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Seasonal variations in the growth of anchovy larvae
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SUMMARY: Age and growth rates of the anchovy larvae (Engraulis anchoita) in Argentine waters were estimated by
analysing daily growth increments in sagittal otoliths under light microscope. The samples were collected during 2000 on the
Argentine coastal shelf using a Bongo net. A total of 251 larvae were analysed (size range 3.5 to 12.2 mm standard length).
Length-at-age and standard length-otolith radius relationships were best described by linear models. We put forward the
hypothesis of differential larval growth in anchovy in relation to seasonality. Mean growth rates at four days before capture
were determined by back-calculation and analysed in relation to temperature. The growth rate values obtained from the linear
growth models were 0.51 mm day-1 (spring), 0.41 mm day-1 (summer) and 0.42 mm day-1 (autumn). Significant variations
were detected between spring and summer and between spring and autumn. These variations do not seem to be associated
with a thermal influence.
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RESUMEN: Variaciones estacionales en el crecimiento de larvas de anchoíta (Engraulis anchoita) en la zona
costera argentina. – Se determinó la edad y el crecimiento de larvas de anchoíta (Engraulis anchoita) mediante el conteo
y medición de los incrementos diarios de los otolitos sagitta. Las larvas fueron capturadas en la Plataforma Costera Argentina
durante el año 2000 por medio de una red Bongo. Se analizaron un total de 251 larvas entre 3.5 a 12.2 mm. Las relaciones
talla-edad y talla -radio del otolito se representaron mediante modelos lineales para cada estación del año (primavera-veranootoño). La mayor tasa de crecimiento, calculada como la pendiente de los modelos talla -edad, se registró en primavera
(0.51 mm dia-1) la menor en verano (0.41 mm dia-1), mientras que otoño presentó una tasa de crecimiento intermedia (0.42
mm dia-1). Si bien no se encontraron diferencias significativas en las tasas de crecimiento entre verano y otoño, sí las hubo
entre primavera y verano y entre primavera y otoño. Se calculó una tasa de crecimiento larvaria 4 días antes de la captura
mediante retrocálculo y se la relacionó con la temperatura. Las variaciones en el crecimiento no parecen relacionarse con la
influencia térmica.
Palabras claves: anchoíta, Engraulis anchoita, crecimiento larval, otolitos, edad.

INTRODUCTION
The anchovy Engraulis anchoita is the most
abundant and widely distributed pelagic species in
the south western Atlantic. The Argentine shelf is the
largest in the southern hemisphere with a total area
of about 1000000 km2. Two stocks of anchovy have
been identified on the Argentine Shelf: the Bonaerensis stock (34°S-41°S), and the Patagonian stock

(41°S-48°S) (Hansen et al., 1984; Ratti, 1986). Commercially the Bonaerensis stock is the most important
and biomass fluctuations from one to six millions
tons have been detected (Hansen, 2004). Apart from
its commercial value, the anchovy has a relevant ecological role, as it is one of the main components of the
diet of other commercial species such as hake (Angelescu, 1982), and also of marine mammals (Crespo et
al., 1997) and sea birds (Mauco et al., 2001).
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Table 1. – Sampling data, number of larvae analysed and sea surface temperature.
Location
Additional 1
E.P.E.A.
E.P.E.A.
E.P.E.A.
E.P.E.A.
E.P.E.A.
E.P.E.A.
Additional 2
E.P.E.A.

Cruise name

Station

Date of cruise

Range (mm)

n

Sea surface temperature (°C)

