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SUMMARY: Otolith daily increment analysis was used to describe the first growth season of young-of-the-year anchovy 
(Engraulis encrasicolus L.) in the Bay of Biscay. Anchovy larvae and juveniles were sampled during their growth season 
over a three year period (2004, 2005 and 2006). A logistic curve was fitted to the length at age data. At the end of the first 
year of growth, length was 168.3 mm, with a maximum growth rate of 1.85 mm day-1 for 73 days after hatching. Moreover, 
a Gompertz growth model was applied to estimate otolith growth parameters. At the end of the first year the otolith radius 
was 1759 µm, with a maximum growth increment of 22.19 µm day-1 observed 56 days after hatching. Standard length and 
otolith radius were closely related; however, this relationship showed a characteristic change from exponential in the larval 
stage to linear in the juvenile stage.
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RESUMEN: Crecimiento de la anchoa europea (Engraulis encrasicolus, L.) en el golfo de Bizkaia durante las 
etapas tempranas de su ciclo de vida. – Este trabajo describe el crecimiento de las etapas tempranas del ciclo de vida 
de la anchoa europea (Engraulis encrasicolus L.) en el golfo de Bizkaia mediante el análisis de la microestructura de los 
otolitos. Se capturaron larvas y juveniles de anchoa durante su periodo de crecimiento en tres años (2004, 2005 y 2006). El 
modelo de crecimiento logístico se ajustó a los datos de las tallas por edad. Al final del primer año de crecimiento, la talla 
estimada para la anchoa fue de 168.3 mm, con una tasa máxima de crecimiento de 1.85 mm día-1 a los 73 días después de 
la eclosión. Además, se aplicó el modelo de crecimiento Gompertz para estimar los parámetros de crecimiento del otolito. 
Al final del primer año, el radio estimado del otolito fue de 1759 µm, y la tasa de crecimiento máxima de 22.19 µm día-1 se 
obtuvo a los 56 días después de la eclosión. Se observó una estrecha relación entre la longitud estándar y el radio del otolito; 
sin embargo, mientras que en la fase larvaria dicha relación es exponencial, en el caso de los juveniles, pasa a ser lineal.

Palabras clave: anchoa europea, crecimiento, etapas tempranas, golfo de Bizkaia, otolito, relación longitud estándar–radio 
del otolito. 
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INTRODUCTION

In the Bay of Biscay, European anchovy (Engraulis 
encrasicolus L.) is an important species from both an 
ecological and commercial point of view (Uriarte et 
al., 1996). In this region, anchovy spawns primarily 
in highly productive areas, such as the Gironde and 
Adour river plumes, and partially on the shelf break. 
The spawning season extends from March to August 
with a maximum intensity peak between May and June 
(Motos et al., 1996; Bellier et al., 2007). The predomi-
nant north-easterly winds during summer transport 

larvae towards off-shelf waters. Consequently, the age 
and size of larvae increase from the river plumes to off 
the shelf (Cotano et al., 2008). In autumn, the juvenile 
distribution also shows a size- and age-dependent gra-
dient, but in this case, this distribution is the opposite 
to that of eggs and larvae. Relatively small and young 
juveniles are found off the shelf, whereas larger and 
older individuals are caught in the area influenced by 
the Gironde river plume (Aldanondo et al., 2010).

Annual recruitment is especially critical for anchovy 
mainly due to a complex life history coupled with a 
short life cycle. These two factors result in population 



228 • N. ALDANONDO et al.

SCI. MAR., 75(2), June 2011, 227-235. ISSN 0214-8358 doi: 10.3989/scimar.2011.75n2227

biomass depending on the strength of 1-year-old annual 
recruitment (Borja et al., 1996, 1998). In fact, in years 
with average recruitment, 1-year-old individuals com-
prise around 70-80% of the spawning population the 
following year, and therefore annual recruitment success 
depends on larval and juvenile survival in the previous 
summer (Irigoien et al., 2007). The population of Euro-
pean anchovy in the Bay of Biscay has undergone large 
interannual and interdecadal fluctuations in abundance 
(Uriarte et al., 1996; Borja et al., 1998). After several 
continuous recruitment failures since 2001, the stock of 
anchovy decreased until it collapsed in 2005, with the 
subsequent closure of the fishery (ICES, 2007).

