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The  Argentine  hake  (Merluccius  hubbsi)  represents  the  most  abundant  fish  resource  in  the  Southwest
Atlantic  Ocean.  Larval  age,  daily  growth,  and  temporal  distribution  of  birthdates  of  individuals  collected
throughout  two  reproductive  seasons  (2004–2005  and  2009)  were  studied  by analyzing  daily growth
increments  in  their sagittae  otoliths.  Samples  were  obtained  in the  Northern  Patagonian  shelf,  which con-
stitutes  the  main  spawning  area  reported  for this  species.  A  total  of  365  hake  larvae  sampled  with  different
types  of gears  was  used  in  this  study.  Back-calculated  hatching  periods  extended  from  mid  November
to  the  end  of March  and  several  larval cohorts  were  identified.  Length-at-age  relationships  were  best
rowth
ake larvae
erluccius hubbsi

described  by  exponential  models:  TL  =  2.227  exp(0.032t)  and  TL  = 2.581  exp(0.035t)  (for  2004–2005  and
2009,  respectively).  Growth  rates  obtained  by deriving  the  models  ranged  from  0.07  to  0.48  mm  day−1 in
2004–2005,  and  from  0.09  to  0.74  mm  day−1 in 2009.  Differences  in  larval  growth  were  detected  between
both  periods  and  within  them;  differential  growth  would  not  be attributed  to  thermal  effect  since temper-
ature  values  were  quite  similar  along  both  seasons.  Prey  availability  could  explain  the growth  variation
detected  within  the  2009  season.
. Introduction

The Argentine hake (Merluccius hubbsi)  is the most abundant
emersal species in the Southwest Atlantic Ocean. It occurs from
abo Frío in Brazil (22◦ S) to the south of Argentina (55◦ S) at depths
etween 50 and 500 m (Cousseau and Perrotta, 2000). This species
epresents the most important fish resource in the Argentine Sea,
ith reported landings of 281,715 t in 2010 (MAGyP, 2012).

Two stocks have been identified in the Argentine shelf: the
orthern stock (between 34◦ and 41◦) and the southern one, also
nown as the Patagonian stock (between 41◦ and 55◦ S). The latter

epresents the most abundant population (Renzi and Irusta, 2007).
he reproductive activity of this group occurs throughout austral
pring and summer in the Northern Patagonian shelf (42–47◦ S)
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(Ehrlich, 1998; Macchi et al., 2007, 2010), which constitutes the
main spawning area reported for this species in the Argentine Sea.

The Patagonian stock has been intensively overexploited (Cordo,
2006) and due to the declining tendency in catches during the
last years there is an increasing interest to determine life history
parameters such as age and growth through larval stages. Knowl-
edge of the dynamics of mechanisms operating during the egg
and larval stages of fish is important to the understanding of the
inter-annual recruitment variability (Houde, 1987). Predation and
starvation are the highest sources of mortality during the larval
phase of fish (Bailey and Houde, 1989). As larvae grow, they are
less vulnerable to predation, according to the “bigger is better” and
the “stage duration” hypotheses (Houde, 2008; Legget and Deblois,
1994). Moreover, feeding success may  also affect larval survival
(Hunter, 1981). Thus, variability in growth rates would be a function
of biological conditions (Pepin, 1991).
Since Pannella (1971), the analysis of daily increments in
otoliths has been applied to study age in larvae and juveniles of
fishes, estimating growth rates and survival patterns during early
life stages (Houde, 2008). Several works regarding juvenile growth
of hake species have been published (Morales-Nin, 1987; Belcari
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ig. 1. Study area and sampling stations of the two  reproductive periods
2004–2005 and 2009).

t al., 2006; Piñeiro et al., 2008; Otxotorena et al., 2010). Specific
tudies on larval stages analyzed larval growth of M. merluccius in
elation to larval development (Palomera et al., 2005) and growth
nd condition of field-caught larvae and juveniles of M.  productus
nd M.  capensis (Grote et al., 2012).

