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Abstract The use of the sclerochronology and geo-

chemistry of a New Caledonian (South West Pacific) giant

clam Hippopus hippopus shell as markers of environmental

changes has been investigated. Growth increment thickness

and d18O ratios were measured on 4 years of shell growth

of a modern specimen. During the last year, this giant clam

was placed in a tank equipped for high-frequency envi-

ronmental monitoring. Because shell is secreted in isotopic

equilibrium with the seawater, the palaeo-sea surface

temperature (SST) equation obtained faithfully reproduces

the seasonal SST amplitudes. Growth increment thickness

changes are seasonal and, for more than 50%, governed by

the SST changes. The transplantation from the in situ site

to the tank and reproduction events reduces the strength of

growth and SST relationships. Nevertheless, growth

increment thickness measurements can give information on

average, minimal and maximal past SST in diagenetically

altered shells. A peculiar growth event characterized by a

short, drastic and significant decrease has been identified

and attributed to an intense upwelling event. This study

further highlights the use of giant clam shell d18O as a SST

proxy but also demonstrates that H. hippopus growth

increment thickness changes provide useful information on

past environmental settings and on exceptional events, for

example, intense upwellings.

Keywords Tridacnidae � d18O � Sclerochronology �
SST � New Caledonia � Upwelling

Introduction

The climate of the South Western tropical Pacific is

strongly influenced by the intraseasonal to interannual

fluctuations of the South Pacific Convergence Zone

(SPCZ), which plays a significant role in global atmo-

spheric circulation (Vincent 1994). The location of the

SPCZ largely determines the surface flow pattern and

hydrological cycle in the south Pacific region. Small dis-

placements in the position of the SPCZ can imply drastic

changes in precipitation and wind regimes for islands in the

South Pacific region. Reconstructing SPCZ fluctuations can

therefore provide important information on the regional

climate variability. The average location of the southern

limit of the SPCZ lies near New Caledonia (22�S, 166�E),

and proxies in this region are therefore likely to reflect to a

certain extent the SPCZ variability.

Geochemical analyses of corals have become a standard

means to assess environmental variability in the tropical

surface oceans (Beck et al. 1992; Gagan et al. 2000; Corrège

2006). Yet recent works have pointed out that their arago-

nitic skeleton may have been affected by marine and

freshwater diagenesis, so that the geochemical data and their
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interpretation in terms of sea surface temperature (SST) and

related climatic features must be sometimes regarded with

caution (Enmar et al. 2000; Müller et al. 2001; McGregor

and Gagan 2003; Quinn and Taylor 2006; Hendy et al.

2007). In similar environments, the bivalves from the

Tridacnidae family can be regarded as analogous recorders

of environmental conditions (Aharon 1991). In the Pacific,

these molluscs were, and are always, commonly used as food

and tool supply, so that many shells are found in archaeo-

logical sites, often dated of periods of broad interest. In

addition, the aragonitic shell of tridacnids is dense (Aharon

and Chappell 1986; Watanabe et al. 2004) and less sensitive

to diagenetic processes than the coral skeletons (Chappell

and Polach 1972). Finally, Tridacnidae have a long lifetime,

from 8 to more than 100 years (Rosewater 1965), providing

long-term record of the environmental conditions encoun-

tered during their growth. Tridacnidae shells are thus a

potential, powerful environmental archive that could assess

or complement data obtained from coral skeleton.

Previous works devoted to the oxygen stable isotopes

(d18O) composition of Tridacnidae shell revealed that the

shell is secreted in isotopic equilibrium with seawater

(Aharon 1983, 1991; Aharon and Chappell 1986; Jones et al.

1986; Romanek and Grossman 1989; Watanabe and Oba

1999). Palaeo-SST reconstructions using d18O data from

fossil shells have already been obtained (Aharon et al. 1980;

Aharon 1983; Aharon and Chappell 1986; Watanabe et al.

2004). Nevertheless, diagenetic alteration can modify the

shell geochemistry (Armendáriz et al. 2008; Brigaud et al.

