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Abstract

We investigated the rhythm of micro-striae formation in gell of Argopecten purpuratuand environmental influence on
micro-growth increments by monitoring growth over a 98-gayiod between April and July 2007 under bottom and suspknde
culture (2m above the bottom) rearing conditions. The fieansf individuals to the study site induced the formatioraaiotable
growth mark that allowed us to count the number of microastformed between transfer and sampling dates. Microestoants
showed a deposition rate of one stria per day independeertoihig condition. This result allowed us to analyse theticriahips
between growth increments and environmental conditions.tirefore examined the deviations between observed lyranes
and growth rates predicted from a Von Bertdfgrgrowth function. Cross-correlation analysis revealgphsicant correlations,
without time-lag, between these deviations and both pdétie organic carbon and nitrogen concentrations in thibuafreatment.
Additionally, we observed negative correlations with tewgiure and current speed at this depth with time-lags ofdl1&days
respectively. In the suspended treatment, we observeadisémt negative correlation with temperature, only withzaday lag-
time. Our results show that growth response to environnheatebility is not always instantaneous. This delay carekglained
by the time delay over which metabolic processes need to Herpeed (e.g. digestion, useovements of reserves, growth,
reproduction). Further modeling studies could help todrathderstand these processes.

Keywords: Argopecten purpuratgsowth, shell microgrowth increments, periodicity, solelronology, Paracas Bay

1. Introduction 2008). Most of these studies are based on a cohort growth mon-
itoring rather than high—frequency individual growth seys
The Peruvian scallogdrgopecten purpuratug.am., 1819),  (Thgbault et al., 2008). In spite of these studies, the limiks
is a hermaphrodite pectinid bivalve, that occurs mainlyglo wyeen short—term growth and environmental parameters (e.g
the Pacific coast of Peru and northern Chile (#/ahd Mendo, physico-chemical parameters of seawater, temperatog)it
2000) in semi-protected coastal and island bays with sdft bo reggurce availabilitiguality) remain poorly known.
tom sediment (Brand, 1991). Expansiorfopurpuratusstocks Shell growth striae on the surface of many scallops, includ-
in southern Peru, especially near Pisco during EI Nifio s@ht  jng A. purpuratus offer a mechanism for high-frequency mon-
1982-83 and 1997-98, contributed to the intensive exgloita jtoring of individual growth in bivalves. Although most st
of this resource for export purposes. In the last decade, bofes show daily formation of shell striae formation in the gen
tom and suspended cage aquacultures have gradually rép|aC§raArgopecter(Wrenn, 1972: Clark, 1975: Helm and Malouf,
fishing of the Peruvian scallop. Scallop has become the Mar983) andPecten(Clark, 1968, 1975; Antoine, 1978; Chau-
jor aquaculture activity along the Peruvian coast. Par8eas y5,d et al., 1998; Chauvaud, 2005) some evidence suggests a
represents a major traditional cultivation and fishing af@e  _gay periodicity in the tropical scallopomptopallium radula
Peruvian scallop especially during EI Nifio events. (Thébault et al., 2005), demonstrating that periodicitystrhe
This activity has catalyzed widespread studiesAfpur-  getermined prior to any sclerochronological study. Knalge
puratusstocks along the Peruvian and Chilean coasts (see e.gf this rhythm allows use of inter-striae distances to detee
Wolff, 1987; Yamashiro and Mendo, 1988; Alarcon and#/ol  the growth rate per unit time and evaluation of the relatigms
1991; Mendo and Jurado, 1993) that demonstrate significafetween growth rate and environmental conditions. Chativau
spatial and temporal variability in growth. Several stsdie- gt 5. (1998) demonstrated the potential of daily striaedtat-
late temporal variability in the growth of this species twien ing growth and environmental variablesRnmaximus
ronmental conditions induced by El Nifio Southern Oscilati The objectives of our study are (1) to determine the period-
(ENSO) (Wolt, 1987; Mendo and Wdl, 2003; Thébaultetal., ity of shell striae formation i\. purpuratusand (2) to inves-
tigate the influence of environmental parameters on its tirow
rate in Paracas Bay. We also evaluate tieedent farming sys-
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tems of the Peruvian scallop and their consequences in tefrms 2.3. Monitoring of environmental variables

growth. We measured physico—chemical descriptors of seawater at
the depth of each treatment. Temperature was measured with