Growth has been established as a critical parameter 
in the survival and subsequent recruitment of larval 
and juvenile marine fishes (Houde, 1989). In general, 
it has been suggested that individuals with the high-
est growth rates have a better chance of surviving due 
to the reduction in time at the most vulnerable stage 
(Anderson, 1988). Furthermore, it is known that large 
fluctuations in fish recruitment could be caused by a 
relatively small variation in growth during early life 
stages (Houde, 1989). Hence, knowledge of the growth 
rate of anchovy during early life stages is essential for 
understanding year class success and survival.

Otolith microstructure analysis is a useful tool for 
studying age, growth and mortality of larvae and ju-
venile fish (Folkvord et al., 2004; Hinrichsen et al., 
2007). This technique is based on the assumption that 
the increments in the otoliths are deposited at the rate of 
one per day, and that the age of the individuals can be 
estimated by counting these structures (Ivarjord et al., 
2008). Moreover, otolith size and fish size are highly 
correlated for a variety of marine species, and when 
this relationship is predictable, growth trajectories 
and histories can be back-calculated based on otolith 
increment width (Geffen, 1982; Campana and Neilson, 
1985; Moksness, 1992). However, given the potential 
use of the otolith as an individual record of size and 
growth, it is important to examine the factors that 
might affect this relationship (Hare and Cowen, 1995) 
because several examples of variable relations between 
fish growth and otolith growth have been documented 
(Mosegaard et al., 1988; Folkvord et al., 1996).

The literature on European anchovy growth during 
the early life stages is limited. Several studies have pre-
viously described larval growth of this species based 
on length at age data (Palomera et al., 1988; García et 
al., 2003; Cotano et al., 2008). Nevertheless, studies 
that include both larval and juvenile stages are scarce 
in the literature and they do not address the issue of 
growth modelling (Allain et al., 2003; Wilhelm et al., 
2005; Cermeño et al., 2008).

The aims of the current study were: (1) to describe 
both the somatic and otolith growth of anchovy during 
the first growth season in the Bay of Biscay; and (2) 
to evaluate the ontogenetic effect on the otolith size-
fish size relationship and the potential impact on the 
proportionality of otolith growth and somatic growth.

MATERIALS AND METHODS
	

Sample collection

Five surveys were carried out in the southeastern part 
of the Bay of Biscay (limited to 6ºW and 47º30’N) over 
a period of three years (2004, 2005 and 2006). Anchovy 
larvae and juveniles were sampled during their growth 
season in summer-autumn. The surveys covered the 
potential larvae and juvenile distribution areas between 
the Spanish coast and the continental shelf off Gironde 
(Irigoien et al., 2007; Cotano et al., 2008).

Anchovy larvae were sampled over a grid of sta-
tions distributed in coastal perpendicular transects in 
June 2004 and August 2005. Larvae were collected 
using a double Bongo net with 40 cm mouth diameter 
and 335 µm mesh size. The tows were oblique from the 
surface to a depth of 70 m, or to 5 m above the bottom 
in shallower waters. In order to obtain large larvae, a 
MIK (Methot Isaac Kidd) net with 1 mm mesh size 
was employed. The samples were preserved in 80% 
buffered ethanol until further analysis. Juveniles were 
sampled in September-October 2004, 2005 and 2006 
within the framework of the JUVENA acoustic survey. 
The basic sampling scheme was based on cross-shelf 
transect lines from the coast (20 m bottom depth) to 
beyond the self break. Juveniles were caught by purse 
seines (400 m in perimeter, 75 m height and 4 mm 
mesh size) and pelagic trawl nets (4 mm mesh size in 
the cod end), and frozen after being measured to the 
nearest mm for standard length (SL) on board. The sur-
veys and sampling details are described fully in Cotano 
et al. (2008) and Irigoien et al. (2008).