Although several studies regarding growth of adult specimens of
. hubbsi have been performed (Lorenzo, 2003; Norbis et al., 1999;

enzi et al., 1999; Vaz-dos-Santos and Rossi-Wongtschowski,
007), little information is available with reference to growth of M.
ubbsi during early life stages. Santos et al. (2005) studied growth of
rgentine hake during its juvenile stage (26–190 mm total length)
nd Buratti and Santos (2010) determined the settlement time.
rown et al. (2004) determined the larval growth of hake for the
rst time but the authors considered a narrow size range (2–11 mm
L). Therefore, a combination of different nets was used in this work
o cover a broader body size range in order to gain new information
nd increase the knowledge on hake larval growth. The objectives
f this work were: (1) estimate M.  hubbsi larval growth rates, cover-
ng a broader body size range than previous studies and (2) analyze
rowth rates of specimens collected throughout two  reproductive
easons (2004–2005 and 2009), allowing a temporal analysis of
rowth variations in the main spawning area of the species. This
tudy was performed on the North-Patagonian shelf which consti-
utes the main spawning area for M.  hubbsi (Macchi et al., 2007,
010).

. Materials and methods

.1. Data collection

Hake larvae were collected during six research cruises con-
ucted by INIDEP (Instituto Nacional de Investigación y Desarrollo
esquero) in the Northern Patagonian shelf on board the R/Vs “Dr.

duardo L. Holmberg” and “Capitán Oca Balda”. Sampling included
wo reproductive seasons, from December 2004 to February 2005,
nd from January to April 2009. All samples were collected between
2 and 47◦ S, from near the coast to the 100 m isobath approx-

mately (Fig. 1). A total of 346 ichthyoplankton samples was
rch 160 (2014) 69–76

acquired using a Bongo net (60 cm mouth diameter and 300 �m
mesh-size), an Epibenthic sampler (MEB, 0.125 m2 mouth area and
500 �m mesh-size) and a Rectangular Mid-water Trawl (RMT, 1 m2

mouth area and 1000 �m mesh-size) (Table 1). Trawls were made
obliquely, integrating the water column from near the bottom
to the surface. Gears were fitted with a SCANMAR depth sensor.
Samples were sorted on board and fixed in 96% ethanol which
was changed several times to assure preservation. Hydrological
data were vertically recorded by a self-recording conductivity-
temperature-depth (CTD). According to previous reports on vertical
migration, hake larvae are mainly found near the bottom during
the day (Álvarez-Colombo et al., 2011). Since sampling took place
from 7:00 to 17:00 hs approximately, bottom temperatures were
considered as representative of hake larval habitat.

To analyze prey availability for M. hubbsi larvae, additional
zooplankton samplings were performed along the 2009 season.
Samples (n = 13 in January, n = 10 in March and n = 4 in April 2009)
were obtained by oblique tows (from near the bottom to the sur-
face) with a Minibongo net (20 cm mouth diameter and 67 �m
mesh-size), equipped with a flowmeter to estimate the volume
of filtered water. After collection, samples were immediately pre-
served in 4% buffered formalin until analysis in the laboratory.

2.2. Laboratory procedures

Each larva was measured to the nearest 0.1 mm total length
(TL) under a dissecting microscope. Sagittal otoliths were removed
from the head, placed on a glass slide, and included in a drop of
transparent thermoplastic glue (Pro-texx®). When the mounting
medium was  completely dry (after two days), otoliths were pol-
ished using 12, 9, and 3 �m lapping film paper. For each individual,
the number and width of increments in both otoliths were regis-
tered from nucleus to border along the longest axis to determine
age, under a transmitted light microscope at 400–1000× magnifi-
cation connected to an image analysis system (Kontron software)
with a digital camera. Increments were counted in both otolith
of the pair and, when the counts agreed in at least 90% (e.g. 22
and 20 increments) between left and right otolith, the informa-
tion provided from either of them was considered as the larval age.
If the difference between both otoliths was  greater than 10% nei-
ther of them was considered. When only one otolith from the pair
was available due to the loss of the other during the extraction
procedures, such information was  used.

