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Preliminary results on the distnbution arid spawning of blue whitirig,
Micromesistius poutassou, off the Portuguese coast.

A.Sllva, G. Pestana, C. Dias, S. Godinho

This paper presents information on the depth distribution and on the
'spawning of blue whiting'off the Portuguese coast, based on data from six
grourldfish surveys carried out systematically in three .different seasons of
the year (winter, summer and autumn) for two consecutive yeärs (1992/93).
Length and age distributions by depth range are analysed and seasonal
patterns of global abundance are investigated. Preliminary estimates of the
proportion of mature fish at length and age are given and spawning season
is defined. Information on the pelagic distribution and behaviour cf blue
whiting, based on data from äri echo-survey carried out in 1983, is presented
and discussed here for the first time.

Blue whiling is distributed near the bottern, over the deepest half cif lhe
continental shelf and .on the slope, mainly between 200 emd 500 m. An
increase on fish length (and age). wilh deplh. is observed and the larger
individuals (>25 cm) seem to concentrate in the depth stratum 500-750 m. At
depths betwaen 200 and 400 rrl, the blue whiting distribution continues into
the oceimic zone where fishes exhibiting diel vertical migrations apparentely
related with migrations of their prey organisms. It is suggested that the
distribution of blue whiting of the Portuguese coast is closely relaled with the
distribution of the North Atlantic Central Weiter.
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INTRODUCTION

Blue whiting is a by-catch cf bottem traWi ftshery in the southern areas of. its
distribution. Discards are unkrlOwn, but probably large and highly variable in time,
depending on the availability of more valuable speeies Iike hake, monkfish arid
megrim. Nevertheless, Portuguese bluewhiting landirigs have fluctuated betWeen
one and nine thousand tonnes (mean 4228 tennes) in the period1986-1995. Blue
whiting is usually eonsumrried fresh and the market priee for larger individuals (>22
em) has inereased considercibly in the last four years.

Blue whitirig distnblJtion off the Portuguese southwest and south coast has been
studied by Vasconcelos (1987). Some information on the abundarice of this species
by depth range isgiven by Cardador (1983) and more reeentely by Figueiredo .et a/.
(1994) tor the southem ecast nie work by Cunha (1992a) foeus on blue whiting
reproduCtive biology in Partuguese waters (based on. 1984/85. data) arid
Vaseoncelos (1982) provide some intomiation on maturity and sex-ratio.

Here we present additional information on the depth distribution and on the
spawning of blue whiting off the Pcrtuguese coast, based on data. from six
gröundfish surveys carried out systematically in three different seasons.of the. year
(winter, summer arid autumn) tor tWo eonseeutive years (1992/93). Length and age
distributions by depth range are analysed and seasonal patterns ef global
abundanee are investigated. Preliminary estimates of the proportion of.mature fish
at length arid aga are given aridspawnirig season. is defined. Inforn1ation on tJie
pelagic distribution and behäviour cf blue whiting, based on data from an
echo-survey carried out in 1983, is presented and diseussed here tor the firSt time.
In im introductorynote, general information is presEmted on Portugueselandings
arid their length eemposition and on population abundanee trends from two series
of abundanee indices arid e.p.u.e. estimates for the traWl fleet.

MATERIAL AND METHODS

Groundfish surveys direeted to the study of distribution arid aburidanee cf the main
demersal fishery resources, have been carried out regularty by IPIMAR (Portuguese
Fisheries Institute) sinee 1989. Two surveys, one betweeii June and August
(summer) and another betWeen Octaber and December (autumn), have been
carriad out each year, except for 1994 whEm oi1ly the autumn survey look place and
for 1992 and 1993, when an extra survey was earried out in February/Mareh (Iate
winter).

Sampling design followed a stratified protocol.with 97 fixed stations.and a variable
number of random stations coveriiig all the portuguese.caast in the depth range
20-750 m. The survey area was divided in thirteen se6tors in the riorth/south
direetion and eaeh sector was further divided inta four depth ranges, 20-100 m,
100-200 m, 200-500 m, 500-750 m, generating 52 strata (geographie strata). Ta the
present study, strata were merged by depth range (depth strata) andabundarice
indices. by. length class. and total in each depth strata were computed as area
weighed averages of the geographie strata averages. Mean.abundanee tor the
whole area was estimated as an area weighed average cf the depth strata
abundanee indices.
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Two series of abundance indices (Kg/hour) corresponding to summerand autumn
surveys are presented. These indices are compared with c.p.u.e. values (Kg/höur)
of the Portuguese bottom trawl fl.eet calculated for the corresponding quarters of
the year (summer - 3rd quarter, auturTln - 4th quarter).