Otolith analysis

In the laboratory, SL was measured to the nearest 
0.1 mm for larvae and juvenile anchovy. Juvenile SL 
was corrected for shrinkage using a conversion factor 
of 1.019 (unpublished data). In order to obtain a repre-
sentative sample of the whole area and range of lengths, 
individuals from different locations (Fig. 1) and for all 
length ranges were processed. Sagittal otoliths were re-
moved and processed following the same methodology 
as the one used in Aldanondo et al. (2008) for larvae 
and Aldanondo et al. (2010) for juveniles. For juve-
niles, right sagittal otoliths were used for the analyses. 
Otoliths were analysed using a light microscope cou-
pled with an image analyser (Visilog, TNPC Software, 
v.3.2, Ifremer, France). Larvae and the central part of 
juvenile otoliths were read at ×1000 magnification in 
immersion oil. The outer part of juvenile otoliths was 
analysed at ×100 magnification. All increments were 
counted starting at hatch increment (Aldanondo et al., 
2008) and otolith radius (OR) was measured along the 
same axis from the core to the edge of the otolith on the 
post-rostrum side. The criteria described by Cermeño 
et al. (2008) were followed for daily increment inter-
pretation. Each otolith was read independently by two 
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readers; every otolith with a difference between read-
ers higher than 5% was rejected. For the rest, a third 
common interpretation was carried out and the result 
was recorded only if an agreement was reached. A total 
336 larvae and 224 juveniles was fully processed.

As daily increment deposition has been validated 
for European anchovy larvae (Aldanondo et al., 2008) 
and juveniles (Cermeño et al., 2003), the increment 
number was considered a proxy of age in days.

Data analysis

Data of length at age and otolith radius at age were 
fitted to different growth models: logistic, Gompertz 
and von Bertalanffy. Both the logistic and Gompertz 
models showed adequate fits to the data; however, a 
von Bertalanffy model did not describe growth during 
the first growth season, and thus it was removed from 
the analysis.

The following formulations of the logistic (Rick-
lefs, 1967) (1) and the Gompertz (Ricker, 1979) (2) 
model growth equations were used:

	 L
L

t k t t=
+

∞
− −1 0exp ( ) 	 (1)

	 L Lt

K t to
= ∞

− − −

exp exp ( )
	 (2)

where, Lt is the SL (mm) or OR (µm) at t days from 
hatching, L∞ is the asymptotic SL (mm) or OR (µm) 
at the end of the first growth year, k is the instantane-
ous growth rate when t tends to t0, t is the number of 
days from hatching and t0 is the abscissa of the inflec-
tion point, which corresponds to the maximum growth 
rate. These parameters were derived with the nolinear 
least squares method. Finally, as the variance in length 
was not homogeneous, a weighting factor equal to the 
inverse of age was introduced into the least-squares 
analysis to yield parameter estimates with the smallest 
variance (Box et al., 1978). Daily growth was estimat-
ed as the difference in SL between consecutive days.

Differences in otolith growth trajectories were as-
sessed based on daily increment widths. Given that 
daily growth data is auto-correlated, since the same 
individuals are compared at different ages, repeated-
measures multivariate analysis of variance (MANO-
VA) was used to compare individual growth trajecto-
ries (Chambers and Millers, 1995; Meekan and Fortier, 
1996). As variance increased with age, increment width 
data sets were natural log-transformed prior to analy-
sis. Comparisons were made between groups with the 
null hypothesis of no differences, and Wilk’s Λ was 
used as the statistical test.