2008) and, in this case, the study of shell growth patterns,

i.e., sclerochronology, can give information on the envi-

ronmental changes during shell growth. Indeed, the mollusc

shell growth is characterized by a succession of layers, or

increments, which thickness changes and rhythm of depo-

sition are related to various physiological (e.g., reproduc-

tion, ontogeny) and environmental parameters (e.g., tidal

cycle, water temperature, storm events, food availability),

depending on the mollusc species (reviews in Rhoads and

Lutz 1980; Richardson 2001). Several authors demonstrated

that the growth pattern of Tridacnidae shells is characterized

by an alternation of dark/light bands, one couplet repre-

senting 1 year of shell growth (Bonham 1965; Aharon and

Chappell 1986; Pätzold et al. 1991). Using oxygen stable

isotope variations, it was shown that dark bands correspond

to winters and light band to summers (Aharon and Chappell

1986; Aharon 1991; Pätzold et al. 1991; Watanabe et al.

2004). The same pattern of summer/winter alternation of

light/dark bands is observed here from the sclerochrono-

logical record. Moreover, the positive correlation between

the seasonality and the H. hippopus shell growth is similar to

the field studies results from Lucas et al. (1989) and Am-

bariyanto (1997). In addition to the seasonal banding in the

Tridacnidae shells, high-frequency increments connected to

daily growth were observed in Tridacna gigas, T. maxima,

T. squamosa and Hippopus hippopus (Bonham 1965;

Pannella and MacClintock 1968; Henocque 1980; Aharon

and Chappell 1986; Pätzold et al. 1991; Watanabe and Oba

1999; Watanabe et al. 2004). In his work on T. gigas, Bon-

ham (1965) observed that the daily increments are thinner in

the black (winter) than in the light (summer) bands. Such

shell growth variation in the Tridacnidae in relation to the

seasonality was confirmed by studies dedicated to giant clam

culture improvements. Indeed, higher shell growth rates

during summers where observed for T. gigas and T. maxima

(Lucas et al. 1989; Ambariyanto 1997). Then, Pätzold et al.

(1991) assumed that the daily increment thickness in T. gigas

depends on seasonal SST changes, while Watanabe and Oba

(1999) interpreted these ones in H. hippopus as reflecting the

amount of solar radiation received. It has been shown that the

SST changes, from the daily to the seasonal scales, are one of

the major factors that influence the increment width varia-

tions in many mollusc species (Barker 1964; Rhoads and

Pannella 1970; Jones 1983; Goodwin et al. 2001; Richardson

2001; Schöne et al. 2005b). Sclerochronology would be thus

a new reliable tool for palaeo-SST reconstructions. How-

ever, at this day, no extensive sclerochronological study was

dedicated to the use of the of Tridacnidae daily increments

thickness changes as SST proxy. The aim of this study is to

provide data on the reliability of the H. hippopus shell d18O

and growth increment thickness variations as recorders of

SST and environmental changes.

Materials and methods

Field sampling

In May 2003, a living H. hippopus (Tridacnidae; Linné,

1758) was collected at 2 m water depth, at Ducos Island in

the Bay of Saint Vincent in New Caledonia (166�E, 21�60

S) (Fig. 1). The specimen was then placed in a 1-m-depth

tank at the ‘‘Aquarium des Lagons’’, Noumea. The tank

was placed outside, partly sheltered from sun only at the

end of day by low-roofed buildings. The tank seawater was

continuously supplied from the ‘‘Baie des Citrons’’ situated

close to the aquarium. Finally, the H. hippopus specimen

was collected on the 19 July 2004 after 14.5 months of

growth in the aquaculture tank. The shell is of 22.5 cm

long and 14 cm height (umbo-margin) (Fig. 2a).

Methods

Sample preparation

The shell was cut in several *1.5-mm-thick slices with

an ISOMET 5000 (Buehler�) diamond saw, along the

Coral Reefs (2009) 28:989–998



maximum growth axis (Fig. 2a). The Tridacnidae shell,

made of aragonite (Bonham 1965; Pätzold et al. 1991), is

composed of three parts: the inner layer, the outer layer and

the hinge area (Pannella and MacClintock 1968; Pätzold

et al. 1991). The inner layer is characterized by a prismatic

microstructure and the outer layer and the hinge area by a

crossed-lamellar microstructure. In our transversal cross-

sections, the three areas were clearly evidenced (Fig. 2b).