2 Material and methods two data-loggers that recorded one datum every hour. Diedol
oxygen and salinity were measured using a multi-parameter

2.1. Scallop collection and shell marking sensor HACH (HQ40D) two days per week, in the morning (6

The scallops were collected as post-larvae in Samanco Baym.) and in the afternoon (2 p.m.). Simultaneously, cdrren
using commercial collectors and were maintained suspendegblocity was measured with a propeller current-meter. Con-
in the water column in cultivation lanterns (pearl nets) a&d  centrations of chlorophyiand phaeopigments were measured
mained until they reached 25 mm average shell heightl}.  two days per week from samples collected in the morning and
Scallops then were transported in refrigerated seawalél’C)  afternoon. For this purpose, we filtered 100 mL of seawater
to the Paracas Bay experimental site where they were plated grom the sediment-water interface and from the water column
the bottom in a 7-m depth area devoted to commercial farmingt two meters above the bottom through f||ter/5|{07 wm
of this species (13°49'22,817" S, 76°17'36,985" W, Fig. 1). pore size). Photopigments were extracted for 24 h in 10 mL of
The interruption of growth caused by the stress of trandpfirt  acetone 90% and quantified with a fluorometer (TURNER AU-
a visible mark on the valves in all individuals. Scallops aver ]_O) Particulate organic material was collected using tedi-s
kept undisturbed in the field to acclimate for 60 days befOl'Qnent traps dep|oyed Week|y for 48 h at depths Correspondingt
starting the experiment. each treatment (Fig. 2). Trapped material was lyophilizedl a
the particulate organic carbon and nitrogen (POC and PON re-
spectively) quantities were determined with a CHN elementa
analyzer (EuroEA). Finally, the mean concentrations of POC
and PON in the environment were calculated following Ar-
manini and Ruol (1988) and assuming a sinking velocity of
4.167 m h' for the sediment, based on diatom data (Alldredge
o and Gotschalk, 1989).
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Figure 1: Map of the experimental site in Paracas Bay (Pe3t¥%22,817"
S, 76°17'36,985” W). The experimental site was located ima-deep area

dedicated to commercial farming Afgopecten purpuratus 2.4. Shell preparation and observation

Although striae are more visible in the left valves, prelim-
inary trials indicated that fouling would often prevent arco

2.2. Monitoring of growth plete reading along the maximum growth axis and we therefore

By the end of the acclimation period scallops reached a sizperformed striae measurement on right valves (Fig. 3). The
of 35-45 mm. We monitored growth periodically during the selected valves oA. purpuratuswere first cleaned with fresh
98 days between April and July 2007. Over this period, wewater and immersed in glacial diluted acetic acid for 30 s to
exposed the scallops to two contrasting growing condititms  remove any fouling. Valves were then rinsed thoroughly and
dividuals were randomly arranged at a density of 30 individ-dried before they were encased in polyester resin (SODY .33R)
uals per cage within 14 circular cages constructed of a metalAfter the resin hardened, valves were sectioned along tteodo
lic frame and monofilament nylon mesh (diamete60 cm, ventral axis, parallel to the central rib, using a low-spded
height= 20 cm). Seven cages were placed on the bottom imond saw (Struers Accutom 50). Sections were grounded and
contact with the sediment (bottom treatment) while the ithe polished to reveal external striae in cross-section. Rjrafths
were suspended at 2 m above the bottom (suspended treatmengre taken under a binocular microscope at x20 for the count-
Fig. 2). Every 14 days, scallops were sampled by removingng of striae and measurement of the interstriae distanses a
one cage from bottom and suspended treatments and selectinmgll as umbo-striae distances. In order to determine thiarhy
three or four individuals per cage excluding damaged oriheav of striae formation , we performed a linear regression (oat
fouled individuals. The tissues were completely removedifr  origin forced to zero) of the number as a function of the numbe
the shells and valves were dried and stored for subsequizm st of days between the transport datg = stress mark) and the
measurement. collection date.
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Figure 2: Experimental set-up for the scallop culturesgended and bottom) and measurement of environmental pta@ne
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Figure 3: Morphology ofA. purpuratusvalves. The Peruvian scallops rest on their right valvetiGes for the study of striae were performed parallel to thlve

