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ARTICLE
L ocal scalevariation inthereproductive pattern of
the souther n geoduck, Panopea abbreviata
(Bivalvia: Hiatellidae), in Patagonia
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Resumen.- Durante el 2007 se realizaron estudios para explorar la variabilidad espacial a escala local, del ciclo reproductivo
de Panopea abbreviata en 3 poblaciones presentes en los golfos Nord-patagonicos (ElI Sétano y Puerto Lobos, en el Golfo
San Matias, y Punta Conos en el Golfo San José), Argentina. Estudios previos determinaron que P. abbreviata presenta un
patrén reproductivo, en ambos sexos, caracterizado por una continua proliferaciéon y evacuacion de gametos durante todo
el afio. Sin embargo, el uso de indicadores cuantitativos (distribucion de frecuencia de diametros ovocitarios, ovocitos por
campo ocular y area ovocitaria relativa) para las hembras permitioé observar una ligera estacionalidad. Las variaciones
en el ciclo reproductivo fueron relacionadas con el régimen anual de temperatura de cada sitio. Las hembras de El S6tano
y Puerto Lobos muestran una estacionalidad similar en el patrén reproductivo: las fases de proliferacién y maduracion
predominan cuando la temperatura disminuye durante otofio (marzo-mayo); este patron se revierte, cuando las temperaturas
comienzan a aumentar durante primavera (septiembre-noviembre). Mientras que, en Punta Conos este patron es mas
irregular. Sin embargo, en todas las poblaciones se encontraron individuos de ambos sexos en estadio de madurez durante
todo el afio, evidenciando la ausencia de un periodo de inactividad gonadal. En las 3 poblaciones ambos sexos se caracterizan
por multiples pulsos cortos de evacuacion de gametos. Este mismo patron se encontré en otras poblaciones de P. abbreviata
y es Unico para el genero Panopea. Los 3 sitios estudiados presentaron un patron reproductivo similar.

Palabras clave: Almeja panopea, Panopea abbreviata, gametogénesis, ciclo reproductivo, Patagonia

Abstract.- During 2007 was carried out studies to explore local scale spatial variability in the reproductive cycle of
Panopea abbreviata in 3 sites of the northern Patagonian gulfs (EI S6tano and Puerto Lobos, in San Matias Gulf, and Punta
Conos in San José Gulf), Argentina. Previous reports have revealed that P. abbreviata exhibits a reproductive pattern
characterized, in both sexes, by continuous proliferation of gametes and spawning throughout the year. However, the use of
quantitative indicators for females has shown a slight seasonality to this pattern. Local spatial variability in the reproductive
cycle of P. abbreviata was observed at 3 sites and related to variation in the annual temperature regime at each locality. The
females of El S6tano and Puerto Lobos showed similar seasonality in the reproductive pattern: proliferation and maturation
phases prevailed over spawning stages when temperature decreased during autumn (March-May); this pattern was reversed
when temperatures began to increase during spring (September-November). At Punta Conos this pattern is more irregular.
However, at all localities, mature individuals of both sexes were present throughout the year, without a resting period
during the reproductive cycle. The reproductive pattern is similar in the 3 sites with many small pulses in reproductive
activity that are difficult to detect and characterized by year-round spawning. The same pattern was found in other localities
of P. abbreviata and is unique in the genus Panopea.
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| NTRODUCTION

Coordination between the events of gametogenesis, such as
initiation or theonset of spawning, and changesintheexternal
environment determined the pattern of the reproductive cycle
of marineinvertebrates (Sastry 1977, Olive 1994, Hooker &
Creese 1995). Most marine invertebrates have seasonal
reproductive cycles with highly synchronized patterns of
spawning (Oliveet al. 2000). Theannual reproductivecydeof
bivalves commonly involves aperiod of gametogenesisfollowed
by spawning events, whichin turnisfollowed by a period of
gonad reconstitution. Thetiming and duration of each stage of
gametogenesis vary within and between species (Gosling 2003,
Matias et al. 2013). Many bivalves have a short period of
spawning, which concentrates reproductive output. Other
species havean extended period of spawning, which hold out
several months. Both patterns of spawning areadaptationsto
different environments (Joaguim et al. 2014). At predictable
environments, shorter period of spawning increasethe probability
of high reproductivesuccess; but at inconstant and unpredictable
environments, long period of spawning increasethe probability
that almost any portion of the reproductive investment is
successful (Calvoet al. 1998).