The autumn 92 survey did not cover the area nortti ot 4002S'N at depths greater
uian 100 m. Abundance indices computed tor this survey are not comparable with
those estimated tor the other surveys (except for the depth stratum 20-100 m) and
were theretore excluded trom the änslysis of abundance trends. '

Dsta seleCtedfor the study of blue whiting depth distribution and spawning was
collected in the six groundfish surveys carried out in tate winter, summer and
autumn 1992 and 1993 (Table 1). Subsampies for biölögicatam31ysis were
collected in some of ttie stations, aimingthe coverage of the differe.nt depth strata,
For aach individual, totattength was measured, sex arid matuiity.stage deterinined
and otoliths removed. Otoliths were read whole under reflected light on a
stereomicroscope, after soaking in sea water for 24 hours.

For the calculation of age trequency. distributions, age/length keys were built tor
each survey andapplied to the length trequency distributions. Due to, the lack ot
age readings tor the June 93 survey, the agellength key tor the June/July 92 sUrVey
was used.
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The proportion of males and females in each stage was eomputed tor each surveY.
To decrease the influenee of large numbers of small fishes whiCh eonsequentely
have a lew probability of being adults, only fish >=19 em (estimated L5ö for sexes
eornbined) were ineluded in the eomputations.

Dats on the pelagic distribution and.behaviourof blue whiting along the Portuguese
eontinental shelf and upper part of slope was eollected during. an echo-survey
carried out in August 1983 (Dias et a/., 1983). The main aim of this survey was the
study of sardine distribution and abundance hut the sdopted survey track
(equidistant transects perperidicular to the eoast) extended thesurvey area beyond
the eontinental shelf, allowing the observation of blue whiting distribution over the
upper part of the slope (150-400 m). This area was crossed 41 times (19 during the
day and 22 during the night), and the pelagic distribution of blue whiting was
identified by inspection of trie echograms and sampled tor length distributions by
tr8wling. Twelve sampies were eollected, six with pelagic net and six with bottorn
trawl riet.

.'

RESULTS

Laridings aild length compositions by quarter

Portuguese blue whiting landings (tennes) in the period 1986-1995 are shown in.
the following table..

.·.1990 1991.1992 .1993 1994.1995 ..
, .

4928·· ·1236·· 1350········2285"

Landings .decreased from 1987 to 1991, showed some recover in 1992 but
decreased again in 1993 to the lowest value of the series. A slight increase is
observed in 1994 and 1995.

Length eomposition of landings by quarters has been ver'} eonstant in this period:
tish range trom 12 to 31 em with the majority between 15 and 23 em and modal
class varying from .17 to 22 em. Recruits are observed in the 3rd or 4th quarter of
the year with a modal length of 15/16 cm. Length compositions by quarter tor 1995
are preserited in Figure 1.

Indices of abundance

Figure 2 presents abundance indices tor summer and autumn surveys and c.p.u.e.
values for the corresponding quarters of the year.

Indices of abimdance are generally higher in the autumn surveys. This pattern is
not observed between the 3rd and the 4th quarter c.p.u.e. series.

A good agreement balween abundance indices and c.p.u.e. in the correspondirig
quarter is observed. This consistence should give credence to the use of any of
these estimates as indicators of population abundance. In view of the short time
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series presented here, this consistence should be interpreted with eare.
Furtherinore, the tWo series (summer and autumn) da nct give the same picture.
The fact that 4th quarter abundance indices and c.p.u.e. can be strongly influenced
by recruitmerit may contribute to this discrepancy.

Depth distribution in groundfish surveys

Estimated indices of abundance by depth range and for the who.le area are
presented in Table 2. Lowest values (zero in alt 1993surveys) occurred in shallow
waters (20-100 m) and highest values in the range 200-500 m in all surveys.
Abundance was generally higher in the deepest stratum (500-750 in) than iri the
100-200 m stratum but differEmces are small in same surveys.

Total atiuridance decreased from tate winter te summer in both years and
increased again in the autumn 1993. Seasonal variations in abundance withiri aach
depth stratum are not consistemt in the tWo years.

