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Abstract: The spatial variation of the spawning shoalsMf hubbsiin Patagonia during its
reproductive peak (January) between 2001 and 2008 was analyzed. In 2001 and 2004 spawning of
hake in the nortipatagonianarea was concentrated inshore between 50 m and 80 m depths, in
coincidence with a bottom thermal front (9?14° C). Since 2005 an expansion of spawning into
deeper waters (near the 100 m isobath), where bottom temperature ranged between 6° and 8° C,
was dserved. This offshore group was characterized by a high proportion of femalesi (0.58
0.78), larger (modes 58362 cm TL) than those of the coastal region (mode$ 46 cm TL). The

relative fecundity and oocyte dry weight values were lower in the offslspawning area than

those obtained for the inshore reproductive ground. This observation could inthedtehe
offshore group corresponds to hake females at the end of spawning in migration to deeper waters.
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Resumen. Desove del efectivo patagdénico de merluza comiMefluccius hubbs) en aguas
alejadas de la costaSe analiza la variacién espacial de los cardimenes desovantéshiébsi

en el area patagonica durantemoo reproductivo (enero) entre 2001 y 2008. En 2001 y 2004 el
desove de la merluza en la region 4patagédnica estuvo concentrado en la zona mas costera, entre
50 m y 80 m de profundidad, en coincidencia con un frente térmico de fondd49°C). A patir

de 2005 comienza a observarse una expansién del desove hacia aguas mas profundas (cercano a la
isobata de 100 m), donde la temperatura de fondo oscila entre 6° y 8° C. Este grupo desovante
externo se caracteriz6 por una alta proporcion de hembrasi(@a®8), de mayor tamafio (modos

5371 62 cm LT) que las muestreadas en la regidn costera (modbs48@m LT). La fecundidad
relativa y el peso seco ovocitario fueron mas bajos en los desovantes del sector externo que los
estimados para los reproductomsl area mas costera. Esto podria indicar que el grupo externo
corresponde a hembras de merluza en el final de la estacién reproductiva, en migraciéon hacia
aguas mas profundas.

Palabras clave reproduccién, migracion postesove, fecundidad, temperatusalinidad

Introduction and two million metric tons during the early 90°s
The Argentine hakeMerluccius hubbgiis (Auboneet al 2004). In this area, two main stocks
a demersal species distributed in waters of theere identified: the northern group (between 34°
Southwest Atlantic Ocean from 22° to 55° S, aind 41° S) and the southern group (between 41° and
depths ranging between 50 and 500 m (Coussealb&° S). Thedst one, known also as the Patagonian
Perrota 1998). This species is one of the mostock, economically is the most important, with a
abundant fish resources in the Argentine Sea, whespawning biomass of around 400.000 t estimated
its biomas has reached annual values between ofiem Virtual Population Analysis (VPA) during
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2007 (Renzi & Irusta 2007). offshore with a more scattered distribution.
Spawning ofM. hubbsiof the Patagonian Recent studiesugigest a strengthening of
stock @curs in waters off the Chubut provincethis pattern of reproductive behavior of the
during (austral) spring and summer, with a maiArgentine hake Patagonian stock, showing a wide
peak between December and January (Maechl spatial dispersion ofpawningfemales during the
2007). These authors described the tradition&dst years, mainly towards deeper waters (Maethi
reproductive cycle of this stock, characterized by al. 2008). Being the reprodion of these
movement of prepavning aggregations in Octoberindividuals successful, this process and the larval
from deeper waters (more than 100 m depthslevelopment would occur at temperatures much
toward the coast (close to the 50 m isobath), whel@ver than those previously reported fdr hubbsi
reproduction takes place. Spawning begins il so, growing and survival of the early life stages
NovemberDecember in the area known as Isl@ould be affected, increasing precruiment
Escondi d-a44° Sy ahdd@®nionthter the mortality of this species
most abundant reproductive shoals move toward the In this paper spatial variations of the
south following the 50 m isobath to Camarones Bagpawning shoals dfl. hubbsiin Patagonia during
( 4 4 AN ). In this area, during January, iits reproductive peak in January between 2001 and
takes place the main reproductive activity of the008 was analyzed. Annual changes in frequency
hake, but in February the density of the albo and density ofipe females and its association with
begins to decrease as consequence of displacememgironmental variables were studied.
of this species offshore after spawning. Macehi
al. (2007) suggested that latitudinal variations diaterials and Methods
the main hake schools during the breeding season Samples of Merluccius hubbsi were
would be associated with the optimal temperatuiellected from bottom trawl performed during six
range for reproduction and survival of the early lifeesearch surveys carried out in the northern
stages. Patagonian area during January betw2e@l and
During the 198006s, 2008&rabkeil)nExtensidn of e spmpling iareaeand
hake in Isla Escondida were characterized by largesition of the trawl stations were similar during all
and dense schools sited near the coast (Aukbneanalyzed years, except for 2004 when no data was
al. 2004) , but since theol mMmedtied ecfout hearld®x00o6s$
decease in fish abundance and variations in thirge Gulf (Fig. 1). However, in this area dgyi
spatial pattern of hake spawning aggregations wedanuary scarce or null reproductive activity of
observed (Macchét al. 2005). These changes weréArgentine hake has been observed (Maathal
described as displacements of spawning femal2804).

