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Abstract /
,'/

Distribution of hake, mackerel and horse mackerel eggs and larvae in the Bay of Bxscay was
compared with the geostrophic circulation observed in the surveys camed out in the framework
of SEF OS (Shelf Edge Fisheries and Oceanographxc Studies) in 1995. Simultaneous observatxon
of fish eggs and larval distribution, temperature, salinity, density fields, and derived geostrophxc
currents, suggests surface circulation as bemg the main factor controlling the drift of larvae away
from spawnmg grounds to inshore nursery areas as well as to offshore oceanic waters. In contrast,
eggs appear aggregated close to the shelf-bteak where the target specxes spawn. Also, other main
hydrographic singularities, such as gyre structures assocxated to the shelf break, : are discussed in
relation to the possible consequences of retentlon of fish larvae i m the inner platform and to the
advection of larvae off the shelf break in the areas where these events were observed.

lnti‘oductidn

A central theme in pelag:c ecology is the 1dent1ﬁcauon of the spatxal distribution pattem of the
SPCCICS and understandmg the causal mechanisms that lead to them. This is pamcularly unportant
in fish species that spawn oﬁ‘shore and recruit mshore, which is a major cause of variability in
marine fish production (Cushmg, 1972). The drift from spawning sites to the nursery areas where
larvae are retained (Iles and Sinclair, 1982) have been associated to physxcal characteristics of a
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region, such as coastal fronts, mesoscale events, and features of circulation (Nakata, 1989;
Campana et al., 1989; Herra, 1989; Heath, 1989, etc) and many authors have encouxaged active
collaboration between physical oceanographers and biologists to attain a better understandmg of
this field of marine ecology (Koutsikopoulos et al., 1991).

In the Bay of Biscay, the important dynamic features that determine the physical environment
include Ekman currents, mesoscale rings, fronts, and the general circulation. This general
circulation in the Bay of Biscay area suggests weak clockwise circulation (Pingree, 1993), with
seasonal changes in surface layers over the continental shelf and coastal areas. Circulation over the
continental slope is prone to become unstable, particularly in the southern part of the Bay of Biscay
and over the Armorican shelf, where gyres and fronts develops (Diaz del Rio et al., 1992; Sournia
et al., 1990).

SEFOS target species (mackerel, horse mackerel, hake and blue whiting) spawn in the vicinities
of the slope, and the postlarvae and early juveniles recruit inshore in some areas of the Bay of
Biscay, so at some critical time in the early fish stages, eggs and/or larvae must be transported from
the spawning areas to nearshore nurseries. Transport away from the spawning grounds to inshore
as well as to offshore regions is not well understood, and one of the main aims of the SEFOS
project was to detect the hydrographical features that determine the distribution of eggs, larvae,
recruits and adults during the spawning season. In this contribution we compare distribution of
eggs and larvae with geostrophic circulation in the Bay of Biscay.

Methods
SURVEYS

In 1995 three surveys were performed, the first of which (AZTI-LEBAL 295) took place from 22
to 30 of March, and covered the French coast of the Bay of Biscay, sampling 62 plankton stations.
The second (IEO-MPH 395), from 25 March to 15 Apn], covered the area from Lisbon up to
45°N (Arcachon, France) and a total of 112 samples were collected. The third survey (IEO- SEFOS
595), from 28 May to 18 June, covered the northern Cantabrian area and the west of France,

sampling 120 stations (figure 1), In both IEO surveys the sampling grid was designed in accordance
with the procedure described by AEPM (Anon, 1994), with cross-shelf transects every 15-30 nom
and plankton stations 15 nm apart. In the AZTI survey, plankton stations were located every 10
nm in parallel transects 30 nm apart.