To analyse the environmental changes at an infra-monthly

resolution, the shell part with the highest growth rate

should be selected, i.e., the outer layer. The sclerochro-

nological and geochemical analyses were performed in the

inner layer in which the growth pattern can be easily

analysed. In this study, the younger part of the inner layer,

which was in contact with the animal body, will be named

the shell edge (Fig. 2b).

The sections were first polished with 70, 50 and 15 lm

diamond discs and then with 6 and 3 lm diamond powders.

Ultra sin bath was used in between the two diamond

powders to eliminate remaining diamond particles.

Sclerochronological methodology

Etching technique was used to point up the growth

increments. To define the better procedure, several tests

were performed using three different solutions, acetic acid

10%, hydrochloric acid 5% and the Mutvei’s solution

(Schöne et al. 2005a). Various etching time-lengths were

tested with each solution. Increments were better

observed after 45 min of etching in a slightly modified

Mutvei’s solution characterized by 500 mL glutaralde-

hyde 25%, 500 mL acetic acid 1% and 0.1 g of alcian

blue powder.

166°0’E 166°30’E

22°0’S

Noumea

4. Aquarium

5. Baie des
Citrons

1. Ducos Island

2. Tontouta
station

3. Uitoë False Pass
station

Baie of St-Vincent

0 5 10 km

N

20°S

21°S

22°S

23°S
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New Caledonia
Fig. 1 Location of: 1. The

sampling site of the modern

Hippopus hippopus, the Ducos

Island in the Baie of St.-Vincent

(New Caledonia), 2. The

Tontouta Météo France station,

3. The Uitoë monitoring station,

4. The Aquarium des Lagons

(abbreviated ‘‘Aquarium’’ on

the Figure) and 5. The ‘‘Baie

des Citrons
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Fig. 2 Shell of the Hippopus hippopus specimen. a Location of the

slab studied. b Transversal cross-section showing the different shell

parts; outer layer (OL), inner layer (IL) and hinge area (H). Arrows
show the direction of growth
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The Mutvei’s solution preferentially preserves layers

richer in organic matrix. This gives a peculiar morphology

marked by a succession of ridges and grooves. Because the

ridges are easily identified, one growth increment was

defined as the interval between each ridge. The pattern

observed is perfectly similar to the one obtained by

Watanabe and Oba (1999) who said that it results of ‘‘daily

growth lines’’ (Fig. 1d in Watanabe and Oba 1999). Slightly

overlapping pictures of the whole inner layer were taken

under the optical microscope using diffused light with a

magnification of 100. Then, a sclerochronological software

was used (modified version of Analysis Visilog basic�

V. 6.841, Noesis) for increment thickness measurements. A

tag is placed on each ridge along a stroke drew following the

growth axis, and the distance between each tag is automat-

ically calculated. Increment thickness changes were mea-

sured from the recent part (edge = 0 mm) towards the

ancient part of the inner layer (i.e., the limit with the outer

layer). The oldest increments, i.e., the last 1.5 mm of the

inner layer, were not clearly highlighted, and their thick-

nesses were not measured.

Stable isotopic analyses

Samples for oxygen stable isotope measurements were

taken on a second slide of the shell, in direct contact with

the one where increment thicknesses were measured. Each

sample was obtained using a computer-controlled micro-

mill device (Merchantek�), parallel to growth increments.

Samples were taken from the edge towards the youngest

portion of the shell, perpendicular to shell growth. The last

sample was taken at 1.7 mm from the limit between the

inner and the outer shell layer. To ensure a sufficient res-

olution of the d18O record for the shell part that grew in the

aquaculture tank (first 8 mm from the edge), samples were

drilled as continuously as possible. For those 8 mm, the

distance between each sample is on average of 100 lm. For

the oldest part of the shell, the distance between each

sample is of 350 lm on average that reduces the duration

of the analyses but still allows catching the seasonal signal.