Table I. Number of trawls stations, Argentine hake individuals sampled and ovaries collected during January in the
different years analyzed.

Years Sampling trawls Individuals sampled Ovaries collected
2001 58 19 786 1056
2004 41 13941 886
2005 56 14 811 977
2006 64 15176 1138
2007 64 11 455 990
2008 61 12 820 968
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Figure 1. Samples location dfl. hubbsicollected in the north Patagonian area during January for the years 2001 to

2008.

During each sampling station salinignd
temperature data were collected using aBieh 19
CTD (conductivity temperaturidepth  profiler).

4) spent and 5) resting (Macchi & Pajaro 2003a).
In addition, ovaries of adult females were
collected from different trawl stations (about 30

Data series were filtered and reduced to values fefmales per station) and preserved.0 % neutral
temperature and salinity according to a 1 db intervdiuffered formalin for histological analysis (Table I).
Row data from the CTD were calibrated byA total of 6 015 ovaries were weighed (GW) to the

measuing water

samples with a salinometernearest 0.1 g and a portion of sample (about 2.0 g)

Because ofM. hubbsiis a demersal species thatwas removed from each gonad, dehydrated in

aggregates near the bottom during -tiaye, we

ethanol, cleared in xylol and embeddadaraffin.

employed only data from this zone to analyz€ections were cut at-fim thickness and stained

oceanographic information in relation to spawningvi t h

activity.

Harrisds hemat oxyl in
counterstain. Histological diagnosis was used to

Argentine hake sgrimens were captured atvalidate the macroscopic stage, mainly in the case
depths between 50 m and 110 m by using a bettowf spawning and postpawning individualsRipe
trawl net with a mouth width of about 20 m, afemales were characterized by ovaries with
height of about 4 m, and with a 20 mm mesh at thébundant hydrated oocytes, which are evidence of
inner cover of the ceénd. Speed and time of theimminent spawning, while specimens with new

fishing trawls was about 4 knots aB€ minutes,

(day-0) postovulatory follicles (POF) and hydrated

respectively. Samples were weighed and later totabcytes were considered spawning females. Both
length (TL) in cm, sex and maturity stage wergistologicaldiagnostics correspond to the stage 3 of
recorded for each fish (Table I). A macroscopithe macrospic maturity key, characterized by the
maturity key of five stages designed for biologicapresence of hydrated oocytédacchiet al (2004),

studies was employed: 1) immature, 2) develgpi based on the criteria suggested by Hunter &

