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RESULTS  &  DISCUSSION

MATERIAL & METHODSINTRODUCTION

SPAWNING PERIOD 1990-2010
Seasonal changes in SST

ENVIRONMENTAL FACTORS  

Southern component of the Northeast Atlantic
mackerel population migrates towards the
southern spawning area (Cantabrian Sea) at the
end of winter. An analysis of the fishery indicates
a forward shift in the timing of the migration since
2000 (Punzón and Villamor, 2009). Such a shift
causes that spawning in the Southern component
has occurred earlier in the last decade compared
to the previous. Other variables as changes in
spawning peaks may be also associated to these
changes in the migratory pattern. This work
analyses the spawning seasonality of mackerel
and its inter-annual variations in the period 1990-
2010, studying reproductive characteristics. The
impact of environmental conditions on these
changes are also investigated.

Mean Gonadosomatic Index 
(Females)

Spawning seasonality was determinate from the analysis of the monthly evolution of the percentages of mature individuals (active stages of female fish ≥30 cm
length), mean gonadosomatic index [GSI somatic= Gonad weight x 100/ (Total weight-gonad weight)] and monthly eggs abundance in North Spanish coast
(Cantabrian Sea, VIIIc ICES Division) along several years (1990-2010), to compare the changes in the spawning peaks between the two last decades.

The active phase. i. e., pre-
spawning, spawning and
partly spent (III-IV-V stages in
Walsh scale), appeared with
higher frequencies between
January and June for the
whole period. The
reproductive activity
decreased drastically in the
second part of the year.
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Meteorological and hydrological data: as a major environmental factor that may drive the behavior of the mackerel is the water temperature (in particular the start
of the spring warming), there are explored the Sea Surface Temperature representative for the area from the NOAA Optimum Interpolation SST (Reynolds et. al,
2002) and also the heat content from a fixed hydrographical northwards from Santander in the southern Bay of Biscay (43º42'N, 3º47'W).
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Biological samples from mackerel commercial landings and acoustic, eggs and trawl surveys, have been regularly
collected from the area since 1990s (a total 13,728 specimens were sampled), and are used to describe temporal trends
and variation in the maturation pattern of the southern mackerel component, following Walsh et al. (1990) scale. For the
purpose of monthly evolution of active stage, only those based on a minimum of 30 individuals were considered.

Southern mackerel histological samples for fecundity estimation are traditionally collected in February-May during
triennial Annual Egg Production Method (AEPM) surveys. Fecundity has to be estimated in the previous period to the
spawning. Hyaline eggs are the principal spawning marker, and its presence is recorded

Eggs sampling : Since 1990s, eggs have been sampled monthly from two cross-shelf transects in the Cantabrian Sea (off
Coruña and Santander Spanish ports) in order to study temporal variations for fish egg abundances. By other hand,
mackerel Daily egg production in the Southern area has been estimated from Triennial Mackerel eggs surveys applying t he
Annual Egg Production Method since 1995.
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Mackerel ovary development. Macroscopic observation s
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a) Weekly SST at the southern Bay
of Biscay over imposed to the mean
seasonal cycle (1981-2010 gray)
from 1990. Yellow shadowed are
the January-June periods relevant
for the arrival and spawning of the
mackerel. b) Anomaly of SST
(black) and average for the winter-
spring (red). c) Averaged
temperature of the upper 40 m. at
the slope from a fixed monthly
hydrographical station. d) Anomaly

Jan-Jun
(Spawning period)
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CONCLUSIONS

In the 1990’s and beginning
of 2000’s, maximum values
were found in February to
May (>90%). However, at the
end of the last decade (2005
to 2010) the highest values
(almost 100%) were
observed earlier on the year,
from January to March.

Mackerel reproductive activity
in January increases from a
40% in 2000 to a 100% in
2010. However the opposite
is observed in June. A
decreasing trend in the
activity was observed in April
and May during the 2000s.

There was a shift in GSI maximum values. While in
1998 maximum values of GSI were reached in April,
during the last decade (2004, 2007 and 2010) this
GSI maximum values shifted to February-March

Daily Egg Production

y = 0.974x - 1863.

R² = 0.151

p > 0.001

0

20

40

60

80

100

1985 1990 1995 2000 2005 2010 2015

y = -1.078x + 2246.

R² = 0.445

p ≤ 0.001

0

20

40

60

80

100

120

1985 1990 1995 2000 2005 2010 2015

April

y = -0.662x + 1414.

R² = 0.123

p > 0.001

0

20

40

60

80

100

120

1985 1990 1995 2000 2005 2010 2015

May

y = -3.072x + 6207.