Regardless of geographical area, similar environmental
factors- in particular temperatureand food availability - regulate
the reproduction in coastal marinebivalves (Olive 1994, Joll &
Caputti 1995, Freites et al. 2010). Temperature is usually
consdered amajor determinant that definestheannua spawning
period (Eversole 1989). Besidesthedirect effectsof temperature
on reproductive physiol ogy, temperature al so modul ates the
cyclesof plankton and other environmental variables (Newdl
et al. 1982).

For thegenus Panopea, several studies haveexamined the
relationship between temperature cycle and gametogenic
development. For Panopea generosa, of Southern British
Columbia, and P. zelandica, of northern New Zealand,
gametogenic development starts during lateautumn and winter
when thewater temperatureis|ow; gametogeni ¢ development
continuesin latewinter and spawning occursin spring and early
summer aswater temperature increases (Sloan & Robinson
1984, Gribben et al. 2004). Theinverse pattern was observed
for P. globosa, of Upper Gulf of California (Calderon-Aguilera
et al. 2010). In this sub-tropical species, gametogenic
development startsin mid-fall and spawning occursduring the
coldest period of the year. The gametogenic development of
the southern geoduck (P. abbreviata) is characterized by
continuous gamete proliferation and spawning throughout the
year (Vander Molen et al. 2007, Zaidman et al. 2012). In El
Sétano (NW-San M atias Gulf) quantitativeindicatorsfor female
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geoducks have shown dlight seasonality in this pattern. Gamete
praliferation and maturati on phases prevail ed when temperatures
decrease during autumn and decreased when temperatures
began toincrease during spring (Zaidman et al. 2012). Theuse
of quantitativeindicators of the reproductivecyclein other site
will allow study whether the seasonality observed in El Sétano
occursin other populations of the specie.

Panopea abbreviata Valenciennes, 1839 is an endemic
species found only in the SW Atlantic region (Ageitos de
Castellanos 1967). It lives deeply buried in sand and mud
substrates toa depth of 40 cm, and is especially abundant in
the San Matias and San José Gulfs. Panopea abbreviata has
aspatial distribution characterized by disjoint subpopulations
paralld tothecoastlinein shallow watersto depthsof 75m. A
fishery for southern geoduck in North Patagoniahas devel oped
under an experimental statussince1999 intwo bedslocated in
the San Matias Gulf (SM G): El Sétano (NW) and Puerto Lobos
(SW). During thefirst year of exploitation, geoduck landings
totaled 5.7 t. whilein subsequent yearstotal landingshavevaried
between 1.8 and 15.6 t (Morsan et al. 2010).

The purpose of this study wastoexplorelocal scalevariation
in thereproductivecycleof P. abbreviata at 3 localitiesonthe
northern Patagonian coast, and to relate qualitative and
quantitative reproductiveindicatorswith theannual thermal
cycesfor each locality.

M ATERIALSAND METHODS

SAMPLING

Samples were collected monthly during 2007 from subtidal
sand bedsat 5-25m depth at 3localitiesin northern Patagonia
(Fig.1): El Sétano, onthenorthwest coast of the SMG (40°57'S
65°06' W); Puerto Lobos, on the southwest coast of the SMG
(42°00" S-65°04' W) and, Punta Conos, on the southwest coast
of the San José Gulf (SJG) (42°21' S-64°33' W). Each sample
consisted of extracting approximately 30 clams from the
substrate by SCUBA using a pump driven water stinger. Clams
weretaken to thelaboratory, wheresoft portionswere removed.
Soft parts and valves weredrained of water and weighed. Shell
length (Lt) was measured between the anterior and posterior
margins of the shell using vernier calipers (+ 0.01 mm).