The grooves have an average thickness of 80 lm providing

samples of 50–100 lg. In each groove, the number of

increments was counted to estimate the time-span taken

into account for every sample. A groove comprises 3–27

increments depending on the shell growth rate, with an

average of 8 increments.

Powders were reacted with 100% orthophosphoric acid at

75�C in a Kiel Carbonate III preparation device, and the

resulting CO2 was analysed on a Thermo Electron

Delta ? Advantage (�) stable isotope ratio mass spec-

trometer at the Wolfson Laboratory from the School of

Geoscience, Edinburgh. The d18O standard deviation for

nine analyses of a marble powder (MAB2B), run as a sample

over the same period as the shell samples (5 days), was

of ± 0.06%. d18O values are quoted relative to PDB. The

d18O time-series was obtained by comparing the d18O results

with the SST data, choosing tie-points carefully; essentially

considering winter/summer points (see ‘‘Results’’ for com-

plete description).

Instrumental data

In the tank, the SSTs and sea surface salinities (SSS) were

recorded every 10 min. Unfortunately, the SSS tank logger

had a dysfunction, so that the monitored data are aberrant

(going down to 31 PSU) and cannot be used. The average

SST recorded from May 2003 to July 2004 is of

24.4 ± 2.3�C with a minimum of 20.5 and a maximum of

29.8�C. Regarding the period covering the growth range in

situ (before May 2003), the SST and SSS series recorded

by the closest monitoring station, Uitoé, were selected. The

average SST at Uitoé from May 2000 to May 2003 is of

24.1 ± 1.7�C with a minimum and maximum of 20.5 and

29.4�C, respectively (Fig. 3). During the whole period (in

situ ? tank), SST ranged between 20.5 and 29.9�C with an

average of 24.3 ± 1.8�C. The SSS record reveals an abrupt

decrease from 22 April 2003 to 25 December 2003 due to a

technical problem of the sensor. These data were not taken
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SST record (dark line) from 01

April 2000 to 23 April 2003 and

tank SST record (black points)

from 24 April 2003 to 19 July

2004. SSS record (grey line) is
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into account in this study. At Uitoé, from May 2000 to the

22 April 2003, the SSS is comprised between 34.7 and 35.7

with an average of 35.3 ± 0.2. Wind force and direction

for the Tontouta station, near Ducos Island (Fig. 1), were

provided by Météo France Nouvelle-Calédonie.

To compare the shell d18O (d18Oshell) and the SST/SSS

records, the SST/SSS data were averaged over several days

for each d18Oshell sample. The amount of days chosen

corresponds to the number of increments counted inside the

groove of each d18Oshell sample. The date assigned to the

averaged SST/SSS is that of the middle of the corre-

sponding groove. A d18O value for the seawater (d18OSW)

was calculated from the averaged SSS data using the fol-

lowing equation:

d18Osw ¼ 0:255� SSS� 8:5353

corrected from Ourbak et al. (2006, personal communica-

tion) using SSS and d18OSW data measured at the Amédée

Lighthouse.

Results

d18Oshell time-series and palaeo-SST equation

calculation

The oxygen stable isotopes of the Tridacnidae shells are in

isotopic equilibrium with the seawater. The d18Oshell val-

ues, presented in reversed scale for a better comparison

with the instrumental SST data, range from -1.44 to

0.52% with an average of -0.6% (Fig. 4). Four seasonal

cycles, characterized by steeper increases than decreases,

are observed (labelled 1–4 on Figs. 4, 5). The cycle 3

shows two highs up (arrows, Fig. 4).

To assign calendar dates to the d18Oshell record, tie-

points between the d18Oshell and the SST data were

carefully selected. The earlier (i.e., further from the edge)

maxima d18Oshell of each cycle was attributed to the cor-

responding SST minima, knowing that the first winter

recorded before the collection date (19 July 2004) is the

2003–2004 one. The correspondence between cycles and

years is thus as follows: cycle 1 from winter 2000 to 2001;

cycle 2 from winter 2001 to 2002; cycle 3 from winter

2002 to 2003 and cycle 4 for winter 2003 (Fig. 5a). Then,

summer tie-points were attributed to cycles 1; 2 and 4.