CC 02
CC 04
CC 09
CC 13
CC 15
CC 32
CC 34
CC 35
CC 37

summer
summer
autumn
autumn
autumn
spring
spring
spring
spring

18-Jan
03-Feb
29-Mar
10-May
20-May
03-Nov
17-Nov
21-Nov
01-Dec

4.0-12.2
3.7-6.0
4.0-11.1
3.5-9.8
4.3-5.8
4.0-6.5
4.2-6.8
6.3-11.2
3.9-10.2

76
19
30
48
7
22
12
24
30

21.0
21.3
19.3
16.9
15.0
12.6
13.6
12.6
15.5

The reproductive activity of the Bonaerensis stock
occurs throughout the whole year; however, massive
spawning takes place during spring, mostly in waters
shallower than 50 m (Sánchez and Ciechomski, 1995),
covering an area of 100000 km2. A second spawning
peak occurs in autumn. The extensive distribution of
the spawning sites implies that the species is subject to
a broad range of environmental conditions at time of
the eggs and larvae development.
Factors affecting the recruitment level are crucial
during larval periods. Larval survival is related to
growth and mortality (Houde, 1996), i.e. accelerated
growth reduces the period during which individuals are
smallest and are therefore more vulnerable to predation
(Bailey and Houde, 1989). Since the study by Panella
(1971), the analysis of daily growth increments in otoliths has been applied broadly to age various fish larvae
and juveniles, thereby contributing to the knowledge
of vital parameters (age, growth and mortality). These
records of daily events during the early life history of
fish, remain unaltered through time (Jones, 1992). The
studies of vital parameters of larvae throughout the
reproductive season therefore contribute to the recruitment knowledge of this species.
Previous reports on larval growth of E. anchoita
have mainly been carried out in Brazilian waters
(Castello and Vasconcellos, 1995; Kitahara and
Matsuura, 1995; Ekau, 1998; Castello and Castello,
2003). The existing information on anchovy larval
growth in Argentine waters is fragmented and preliminary (unpublished data), or based on experimental conditions (Sánchez, 1995). Brown and Sánchez
(in press) estimated the growth of anchovy larvae
collected on the Patagonian shelf, but there are no
previous published works on larval growth of this
species for the Bonaerensis stock. The aim of this
study was to analyse the larval growth of E. anchoita
throughout the year by analysing the microstructure
of daily depositions in the sagittal otoliths for the
Bonaerensis stock.

MATERIALS AND METHODS
Sampling
A total of 268 anchovy larvae were collected during nine research cruises (Table 1). These cruises were
carried out by the research vessel ‘Capitán Cánepa’
(INIDEP) from January to December 2000. Sampling
was performed at the station EPEA (Estación Permanente de Estudios Ambientales) located at 38°28’S
and 57°41’W (Fig. 1). Anchovy larvae were also
captured at two stations located near the EPEA (additional station 1: 38°20’S 56°50’W and additional
station 2: 38°00’S 57°03’W).
A Bongo net with 300 µm mesh and a flowmeter
were used. A SCANMAR sensor was mounted on the
sampler to determine the depth. The maximum bottom
depth was 45 m and the gear was operated obliquely,
from 5 m above the bottom to the surface, at 2.5 knots
for fifteen minutes. The plankton material was preserved in 96% ethanol. The sea surface temperature
(SST) was measured with a SeaBird SBE1901 CTD
°S
35°
36°
37°
Mar del Plata

Ad. 2
Ad. 1

E.P.E.A

38°
39°
40°

50 m

Argentine
Sea

41°
42°

°W 62° 61° 60° 59° 58° 57° 56° 55° 54° 53°
Fig. 1. – Study area and sampling sites for anchovy larvae off the
Argentinean coast (SW Atlantic).
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at all stations. The SST was considered because in
stratified waters the anchovy larvae tend to be situated above the thermocline (Ciechomski et al., 1986;
Sanchez et al., 1999).
Laboratory analysis
Anchovy larvae were identified according to the
description given by Ciechomski (1965). For each
specimen the standard length (SL) was measured
using an ocular micrometer attached to a dissecting
microscope. The sagittal otoliths were removed from
the heads of the larvae and mounted onto glass slides
and covered with Pro-texx (a transparent mounting
medium) for examination by light microscopy.
Otolith increments were observed under a Zeiss
Axioscop binocular microscope (1000 X) fitted with
an image analysis system. Image enhancement and
analysis was conducted using Kontron® software. The
widths of daily increments were examined along the
longest radius and counted and measured starting at
the hatch check (Campana and Jones, 1992). Deposition of increments was assumed to be daily according
to what is known from observations of other anchovy
species, like E. japonicus (Tsuji and Aoyama, 1984),
E capensis (Thomas, 1986), and E. encrasicolus (Cermeño et al., 2003).

SL = b.t + a

where t is the number of increments in the otoliths, SL
is standard length at age t, a is the y-axis intercept, and
b is the slope, linear growth rate (mm day -1).
These growth rates estimated as slopes were
compared statistically by analysis of covariance (ANCOVA, Zar, 1984).
To analyse the seasonal effect on the width of the
increments, the mean increment widths (IW) were
grouped according to season (spring, autumn and
summer) and plotted as a function of larval age.
Power relationships between SL and OR were
established:
SL = a ORb
where SL is the standard length (mm), a and b are
regression parameters, and OR is the otolith radius
(µm).
To analyse differences between seasons, these
equations were linearised using natural logarithms
and compared by ANCOVA.
In order to assess the influence of environmental temperature on larval growth, a recent growth rate 4-days
before capture (G4) was calculated according to:
G4 = (Lc – L4) / 4