RESULTS

Anchovy SL ranged between 3.1 and 146.8 mm for 
individuals of between 1 and 108 days old. Length at 
age data was well described by logistic and Gompertz 
models. The two curves employed to describe anchovy 
growth during the first growth season explained a high 
percentage of the variability in SL (R2=0.95). Residual 
values obtained for both curves were quite similar dur-
ing larval and juvenile stages (Fig. 2). However, the two 
models obtained different estimates for growth parame-
ters (Table 1). Considering these values, a logistic model 
was selected to describe anchovy growth (see Discus-
sion). According to the growth curve, a mean length of 
168.3 mm SL was reached at the end of the first growth 
season, and a maximum somatic growth of 1.85 mm 
day-1 was found at 73 days after hatching (Fig. 3).

Fig. 1. – Location of the study area in the Bay of Biscay. (a) Larval 
otolith sampling location is representing by crosses in 2004 and tri-
angles in 2005. (b) Juvenile otolith sampling location is illustrated 

by dots in 2004, crosses in 2005 and triangles in 2006.

Table 1. – Estimates of somatic growth parameters for young-of-
the-year anchovy in the Bay of Biscay. L∞, asymptotic standard 
length (mm); k, growth coefficient; t0, the abscissa of the inflection 

point (days).

	 Logistic		  Gompertz	
	 Estimate	 SE	 Estimate	 SE

L∞ 	 168.3	 ±0.69	 336.3	 ±3.90
k	 0.044	 ±0.001	 0.015	 ±0.001
t0	 73.93	 ±2.13	 96.20	 ±7.27
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Fig. 2. – Plots of standard length residual values for (a) logistic and (b) Gompertz growth equations at age.

Fig. 3. – Logistic curve (solid line) fitted to standard length (SL) at 
age (t) data. Daily growth rates (broken line) have also been plotted 
considering the difference in standard length between consecutive 
days obtained with the logistic curve. The crosses represent the lar-
vae and the dots the juveniles. L∞, asymptotic standard length (mm); 
k, growth coefficient; t0, the abscissa of the inflection point (days).

Fig. 4. – General growth pattern of juveniles sampled in different 
years. SL, standard length; t, age.

Fig. 5. – Morphological development of European anchovy sagittal otolith during larval and juvenile stages. (a) 14 mm in length anchovy, (b) 
21 mm in length anchovy, (c) 29.6 mm in length anchovy, (d) 31.2 mm in length anchovy, (e) 39.8 mm in length anchovy.
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Likewise, the length at age relationship for each year 
was analysed for anchovy juveniles (Fig. 4). This rela-
tionship was described well by exponential regression 
and significant differences between the slopes of these 
curves were found (ANCOVA, P<0.05). The juvenile 
population in 2004 had the highest growth rate (0.95 mm 
d-1 at 40 days). The estimated growth for the individuals 
sampled in 2005 was 0.73 mm d-1 at 40, and this value 
increased to 0.89 mm d-1 for the 2006 population.

In relation to sagittal otolith development, the oto-
lith was circular in shape for larvae under 15 mm in SL, 
since the antero-posterior axis was not distinguishable 
(Fig. 5a). The otolith shape then changed and became 
elongated as growth was more intense along this axis 
(Fig. 5b, c). In addition, fold structures were observed 
at the margin of the otolith (Fig. 5d). At this stage, the 
otolith resembled the adult otoliths in individuals over 
30 mm in SL (Fig. 5e).

Otolith radius at age data was also described by 
the logistic and Gompertz models. The two curves 

employed to describe otolith growth during the first 
growth season explained a high percentage of the 
variability in OR (R2=0.97). Residual values obtained 
from logistic and Gompertz curves were quite similar 
although smaller for the latter during the larval stage 
(Fig. 6). In fact, negative values were observed for the 
logistic model during this stage, which suggests an 
overestimation of OR. Thus, the Gompertz model was 
used to fit otolith radius at age data. Anchovy OR at 
the end of the first growth season was 1759 µm and a 
maximum growth of 22.19 µm day-1 was found at 56 
days after hatching (Fig. 7).