Because the daily deposition of increments in otoliths has not
been experimentally validated for this species up to date, the pro-
cess was  assumed according to the observations performed in other
Merluccius species like M. productus (Bailey, 1982) and M. mer-
luccius (Arneri and Morales-Nin, 2000; Morales-Nin et al., 2005).
Zooplankton samples were inspected under a Wild M5  stereo-
scopic microscope, in order to enumerate and identify the different
stages of copepods, which represent the main prey of M.  hubbsi
larvae (Temperoni and Viñas, 2013). Sample components were
classified as eggs, nauplii, copepods < 1 mm (total length) and cope-
pods > 1 mm.  Sub-samples were obtained from each sample, and
the volume was  determined according to the density of organisms
in the original sample, to count at least 100 individuals of the dom-
inant stage. Abundances were expressed as individuals m−3 and
derived from raw counts using sub-sample fraction and the filtered
water volume.

2.3. Data processing
Hatching dates were determined by subtracting the number of
daily increments from the dates of capture of the specimens, and
analyzed for both reproductive seasons (2004–2005 and 2009);
they were grouped in ten days intervals (1–10, 11–20, 21–30) to
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Table  1
Sample data collected during the 6 cruises analyzed.

Cruise Ship Dates Gear N◦ of plankton
samples

N◦ of larvae Size range (mm)

EH-10/04 Dr. Eduardo L. Holmberg 08–18 December 2004 Bongo 51 19 2–7.6

EH-01/05 Dr. Eduardo L. Holmberg 14–29 January 2005 Bongo 24 77 3.9–15.8

OB-02/05 Capitán Oca Balda 18–28 February 2005 Bongo 42 94 2.1–18.6

EH-01/09 Dr. Eduardo L.
Holmberg

10–27 January 2009 Bongo MEB  NCK 54 11 4.3–6.2
6  67 3.3–11.5
5  1 6.20

OB-02/09 Capitán Oca Balda 26 February–12 March
2009

Bongo RMT  MEB 51 16 5.5–22
10  32 3.5–17
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OB-05/09 Capitán Oca Balda 09–21 April 2009

isualize the hatching periods at the beginning, middle, and end
f each month, respectively. Size-at-age data of larvae were rep-
esented as exponential functions of age: TL = a exp (b t), where:
L was the total length (mm),  a and b were regression parameters,
nd t represented the number of increments in the otoliths. The
tted exponential functions were compared between both seasons
r between cruises to detect inter-seasonal or within seasonal dif-
erences in size-at-age. Growth rates were determined by deriving
he exponential models.

Power relationships between TL and otolith radius (OR, �m)
ere established for each season as TL = aORb, where and a and b

epresented regression parameters.
Additionally to the fitted models, larval growth was analyzed

y back-calculation of past sizes at previous ages (growth trajecto-
ies). In order to obtain past size values the methodology described
y Watanabe and Kuroki (1997) and Watanabe and Nakamura
1998) was utilized. After fitting TL and OR in a power relation-
hip, the relationship of the ith otolith increment radius (ORi) and
otal length (TL) on the day of the ith increment formation (TLi)
as considered to be expressed by a power formula, TLi = aORb

i, for
ndividual larvae. The solution of the following two equations was
ecessary to obtain the values a and b.TL1 = aOR1

b and TLcaptured
b =

ORcaptured
bwhere TL1 = total length at first increment deposition

2 mm);  OR1 = the measured radius of the first daily increment
�); TLcapture = the measured total length at capture (mm);  and
Rcaptured = otolith radius (�) at capture.