A transverse section of the visceral mass was dissected and
fixed in Davidson solution for 24 h (4°C), and subsequently
preserved in 70% ethanol. For histological analysis, gonad
sampleswere dehydrated in an ethanol seriesand embedded
in paraffin wax. Sections 5-7 um thick were cut and stained
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Figure 1. Left: Map of America del Sur, the dotted line shows the distribution of the southern geoduck, Panopea
abbreviata, and the square shows the sampling area. Right: Sampling sites / Izquierda: Mapa de América del Sur,
la linea punteada muestra la distribucion de la almeja panopea, Panopea abbreviata, y el cuadrado el area de

muestreo. Derecha: Sitios de muestreo

with Harris's haematoxylin-eosin. Each histological sectionwas
examined under light microscopeat 100x magnifications, to
determinegonadal stages.

TEMPERATURE DATA ACQUISITION AND ANALYSIS

Seasurfacetemperature (SST) was cal culated through amethod
based on the ' Split Window Technique' algorithm (McClainet
al. 1985). Daily maps of SST were composed using upto 5
different NOAA acquisitions. Data for monthly SST for each
sitewas produced by averaging thetemperature at awindow
of 3x3 pixels centered at thelocation of each site.

Satellite data and in situ records from El Sotano were
compared to eval uate the rel ati onshi ps between both sources
of temperaturedata. |nsitutemperaturerecordswereobtained
with atemperature data-loggers (Opti ¢ Stow Away-Temp (°C)
ONSET, (+ 0.20°C) with data taken every 6 h at adepth of 10
m from El Sétano (September, 7 2007-August, 26 2008), at
2.5 km distance from the coast. Daily average in situ
temperaturefrom El Sétano was cal culated and matched with
daily datafrom NOAA-AVHRR. A totd of 363 scenes of SST

were processed using ErdasImagine8.7.

Therelationship betweenin situ temperatureand AVHRR
derived SST was analyzed through linear regression analyses.
Bias, slope and the determination coefficient (%, ,) were
calculated following atypell linear regression modd, Standard
Major Axis (SMA) (McArdle 1988, Sokal & Rohlf 1995).

SMA techniques provideabetter estimate of there ationship
between two variables than that provided by ordinary linear
regression, becausetheresidud varianceisminimizedinbothx
and y dimensions, rather than inthey dimension only (Sokal &
Rohlf 1995). The statistical analyseswerecarried out using (S)
MATR software (version 1)%. The coefficient of determination
indicates the overall degree of linear associ ation betweenin
situand satelliteestimates (proportion of thevarianceexplained
by a statistical model), but it isnot ameasure of thealgorithm
performance. Thus, the s ope(d oser to 1), theintercept (closer
to 0) and the above-mentioned statistics are used to evaluate
the comparison between MCSST algorithms and thein situ
records.

*Falster DS, DI Warton & 1) Wright. <http:// www.bio.mq.edu.au/ecology/SMATR/>
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SEXUAL CATEGORIES AND GONADAL STAGES
Thesexual categorieswere determined asfollows:
1.- Undifferentiated: most of thegonad ismade up of connective

tissue, with few and small folliclesfilled with primordial germ
cdls. Theseindividual s cannot be sexed

2.- Mdes: follicles have spermatogonia, spermatocytes or
spermatozoa
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3.- Females: fallicleshave oogoniaor oocytes
4.- Hermaphrodites: follicleshavebothfemaleand malegametes

Gonadd stageswerecritically eval uated based on an adaptation
of thematurity scale described by Zaidman et al. (2012).

Thehistologicd featuresfor the different stages of thegonadic
cyclearedepictedin Figs. 2 and 3and defined in Table 1.