The relationship between OR and SL was high 
and significant, and was expressed as an exponential 
function for larval stage (OR=3.85exp0.16SL, n=336; 
R2=0.93; P<0.001). However, this relationship showed 
a marked change and was given by a linear function 
for the juvenile stage (OR=102.72+10.56SL, n=224; 
R2=0.95; P<0.001) (Fig. 8).

The otolith daily growth patterns were compared for 
larvae and juveniles during their larval stage (repeated-
measures MANOVA, Table 2, Fig. 9). The sampled 
larvae had the narrowest increment throughout the first 

Fig. 6. – Plots of otolith radius residual values for (a) logistic and (b) Gompertz growth equations at age.

Fig. 7. – Gompertz curve (solid line) fitted to otolith radius (OR) at 
age (t) data. Daily growth increments (broken line) have also been 
plotted considering the difference in otolith radius between consec-
utive days obtained with the Gompertz curve. The crosses represent 
the larvae and the dots the juveniles. L∞, asymptotic otolith radius 
(µm); k, growth coefficient; t0, the abscissa of the inflection point 

(days).

Fig. 8. – Regressions of otolith radius (OR) on standard length (SL) 
for larvae and juveniles. Vertical dashed line shows the split be-

tween larvae and juveniles.
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28 days. The juveniles showed a different trend and 
there were significant differences between the trends 
for larvae and juveniles (Wilk’s Λ=0.57, P<0.001).

DISCUSSION

The degree of size selection is an important issue 
in age and growth studies since growth varies among 
individuals of a cohort (Butler, 1992). In the current 
study, the whole size range from larvae to juveniles 
was covered by the gears used (Bongo, MIK, purse 
seine and pelagic trawl). However, the methodology 
applied is not free from specific sources of uncertainty, 
and so the sampled otolith data may be biased. It is 
known that the maximum size of larvae collected in 
plankton nets is mainly determined by net avoidance, 
which is a function of individual size and condition 
(Butler, 1992; Somarakis et al., 1998). Therefore, 
there is a strong possibility that among older larvae 
plankton nets would tend to catch those with a lower 
growth rate, since fast growing individuals would have 
reached a size and movement capabilities that would 
allow them to avoid nets. This effect has been checked 
when individual growth trajectories for larvae and ju-
veniles during their larval stages were compared (Fig. 
9). This would lead to an underestimation in the growth 
calculation. Another potential source of bias may come 
from the beginning of aggregation in the size range 10-
15 mm in SL (Cotano et al., 2008). When present, this 
size class was efficiently captured in the MIK, but as it 
appeared aggregated in space, the equidistant sampling 
gear was not adequate. In addition, the schools were 
still too small to be identified by acoustics (Irigoien et 

al., 2008). These effects were observed for the larval 
data set used in this study (Figs. 3 and 7).

It was necessary to group data from different years 
(2004, 2005 and 2006) in order to cover the age range 
as much as possible, although this grouping may have 
affected the general growth pattern (Simard et al., 
1992). Interannual variability in growth for anchovy 
has not been previously reported in the Bay of Biscay. 
However, this seems to be due to the lack of studies 
on this issue because significant differences in growth 
were observed in the present studies. Nevertheless, as 
Simard et al. (1992) stated, including data from differ-
ent years may be considered as an advantage, since it 
provides a general description of the growth pattern.

The statistical analysis suggested that a logistic 
curve was the best equation for explaining growth in 
length for anchovy during their first growth season. 
It should be noted that this model did not describe 
anchovy growth satisfactorily during the early larval 
stage (Fig. 3), as it overestimated the length of newly 
hatched larvae. This may be due to the lack of faster 
growing late larvae in the growth model data, and 
therefore the inclusion of such data would improve 
the logistic model fitting. Several studies have pre-
viously described the growth of this species with a 
von Bertalanffy model based on adult length at age 
data (Morales-Nin and Pertierra, 1990; Bellido et al., 
2000; Basilone et al., 2004). Nonetheless, studies on 
the early life stages of anchovy, particularly those 
that include both larval and juvenile stages, are scarce 
in the literature and they do not address the issue of 
growth modelling (Allain et al., 2003; Wilhelm et al., 
2005; Cermeño et al., 2008).