central rib in as shown in figure.

2.5. Growth modeling and data analysis
Becausd\. purpuratugypically lives on the sediment striae

and many striae readings were available, we considered indi

—In(1 - H{/Hs) = —K.to + Kt

For both treatments, we calculated shell microgrowth rates

vidual growth in the bottom treatment as a reference in ordefor height GR AH/At umy/day). In order to remove the natu-

to study the influence of environmental variables. In additi
published growth parameters were available for bottonmdiv
individuals in Paracas Bay. The von Bertdfgis growth func-

tion (VBGF) was adjusted to the observations:

H = Heo.(1 — e7K0))

with:

H; : shell height at time t (mm)

H. : asymptotic shell height (mm)

K : growth codficient (year?)

to : age when shell height equals zero (years)

For this purpose, we fixeH,, at 110 mm according to Wl
(1987) and calculated according to the linearized method
suggested by von Bertalfip (1934):

ral reduction of growth with sizage (Gulland and Hold, 1959)
we adopted the following methodology: for each treatmemt, w
calculated deviation&) between the observed growth rate and
the calculated growth rate expected from adjusted VBGF for
bottom individuals G RE¢Potom a5 follows :

E = Yt _ GR;alcbottom

with:

E; = growth rate deviationum d-1) at time t

X(= observed average growth rate at time t

GRealebotom Ca|culated bottom growth rate at time t (from
VBGF)

We also calculated the daily average temperature and weekly
averages for the other environmental variables. Analykis o



time series of height growth rate deviatioris) @nd environ- we observed a low inter-individual variability of averagé m
mental parameters for the bottom was conducted using crossrogrowth rates (Fig. 6)¥30um d-! on average and rarely ex-
correlation function analysis (CCF) to highlight possibtere-  ceeding 10Gum d™1. For the bottom treatment, we show all post
lations at time t and with a timefiset (t-h). All data treatment stress measurements, whereas for the suspended treatment w
and statistical analyses were performed with R software€R D report increments from day 60, when individuals were placed
velopment Core Team, 2009) in suspension. Fitting a VBGF to the data for the bottom treat
ment, withH,, fixed to 110 mm, gives a value ¢f=1.44 (R
=0.875, p<0.001, see Fig. 6). Deviations fro@Reaicbotiom
were higher in the suspended than in the bottom treatment, es
3.1. Periodicity of micro-growth striae formation pecially around days 65, 80, 130 and 140. In the bottom treat-

. . ment, w rved n iv viation ially in th
The stress mark produced during transport was clearly vis- ent, we observed negative deviations especially in the day

ible on all studied valve sections, showing clear interiarpbf prior to the beginning of the experiment (day 60) and around
e X day 75. However, variations in growth rates remained fairly
growth (calcification; Fig. 4). Subsequent growth produaed .
. o . synchronized between the two treatments, except for thé fas
observable discontinuity on valves. Only post-stresastriere

visible because abrasion of the shell surface obliteraleer o days, where growth suddenly increased in the suspende trea

. ment.
striae. We were able to analyze a total of 17 valves from the ent

bottom treatment and 13 from the suspended treatment. The
number of growth days (days between stress date and collec-