Figure 2. Histological sections of the reproductive stages of female gonads of Panopea
abbreviata. A: Inactive. B: Early active. C: Rip. D: Early Spawning. E: Late Spawning. F:
Spawning with proliferation. G: Spent. bo: basophils oocytes; ct: connective tissue;
f: follicles; fo: free oocytes; 0g: oogonia; ph: phagocytes; po: pedunculated oocytes;
ro: residual oocytes. Bar 1: 100 um; Bar 2: 50 um / Estadios gonadales de hembras
de Panopea abbreviata. A: Inactivo. B: Proliferacion. C: Madurez. D: Desove incipiente.
E: Desove avanzado. F: Desove con proliferacion. G: Desove total. bo: ovocitos
basofilos; ct: tejido conectivo; f: alvéolo; fo: ovocitos libres; og: ovogonia; ph:
fagocitos; po: ovocitos pedunculados; ro: ovocitos residuales. Barra 1: 100 um;
Barra 2: 50 um



-

Figure 3. Histological sections of the reproductive stages of male gonads of
Panopea abbreviata. A: Inactive. B: Early active. C: Late active. D: Ripe. E: Spawning.
F: Spawning with proliferation. G: Spent. ct: connective tissue; f: follicles; ph:
phagocytes; rs: residual spermatozoa; sc: spermatocytes; sd: sperm ducts; sz:

) ]pﬂ'i]'a spermatozoa. Bar 1: 100 um; Bar 2: 50 pm / Estadios gonadales de machos de

Panopea abbreviata. A: Inactivo. B: Desarrollo temprano. C: Desarrollo tardio. D:
Madurez. E: Evacuacion. F: Evacuacion con proliferacién. G: Evacuacion total. ct:
tejido conectivo; f: alvéolo; ph: fagocitos; rs: espermatozoides residuales; sc:
espermatocitos; sd: gonoductos; sz: espermatozoides. Barra 1: 100 um; Barra 2:
50 pm

Vol. 51, N°2, 2016 || 363
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Table 1. Histological features for the different stages of reproduction for Panopea abbreviata / Caracteristicas histolégicas de los diferentes
estadios gonadales para Panopea abbreviata

Female

Male

Inactive

Early active

Late active

Ripe

Spawning

Spawning
with
proliferation

Spent

Presence of large amounts of connective tissue.
Some follicles with residual oocytes can be
observed. (Fig. 2A):

Small follicles embedded in a large amount of
connective tissue. The follicles have relatively
thick walls. Oogonia are situated close to the
inner surface of the follicle wall and some small
and ovoid primary oocytes are interspersed
among the oogonia. (Fig. 2B).

The connective tissue is scarce and only
observed in thin bands around the follicles. The
follicles become larger and their walls are
thinner. Occasionally, the wall between adjacent
follicles is disrupted. When the primary oocytes
are fully developed, they detach from the follicle
walls and can be found free in the lumen. The
primary oocytes increase in size and number,
and their nuclei can contain more than one
nucleolus (Fig. 2C).

Early Spawning: The number of oocytes found
free in the lumen decrease. There are few
pedunculated oocytes attached to the follicle
walls. (Fig. 2D):

Late Spawning: Follicles decrease in size. Most
of the remaining oocytes are detached from the
follicle walls (Fig. 2E).

The follicles are almost empty with residual
gametes, however, there are many oogonia
attached to the follicle walls (Fig. 2F).

The spent gonad is small with empty follicles
surrounded by large amounts of connective
tissue, although some contain residual primary
oocytes. Abundant phagocytes are present in the
follicles and connective tissue. (Fig. 2G).

Large amounts of connective tissue and small follicles.
The sperm ducts can be observed and the follicles have
few spermatogonia. The sperm ducts are characterized
by an intricate epithelium of ciliated cells. (Fig. 3A).

Large amount of connective tissue and small follicles are
almost filled with numerous spermatogonia and few
spermatocytes, which are large, rounded cells, deeply
stained. Spermatozoa are rare or absent (Fig. 3B).

Through this stage, the amount of connective tissue
diminishes and the follicles increase in size and number.
The follicles are almost filled, with an increasing number
of spermatocytes (highly eosinophilic, rounded cells,
smaller than the spermatogonia,) situated in the center
and of the follicle surrounded by spermatogonia.. In
some follicles, spermatozoa can be distinguished (Fig.
30).