Because the cycle 3 shows two peaks, summer tie-point

cannot be attributed for this cycle. For the cycles 1 and 4,

the first d18Oshell minima were attributed to the SST max-

ima of the corresponding year. For the cycle 2, three

d18Oshell minima close to each other are observed. The

second d18Oshell minimum was assigned to the SST maxi-

mum of 2002. In addition, three significant abrupt d18Oshell

increases were correlated to abrupt SST decreases (Fig. 5a;

stars). The dates in between the tie-points and at the

beginning and ending of the record were linearly interpo-

lated. The time-series shows that d18Oshell is well correlated

with SST. From January 2002 to August 2003, the rela-

tionship between d18Oshell and SST is less accurate. The

second d18Oshell peak of the 2003 summer (arrow on

Fig. 5a) occurs in May 2003 which is the period of removal

of the H. hippopus from its natural setting into the tank.

The linear regression between SSTs (averaged as

explained in ‘‘Instrumental data’’) and (d18Oshell - d18OSW)

from May 2000 to April 2003 (corresponding also to the

period of availability of recorded SSS) gives the following

equation:

SST ¼ 21:40� 2:87 d18Oshell � d18Osw

� �
;

r2 ¼ 67%; p\0:001:

The equation between d18Oshell and SST is very similar

to that obtained by Watanabe and Oba (1999) but

characterized by a lower regression coefficient. When
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calculated from winter to winter, r2 are of 83% (00–01),

78% (01–02), 44% (02–03) and 67% (03–04) (all

p \ 0.001). Calculated SSTs for the 2000–2003 period

using the above equation reproduce well the mean

measured seasonal SST amplitude (winter to summer).

Differences between instrumental and calculated seasonal

SST amplitudes are of 0.44; 1.04 and 0.70�C for the

winter–summer seasons 2000–2001, 2001–2002 and 2002–

2003 respectively. The same calculations using the

Watanabe and Oba’s equation (1999) give amplitude

differences of 1.15, 0.23 and 2.37�C.

Sclerochronological record

The sclerochronological record includes 1,200 increments

which thicknesses ranged from 1.1 to 53.3 lm and aver-

aged at 13.2 ± 7.0 lm. These results are in good agree-

ment with previously reported daily growth of that species

(see review in Klumpp and Griffiths 1994). Four cycles of

increase and decrease, numbered in the same way that for

the d18Oshell profile, are observed. The cycles are separated

by more or less narrow zones of very thin increments at

10.5, 7.5 and 4.5 mm from the edge (labelled a–c on

Fig. 4). The amplitudes of the second and fourth cycles are

lower than that of the first and third. When plotted in mm

from the edge, the increment thickness and the d18Oshell

variations are inversely correlated (Fig. 4). This relation

implies that the H. hippopus increment thickness changes

are at least partly linked to SST variations.

A calendar date was assigned to each increment using

the d18Oshell time-series. Each d18Oshell sample is identified

by both its position from the edge (in mm, middle of the

groove) and its calendar date (cf. & 3.1). We allotted to

each increment located at the same position than a d18Oshell

sample, the date of the d18Oshell of the corresponding

sample. The dates in between each dated increment were

linearly interpolated.

The comparison between the sclerochronological time-

series and the SST record shows that the large increments

of light bands correspond to the summers and the thin

increments of main dark bands to the winters (Fig. 5b).

However, the positive correlation between shell growth and

SST is not consistent over the whole record. Linear

regressions were performed from winter to winter. The
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calculated r2 are higher for the periods 2000–2001

(r2 = 44%) and 2002–2003 (r2 = 57%) than for the periods

2001–2002 (r2 = 26%) and 2003–2004 (r2 = 2%).