3. Resaults

tion date) showed a strong linear relationship with the nemb S
of striae (R= 0.9979,p<0.001) and a slope of 1.003 striday = :
(Fig. 5). Differences between treatments were not significant ié 3
(p>0.05). The slope estimated for the combined individuals did 2 g |
not differ significantly from 1 striaay (p>0.05). For the last g3
bottom treatment sampling we observed two individualsidats € § -
the regression’s forecasting confidence interval. 5 o
3 8]
% § —| — Bottom
[a) -- Suspended
o | _ GRca\c.bouom
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Figure 6: Temporal variations in average daily microgrovate (imd-1) for
scallops in bottom and suspended treatments. For scafidpsttom treatment,
the entire post-stress measurements are shown. For sespeadtment the
series starts at day 60, when the individuals were placedsipesion. Stronger
gray line indicates growth rate calculated from VBGF fortbot individuals

Number of striae

(G Rcalcbottom)_
8 -
Rs"igzgsl-omnggi 3.3. Temporal evolution of environmental variables
2=, ,p<0.
ol n=30 During the experiment, temperature ranged from 14.6°C to
— ‘ ‘ ‘ 22.6°C (Fig. 7 a). Bottom and the suspended treatments-exhib
0 50 100 150 ited similar temperature variation, although temperatarine

suspended treatment was approximately one-tenth of ae&egre
higher than in the bottom treatment. Temperature also darie
daily of approximately 1°C; and we sometimes observed sharp
Figure 5: Relationship between the number of striae coufited the stress  temperature variations, reaching 4°C per day. Oxygenaatur
mark to the ventral margin of the shell and the number of data/éen the tion (Fig. 7 b) varied between 4.2 % and 128.2 % in the bottom
transport and collection date for scallops from bottom amsbended treat- 9- ) . )
ments. treatment and from 14.3 % to 138.6 % in the suspended treat-
ment. For both treatments, we consistently observed loaler v
ues at 6 a.m. and higher values were at 2 p.m (Fig. 8 a). Current
3.2. Temporal variation of height microgrowth rates speed (Fig. 7 c¢) also exhibited daily variations with lowued
Next, we considered the fiirence in height between two (close to 0 cmsh) during the morning and higher values in the

striae H1 — Hy) by height daily microgrowth increment, and afternoon (Fig 8b). The maxima observed were 35 Thirs
bottom and 50 cm# in suspended treatments. Average cur-

rent speed was significantly higher in the suspended thdrein t

Time (Days)



Shell height (H)

Figure 4: Right valve section view along the dorso-ventrakimum growth axis (height, H), parallel to the central fithe inset shows a detail of a shell section.
Reference stress mark (caused by transport of scallope exjterimental site in Paracas Bay) and striae are visible.

bottom treatmentfd<0.05). Salinity varied between 29.2 and (Table 1). TheEyqom COrrelates significantly and negatively
37.5 in both treatments (Fig 7 d), with minima during the firstnegative correlations with temperature and currents atifipe
two weeks; after this period salinity remained almost camntst time-lags & -7 days). The availability of trophic resources,
for the duration the experiment. measured as concentrations of POC and PON, correlated posi-
POC concentrations (Fig. 7 g) varied between 0.853 antively with no time-lag. In the case of tHesuspended ONly tem-
3.714 mg Lt in the bottom treatment and between 0.811 andperature correlated significantly (with a significant titag) but
3.166 mg -t in the suspended treatment. POC peaked aroundith a small CCF cofficient.
days 90 and 150 in the bottom treatment and around days 100 A significant linear regressiomp&0.01) indicates that POC
and 150 in the suspended treatment. POC evolution in the twexplained 39.8 % of the variation &ottom
treatments showed similar patterns except around day 36 whe
POC concentrations were much hlgher_ln the bottom than Il}able 1: Summary of significant CCF correlations found betwgrowth rate
the suspended treatmem' PON levels (Fig. 7 h) ranged bet\'\/(:"geviations in bottomEpottomand suspendedEgyspended treatments as a func-
0.140 and 0.482 mgt in the bottom treatment and between tion of environmental parameters. Only negative time-légsare studied.
0.128 and 0.446 mg1_1 in the suspended treatment; the overall Given the periodicity of environmental data acquisitiore studied lags for
temperature at a daily resolution as opposed to a weeklyuteso for other

pattern of variation paralleled that observed in POC concen !
enwronmental parameters.