Data analysis
For the seasonal study of larval growth the larvae
were grouped according to the season in which they
were collected. Both sagittal otoliths of each larva
were considered for the microstructure analysis. Differences in the number of increments and otolith radii
(OR) in the right and left otoliths were tested with a
t-test (Zar, 1984). The number of increments from
hatch check was assumed to be the larval age. One
way ANOVA was performed to analyse differences
between mean hatch check of each seasonal group.
Back-calculation by counting daily increments
was used to determine the temporal distribution of
birth dates.
Individual growth rate (IGR) was estimated as:
IGR = (total length – 4 mm) / number of increments
IGR values were only determined for two larval
cohorts (see “Results”).
Size-at-age data of anchovy larvae were expressed
as linear functions of age:

(1)

(2)

where Lc is the larval size (SL) at capture, and L4 is
the back-calculated larval size (SL) four days before
capture.
After verifying linearity between SL and OR, the
L4 values were estimated for each larva according
to the biological intercept method (Campana, 1990;
Campana and Jones, 1992):
L4 = Lc + (OR4 – ORc) (Lc – L0) (ORc – OR0)–1

(3)

where L0 is the larval size (SL) estimated at first increment deposition (4 mm), OR4 is the otolith radius
measured four increments (days) before capture,
ORc is the otolith radius measured at capture, and
OR0 is the otolith radius measured at first increment
deposition.
The G4 values were plotted against the SL. To
relate G4 to thermal influence a linear regression
analysis was performed. Temperature values registered at the time of sampling were assumed to be
constant during the last four days before larvae were
captured.
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RESULTS
Surface temperature values varied between 12.6°C
and 21.3°C (winter and summer respectively, Table
1). A detailed study of the annual fluctuations in the
thermal field and additional oceanographic characteristics of the study area (EPEA) have been extensively analysed by Lutz et al. (2006). They observed
a typical annual cycle in the water column stability
of temperate seas. In summer, a strong thermocline
at 25 m was observed. This thermocline began to
disappear in the early autumn and the water column
was totally homogeneous during autumn and winter.
At the beginning of spring, with the increase in the
temperature, the thermocline formed again (see Fig. 2
in Lutz et al., 2006).
Anchovy larval size ranged from 3.5 to 12.2 mm
SL. The sagittal otoliths of E. anchoita were approximately round. The mean distances of the otolith nuclei (hatch check) were 6.6 µm (n = 98, SD = 0.6), 6.5
µm (n = 76, SD = 0.6) and 6.4 µm (n = 81, SD = 0.5)
for larvae collected in summer, autumn and spring
respectively. No differences in hatch check among
seasons were detected (ANOVA, p>0.17). The increments were easily identifiable under transmitted light
microscopy. From 0 to 26 increments were counted
and measured for the anchovy larvae and the first
prominent ring was observed at a larval size around
4 mm. No differences in radii or increment number
between the left and right otoliths were observed (n
= 105; t-test, p>0.7 otolith radii; n = 88; t-test, p>0.6,
increment number).
Several larval cohorts were identified by backcalculation of hatching dates (Fig. 2). All the larvae
collected in spring and summer were born in a period
of 30 to 40 days. Larval births were not detected in
two short intervals of three days in spring and ten
days in summer (Fig. 2, a and b). It was assumed that
larval growth was similar for the cohorts hatched in
those 30 to 40 day periods, and all the cohorts were
seasonally grouped for growth analysis. However,
larvae collected in autumn were born in a period of 70
days and the interval with no larval births was longer
than in spring and summer (30 days). Since there may
be differential growth in autumn cohorts, individual
mean growth rates (IGR) were compared between
two main larval groups in autumn (Fig. 2 c). The IGR
values were identical (0.36 mm day-1), and therefore
the autumn larval cohorts were grouped together.
Length-at-age data of anchovy larvae collected
during the three seasons (spring, summer and au-

Fig. 2. – Hatching dates for different seasons: A. summer, B. autumn and C. spring (CC: cruise name).

tumn) were fitted in three different linear models
and analysed separately (Fig. 3). ANCOVA on the
linear growth rate (slope b) data showed significant
differences between spring and summer and between
spring and autumn (p<0.01). Differences between
summer and autumn were not detected (p>0.3). The
mean growth rate was more elevated in spring (0.51
mm day-1) in comparison with summer and autumn
(0.41 to 0.42 mm day-1 respectively). The y-intercept
values, which represent the larval size at first increment deposition, varied in quite a narrow range (3.6
to 3.9 mm). The lowest value of the intercept (3.6)
was coincident with the highest slope in spring (0.51
mm day-1) and as a consequence the slope could be
artificially increased. To solve this difficulty a test
of equal coefficients (Fomby et al., 1984) was per-
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Fig. 4. – Average width of otolith increments measured in anchovy
larvae captured in summer, autumn and spring.

ered when differences in slopes among seasons were
analysed, because there were larger otoliths in summer and autumn in comparison with spring (Fig. 5).
No significant differences in slopes were observed
between seasons (ANCOVA, p>0.1).