Regarding the period 2001–2002, if the ‘‘b’’ event is

remove), the r2 increases to reach the value of 42%. The

equation for the period 2002–2003 is SST = 0.17 9

(growth increment thickness) ? 21.26. The calculated SST

reconstruction using this equation is shown on Fig. 6. On the

whole record, mean calculated SST is of 23.5 ± 1.2�C with

a minimum of 21.4�C and a maximum of 30.3�C.

Discussion

The reliability of H. hippopus d18Oshell as a SST proxy

The d18Oshell time-series obtained on the 4-year-old

H. hippopus shell displays the SST changes with a good

accuracy. The sharp pattern of d18Oshell observed during

the winters (Figs. 4, 5) is an artefact of sampling proce-

dure; a greater amount of shell growth is sampled during

reduced winter growth comparatively to summer higher

growth (time-averaging).

An equation relating (d18Oshell - d18OSW) and SST is

obtained for the period 2000–2003, during which SSS are

available. Over this 3-year period, the equation has a lower

r2 than that obtained by Watanabe and Oba (1999) in the

same species. This smaller r2 might reflect the fact that this

study displays a longer period of shell growth, 3 years

compared to 1 year analysed by Watanabe and Oba (1999).

In addition, to minimize the arbitrary anchoring of the

d18Oshell time-series, very few tie-points were selected, thus

some time-shifting between the d18Oshell and SST series

might exist. The averaging of the SST data in accordance

with the number of increments counted inside each stable

isotope sampling groove may also have given some

imprecision in the final equation. Nevertheless, year to year

r2 between SST and d18Oshell are higher than that of the

whole 2000–2003 period, except for 2002–2003. This

period corresponds to the removal of the H. hippopus into

the tank. The lower r2 obtained for this year could thus

reflect the stress endured by the animal during the trans-

plantation and its adaptation to a new environmental set-

ting. Indeed, the second d18Oshell peak observed during the

2003 summer exactly corresponds to the period of removal

of the specimen. However, even if the r2 of the equation is

lower than the one obtained by Watanabe and Oba (1999),

the calculated seasonal SST amplitudes are at a 1�C margin

of the instrumental SSTs. This precision is higher than that

obtained with the Watanabe and Oba (1999) equation when

applied to our d18Oshell data. Consequently, the equation

established here should be preferred for reconstruction of

paleao-SST reconstructions using H. hippopus d18Oshell

analyses. This work further demonstrates that the

H. hippopus shell is secreted in isotopic equilibrium with

seawater. The SST equation we established accurately

reproduces the seasonal SST amplitudes. This is of con-

siderable interest for paleo-SST reconstruction using

H. hippopus shells from fossil and archaeological settings.

Interpretation of shell growth mode in relation

with environmental changes

Relationship between shell growth and climatic parameters

The current study shows for the first time a direct rela-

tionship between H. hippopus shell incremental growth and

SSTs. For the period 2002–2003, almost 60% of the

increment thickness changes can be explained by the SST

variations. Nevertheless, the positive correlation between

shell growth and SST is not completely consistent over the

whole record. For the cycle 2 (2001–2002), a significant

growth decrease is observed in March 2002 (b in Figs. 4,

5b) that explains the poor r2 between increment thickness

and SST for this year. Regarding the recorded environ-

mental parameters, no peculiar environmental change is
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observed during this period. A similar observation can be

made regarding the ‘‘c’’ growth decrease of the 2002–2003

cycle. Consequently, these growth decreases are more

probably linked with the physiology (e.g., disease, repro-

duction) and/or non climatic stress (e.g., predators, food

availability). No typical borings of sponges or algae, which

are common bioeroders of giant clams (Ellis 2000), were

evidenced, neither on the inside nor on the outside of the

shell. The sexual maturity of H. hippopus is at 2 years

(Shelley 1989) and is characterized by a decrease of 35–

40% of the body weight during spawning (Shelley and

Southgate 1988). Because the decrease ‘‘b’’ occurred dur-

ing the third year of growth, and because a high energy is

required during the spawning period, both events, ‘‘b’’ and

‘‘c’’, might be interpreted as reflecting the occurrence of

reproduction events. Regarding the whole thinner incre-

ments of the last year of growth, the low r2 between growth

and SST could be interpreted as a difficult adaptation of the

animal to the new environmental conditions of the tank.