PLANKTON SAMPLING

In the AZTI-LEBAL 295 survey, a Bongo net of 60 cm diameter mounted ona 250 pm gauze was
used for plankton sampling in oblique tows. In [EO surveys (MPH 395 and SEFOS 595), plankton
sampling was carried out using a Bongo net (20 cm diameter and mesh size of 250 pum) hauled in
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double obhque tows. In the three surveys the net was hauled to a maximum depth of 200 m, ot §
m above the bottom in shallower water, and tows were made at a ship's speed of 2-3 knots. A
depth recorder was fixed to the net cable in order to reglster the maximum depth teached. A
General Oceanics flowmeter was used to determine the water volume sampled, Samples were
unmedtately sorted and counted for target species. Samples were preserved in 4% buffered
formaldehyde, and once in the laboratory all fish eggs and larvae were counted and classified to
specxes level. Mackerel and horse mackerel eggs were staged according to Lockwood et al. (1977)
and Pipe and Walker (1987) and the larvae of all target species measured to the nearest 0.1 mm for
information on length frequency distribution. Abundances were converted to number by square

metre followmg standard techniques (Smith and RJchardson, 1977), assuming a 100% filtration
efficiency for both nets.

 PHYSICAL PROCEDURES

In the three surveys, CTD pro files were obtained at every plankton station usmg a CTD-SBE2S
eqmpped with pressure, temperature and salinity sensors. 28 CTD casts were obtained in AZTI-
LEBAL 295 112 CTD in IEO-MPH 395, and 120 in IEO SEFOS 595. Water samples were taken
for CTD salinity calibrations on every IEO cruise and the AZTI CTD was calibrated before and
after the survey. Geostrophic circulation on each survey was derived from dynamic height, which
was calculated for every station at 0.2 cm intervals in the 10/100 dbars.

Results

Spawmng of SEFOS target species is spatlally related to the shelf- break, and early life stages are
found throughout the Bay of Biscay during the months of sampling. For this t reason, Iarvae of these
species can be used as good tracers for comparing spatial/temporal observattons of hydrographtc
features and larval distribution.

A Slgniﬁcaht portion of the egg assemblages in the three surveys carried out in the Bay of Biscay
in 1995 are made up of SEFOS target species, particularly mackerel and horse mackerel, which
account for more than 50% of the total ‘eggs counted in each survey (figure 2). The spattal
distribution of eggs is closely related to the area where the females of each spectes spawn, this
bemg the main reason why eggs appear aggregated close to the 200 m contour line (ﬁgure 3)
Dependmg on the species some differences were observed. Mackerel, for example, spawn closer
to 200 m depth than horse mackerel and hake, which spawn more over the shelf. This spattal
dtstnbutton was coherent with the pattern observed by other authors for the same species in this
geograplucal region (Franco et al.; 1993; Lago de Lanzds et al., 1993)

As embryomc development of eggs occurs over a period of a few days, 3 to 5 depending on
temperature (Ware,l977 Coombs and Mitchell, 1982) even when residual currents are relauvely



strong in the Bay of Biscay (approximately 5 cm s in March-April), no significant displacement
from spawning sites can be observed during the life stand of this developmental stage (figure 4).

With respect to this, we should consider that the resolution of our observations is determined by
the sampling grid, which was designed with plankton stations 10-15 nm apart, a distance (18-27.8

km) which is in the limit of that expected in 5 days of dnﬂmg from the spawning sites at a speed

of 5ems™ (21.6 km in 5 days).

In contrast to eggs, larvae of the target species remain resident in the plankton until their
metamorphosed to juvenile stage which, depending on the development rate, takes about 2 months.
During this period larvae can drift away from spawning sites and this movement can be detected.
In our results we observed that more than 50% of the larvae stay in the spawning areas and the
remainder are transported to both inshore and offshore waters (figure 4). So, although the bulk of
the population is retained in the spawning grounds, there is still a significant part of the larvae
whose spatial distribution is determined by water displacement.

During the survey LEBAL 295, geostrophic circulation suggests some weak northwards along:
shelf current, and hake larvae seem to be retained inshore over the Armorican shelf, Both the
circulation and the pattern of larval distribution are coherent with the dominant winds in this region
and in this season. Also, the length distribution of hake larvae conform to the observed circulation
as the smaller (recently hatched) larvae were found close to the slope and larger larvae were found
both in the inner platform and off the shelf break. This latter patch could be related to the
mesoscale gyre identified over the Armorican shelf (Bartsch et al., 1996) (figure 4).