trations. PON concentrations peaked around days 40 and 96

at both depths, but were higher in the bottom than in the sus- Max. CEE‘T‘"“ h()  Max. Es(g?:pfndedh )
pended treatment. We observed low concentrations of POC andTemperature -0.425 10 days -0.270 12 days
PON during the first four weeks of monitoring. Oxygen saturation - - -

Chlorophyll-apeaked twice during the experimental period: ~Salinity - y i i
first between days 60 and 70 in the bottom treatment only and gﬁlrrent 0.607 1 week ) )

. . L7 orophyll-a - - - -
again between days 110 and 115 in both treatments. Minimum Phaeopigments . . . .
concentrations occurred around days 80 and 145 for both trea poc 0.631 0 weeks
ments. In the suspended treatment, phaeopigment concentraPON 0.583 0 weeks

tions were almost constant and relatively low in contraseiy *Significant ate: = 0.05
high values recorded between days 100 and 115. Phaeopigment

concentration minima occurred for the two treatments adoun
day 75. Phaeopigment concentratioffetied significantly be-
tween treatment9k0.05) but chlorophyll-a concentration did

not. 4.1. Periodicity of microgrowth striae formation

3.4. Environmental influence on microgrowth increments The close relationship between the number of striae and

The CCF analysis in this section (Tab. 1) only considerdN® Number of days since the stress mark — with a slope of 1

negative time-lags (h) because this approach correlatemen  ~ clearly indicates a daily form.ation of.shell microstriM.
mental variables at time t or t-h with growth rate deviatiés purpuratusat Paracas Bay, which confirms the assumption of

at time t. We studiedt from bottom and suspended treatmentsThébaUIt etal. (2008) and estimation of Gos;eljn etal. 32_01
(Ebottom and Ecuspengedr@spectively) in relation to temperature b_ased on recqrded _seawater t_emperature varl_atlons faphis
at daily resolution and other environmental parameterg\aer cies. This daily striae formation rhythm confirms results ob

weekly resolution to correspond to the timing of acquisitid Lained for most other fspecies Afgopecten Such a rhythm
environmental data. as been suggested fArgopecten irradiangWrenn, 1972;

Environmental parameters correlated significantly with Clark, 1975; Wheeler etal, 1975;.Helm.and Malouf, 1983),
from bottom and suspended treatments dedént time-lags Argopecten gibbuandArgopecten circulari{Clark, 1975) as

5

4. Discussion
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well as other Pectinidae species including juvenile®eéten  personal communication). Rhythmic activities are gemeral
diegensigClark, 1968)Pecten vogdes(Clark, 1975Chlamys  assumed to be controlled by endogenous oscillators synchro
opercularis (Broom and Mason, 1978) animusium balloti  nized by environmental cues acting as zeitgebers (Aehal.,
(Joll, 1988), juveniles and adults Becten maximufAntoine,  1982). In marine bivalve striae formation corresponds to-a g
1978; Chauvaud et al., 1998; Owen et al., 2002) and larvae aravth rate decrease brought about by altered metabolismuCha
post-larvae ofPlacopecten magellanicu$lurley et al., 1987; vaud etal., 1998). Diurnal, tidal and seasonal environalegt
Parsons et al., 1993). Photoperiod presumably contrads thicles are known to drive growth rhythms (Rosenberg and Jones,
daily periodicity (Clark, 2005). 1975). Confirmation of Thouzeau’s results would strongly-su
However, a recent study carried out in the protected magest that dferent zeitgebers synchronize amdcontrol meta-
rine area of La Rinconada, Chile, indicates a depositiomef o bolic rhythms of scallops from the Paracas Bay and from La
strium every two days in adult individuals @&. purpuratus Rinconada populations. However, reports of 2-day longdgjol
marked with calcein and measured over 140 days (Thouzeaigal rhythms in nature are unusual. Or§ercenaria merce-