and partially spent, 3) spawningpe and running),

Macewicz (1985), classified as pagiawning
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females those individualwith more than 50% of both spawning aggregations, two rmareas
yolked oocytes in atresia, which correspond to th@mposed by the same sampling stations performed
macroscopic stage 4 (spent). every year were defined (Fig. 5). Because offshore
Spatial distribution of the histological spawning began to be evident from 2005 on, the
maturity stages, expressed as a simple percentagamnparison was carried out only with data eciéd
and the proportion of spawning femaledrom that year to 2008. Sex ratio estimated from
(macroscopic stage 3yeighed by the fish density adult fish (macroscopic maturity stages 2 to 5) and
were used as indices to define the hake spawnifegmale length distribution for each reproductive
areas. Fish density, expressed as hake tons pesup were analyzed during these years. This
surface unit (t/nautical mifg was obtained from analysis was performed with samples collected in
catch values per swept area estimated from eath trawl stations (6 from each spawning area); in
sampling station. total 25,725 individuals were used (Table II). To
According tothe abundance of females indifferentiate adult and juvenile hake females within
macroscopic stage 3 (with hydrated oocytes) twsize distributions the length limit was established as
main spawning aggregations were identified: th83 cm TL, because it is the mean length at
inshore group (IS) sited in front of Camarones Bafyrst matuity estimated for the Patagonian hake
and the offshore group (OS), between 45° S and 48tock during the spawning peak (Macddt al,
S near the 100 m isobath. Witte aim to compare 2007).

Table Il. Female proportions (FP) estimated for the inshore and offshore spawning groups of Argentine hake in
January during the défent years analyzed.

Inshore spawning Offshore spawning
Years FP n FP n
2005 0.25 2193 0.47 4360
2006 0.43 3102 0.58 4651
2007 0.44 1686 0.78 4165
2008 0.25 2509 0.71 3059

Females with hydrated oocytes from eachinsed in distilled water, dried for 24 h at 60° C and
reproductive area were collected and the ovariggeighed f 0.1 mg). Later, a comparison of the DW
preserved in 10 % neutrblffered formalin to mean values estimated fromah spawning area (IS
estimate relative batch fecundity (RF). Afterand OS) during 2007 and 2008 was carried out
histological diagnosis 160 ovaries without evidencesing the same methodology described for RF.
of recent spawning (n®OF) were selected from
the inshore (n = 93) and offshore (n = 67) spawningesults
areas. The methodology used to estimate RF by tBeatial distribution of ripe, spawning and post
gravimetric method has been developed by Huntepawning females
& Goldberg (1980) and described for different Spatial coincidence between the
species (Macchi 1998, Macchi & Ach&000, proportions of ripe and spawning females
Macchi et al. 2004). A ttest was applied to determined by histological diagnosis was observed,
compare the RF mean values estimated from eawhich evidence that both stages may be used as
spawning area (IS and OS) during the differenhdices of reproductive activity (Fig. 2). In 2001
sampling years, previous to test normality anednd 2004 spawning of hake in the neptitagonian
variance homogeneity by atdst (Sokal & Rohlf area was mainly concenteak close to the 50 m
1969). isobath between 43° and 45° S, showing a high

During January 2007 and 2008, it wasproportion of females with hydrated oocytes and
possible to collect samples of hydrated oocytes ttay-0 POF in Camarones Bay. During these years
estimate the oocyte dry weight of females (DW) aspatial distribution of spawning females was more
an index of egg quality from the different spawningeduced than in the rest of the period apedly as
groups. For this, a sample of 100 hydrated oocytess also evidenced by the high proportion of post
was removed from theeatral part of each gonadspawning females with advanced atresia throughout
selected in the inshore (n = 45) and offshore (n the sampled region, mainly in deeper waters
48) spawning areas. These oocyte samples wédFég. 2).
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Figure 2. Spatial distribution ofripe (circle), spawning (square) and psgawning (CrossM.
hubbsifemales, determined by histological analysis, during January for the years 2001 to 2008. The
size of the symbols represents the percentage of each maturity stage.
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In January 2005, an expansion of the hakef stations with spawning females. In 2001 and
reproductive area was observed, witipe and 2004 the highest densiievere observed at higher
spawning females distributed from the coast to themperatures and salinities, in particular during the
100 misobath and with low proportions of thelast year, when spawning females were found
advanced atresia stage (Fig. 2). Howevemainly between 12 and 14 °C, at salinities higher
reproductive activity was most important in theahan 33.40 (Fig. 4). During January 2005 spawning
southern area near Camarones Bay, as in JanuBemnales were observed in a witgnperature range
2001 and 2004. (from 7 to 13 °C), but the most important

In 2006 three main spawning groups weraggregations were detected between 8 and 10 °C, at
detected in the nortpatagonian area, onesalinities lower than 33.40 (Fig. 4). One year later
northwards of 44°S far away from the coast, the temperature and salinity ranges were similar
another in Camarones Bay close to the 50 m isobatian those of 2005, but the most important
and the last one offshore between 45° and 46° @productive aggregation was observed at
near the 100 m isobath (Fig. 2). During this year thtemperatures higher than 10 °C and a little
reproductive area was characterizégg a low spawning group was detected between 7 and 8 °C.
incidence of atresia as in 2005. In January 2007 and 2008 the secondary female