Circulation in the central region of the Cantabrian Sea during the survey MPH 395 suggests some
eastward transport along-shore and some limited transport offshore. Larval distribution with
respect to depth shows some advection of larvae offshore, and the spatial distribution of mackerel
larvae also shows a major advection of larvae in the area covered by the Cantabrian Sea, mainly
off Asturias. As above, dominant winds dunng this season conform to the observed circulation and
distribution of the larvae in the Cantabrian area. The length distribution of mackerel reflects the
main features observed in geostrophic circulation, thus according to the direction of water transport
the larger larvae are found offshore. An area of retention is detected in the inner part of the Bay
of Biscay, which can also be seen in the geostrophic circulation chart (figure 5).

During SEFOS 595, circulation in the Bay of Biscay is characterized by the gyre structures that
cover the whole French platform and the Armorican shelf-break. The gyres determine a retention
of larvae within the structures and a displacement of particles in a circular movement. As most of
the gyres are located over the shelf, most of the larvae of both mackerel and horse mackerel also
appear in inshore waters and the larvae that appear in offshore waters correspond to the plankton
stations located off the Armorican shelf-break. The spatial distribution of the abundance of horse
mackerel larvae reflects the retention of most of the larvae in inshore waters. Also, the length
distribution reproduces the hydrographical structures, and a good agreement between both data
sets was found in the Armorican shelf, where the two anti-clockwise gyres are characterized by a
distribution of the smaller larvae in the outer boundary of the gyre and the larger ones in the centre



of the gyrer whxchxs the contrary than expected. This spatial distribution imply an additional
difficulty for the larvae to escape from these structures (figure 6).

Summary

Vanablhty in the distribution of larvae and eggs observed in SEFOS surveys in 1995 can be
explained by both the geostrophic circulation dominant during these surveys and by the bxologrcal
behavrour of the spawning stock, whose e eggs appear aggregated close to the 200 m contour line
'where the fernales of the target species spawn. This pattern of spatial distribution has been reported
prevxously in the literature. More than 50% of the larvae were found in the vicinities of the
spawnmg areas, and the remainder were found in both oﬁ’shore and inshore waters depending on
the season. The results described above show a good couplmg between larval dxstnbutxon (in terms
of both abundance and length dxstnbutron) and geostrophxc circulation in this geographic region
and is also in accordance with the dominant winds in the month of sampling.

Dnsplacemembywatercurremsmaﬁactofhfe forallpelagxc larvae and has been recognised as one
of the major dnvmg forces in fish dxstnbunon and recruitment. An inshore dnstnbutxon of larvae
was found in the French area of the Bay of Blscay in both LEBAL 295 and SEFOS 595, where the
circulation had retamed larvae over the shelf, thus good survival rates can be expected Meanwhxle,
off the Armorican shelf and in the Cantabrian area, some larvae are advected from the spawning
areas to the open ocean, where high mortality is expected and they may be lost»to the population.
Nevertheless, these distribution patterns refer to a single year and it must be borne in mind that
currents may depend on the season, large scale environmental processes affecting current systems,
and local hydrographmal conditions. Therefore, more research is required in order to confirm the
patterns observed in the SEFOS projects.

Acknowledgements’

We would like to thank all those who helped with this project, especially the crews of the R/V
Cormde Saavedra and R/V Investigador. We also express our sincere thanks to many friends who
made this study possible, especially our colleagues from Plymouth Marine Laboratory, Instituto
Espanol de Oceanografia and AZTI. This research has been supported by the Commission of the
European Communities (Project No. A[Rﬂ 1105), Instituto Espaiiol de Oceanografia (Project No.
115) and Departamento de Industria, Agncultura y Pesca del Gobierno Auténomo Vasco.

References

Arron. 1994, Report of the mackerelhorse mackerel egg production workshop. ICES_CM.
1994/H:4, 58 pp.



Campana, S.E., S.J. Smith & P.C.F. Hurley. 1989, An age-structured index of cod larval drift and

retention in the waters off southwest Nova Scotia. &MMMLEKDJQLM 191:
50-62.