Indeed, it was shown that transplantation leads to growth

rate decrease as shown in Mercenaria mercenaria (Rhoads

and Pannella 1970). The energy percentage generally

devoted to the shell growth was probably preferentially

used for survival. So, due to physiological and/or non cli-

matic stress, growth increment thickness changes can

hardly be used as an accurate high-resolution SST proxy.

Nevertheless, calculated SSTs using the sclerochronologi-

cal record gives, whole period considered, mean, maximum

and minimum SSTs at a 1�C margin of the instrumental

SSTs. Consequently, in case of diagenesis alteration that

prevents geochemistry and sclerochronology study of

H. hippopus shell could provide indication on the average,

minimal and maximal past SSTs with a good accuracy.

Identification of peculiar events

The sclerochronological analysis performed in the

H. hippopus shell also reveals a peculiar event character-

ized by a drastic, and quite short, shell growth decrease

(event ‘‘a’’ in Figs. 4, 5b, 7). This event, which lasted from

5 to 22 April 2001, occurs shortly after important envi-

ronmental conditions change (Fig. 7). Indeed, at the

beginning of April 2001, the SST decreased (by 6�C), the

SSS and the wind forces increased (by 0.53 PSU and from

*2 to 9 m s-1 respectively), and the winds turned to a

westward direction. These new drastically changed envi-

ronmental conditions lasted almost 15 days and are char-

acteristic of those inducing wind-driven upwelling event as

described by Hénin and Cresswell (2005) and Alory et al.

(2006). The start of the shell growth drop occurs *4 days

after the onset of the environmental condition leading to

the upwelling. This lag could results from the different

geographical location between the upwelling itself, outside

the reef barrier, and the specimen, inside the lagoon. This

lag could also be apparent, in relation to the calendar date

assignment procedure. Nevertheless, the shell growth

reduction is probably related to the stress undergone by the

animal due to the upwelling-related decrease in SST (and/

or with the salinity increase). This interpretation is in

agreement with the close relationship observed between the

shell growth and the SST. The fact that our specimen

recorded an outer-reef upwelling event in its shell proves

that such an event has an impact inside the lagoon, as

observed in corals (Montaggioni et al. 2006). Abrupt and

short reductions in the H. hippopus shell growth could thus

be used like indicators of high-intensity upwelling events.
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A study on H. hippopus shells, grown both in situ and in

aquarium, is currently underway. This study, which

involves an environmental monitoring particularly directed

towards the record of productivity changes through the

year, should give new information on the relation between

upwelling (and its related environmental changes) and shell

growth.
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éotropique team from IRD, now at the IPSL/LOCEAN—UMR 7159.

References

Aharon P (1983) 140,000-year isotope climatic record from raised

coral reefs in New Guinea. Nature 304:720–723

Aharon P (1991) Recorders of reef environment histories: stable

isotopes in corals, giant clams, and calcareous algae. Coral Reefs

10:71–90

Aharon P, Chappell J (1986) Oxygen isotopes, sea level changes and

the temperature history of a coral reef environment in New

Guinea over the last 105 years. Palaeogeogr Palaeoclimatol

Palaeoecol 56:337–379

Aharon P, Chappell J, Compston W (1980) Stable isotope and sea-

level data from New Guinea supports Antarctic ice-surge theory

of ice ages. Nature 283:649–651

Alory G, Vega A, Ganachaud A, Despinoy M (2006) Influence of

upwelling, subsurface stratification, and heat fluxes on coastal

sea surface temperature off southwestern New Caledonia.

J Geophys Res 111:C07023. doi:07010.01029/02005JC003401

Ambariyanto, Hoegh-Guldberg O (1997) Effect of nutrient enrich-

ment in the field on the biomass, growth and calcification of the

giant clam Tridacna maxima. Mar Biol 129:635–642
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