.4. Statistical analysis

Differences in size-at-age (between and within seasons) and
ize-otolith radius were tested by slope comparison (Zar, 1996).
reviously, the equations were linearized using natural logarithms
ln) and age and ln(OR) were considered as covariates. To com-
are larval growth between both seasons we considered both the
omplete range of ages and the same age interval (10–50 days), to
ddress the fact that individuals of both seasons had different sizes
nd ages and larval growth should be strongly linked to size. Such
omparison was performed by slope comparison test.

Differences in back-calculated total lengths were examined
etween months within each season (2004–2005 and 2009) by
ANOVA. Probability level (p = 0.017) was determined by using a

onferroni correction.

. Results
.1. Thermal characterization

As a general trend, a longitudinal bottom thermal gradient was
bserved in all cruises, with warmer waters registered near the
15  2 23–24

ongo 5 1 16
MT  75 2 18–24
EB  22 44 4.5–24

coast. Thermal values varied from 7 to 16 ◦C approximately (Fig. 2).
These values were quite similar among months and between both
reproductive seasons. In 2004–2005 water temperatures increased
from December to February (Fig. 2a–c), and the same pattern was
observed from January to March 2009, while they were relatively
constant between March and April 2009 (Fig. 2d–f).

3.2. Growth analysis

Smaller larvae were more abundant in December 2004 and
January 2009 and they were collected with Bongo net whereas
larger ones were captured in February 2005 with Bongo net,
and April 2009 with MEB  and RMT  (Table 1). A typical pat-
tern of successive clear and dark bands delimiting the daily
increments was  observed in all the otoliths. For larvae captured
in the 2004–2005 reproductive season, 0–74 daily increments
were counted (2.00–18.60 mm TL), while 10–75 increments
(3.50–28.00 mm TL) were recorded for individuals collected in
2009.

The hatching period of hake larvae collected in 2004–2005
extended from 11–20 November to 11–20 February. Three hatching
monthly peaks were detected within this season: 21–30 November,
21–31 December and 21–31 January (Fig. 3A). The hatching period
of hake larvae collected in 2009 extended from 11 to 20 December
to 21–30 March; three hatching monthly peaks were detected:
21–31 December, 11–20 February, and 21–31 March (Fig. 3B). The
maximum peaks of both seasons coincided at the end of December
(21–31 December).

Length-at-age data of larvae from both reproductive seasons
were fitted in two  exponential models. Both relationships were sta-
tistically different (p < 0.01), even when the same age intervals were
compared (Fig. 4A). Registers in 2009 showed larger sizes at the
same age than data recorded in 2004–2005. Instantaneous growth
rates were determined by deriving the equations (Fig. 4B). Within
seasonal differences in length-at-age were detected between spec-
imens captured in January and February 2005 (Table 2). Slopes
values of January and February 2005 were quite similar (0.038 and
0.033 respectively).

Power relationships between TL and otolith radius for hake lar-
vae of both seasons (Fig. 5) were statistically distinct (p < 0.001).
This fact should be interpreted as higher larval sizes at the same
otolith radii for the 2009 series in comparison with the 2004–2005

season.

Growth rates derived from the exponential models showed a
trend of increasing exponentially with respect to age (Fig. 6). To
facilitate the interpretation, growth rates values were grouped by
age and size intervals (Table 3).
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Fig. 2. Sea bottom temperatures in Northern Patagonian coast during the reproductive periods 2004–2005 and 2009. (A) December 2004; (B) January 2005; (C) February
2005;  (D) January 2009; (E) March 2009; (F) April 2009.

Table 2
Slopes, intercepts and results of pairwise comparison of slopes between months within each season (two last columns).

Slope Intercept n January 2005 February 2005

December 2004 0.038 2.083 19 0.96 0.16
January 2005 0.038 2.055 77 0.01*
February 2005 0.033 2.055 95

Slope Intercept n March 2009 April 2009

January 2009 0.040 2.147 79 0.08 0.03
March 2009 0.034 2.662 50 0.20
April  2009 0.030 3.537 47

Table 3
Growth rates derived from the exponential models for hake larvae collected in each cruise.