The length distributions by depth range (Figures 3a and 3b) show that deep waters
are related with the largest fishes and shallow waters with the smallest individuals,
a pattern that has been referred for different areas cf blue whiting distribution
(Guichet, 1968; Bailey, 1982; Vasconcelos, 1987;Figueiredo et a/., 1994).

Length distributions shift gradually to the right but untit 500 m depth inost fishes are
in the range 15-25 cm and modallength variation is smalt (one or tWo cm between
17 and 21 cm). The 500-750 m histograms show a wider range of tengths (15-40
cm) combining fish present at tower depths with targer individuals typieal of this
stratum. Same cf the histograms showabimodal distribution with the larger mode
around 27 cm. Figueiredo et a/., (1994) repoit the ocurrence cf' the.se large
individuals at tower depths (200-400 m) off the south coast. The. abundance of
large blue whiting is always very small when compared with that of 15-25 cm fish
ocurring in the range 200-500 m.
Age distributions for alt surveys are shown in Figures 4a arid 4b. .' ,
In the depth range 20-500 m, age distributions are dominated by fishes eile to four e
years old with modes of one yearold in 1992 surveys aridof one to three years old
in 1993 surveys. Fishes up to 10 years old occur in the 500-750 mdepth stratum
and the distribution of age groups is quite variable between surveys.

O-group fish were detected in summer and in autumn surveys but are more
abundant. in the tatter. The. camparisan cf the tWo years evidences a. very low
recruitment in 1993. In both 1992 surveys, recruit abundarice was higher in the
stratum 200-500 m ttian in the stratum 100-200 m.
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There is. same evidence(Dias, unpubiisheddata) that the blue whiting that tonns
the day-time pelagic schools disperses at dawri and ascends to the surface layers;
at the slmrise the fish descends schooling at the referred depth range of 200-400 m
apparently.associated to a thin scattering layer that migrates from the surface tothe
main"Deep-Scattering-Layers" (400-600 m). In Figure 5, the blue whiting pelagic
distributions are represEmted.over .the survey track ware day-timeand night-time
periods are identified. The coinCidence betWeen the detected distributions and the
day-time periods is clearly shoWn.

In Figures 6 and j are shown examples of eChograms i1iListrating tlie pelagic
distribution of blue whiting.

During the echo-survey the .biue whiting distribution was. sampled for length
cörriposition by means of pelagic and bottorn trawl stations whose .. respective
positions are indicated in Figura 5. The sampled compositions of the trawl catch.es
are shown in Table 3. The lerigtli compositicin of the sUrVeytotal eatch was very
similar to that of the commercial landings in the same year and month in the North
cf Portugal (Matosinhos).

In an occasion, off Figueira da Foz, it was possibie to sarriple both ttie pelagic and
demersal blue whiting distributions (fishing stations 8-41 and P-42, undertakem 1.5
hour apart; see Figure 5 and Table 3). The respective length. compositions,
represented in Figure 8, are significantly different, with modal lengths of 16 cm
(pelagic) and 21 cm (bottom). This difference does not seem to correspond to any
length stratification in relation to the differemt distiibution patterns.. In fact, in
stations P-9and P-13,. both pelagic, the respective sampies (Figure 9) shows the
simultarieous öccurrE~nce of both 16 cm and 20 cm modal lerigths.

In conclusion, the described results. suggest that, in tenns cf length composition,
the.blue whiting with pelagic .distribution is the same that distributes miar the
bottorn, in depths riot greater than 300 m, and that is caught by the commerc;al
fishing fleet.

Maturity and spawning

Maturity ogives for males, females and sexes combined are presented in Figure ,10
(based on length) and in Figura 11. (based on age).lt is not possible to define Lso
values for each. sex separately beeause the proportion of mature fish already
equals or exceeds 50% for the first length class (19 cm). Aso is 2 years old for
males and also not possible to identify for females (the percentage of mature
females at age 1 is 51.7). Lso arid Aso values tor sexes combined are 19 cm and 2
years old respectively. At a length of 33 cm and an age of 5 years old, 100% of
blue whiting individuals are mature.

Ehrich and Robles (1982) repoited Lso values tor northem Spain (ICES Div.
IXa+Vlllc) of 18.2 cm tor both males andtemales. The 81ue Whitirig Assessment
Working Greup estimated Ageso and A,oo based on these values ct 2 and 6 years
eid respectively (Arion., 1988).