Ripe gonads consist of big, full follicles separated by
thin bands of connective tissue. All stages of
spermatogenesis are present. Spermatozoa are the most
numerous cells in the follicles. They are basophilic,
elongated and slender. Their heads are packed closely
together and their eosinophilic tails are directed towards
the center of the lumen. The ripe follicles are clustered
and converge into the sperm ducts, which often contain
spermatozoa. (Fig. 3D).

The beginning of spawning is marked by the appearance
of less dense follicles and sperm-filled ducts. Moreover,
the array of spermatozoa inside the follicle is less
ordered (Fig. 3E).

The follicles are almost empty with residual gametes.
There are numerous spermatogonia attached to the
follicle walls. (Fig. 3F).

The follicles are almost totally collapsed, contain few
spermatozoa, and some are empty. The sperm ducts are
often distended and connective tissue occupies most of
the gonad. At the end of this stage, numerous phagocytes
can be distinguished within the follicles and connective
tissue (Fig. 3G).
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QUANTI TATIVE INDICATORS

Quantitative information was analyzed to assist with the
interpretation of thetemporal reproductive pattern. At monthly
interval sfrequency distributions of cocytediameters (ODFD)
were estimated. Oocytes were measured at 400x
magnification, with an ocular micrometer. Under the
assumption that thenucleolusislocated in the center of each
oocyte, only cells showing the nucleolus weremeasured. The
relative oocyte area ROA (areaof all oocytes present in any
ocul ar field as a percentage of thefield area) was estimated
for each sample asfollows: (1) mean number of oocytes per
field was cal culated based on the observation of threefiel ds
for each of five randomly selected individuals; (2) oocyte
diameter (d) classes from ODFD were converted to oocyte
area assuming sphericity (area= « (d/2)?), multiplied by their
respective frequencies, and integrated; (3) mean number of
oocytes per field was multiplied by the ratio between the
integrated oocyte area and the total frequency of oocytesin
each ODFD. Theresulting areawas divided by thetotal area
of afield (0.089 mm?) and multiplied by 100.

Coeffidentsof variation for oocytediameter and number of

ResuLTs

A total of 758 geoducks were processed, of which 422
(55.67%) were male, 326 (43.00%) werefemales, 6 (0.79%)
were sexually undifferentiated, and 4 (0.53%) were
hermaphrodite. Mean shell size was 93.84 mm (SD= 10.82
mm).

TEMPERATURE

In order to show thetemporal variability of SST the monthly
mean spatial values of SST were cal cul ated for each of 3 sites.
SST showed aclear seasonal cycle (Fig. 4); theannual cycle
(Eq. 1) explained morethan 99% of thevariance (Table2). In
this case, the change of phase corresponded to themoment of
theyear when SST was highest, at the beginning of February
(t,=2.07, 21.5°C) in El Sotano, around mid-Februaryin Puerto
Lobos (t,= 2.27, 19.9°C) and the end of February in Punta
Conos (t,= 2.72, 18.2°C). Surface water was warmest in El
Sotano and Puerto Lobos, and colder in Punta Conos (Table
3). Punta Conos and El Sotano showed the lowest and the
highest thermal amplitudes, respectively (3.80, 4.8°C). Lowest
mean and minimum SST corresponded to Punta Conos (Fig.

oocytes per field were obtained for each month and each 4).
locality. The coefficients of variation were compared between
localitieswith ANOVA.
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Figure 4. Variation of SST for El S6tano, Puerto Lobos and Punta Conos throughout 2007. Line: model; full
circle: monthly mean / Variacion anual de la SST para El Sétano, Puerto Lobos y Punta Conos durante
2007. Linea: modelo; circulo: promedios mensuales
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Table 2. Parameters of SST model (Eq 1) discriminated by location: mean temporal value (T ), annual harmonic amplitude (T,), annual harmonic
phase (t,), correlation coefficient (%), standard deviation (SD) / Parametros del modelo de SST (Eq 1) discriminado por sitio: promedio mensual
temporal (T ), amplitud arménica anual (T,), fase armonica anual (t ), coeficiente de correlacion (r?), desviacion estandar (SD)