Growth rate (mm  days−1) Age (days) Size ranges (mm)  N

December 2004 0.06–0.25 2–31 2.28–7.58 18
January  2005 0.12–0.67 11–57 2.92–15.83 77
February 2005 0.09–0.77 7–74 2.17–18.61 95
January  2009 0.18–0.44 19–41 5.00–11.50 79
March  2009 0.10–0.73 10–66 3.50–24.00 50
April  2009 0.12–0.63 21–75 5.08–28.00 47
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Fig. 3. Back-calculated hatching date

Individual back-calculated sizes (growth trajectories) of hake
arvae were slightly exponential in shape (Fig. 7). Statistical
ifferences in size at previous ages were detected between:
ecember 2004 and February 2005 (p = 0.007); January 2005 and
ebruary 2005 (p = 0.001); January 2009 and April 2009 (p = 0.000);
arch 2009–April 2009 (p = 0.002). Significant differences were not

bserved between December 2004 and January 2005 (p = 0.731);
anuary 2009 and March 2009 (p = 0.043).
.3. Prey availability

Overall, mean total copepod abundances were higher in March
hile the lowest values of the season were recorded in January

ig. 4. Size-at-age relationships for Merluccius hubbsi larvae collected during the
eriods 2004–2005 and 2009. (A) Exponential model was fitted to each data set.
L:  total length; t: larval age. The small graphic represents the models fitted to
he length-at-age data at 10–50 days interval. (B) Growth rates were obtained by
eriving the equations.
ake larvae for 2004–2005 and 2009.

2009 (Table 4). Copepods < 1 mm were the most abundant group
in March 2009, while in January and April 2009 nauplii dominated
the copepod community.

4. Discussion

Merluccius hubbsi is one of the most important and studied
species in the Argentine Sea, but little information has been pub-
lished regarding biological aspects during its early life history. This
work constituted a good opportunity to study the larval growth in
the main spawning area of the species with biological material from
different reproductive periods.

Daily growth increment in otolith microstructure represents
a strong tool for ageing larvae and juveniles of fish (Álvarez and
Cotano, 2005). A central point in larval growth studies is the instant
when the first increment is deposited (Brown et al., 2004). Bailey
(1982) registered the first increment deposition one or two  days
after the yolk-sac absorption in larvae of M.  productus.  As such infor-
mation was not available for larvae of M. hubbsi,  we assumed the
number of increments counted from first check to be the larval age.

All larvae were born within the spawning period which was

previously reported based on the reproductive biology of adult
specimens (Macchi et al., 2010). Even though hatching dates of both
series were difficult to compare because the data were taken at
different moments and with distinct gears, the analysis revealed

Table 4
Mean abundance (individuals m−3) values of the North Patagonian copepod com-
munity along the 2009 season (January-April).

Abundance (ind m−3)

Prey item January 2009 March 2009 April 2009

Copepod eggs 1119.35 1087.24 1091
Copepod nauplius (<200 �m) 2493.59 5107.39 5083.53
Copepods <1 mm 1595.32 12880.91 4980.47
Copepods >1 mm 8625 2444.8 1320.36
Total 1517.69 5380.09 3118.84