Fig. 3. – Linear relationships between anchovy larval standard
length and number of daily increments in the otoliths. A) summer,
B) autumn, C) spring.

formed in order to analyse differences between the
three intercepts. There were no significant differences
(p>0.35), hence a common intercept was established
(3.8 mm) and the new slopes were statistically compared. Slopes between spring and summer (p<0.01),
and between spring and autumn (p<0.01) continued
to be different, whereas slopes between autumn and
summer (p>0.4) were similar.
The mean daily increment width changed little
over the analysed period and did not show any general tendency with respect to age (Fig. 4). The mean
values were similar and ranged from 0.5 to 1.9 µm
(spring); from 0.2 to 2 µm (summer); and from 0.4
to 1.9 µm (autumn).
Plots of standard length (mm) and otolith radius
(mm) were fitted for the three seasons in three power
models (Fig. 5). The same data range was consid-

Fig. 5. – Allometric relationships between the maximum otolith radius and standard length of anchovy larvae. A) summer, B) autumn,
C) spring.

SCI. MAR., 74(2), June 2010, 267-274. ISSN 0214-8358 doi: 10.3989/scimar.2010.74n1267

272 • E. LEONARDUZZI et al.

DISCUSSION

Fig. 6. – Scatter plot of the standard length and recent growth rate
estimated from the last four increments of the otoliths (G4).

The values of G4 were higher in relation to larval
size, mainly for smaller larvae from approximately
4 to 6 mm (Fig. 6), which shows the dependence of
larval size on larval growth. To overcome this problem, before analysing G4 in relation to temperature,
the larvae were grouped into two size intervals (4 to
6 and 6.1 to 12 mm). The G4 values were not related
to sea surface temperature in either of the intervals
(4-6 mm: R2= 0.005, n = 127, p>0.4 and 6.1-12 mm:
R2= 0.01, n = 105, p>0.1) and high variability was
observed (Fig. 7).

Fig. 7. – Scatter plot of recent growth rate estimated four days before capture (G4) on surface water temperature. A) size interval:
4 – 6 mm, B) size interval: 4.1 - 6 mm.

The study area (EPEA) corresponds to ‘Coastal
Waters’ due to its proximity to the 50 m isobath, but it
may sometimes be influenced by advection of ‘Middle
Shelf Waters’ of subantarctic origin, and on particular
occasions by fresh water from La Plata river (Carreto
et al., 1995). In the sector off Buenos Aires Province,
there was a clear seasonal pattern in physical conditions
throughout the study period. This was evident by the
formation and rupture of the seasonal thermocline and
changes in cholorophyll-a. In addition, salinity values
did not suggest the influence of La Plata river waters at
the EPEA station (Lutz et al., 2006). For this reason,
the ichtyoplankton sample collected near the EPEA
was considered to be within the same water mass.
In this work the number of increments was considered as the larval age. According to other studies on
Engraulid larvae, the first daily growth increment is
deposited at the end of the yolk sac stage, which coincides with exogenous feeding. The corresponding age
and larval length at that moment varies by an interval
of 2 to 4 days depending on the Engraulis species
(Brothers et al., 1976; Regner, 1985; Palomera et al.,
1988; Takasuka and Aoki, 2006). As we do not have
this information for E. anchoita we have assumed that
the number of increments counted from first check to
be the larval age.
The best fit of length-age data was obtained with
linear models. In Brazilian waters larval growth of E.
anchoita has been estimated using the Laird-Gompertz
models for larvae ranging from 8 to 32 mm standard
length (Castello and Vasconcellos, 1995; Kitahara and
Matsuura, 1995). Due to the narrow range of data, a
linear model was more appropriate for representing the
data fit with the advantages of an easy interpretation of
the data and comparison of growth rates (Campana and
Jones, 1992). In this work the length-otolith radius relationships were allometric. However, linear relationships
have been fitted previously between OR and SL in E.
anchoita larvae (Castello and Vasconcellos, 1995). In
agreement with this study, Takasuka and Aoki (2006),
working with a large number of larvae of E. japonicus
(n = 1140), found a power relationship between standard length and otolith radius. The absence of a definite
trend in the increment widths showed constant otolith
growth during the period analysed. Furthermore, the
similar hatch check among seasons indicates identical
otolith sizes at larval hatching. Such constant otolith
growth coincided with the constant growth rates estimated by the length-age models. It should be taken
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Table 2. – Growth rate comparison for Engraulis anchoita larvae of SW Atlantic. T: temperature, TL: total length, SL: standard length, t:
days. (1) This work; (2) Brown and Sánchez, in press; (3) Castello and Castello, 2003; (4) Kitahara and Matsuura, 1995; (5) Castello and Vasconcellos, 1995; (6) Ekau, 1998; * Instant growth rate obtained by deriving the Laird-Gompertz model with respect to larval sizes (10, 20 mm).
Ecosystem
Coastal station off
Buenos Aires province (1)