The results obtained indicate that the L∞ reached 
by anchovy at the end of their first season varied sig-
nificantly between populations. The L∞ obtained in the 
present study (168.3 mm) is significantly higher than 
those published by Bellido et al. (2000) and Basilone 
et al. (2004), which back-calculated a mean body 
length at the first annulus of 113 and 116 mm respec-
tively. However, the significance of these differences 
is doubtful, since the calculation of this coefficient is 
considerably affected by the range of individuals used 
in the analysis.

Size at the end of the first growing season reflects 
both larval and juvenile growth. The L∞ yielded by the 
logistic model (168.3 mm) falls within the range of 105 
to 180 mm in length reported for 1-year-old anchovy 
in the Bay of Biscay (Junquera and Perez-Gándaras, 
1993), resulting in a reliable length estimator. How-
ever, the Gompertz model did not provide a realistic 
estimation of length (336.3 mm), although this may be 

Table 2. – Results of repeated-measures MANOVA comparisons of individual growth trajectories.

Stage	 Source	 df		  Wilk’s Λ	 F	 P
		  Numerator	 Dominator		  	

Larvae/Juveniles	 Stage	 1	 241	 0.7604	 75.9	 <0.001
	 Age	 1	 215	 0.0110	 712.3	 <0.001
	 Stage × Age	 1	 215	 0.5750	 5.8	 <0.001

Fig. 9. – Average otolith increment widths at age (t) for larvae and 
juveniles during their larval stage.



GROWTH OF ANCHOVY IN THE BAY OF BISCAY • 233

SCI. MAR., 75(2), June 2011, 227-235. ISSN 0214-8358 doi: 10.3989/scimar.2011.75n2227

due to the lack of older juveniles in the growth model 
data. In this sense, an additional juvenile sampling in 
late autumn would improve the Gompertz model fit-
ting. Although both models displayed similar goodness 
of fit and distribution of residuals, when the estimated 
parameters were considered, the logistic model was 
selected over the Gompertz model in order to describe 
anchovy growth.

The average growth rate estimated by the logistic 
model during the larval stage (for larvae younger than 
30 days old) is 0.6 mm day-1. This value is similar to 
those observed by Cermeño et al. (2008) and Cotano 
et al. (2008) in the same area, which estimated a mean 
growth during the larval stage of 0.65 and 0.61 mm 
day-1 respectively. Furthermore, the mean growth rate 
calculated in this study is within the range of 0.40 to 
1.0 mm day-1 reported for this species in Mediterranean 
waters (Palomera et al., 1988, 2007; García and Palom-
era, 1996; Dulčić, 1997; García et al., 2003). The esti-
mated maximum somatic growth rate is 1.85 mm day-1. 
Unfortunately, no references to this were found in the 
literature so our results could not be compared with 
those of other studies. For small pelagic species, there 
is only one other reference for this area, which reports 
a value of around 2 mm day-1 (Cotano and Álvarez, 
2003), but it is for mackerel (Scomber scombrus L.), 
which is a considerably larger species. This similarity 
in growth rate during the first growth season points out 
the high growth of anchovy in the Bay of Biscay.

When otolith growth was analysed, an estimated 
maximum growth increment of 22.19 µm day-1 was 
found at 56 days after hatching. Several authors have 
studied the otolith growth of this species in the Bay 
of Biscay. A study by Cermeño et al. (2008) found 
a maximum average increment width of 18 µm day-1 
for the period of 40 to 60 days after hatching, simi-
lar to those measured in the present study. However, 
Allain et al. (2003, 2007) showed an average maxi-
mum growth increment of 12 µm day-1 for 40 to 50 
days after hatching. Although the difference in otolith 
growth between these studies is evident, a comparison 
is not possible as the criteria employed by Allain et al. 
(2003, 2007) to interpret the otolith daily increment are 
unknown. However, it is likely that the observed dif-
ference between these studies is related to the different 
interpretation criteria.