Fig. 5. Power relationships between total length (TL) and otolith radius (OR).
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Fig. 6. Growth rate derived from exponen

 common pattern between them related to the temporal coin-
idence of maximum peaks at the end of December. The use of
ifferent gears allowed the capture of larvae in a broad size range.
nder these circumstances, several larval cohorts were identified,
nd this was the methodological advantage of the 2009 sampling
eriod. If several larval cohorts are being produced throughout a
pawning period, each group could be subject to distinct environ-
ental conditions, affecting their survival. Houde (2002) developed

 methodology which relates the growth and mortality of fish lar-
ae that can be used to compare survival potential of larval cohorts.
urther studies will be required to advance in this field. An impor-
ant aspect to consider in this section should be: what could be
dentified as a cohort? We  grouped the hatching dates in ten days
ntervals to analyze the process at the beginning, middle and end
f each month. At the same time, the cruises had a monthly reso-
ution, and for this motive we have mentioned the main monthly
eaks. Additionally, individuals that were born in two  consecutive
eriods of ten days (e.g. 1–10 January, 11–20 January) could be
onsidered as the same cohort in a species with a protracted repro-
uctive period as M.  hubbsi.  Other probable mechanisms affecting
he hatching dates could be the larval drift or advective losses.
owever, Álvarez-Colombo et al. (2011) have proposed a retention
echanism for hake larvae in the area, coupled to a horizontally or

ertically stratified circulation.
For M.  hubbsi larvae, the size-at-age data fitted an exponen-

ial model. Álvarez and Cotano (2005) also utilized an exponential
elationship to describe the larval growth of M. merluccius,  while
rown et al. (2004) fitted a linear growth model to M.  hubbsi lar-
ae from 2 to 12 mm TL. Working with larger individuals than
he specimens analyzed here, Santos and Renzi (2006) utilized
he Laird-Gompertz model to describe juvenile hake growth. The

odel considered an increasing growth phase and a decreasing
ne, both separated by an inflection point which corresponds to

he maximum growth rate (Sánchez, 1995). Since larvae analyzed
n this study appear to be positioned before the inflection point,
n the ascending phase, fitting an exponential model might be
dequate.

Fig. 7. Mean back-calculated sizes (growth trajectories) of 
odels. (A) 2004–2005 and (B) 2009 data.

Considering the exponential trend, growth rate expressed as an
instantaneous value will increase with age. Larval growth is proba-
bly being affected by the morphological changes that occur during
first phases of ontogeny, allowing larger individuals to derive a
higher amount of energy to growth. Several somatic changes as
mouth opening, eye and digestive tract development occur in newly
hatched hake larvae from 2.2 to 3.2 mm (Betti, 2011). Such impor-
tant morphological modifications in a short period of time could
reduce significantly the initial larval growth in length during the
first days, in coincidence with the observations of Palomera et al.
(2005) for M.  merluccius larvae. At around 8 mm length the noto-
chordal flexion has finished and all the meristic structures are
present. At the same time, the muscle development is notoriously
increased (Betti et al., 2009). At 15 mm another important mech-
anism that could affect larval growth could be the transition from
pelagic to demersal habitat. For M. hubbsi,  this habitat change starts
around 15 mm TL and finishes at 30 mm  TL (Buratti and Santos,
2010). Steves and Cowen (2000) detected that prior to settlement
in the demersal habitat; larval growth of silver hake (M.  bilinearis)
was slower, suggesting that the transitional process increased their
potential growth.

Larval growth rates of M. hubbsi were close to the values previ-
ously registered for the same species and for other species of the
genus Merluccius,  principally when mean growth values are taken
into account (Table 5). Therefore, similar growth rates during the
larval stage might be interpreted as a common feature of the genus.

Differences in hake larval growth were detected in this study
between the 2004–2005 and 2009 seasons, and within the 2009
season. An important aspect to consider in the comparison is the
lack of larger larvae in 2004/5; this fact could lead to inconsistent
results since larger individuals tend to exhibit faster growth. How-
ever, when both series were compared at the same observational
range the individuals collected in 2009 evidenced a faster growth.

Prey availability and temperature have been generally considered
the most important sources of variability in growth (Dower et al.,
2002). Trying to explain the observed growth differences between
both seasons on the basis of thermal influence might be difficult,

the hake larvae. (A) Periods 2004–2005 and (B) 2009.
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Table  5
Larval growth rates of different Merluccius species.