Figures 12a and 12b show the proportion ct fish in each maturity stage by sex and
survey. Spawning fish are observed in late winter (February/March) and summer
(June/July) sUr'Jeys in 1992 and in all 1993 surveys. Hewever, only in
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February/March are the numbers of fish in the rriidie and late maturing stages
(III,IV) relativelyimportant, suggesting as. expected, .. a more intense. spawning
activity in this time.of the year. Mean lerigths of spaWning fishes in winter arid
summer surveys were:
winter 92: F=30.0, M=27.1 surrimer 92: F~32.1, M=27.2
winter 93: F=27.6, M=25.5 summer 93:F=32.3 , M=30.2
indieating that tish spawning in summer are generally larger than those spawning in
~wi~~ '

Vasconcelos (1982) observed spawning fish (maturitystages V arid ,VI) onlyon the
1st and4th quarters of the year in sampies from 1981 landings. T.his author also
analysed sampies collected in two groundfish surveys, carried out in March ~md

June of the same year, and tound spawning fish only in March. Cunha (1992a),
based on pooled sampies from commerciallandings and several surveys along the
year in 1984 and 1985.öbserved .pre-spawning and spawriing tish trom JanuarY to
Apnl. .Our results suggest that the spawning season was langer in 199211993 than
in 1981, 1984 and 1985. On the ether hand, several taCters related to sampling
could have contributed tor this difference, namely sampling areas, sampling depths
and length compesition of sampies. Its not possible to evaluate the influence ofthe
first two factors. Length compositionof sampies was considerably different only in
the case of commercial sampies in 1981.

The autumn93 survey was carried out tram November 24 to Decemb'er 20, about
one and half months later than the auturim 92 survey what may explain why
spawning fish are not tound in.the lalter. The large percentage of immatures in this
sUrVey, contrasting with the predorriinance of first maturntiontmaturing fishes in the
autumn 93 survey, also suggeststhat the spawning saason had not yei begun. The
larger percentage of males than females in spawnirig conditiori suggests that
sexual development starts eartier in males.

In summer surveys, the ocurrence of spent fish was expected .butinsiead, a.large
percentage of stage Illrecovering is observed. This may be due to difficulties in the
macroscopic separation of spent and recovering fishes, as has been pointed out by
Cunha (1992},or may ret/ect a fast recovery of the gonads also referred by Ehrich
and Schöne (1983).

Due to thesmaJi number of sampies collectedin each survey, it is not possible to
analyse the distribution of mäturitY. stages by area cr depth stratum. Nevertheless,
its possible tosay that spawning fistl occur ~lIong all the Portuguese coast in ci wide
range of depths (100-700 m).

DISCUSSION

Results presented here on blue whiting abundance by depth range are comparable
with those reported by Cardador (1983), Vasconcelos (1987) and Fig~eiredo et a/.
(1994) tor ether peiiods of time. A. general depth distribution pattern may be
outlined: abundance is null cr negligibleup to 100 m depth, highest abundance is
found in tlie range 200-500 rri and much lower values are observed between 100
and 200 m and at depths greater than 500 rn. An evident exceptiori tO this gen.sral
pattern is found off the estearn south coast where the batimetry is quite different
from the rest of the coast. In this area, the slope becomes very smooth beyond 500
m depth and a deep plateau (500-800 m) eXtends 40 miles offstlore. Figueiredo et
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a/. (1994) report high abundance cf large blue whiting in this area al depths of
500-700 m.

The hidroacustic information showed that biue whiting distribution extends into the
oceanic zone at depths of 200-400 m, in the. coritinuity of the bottom distribution at
the same ~epths. In this zone fish exhibit diel vertical migrations apparentely
following their prey which are part of a migrating thin sCättering layer.

Off the Portuguese coast, :the. "Deep-Scatteririg-Layers" are founCf in the vertical
transition zone (roughly at 400/500 mdepth) between !Wo water masses. The water
masses stratification, as weil as tha mean localisation of the "Deep-Scattering­
Layers" off the Portuguese coast, is schematically represented in Figura 13. Urider
the sUrface layers, that support .the most significant seasonal temperature arid
salinity variations, lays the North Atlantic Central Water whose temperature-salinity
characteristics.are ver'istable in time and space. FolloWing the Central Water
deeper limit, extEmds the MeCfiterranean Water. The main distribution .of blue
Whitingoff the Portuguese coasts is situated, approximately, betweeri 200 m arid
400 m depth that corresponds tö the. North Atlantic Central Water. domain.. So, the
spatial continuity .of the blue whiting distribution in the Northeast Atlantic seems to
be associated to the North Atlaritic Centräl Water dYnamics.
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Survey Date Hauls Biological Fish
sampies sampled

winter 92 14/02-20/03 88 11 440
summer 92 07/07-30/07 81 9 393
autumn 92 15/10-05/11 59 10 439
winter 93 09/02-11/03 76 9 513
summer 93 25/06-18/07 66 11 519
autumn 93 24/11-20/12 65 13 327

Table 1 - Characteristics of groundfish surveys used for the study of blue
whiting depth distribution and spawning.