During January 2007 distribution of group at low temperatures was composed by more
females with hydrated oocytes and daPOF was dense spawning shoals, butyhsere observed at
similar to that described for 2006, but no definedalinities higher than in 2006 (Fig. 4).

spawning groups were observed. Pgswning In spite of the wide temperature range in
individuals were mainly detecteslouth of 45° S which was possible to detect spawning females of
(Fig. 2) hake since January 2005, during the last three years

In 2008 the highest proportions of femalesnalyzed a similar spatial pattern between both
with hydrated oocytes and dfly POF were variables was observed; it was characterized by two
observed inshore as in 2001 and 2004, but tmeain spawning aggregation: the principal group at
offshore spawning group near the 100 m isobatemperatures higher than 10 °C, near the coast
remained in a position similar to that describedainly in front of Camarones Bay (IS), and the
during 2006 and 2007 (Fig. 2). The incidence o$econdary group at temperatures between 6 and 8
postspawning females was higher south of 45° SC (OS), sited lose to the 100 m isobath (Fig. 5).
as in the two previous years. The IS group in general was coincident

with the bottom thermal front of the npatagonian
Frequency and abundance of spawning females area, which is sited parallel to the coastline
in relation to temperature and salinity. following the bathimetry and showing a NESW

The relationship between frequency oflignment between Rawson and CamasorBay
samplingtrawls with spawning females (stage 3 ofFig. 5). It islocated offshore in the northern area
the macroscopic key) and the bottom temperatubeit approaches shore southwardshowing
and salinity was analyzed (Fig. 3). During 200horizontal temperature gradients ranging between
and 2004, stations with spawning female40 °C and 13 °C.
dominated in areas with temperatures and salinities
between 9 14 °C and 3310 - 33.60, respectively Comparison between the spawning aggregation
(Fig. 3). Since 2005, with the expansion of thef Camarones Bay (IS) and the offshore grou
spawning area, frequency of spawning femalg®S)
increased at temperatures lower than 10 °C, and this Sex ratio estimated from samples collected
pattern persisted during the following yeardor each miniarea (IS and OS) during January
sampled. between 2005 and 2008 (Table II), showed always

During January 2005 and 2006igh lower female proportion in the reproductive
frequencies of trawl stations with spawning femaleaggregation of Camarones Bay than in the OS area.
at salinities lower than 33.40 were observed, while contrast, an icrease in female proportion was
in 2007 and 2008 this pattern changed, showirapserved in the OS group since 2005.
more stations with females in stage 3 at salinities Length distributions of females from both
between 33.40 and 33.55 (Fig. 3). spawning aggregations in general were dominated

Abundance of spwning females (stage 3)by adult individuals (>33 cm TL), although the
in relation to temperature and salinity data showestructure of each group during the different years
variations during the different years analyzed, withnalyzed showed variations. In 2005 and 2006, the
a similar pattern to that described for the frequendf and OS areas were characterized by young
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spawners with modes between 40 and 42 cm Tdpatial difference in size composition remained as
(Fig. 6). During January 2007 the lengthn 2007, with larger females (modes betweerc66
distribution of the IS group was similar than thosand 62 cm TL) offshore and young spawners
of the two previous year with young adult inshore. Nevertheless, in contrast to previous years,
individuals; nevertheless, the OS area wahe coastal spawning area was also characterized by
dominated by larger females with modes betwedhe presence of juvenile groups with modes in 20
53 cm and 58 cm TL (Fig. 6). In January 2008 them and 32 cm TL (Fig. 6).
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Figure 3. Absolute frequency distribution of sampling trawls with presenc®&l.ohubbsispawning
females(macroscopic stage 8) function of bottom temperature and salinity during January for the years
2001 to 2008.
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Figure 4. Abundance oM. hubbsispawning females (macroscopic stage 3) in function of bottom
temperature and salinity ranges during January for the years 2001 to 2008. The size of the circles
is proportional to the density (t/frof females with hydrated oocytes.
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