naria (Pannella and MacClintock, 1968; Kennish and Olssoncomposition (phytoplanktgdetritugparticulate inorganic ma-
1975) andComptopallium radulgThébault et al., 2005) were terial) that primarily determine growth. The energy baknc
reported to exhibit such a 2-day periodicity of microstriae  of adult A. purpuratusdepends strongly on diet composition

mation. (Navarro et al., 2000) and many laboratory studies showmgtro
In the case of Paracas Bay, rhythm synchronized to the tidaffects of food composition and quality on juvenile growth (Dia
cycle (mixed regime predominantly semidiurnal) is unlijkgi-  and Martinez, 1992; Martinez et al., 1995; Uriarte and Faria

ven the small amplitude<l m) in this area. We can also elim- 1999) and fertility inA. purpuratusadults (Farias and Uriarte,
inate the daily increase in turbidity resulting from windwen  2001). The presence of abundant phaeopigments on the bot-
turbulence in the water-sediment boundary layer (weak én thtom, which was the only measured trophic descriptor that dif
morning to strong in the afternoon) as the cause given tleat thfered significantly between the two treatments, might iatiic
rhythm in suspended scallops, without resuspended setlimereduced food quality because these molecules reflect degrad
particles, was no dlierent. Daily changes in oxygen satura- tion/digestion of chlorophyll.
tion seem a much more likely driver of periodicity in growth. Inhibition of filtration by high currents, as has been ob-
The low saturation values observed at 6 a.m. (average of 3€erved in other bivalve species suctPamagellanicugwildish
% in bottom and 40 % in the suspended treatment) confirnet al., 1992; Pilditch and Grant, 1999) could explain theaneg
nocturnal hypoxia. Oxygen availability is a key regulatér o tive effect of current velocity observed in our study. In addi-
metabolic processes of marine invertebrates. Aquaticrerga tion, high currents might increase sediment resuspensitmea
isms may respond to hypoxia by (1) attempting to maintainwater-sedimentinterface, which could increase turbjdésult-
oxygen delivery, (2) reducing energy expenditure, and (B) e ingin a decreased feeding activity and therefore growth(&o
hancing energeticfciency and deriving energy from anaero- 2000). Furthermore, currents in Paracas Bay are generhated a
bic sources (Wu, 2002). Bivalves may reduce their metabolienost exclusively by fishore winds, which transport particulate
rate in response to hypoxia (Storey and Storey, 2004). Thisorganic matter from the adjacent desert. This materighii
reduced—oxygen stress could stop shell growth during tiflgni  contribute to a degradation of the quality of available zest
but growth could resume during the day when oxygen saturaand consequentlyfiects scallop feeding. Negativéfects of
tions are more favorable, thus creating a circadian rhytem ahigh particulate inorganic matter on bivalve nutrition arell
an energetic strategy to cope with high variations in oxygerknown (see Widdows et al., 1979). In the Paracas Bay environ-
availability. In the Pectinidae family, particularly inntger-  ment, particulate inorganic matter spikes could last foesa
ate zones, long-term growth deceleration (Krantz et aB419 days after a windy event (sandstorm type), which could éxpla
Owen et al., 2002) or even growth cessations occurred durintihe one week time-lag in our correlation.
winter. Although our study only integrates a 160—day period Temperature has often been identified as a key regulator of
between February and July 2007, the periodicity observed duscallop growth (Broom and Mason, 1978; Wilson, 1987; Chau-
ing the monitoring likely persists throughout the year gitee  vaud et al., 1998; Gonzalez et al., 1999; Laing, 2000; Wallac
reduced seasonality in the Paracas Bay area and a year rouand Reinsnes, 1985; Macdonald and Thompson, 1986). Previ-
high primary production is supported by consistent upweglli  ous studies in the Paracas area indicated a positiwet®f tem-
However, decreased striae deposition rate occurs in olglst a perature on populations &. purpuratus(Mendo and Jurado,
individuals, as irP. maximugAntoine, 1978). 1993; Mendo and Wdi, 2003). However, depending on the pe-
riod of year and the cohort, Wibl(1987) observed positive and
4.2. Influence of environmental parameters on microgromth i negative relationships between temperature and growés.rat
crements Thébault et al. (2008) recognized that temperature pratiace
The positive &ect of POC and PON on bottom growth rates significant positive fflect onA. purpuratusshell growth in La
foundin our study study contradicts the results of Théketdt.  Rinconada Marine Reserve, Chile. However, two hypotheses
(2008) who hypothesized that an increase in POC concentra@ould explain the significant negative relationship in dudy.
tion above a threshold of 2.5 mgt.might afect growth neg-  The first is that temperature that exceeds the upper limhef t
atively. A negative ffect of sedimentation of high amounts of species’ thermal tolerance results in reduced growth @ug-
organic particles was also suggestedfomaximugChauvaud ing an El Nifio event; Urban, 1994). However, the relatively
etal., 1998; Lorrain et al., 2000; Chauvaud et al., 2001yexe low temperature (rarely exceeding 20°C) during our study pe
theless, we observed no negatifieet with concentrations of riod precludes this explanation. Although purpuratusaccli-
POC comparable to those measured by Thébault et al. (200&)ates well metabolically to temperature (10°C - 18°C Gogzal
(between 1 and 4 mgt). Perhaps inhibited filtration at high et al., 2002) rapid initiation of warm periods could advérse
concentrations of POC and PON relates to the size and rate affect growth (up to 4°@lay as indicated by the temperature
agglomeration and origin of the particles (e.g. phytoptank record), by causing metabolic stress (Peck et al., 2009 Th
detrital). observed correlation time-lags (-10 and -12 days in bottoch a
Food availability was apparently higher for scallops liyin suspended respectively) mirror the 6.3 days time-lag tegdor
on the bottom in our experiment. Nevertheless, growth riates by Gosselin et al. (2013) between sclerochronological aed t
suspended scallops were considerably higher in severialdser seawater temperature series at la Rinconada, Chile, whéech t
of the study. It is possible that the food availability déser authors attribute to a growth stop. Nevertheless temperatu
tors that we measured miss certain aspects of seston qaiadity could potentially &ect diverse metabolic processes simultane-
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ously (Kooijman, 2010) and growth consequences might not bentoine, L., 1978. La coissance journaliére chigcten maximugl.) (Pec-
observable instantaneously at a daily resolution. In thigext, A tinid.a?,ABiV?;Vié}).;afggz 9'.\1627—§f36- onded sedimand .