Site To°C)  Ti(°C)  to P Min °C)  Max(°C)  SD
El Sétano 1573 479 207 099 10.74 21.50 3.58
PuertoLobos 1543 407 227 099 10.87 19.91 3.05
Punta Conos 1464 380 272 100 10.80 18.24 2.82

Table 3. Statistic results of comparison between in situ temperature and MCSST algorithm for the El S6tano: mean difference (MD), the
standard deviation of the mean difference (SD) and the root mean square error (RMSE) between the algorithm-derived and the
temperature in situ SST / Resultados estadisticos de la comparacion entre la temperatura in situ y MCSST algoritmo para El Sotano:
diferencia media (MD), la desviacién estandar de la diferencia media (SD) y raiz del cuadrado del error promedio (RMSE) entre el
algoritmoy la temperatura SST medida in situ

slope [slope]osos intercept  [intercept] s, I MD SD RMSE n
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Figure 6. Proportional bar chart of the histological data showing the
reproductive cycle of male Panopea abbreviata. The number above
each bar indicated the number total of females observed. I: Inactive,
II: Early active, IlI: Late active, IV: Ripe, V: Spawning, VI: Spawning
with proliferation, VII: Spent / Proporcion de los estadios gonadales
de los machos de Panopea abbreviata. Arriba de cada columna se
indica el nimero de machos. I: Inactivo, Il: Desarrollo temprano, IlI:
Desarrollo tardio, IV: Madurez, V: Evacuacion, VI: Evacuacion con
proliferacién, VII: Evacuacion total

Thetotal number of in situdatapointscollected on El S6tano
was 355. Dueto cloud cover and after applying the temporal
sdlections criteria, thematch-up was reduced to 249 datapoints.
These data covered arange of in situ temperature from 10.22-
20.19°C.

Match-up results demonstrated a good fit (r*> 0.80) and
statistical significance (P < 0.05), however themean difference
and slope of the SMA modd indicated an overestimation of the
MCSST agorithminrelation toin situ records (Table 2).

REPRODUCTIVE CYCLE

Inall studied popul ations, matureindividuals ableto spawning
were present throughout theentire study, without aresting period
during the reproductive cycle. Most of the females were
observed in different spawning stages (early spawning, late
pawning, spent and spawning with proliferation) during thestudy
period (Fig. 5). Most of themal eswerein ripe stageduring the
wholeyear. However, aslight seasonality in malecyclewas
observed at El Sétano, the late active stage was prevalent
(31.25%) in early spring (September), and spawning with
proliferation stage was prevalent (31.25%) in late spring
(November) (Fig. 6). During thewholeyear, femalesand males
arespawning.

The frequency distribution of oocyte diameter showed
an heterogeneous pattern with most oocyte stages present
(oogonia, oocytes pedunculated and oocytes free).
Throughout theyear, inal thelocalities, ranged between 3
and 46.5 um at El S6tano, 3 and 60 um at Puerto Lobos,
and 3 and 70.5 pm at Punta Conos (Fig. 7). Mean oocyte
diameter showed no clear trend throughout the study period
(Fig. 8). Coefficients of variation for oocyte diameter varied
between 20-46%. Coefficients of variation for oocyte
diameter differed significantly among sites (ANOVA, P
<<0.01). Variation was greatest at El S6tano (x=0.41), less
at Puerto Lobos (x= 0.32) and intermediate at Punta Conos
(x=0.36).

M ean number of oocytes per field showed peaks throughout
the year at al localities (Fig. 8). However, the numbers of
oocytesper field showed variation, that was: the greatest at El
S6tano (X= 0.59), the least at Puerto Lobos (x= 0.38) and
intermediateat PuntaConos (x=0.49). Coefficientsof variation
for number of oocytes per field varied between 19 and 71%
and differed significantly among sites (ANOVA, P=0.006).