Coombs, S.H.k and C.E. Mitchell. 1982. The development rate of eggs and larvae of the hake,
Merluccius merluccius (L.) and their distribution to the west of the British Isles. L. Cons, int,
Explor, Mer. 40: 119-126

Cushing, D.H. 1972, The production cycle and the numbers of marine fish. Symp. Zool. Soc,
Lond., 29: 213-232.

Diaz del Rio G., J. Alonso, M.J. Garcia, J.M. Cabanas and J. Molinero. 1992. Estudio dindmico

de la plataforma continental del norte de Galicia (Abnl-Jumo 1991). Inf, Tec, Inst, Esp, Oceanogr.,
134: 23 pp.

Franco, C., L. Motos, A. Sola & A. Lago de Lanzds. 1993. Horse mackerel (Imghumgghm
L.) egg distribution and stage I egg production estimates in Division VIIIb, ¢ and IXa in 1988,
1990 and 1992. [CES C.M, 1993/H:43, 7 pp.

Herra, T. 1989. Larval redfish drift migration in relation to hydrographic features. Rapp, P.-v,
. Réun, Const int, Explor, Mer, 191: 92-99.

Heath, M. 1989. Transport of larval herring (Clupea harengus L.) by the Scottish Coastal Current.
Rapp. P.-v, Réun, Const int. Explor, Mer, 191: 85-91.

Iles, T.D. and M. Sinclair. 1982. Atlantic herring: stock discreteness and abundance. Science,
215: 627-633.

Koutsikopoulos, C., L. Fortier & J.A. Gagne. 1991. Cross-shelf dispersion of Dover sole (Solea
solea) eggs and larvae in Biscay Bay and recruitment to inshore nurseries. J. Plankton Res., 13(5):
923-945.

Lago de Lanzds A., Sol4 A, Motos L. & Franco C. 1993. Mackerel (Scomber scombrus L.) egg
distribution and stage I egg production estimations in Divisions VIIIb, ¢ and IXa in 1988, 1990 and
1992, ICES CM. 1993/H:44, 7 pp.

Lockwood, S.J., J.H. Nichols & W.A. Dawson, 1977. The development rates of mackerel
(Scomber scombrus L.) eggs over a range of temperatures. [CES CM, 1977/J:13.

Nakata. H. 1989, Transport and distribution of fish eggs and larvae in the vicinity of coastal fronts.
Rapp. P.-v. Réun, Const int. Explor, Mer, 191: 153-159.

Pingree, R.D. 1993. Flow of surface waters to the west of the British Isles and in the Bay of



Biscay. Deep-Sea Research [I, 40(1/2): 369-388,

Pipe, R.K. & P. Walker, 1987. The effect of temperature on development and hatchmg of scad,
Trachurus trachurus L., eggs. L Fish Biol., 31: 675-682.

Smith, P.E. & S.L. Richardson. 1977. Standard techniques for pelaglc fish eggs and larval surveys.
EAOQ Fish, Tec, Paper, No. 175, 100 pp.

Sournia, A., J.M. Brylinski, S. Dallot, P. Le Corre, M. Leveau, L. Prieur & C. Froget. 1990. Fronts
hydrologiques ua large des cdtes francaises: Les sites-ateliers du programme Frontal.

Qceanological Acta, 13 (4): 413-438.

Ware, D.M. 1977. Spawning time and egg size of Atlantic mackerel Scomber scombrus, in relation
to the plankton. J, Fish, Res, Bd. Can., 34: 2308-2315.



Figure captions

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.

Figure 7.

Surveys carried out in 1995 by Spain within the framework of SEFOS.
Eggs percentage of different species at the three surveys.

Distribution and abundance of hake, mackerel and horse mackerel eggs.
Eggs and larvae abundances scatterplots of the target species vs.
topographic variable.

Hake larvae distribution, dynamic heights and hake larvae sizes in LEBAL
survey.

Mackerel larvae distribution, dynamic heights and larvae sizes in MPH 0395
survey.

Horse mackerel larvae distribution, dynamic heigth and larvae size in SEFOS
0595 survey.
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