). The greater coefficient of varia-
tion of the monthly ML in those months reflects the
presence of many length groups (Figs. 6 and 7). In cold
years with high production when food is plentiful, fish
may stay longer at middle depths, until warming begins
and thethermocline forms, when they then migrate to the
bottom in search of uniformly cold water.

These environmental factors seem to have been reg-
ulating fluctuations in ML up to 1967. After that year
the enormous fishing pressure (Fig.2) increasingly
unbalanced the situation and the ML dropped to below
the overall ML. In fact, in recent years the ML has been
below the minimum legal size of 180 mm {Anonymous
1975). If present effort levels are sustained, blue whit-
ing catches will fall because increases in the number of
young fish caught will not be able to compensate for
the loss in biomass.

CONCLUSIONS

(1) The overall ML of blue whiting from off the
Catalonian coast during the study period (1950-1982)
was 204 mm.

(2) The length frequency distribution in each yearis a
function of cohort growth, time of recruitment to the
ground and sampling pattern.

(3) Recruitment seems to depend on primary produc-
tion levels and the time of thermocline formation. This
supports Cushing's (1975) Match-Mismatch Hy-
pothesis.

(4) The heavy increase in fishing effort after 1967
lowered the annual ML but self-regulatory processes in
the blue whiting population have remained in effect
throughout the study period. This indicates that
anthropogenic effects can shift stability levels, but
intrinsic processes and environmental interactions con-
tinue to exert their cyclic influence.
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