Temporal pattern of relative oocyte area (ROA) was the
result of theassoci ated effect of the mean number of cocytes
per field and the proliferation, maturation and spawning cycle
events. TheROA index showed apeak in May (mid-autumn)
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at all localities, in San Matias Gulf localitiesincrease one more
timeuntil theend of the year, while at Punta Conos, therewere
several peaksthroughout theyear (Fig. 8). Thedecreasing trend
inthe ROA index at El Sétano and Puerto Loboswas similar
during winter and spring, suggesting that spawning was more
pronounced in theselocalities. In contrast, during summer and
autumn anincreasing trend in theROA wasobserved, suggesting
that proliferation phase prevailed over spawning. Onthe other
hand, the trend in the ROA index at Punta Conos showed
several changes throughout the year, suggesting that thecycle
of the predominance of oneparticular stageover theother, was
shorter than those observed in the other two localities.

Discussion

We found slight variation in the reproductive cycle of P.
abbreviata between the 3| ocalities on thenorthern Patagonian
coast. This variation was observed only when we compared
quantitativeindicators for femal es. Theseindicators showed
similar slight seasonality in thereproductive pattern at Puerto
Lobosand El Sétano, whileat PuntaConoswas moreirregular.
For both sexes, at al localities, there was no reproductive
quiescent period. These results are consistent with those
reported for other popul ations of P. abbreviata (Van der Molen
et al. 2007). The clams of the genus Panopea have

geographical rangesthat typicaly vary significantlyin annual
temperature regime. With the exception of P. abbreviata, all
other species of the genus have awel | -defined annud cycle of
gametogenesis with aperiod of reproductiveinactivity (Sloan
& Robinson 1984, Gribben et al. 2004, Calderén-Aguileraet
al. 2008).

Thecontral of reproduction, in marinebivalves, involvesthe
complex interplay of exogenous factors such as temperature,
food, sdinity and light, with endogenousfactors such as neuro-
endocrine cycles and genotype. Between theexternal factors,
temperature has been documented as amain factor that control
thereproductive processes, astheinitiation of thereproductive
cycle, thematuration of germ cellsand spawning (Giese 1959,
Ruizet al. 1992, Fabioux et al. 2005).

We found, in agreement with Smale& Wernberg (2009),
that SST weresignificantly corrd ated tothe datal ogger collected
at ~10 m depth. However, satdllite-derived temperatures tended
to overestimatein situ derived temperature. All 3 studied sites
have similar seasonal variationwith atrend for meen temperature
and seasond amplitudein temperaturedecreasing withincreasing
latitude. Inaddition, thetime of themaximum temperaturewas
delayed withincreasing latitude.
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Thefemaleclams from El Sétanoand Puerto Lobos showed
similar seasonality in thereproductive pattern. Proliferation and
maturation phases prevailed over spawning stages when
temperature decreased during autumn (March-May). This
pattern was reversed when temperatures began to increase
during spring (September-November). At Punta Conos this
patternis moreirregular suggesting that theseasona temperature
changes do not have effects in the reproductive pattern.
Although, we observed slight seasonality in quantitative
indicators, these had great variability at the same period and
site. Moreover, for all localities both sexes had a continuous
gamete praliferation and spawning throughout the year. These
results suggest that seasonal variations in temperature only
regulate slightly the annual cycle of gametogenesis for P.
abbreviata. Thesame coul d happen with other oceanographic
variablesthat have seasonal variations, such as photoperiod
and primary productivity (Williamset al. 2013).

Thereproductivepattern of many bivalvesin the SW Atlantic
Oceanis characterized by multi plespawning pulses, whereonly
a part of gonadic stock is involved, and followed by rapid
gonadal recovery (Calvo et al. 1998). Asynchronous and
repetitive pulses of reproductive activity may result in an
increased reproductive success. Thelongest timeinwhich there
arelarveepresent intheenvironment allow avoid extrinsic causes
of mortality, which do not operate uniformly over time (Newell
etal. 1982, Joaquim et al. 2014). However, wefound aslight
seasonality for the reproductive pattern of P. abbreviata that
could beinterpreted within this pattern, with many small pulses
in reproductive activity that are difficult to detect and
characterized by year-round spawning. This patternis similar
inthe3 sites.
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