T (ºC)

Length (mm)

Rate (mm day -1)

Season

Model

14
17
21

3.9 – 11.5
3.6 – 12.16
3.5 – 11.11

0.51
0.40
0.42

spring
autumn
summer

SL= 0.51 t + 3.6
SL= 0.42 t + 3.7
SL= 0.40 t + 3.9

Tidal Front off Patagonia (2) *		

10

20

Brazilian Southeastern Bight (3)

17-24
22-25

10
7

19
16

Sta. Marta Grande Cape (4) *

21-22

10

20

0.41

Sta. Marta Grande Cape (5) *

17

10

20

20-22

10

20

Southern Brazil (6)*

into account that the increase in the increment widths
with respect to age has been observed mainly in larger
larvae (Folkvord et al., 1997; Allain et al., 2003).
Larval mean growth rates were higher for larvae
collected in spring (0.51 mm day-1) than those collected
in summer or autumn (0.40 and 0.42 mm day-1), which
suggests faster larval growth during spring. This fact
does not seem to be associated with the thermal influence since the highest temperatures were registered
in summer. In addition, G4 was not related to SST.
This indicates that other factors may influence growth.
Higher food availability due to an elevated primary
production during spring may be a determining factor.
However, since there were no significant differences
in larval growth between summer and autumn, a strict
relationship between larval growth and the typical production cycles of temperate seas (high biological production during spring and a second peak of production
in autumn) cannot be confirmed.
Considering that the most intensive reproductive
activity of the anchovy is during spring (Sánchez,
1995), it is reasonable to believe that larvae born in
spring seem to be favoured by a fast growth. These advantages could be related to the “bigger is better” and
the “stage duration” hypotheses (Leggett and Deblois,
1994). The first hypothesis states that faster growing
larvae achieve a larger body size at a given age as they
are less vulnerable to predation. The second hypothesis explains that larvae which experience favourable
feeding conditions, and therefore grow quickly, will
achieve metamorphosis at earlier ages and experience
lower cumulative mortality due to predation at the larval stage.
Growth rate values obtained in this study were
similar to the values recorded by back-calculation

0.53

0.56

spring

TL=4.2exp(2.345(1-(-0.036t)))

winter
spring

Growth rates derived from the
back-calculated sizes

0.78

spring

TL=6.19exp(17.08(1-(-0.0025t)))

0.44

0.61

spring

SL=5.19exp(2.95(1-(-0.019t)))

0.74

0.91

summer

TL=2.72exp(3.102(1-(-0.041t)))

0.5
0.4

methods (Castello and Castello, 2003). The rates were
lower than those registered in Patagonia (Brown and
Sánchez, in press), and generally lower (or at the lower
limit) than those estimated for larvae collected in southern Brazil (Kitahara and Matsuura, 1995; Castello and
Vasconcellos, 1995; Ekau, 1998). Several factors could
simultaneously affect larval growth. Assuming that the
two most important factors are primary productivity
(associated with food availability) and temperature,
the different values of larval growth in the ecosystems
of Buenos Aires and Patagonia could be due to differential productivity, which has been observed to be
higher in Patagonia than in the Buenos Aires ecosystem, where the EPEA is situated, in spring (Sánchez
and Ciechomski, 1995). In contrast, the greater larval
growth registered in the Brazilian ecosystem could not
be associated with productivity due to the poverty of
the system (Podestá, 1997); in this scenario the higher
temperature could explain the faster larval growth (Table 2). Alternatively, there may be differences between
stocks, as observed by Castello and Castello (2003),
and therefore each of the three stocks considered would
have their own characteristic larval growth. It should
be noted that larvae analysed in this work were smaller
in comparison with those analysed in previous studies;
hence, we cannot discard the possibility that the lower
growth could be attributed to ontogeny.
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