Depth strata
Year Season 20-100 m 100-200 200-500 500-750 20-750 m

m m m
1992 winter 7.3 42.8 249.2 73.3 67.7

summer 1.4 29.0 215.5 26.8 46.8
autumn 0.7

• 1993 winter 0.0 18.6 104.5 36.2 42.3
summer 0.0 3.0 150.7 55.3 34.3
autumn 0.0 90.3 188.6 5.8 85.8

Table 2 - Abundance indices (number of fish/hour) by depth range and
for the whole area for winter, summer and autumn 1992 and 1993
surveys.
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STATIONS No.

Length B-l P-4 B-8 P-9 P-13 P-1S P-21 B-23 B-3O B-39 B-41 P-42
Class (ern)

14- 11 19 2 71 40 17
15 - 78 20 66 35 34 128 103 104 30 49
16- 30 54 96 14 97 22 60 73 131 118
17- 15 94 70 6 79 17 16 22 5 71
18 - 18 63 20 7 22 4 6 3 14
19 - 8 16 2 45 1 1 5
20- 4 2 11 68 1 1 33 2_
21- 1 7 17 1 2 8 54
22- 1 5 3 1 2 1 13
23 - 2 3
24- 2
25 -
26- 1
27 -
28 - 1
29 - 2
30- 6
31 - 11
32- 30
33 - 21
34- 15
35 - 15
36- 8
37 - 7
38 - 2
39 - 2 e

Total 165 250 120 277 214 239 221 225 222 195 116 254

Date: 08104 08106 08107 08108 08109 08112 08/13 08/14 08116 09/07 09108 09108
Hour: 1230 1130 1300 1000 1800 1230 1930 1100 0400 1900 1600 1730
Depth -
- Trawl: 355 265 360 365 120 205
- Bottom: 70 >500 580 300 470 >500 130 110 175 150 270 275

B-(o) Bottom trawl P-(o) Pelagic trawl

Table 3 - Length distributions of blue whiting caught by N.I."Noruega" off
the Portuguese coast in August/September 1983.
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Figure 1 - Length composition of blue whiting landings from the
Portuguese bottom trawl fleet, by quarters in 1995 (100% corresponds to
the modallength class).
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Figure 2 - Comparison of blue whiting abundance indices in groundfish
surveys and c.p.u.e. of the bottom trawl fleet in the corresponding
quarters of the year.
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Figure 3a - Blue whiting length distributions in each depth stratum for
1992 groundfish surveys.
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Figure 3b - Blue whiting length distributions in each depth stratum for
1993 groundfish surveys.
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Figure 4a - Blue whiting age distributions in each depth stratum for 1992
groundfish surveys.
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Figure 4b - Blue whiting age distributions in each depth stratum tor 1993
groundtish surveys.
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trawling at station P-15. The interrupted Iines represerit the pelagic trawl opening.
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Figure? - Pelagic blue whiting distribution (BW) sampled at P-13 fishing station,
The the upper p~rt of the "Deep-Scattering-Layer" (DSL) is indicated,
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Figure 8 - Length composition of blue whiting caught in 8-41 and P-42 fishing
stations (see localisation in Figure 5).
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Figure 9 - Length composition of blue whiting caught in P-9 and P-13 fishing
stations (see localisation in Figure 5).
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Figure 10 - Blue whiting maturity ogives, based on length, tor males, temales and
sexes combined using pooled data trom February/March 1992/1993 groundtish
surveys.
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Figure 11 - Blue whiting maturity ogives, based on age, tor males, temales and
sexes combined using pooled data trom February/March 1992/1993 groundtish
surveys.
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Figure 12a - Proportion of blue whiting in each maturity stage, by sex, observed in
1992 groundfish surveys.
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Figure 12b - Proportion of blue whiting in each maturity stage, by sex, observed in
1993 groundfish surveys.
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Figure 13 - Schematic representation of water masses vertical distribution and
localization of the "Deep-Scattering-Layers" off the Portuguese coast.
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