. . rmanini, A., Ruol, P., . Non-uniform suspen se nderwaves.
f[empera_ture Incre_ase_can alsteat gametogenesis and spawn- In: Lugo, V. (Ed.), Proceedings of the Interrf)ational Coafere on Coastal
ing (not included in this study) (Barber and Blake, 2006) €om  gngineering, 1} 21. Torremolinos, Spain, pp. 1129-1139.
promising the energy available for scallop growth, sinasséh  Aschdf, J., Daan, S., Honma, K., 1982. Zeitgeber, entrainment,naasking:
processes demand high energy in bivalves (Sastry, 1979) some unsettled questions. In: Aséhd., Daan, S., Gross, G. (Eds.), Verte-

. . brate circadian system (structure and physiology), SprinBerlin Heidel-
The methodology adopted to evaluate the influence of envi- berg New York Edition. pp. 13-24.

ronmental parameters on growth, using deviations from VBGFgarber, B., Blake, N. J., 2006. Reproductive physiology.Shumway, S. E.,

has been shown to correct foffects of age (Thébault et al., Parsons, G. J. (Eds.), Developments in aquaculture andiéshecience,
2008). Similarly, cross-correlation analysis revealedala- scallops: biology, ecology and aquaculture, Elsevier, #entam Edition.
pp. 357-416.