R² = 0.434

p > 0.001

0

20

40

60

80

100

120

1985 1990 1995 2000 2005 2010 2015

June

Punzón, A., B. Villamor and I. Preciado. 2004 . Analysis of the handline fishery targeting mackerel (Scomber scombrus, L.) in the North of Spain (ICES Division VIIIbc). Fisheries Research 69, 189-204; Punzon, A. and Villamor, B. 2009 . Does the timing of the spawning migration change for the 
southern component of the Northeast Atlantic Mackerel (Scomber scombrus, L.1758)? An approximation using fishery analyses. Cont Shelf Res, 29: 1195-1204.; Walsh, M., Hopkins, P., Witthames, P. R., Greer Wal ker, M., and Watson, J. 1990 . Estimation of total potential fecundity and atresia in the 
western mackerel stock in 1989. ICES CM 1990/H:31.; Villamor, B., P. Abaunza, P. Lucio and C. Porteiro. 1997. Distribution and age structure of mackerel (Scomber scombrus, L.) and horse mackerel (Trachurus trachurus, L.) in the northern coast of Spain, 1989-1994. SCI. MAR., 61(3):345-366.

In the period 1995-
2004 daily egg
production has mainly
been restricted in
March and April,
peaking in April, from
1995 to 2004. .
However, in 2007 and
2010, the highest
mackerel daily
production was moved
to March with little
production in the
months after

• Mackerel have been started its reproductive activity one month earlier in the
southern area since 2000.
• Santander transects showed a maximum egg abundance peak in March-May
in the 90’s, while in the 2000’s the peak tend to be earlier (February-March). This
tendency has not been observed in a Coruña transect (except in 2010), probably
due to the east-west mackerel migration in the Cantabrian Sea (Villamor et al.,
1997; Punzón et al., 2004).
• Egg surveys recording show that highest densities of eggs were gradually
appeared earlier, from April (1995) to March-April (1998-2004) and finally they
have been recorded in March (2007-2010).
• Egg abundance has very probably been underestimated since 2007, as Egg
surveys didn’t sampling the Cantabrian Sea in February.
• During the 00’s, Mackerel has coming earlier to the Southern spawning area
and it can also be seen that mackerel ovaries are developing earlier in the year,
and these facts are very likely related to an advancement of spring in this
decade.
• The advancement of the mackerel spawning migration to the Southern area
has been confirmed (Punzón and Villamor, 2009).
• Having into account previous conclusions, changes have to be done in the
design of the egg surveys to adjust sampling period to these advancement of
the spawning activity of mackerel in the southern area. These changes will avoid
the underestimation of SSB, improving mackerel resources management .

This work was funded through the Instituto Español de Oceanografía (BIOPEL,
ICTIOEVA, VACLAN/COVACLAN and RADIALES projects), European Union (Data
Collection Framework Program) and Comisión Interministerial de Ciencia e Innovación
(LOTOFPEL project, 2011-2013). We would like to thank all those who helped with
these projects and in the Triennial Egg Surveys.
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Mackerel ovary development. Histological observatio ns
During the Triennial
AEPM surveys in
Southern mackerel
has been traditionally
sampled for fecundity
in February. But it has
been difficult to find
enough samples for
fecundity estimation
in 2010 because
spawning markers
(hyaline eggs) were
present in more than
the 80 percent of
samples.

Hyaline eggs in whole mount (a) and histology(b) Hyaline eggs in whole mount (a) and histology(b) 
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hydrographical station. d) Anomaly
form c).

Higher temperatures in winter-spring are noted in the 00`s respect to
the 90`s. Some years in the 00`s show an advancement of the spring .
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Defining the onset of the spring is a more subtle
task that depends on the shape of the warming
period. The minimum SST (minSST) achieved in
winter time defines the properties of the mixed
layer that will be under the seasonal thermocline
year-round. The minSST increased from the mid
80`s to the mid 90`s about half a degree and then
remained quite stable (despite some anomalies).
The date at which the minSST is achieved is a
proxy for the onset of the spring and it varies
widely from early February to early April but ,
interestingly, there is a period of early onsets of
spring from 2001 to 2006 that broke in 2007 and
2008, years with a extremely warmth winter.

All in all it can be said that during the 00`s the winter tender to be
warmer and the spring tended to start earlier.

Min SST reached during winter

Date of the Min SST
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A Coruña transect
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In Santander transect showed a higher mackerel egg monthly densities
mainly in March - April in the 90’s decade, but in the late 2000’s higher
densities were mostly in February - March.

In A Coruña transect no showed a clear pattern along time series, although
in 2010, there was a maximum abundance in January-February.

a) b)

These results seem to point to a change in the pattern
of mackerel spawning migration to the Southern Area :