Species Size range (mm)  Age range (days) Growth rates (mm  day−1) Temperature (◦C) Sources

Merluccius merluccius 2.6–12.0 0.14–0.15 10–13 Álvarez and Cotano (2005)
Merluccius merluccius 2.5–9.1 0.15–0.19 15 Palomera et al. (2005)
Merluccius biliniaris 3–47 0.17 13–17 Jeffrey and Taggart (2000)
Merluccius productus <20 0.16 8–15 Bailey (1982)
Merluccius productus 2.0–25.0 0.156 – Butler and Nishimoto (1997)
Merluccius productus 4.0–11.0 0.135–0.279 10.5–12.4 Cass-Calay (1997)
Merluccius hubbsi 2.0–11.0 0.16 ± 0.03 14.5–18 Brown et al. (2004)
Merluccius paradoxus 2.0–7.0 0.21 – Grote et al. (2012)

21 
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Merluccius capensis 2.4–5.4 0.
Merluccius hubbsi 2.0–18.6 0.
Merluccius hubbsi 3.5–28.0 0.

ean values are indicated between parentheses.

ecause bottom temperatures were quite similar throughout these
eriods (Fig. 2), and constitute punctual observations while growth

s a continuous process during the larval life. Furthermore, hake
arvae are able to exert daily vertical migration, staying near the
ottom during the day and ascending to the thermocline depth
uring the night, experiencing daily thermal differences of about
◦C (Álvarez-Colombo et al., 2011). Additionally, since it inhabits

 broad geographical range, the species is subject and adapted to
ifferent environmental changes (Cousseau and Perrotta, 2000);
nder these circumstances the influence of temperature on lar-
al growth could not be easily identifiable. Other mechanisms
uch as maternal influences could be involved (Marteinsdottir and
teinarsson, 1998).

In relation to analysis of growth differences within both sea-
ons obtained from slopes comparisons, some observations must
e taken into account. Despite the fact that slopes of January and
ebruary 2005 were significantly different, such difference was  reg-
stered in the third decimal position, which seems unreasonable
rom a biological standpoint. Similarly, slopes resulted statistically
dentical between January 2009 and April 2009, while intercepts

ere considerably distinct (2.055 and 3.537 mm,  respectively). The
resence of larger larvae captured in April due to differential effi-
iency of gears could artificially diminish the value of the slope. It is
nown that hake larvae around 3.5 mm are several days old. From
his point of view the analysis of growth trajectories results a more
eliable method to detect differences in larval growth between both
roups of hake larvae.

As it was mentioned before, the larval growth could also be
ffected by food availability. A positive relationship between the
verage growth rate of larvae and the average concentration of
rey-sized particles has previously been reported for M. produc-
us (Cass-Calay, 1997). In the Northern Patagonian shelf, where
igh zooplankton production has been documented (Sabatini and
artos, 2002; Santos and Ramírez, 1995; Viñas et al., 1992), M.

ubbsi larvae are known to prey mainly on copepods (Ciechomski
nd Weiss, 1974; Moriondo, 2002; Viñas and Santos, 2000). As our
ata showed, copepod abundances were higher in March and April
han in January 2009, providing a plausible explanation for growth
ifferences observed within this season for both larval cohorts.
bundance data of the copepod community were not available in
004–2005; additional studies considering prey availability might
ontribute to explain differences in hake larval growth.

This study reported larval growth characteristics of Merluccius
ubbsi in the main spawning area of the species, which is the North-
rn Patagonian Shelf. Growth differences were detected between
easons (2004–2005 and 2009 periods) and within them. Differ-

nces observed in 2009 could be attributable to the zooplankton
rey availability. Several larval cohorts were identified throughout
oth study periods. Future studies will be required to analyze the
auses of differential growth in hake larvae and the probable impact
n the recruitment of this species.
– Grote et al. (2012)
8 (0.22) 14.5–18.5 This work
4 (0.31) 14–19 This work
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