tions _and allowed us to highlight t'me'lagged relathnshrbh— . Brand, A. R., 1991. Scallop ecology: distributions and beha. In:
ese time lags are presumably driven by metabolic smoothing shumway, S. E. (Ed.), Scallops: biology, ecology and aduaey Elsevier,
andor delaying of environmental variability impact on growth. ~ Amsterdam Edition. pp. 517-584.
Broom, M. J., Mason, J., 1978. Growth and spawning in theipiec€hlamys
opercularis in relation to temperature and phytoplankton concentnatio
Chauvaud, L., 2005. Shell of the Great ScallBpcten maximuss a high-

The stress generated by transport caused a visible mark onfrequency archive of paleoenvironmental changes. GeoistrgnGeophys.
Geosystems 6 (8), 1-15.

valves ofA. purpuratus This mark allowed us to demonstrate chayvaud, L., Donval, A., Thouzeau, G., Paulet, Y. M., NéEan2001. Varia-
daily rhythm of striae formation in Peruvian scallop in RPara tions in food intake oPecten maximugL.) from the Bay of Brest (France):

cas Bay. This information allows precise age determindton influence of epvironmental factors and phytoplankton sssecbmposition.
stock evaluation and productivity and management studtes C.R Acad. Sci. Paris 324 (8), 743-55.

e . ) ) * Chauvaud, L., Thouzeau, G., Paulet, Y.-M., 199&eé&ts of environmental
also opens the possibility of using growth-increment infar factors on the daily growth rate &#ecten maximugiveniles in the Bay of

tion alongside stable isotope and microelement data for env  Brest (France). J. Exp. Mar. Bio. Ecol. 227 (1), 83-111.

ronmental reconstructions (e.g. for El Nifio events). Clark, G. R., 1968. Moll_usk shell: Daily gro_wth !ines. Sojlen16_1, 8_00—802.
Clark, G. R., 1975. Periodic growth and biological rhythmskperimentally

_Enwronmental Ya”ableﬁq growthin complex ways. Eval- grown bivalves. In: Rosenberg, G., Runcorn, S. (Eds.), Grotwthms and
uation of food quality, composition (e.g. species of phidog- the history of the earth’s rotation, JohnWiley & Sons, Londzdition. pp.
ton, detritus type) and form (e.g. degree of aggregationgés 103—-117.

essary since classical food descriptors cannot adequateigh ~ €/ark. G. R., 2005. Daily growth lines in some living Pectéhollusca: Bi-
diff between bottom and nded I Impor valvia), and some applications in a fossil relative: Timel éide will tell.
ifterences betwee ottom a suspenaed scallops. po “Palaeogeogr. Palaeoclimatol. Palaeoecol. 228 (1-2),26-4

tantly, growth responses to changing environmental candit  Diaz, M. A., Martinez, G., 1992. Efecto de diferentes dietabre el balance
are not always instantaneous, likely because of time-lags i  energetico de juveniles dergopecten purpuratuk. Rev. Biol. Mar 27 (2),

; ; o/ nuEee 163-173.
duced by metabolic Processes (e.g. dlgestlon/, ments Farias, A., Uriarte, 1., 2001. fiect of microalgae protein on the gonad devel-

of reserves, growth, reproduction). Development of biergatic opment and physiological parameters for the scaflogppecten purpuratus
models might be particularly helpful in addressing thesesgu (Lamarck, 1819). J. Shellfish Res. 20, 97-105.
tions. Gonzélez, M., Lopez, D. A., Perez, M. C., Riquelme, V. A.,Béri J. M., Le
Pennec, M., 1999. Growth of the scalldfrgopecten purpuratu@amarck,
1819), in southern Chile. Aquaculture 175 (3-4), 307-316.
Gonzélez, M. L., Lopez, D. A., Perez, M. C., Castro, J. M.,2@ftect of tem-
perature on the scope for growth in juvenile scall®pgopecten purpuratus
. . . (Lamark , 1819). Aquac. Int. 10, 339-349.
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