Otolith derived growth rates for juveniles dur-
ing their larval stage were significantly higher than 
those of larvae (Fig. 9). This could provide evidence 
of size-selective mortality, although it is not possi-
ble to draw a definitive conclusion due to the limited 
the sample size. Size-selective mortality infers that 
individuals that develop faster and make the larval 
to juvenile transition at younger ages have a lower 
probability of mortality (Cowan et al., 1996). Further-
more, size-selective mortality in early life stages has 
been previously reported in several field studies (e.g. 
Meekan and Fortier, 1996; Hare and Cowen, 1997; 
Cotano and Álvarez, 2003).

A response lag of otolith growth compared with so-
matic growth has been observed in this study. A peak 
in the otolith growth rate, observed at around 53 mm in 
SL, differs from the length when the somatic growth is 
at a maximum, at around 82 mm in SL. A similar lag has 
been observed for other fish species (Secor and Dean, 
1989; Folkvord et al., 1997; Otterlei et al., 2002), which 
indicates that there is not a simple proportional relation-
ship between otolith growth and somatic growth. In 
terms of the function of the otolith, it may be important 
for young individuals to attain otoliths of a certain size 
quickly, while somatic growth may increase or decrease 
more variably under different conditions (Popper and 
Coombs, 1980; Neuman et al., 2001).

The relationship between SL and OR showed a 
characteristic change from exponential in the larval 
stage to linear in the juvenile stage. Recently, La Mesa 
et al. (2009) modelled this relationship for the same 
species in the Adriatic Sea and found a marked ontoge-
netic shift at about 40.7 mm in length, which would 
correspond to the size of anchovy at metamorphosis 
(Ré, 1996; Santos et al., 2007). Similar results have 
also been obtained by several authors for other species 
(Campana, 1984; Haren and Cowen, 1995; Neuman et 
al., 2001; Otterlei et al., 2002). This change implies 
that the relationship between otolith size and fish size 
is not constant throughout the anchovy’s lifetime.

Given such a relationship, increment width is not 
directly proportional to growth during larval stage and 
the age at which increment width becomes asymptotic 
may mark the period of metamorphosis. Hence, unless 
the size at metamorphosis is known, back-calculation 
of growth from juveniles to larvae generally cannot be 
performed.

The sagittal otolith of anchovy undergoes several 
morphological changes such as fish growth, especially 
during metamorphosis. Otoliths of 35 day-old juve-
niles have a shape and microstructure similar to that 
observed in adults. In terms of the function of the oto-
lith in hearing and maintaining equilibrium (Popper 
and Coombs, 1980), this adult-like otolith shape would 
enable fish to navigate in different environments, to 
pursue prey and to detect approaching predators (Xie 
et al., 2005). Recently, strong evidence has been pro-
vided that late larvae and early juveniles (15-30 mm 
in SL) are able to begin schooling behaviour (Cotano 
et al., 2008) and even to initiate active movement to-
wards coastal waters (Aldanondo et al., 2010).

In the Bay of Biscay, young-of-the-year anchovy 
is recruited to the stock in summer and autumn. The 
results of this study highlight the high growth rate of 
this species during the larval and juvenile stages, sug-
gesting that the Bay of Biscay provides favourable 
conditions for growth of anchovy during the summer 
months. The relationship between somatic and otolith 
growth is complex and influenced by ontogenetic ef-
fects. Current back-calculation techniques, which as-
sume that otolith and somatic growth have a constant 
proportional relationship, should therefore be used 
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with caution to account for this effect. Identifying the 
factors that control anchovy growth and mortality will 
lead to understanding the long-term changes in the 
abundance of the anchovy stock.  
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