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Abstract:  
 
Marine mollusc shell growth has been widely measured using fluorochrome marking. In order to test 
the efficiency and reliability of calcein staining on Pinctada margaritifera shells and pearls, the present 
study examined two administration methods, different concentrations and several immersion times. 
Immersion in a 150 mg L−1 calcein solution for 12 h to 24 h appeared to be the best method for 
marking P. margaritifera shells. For pearl marking, injection of a 200 mg L−1 calcein solution into the 
pearl pouch was the optimal method. Calcein marking was then used to measure the influence of food 
resource levels on the shell growth. Groups of 23-month-old P. margaritifera were fed at three trophic 
levels for two months. The two highest food levels tested (6000 cell mL−1 and 15 000 cell mL−1) 
induced uniform growth between the dorsal and ventral sides of shell, whereas the lowest food level 
(800 cell mL−1) induced greater growth on the dorsal side. Shell deposits from the ventral side were 
observed using a scanning electron microscope, revealing that the difference of the trophic level over 
two months had modified the thickness of the aragonite tablets formed. These results showed that the 
trophic level is a major factor conditioning P. margaritifera development. 
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ABSTRACT 21 

Marine mollusc shell growth has been widely measured using fluorochrome marking. In 22 

order to test the efficiency and reliability of calcein staining on P. margaritifera shells and 23 

pearls, the present study examined two administration methods, different concentrations and 24 

several immersion times.Immersion in a 150 mg.L-1 calcein solution for 12 h to 24 h appeared 25 

to be the best method for marking P. margaritifera shells. For pearl marking, injection of a 26 

200 mg.L-1 calcein solution into the pearl pouch was the optimal method. Calcein marking 27 

was then used to measure the influence of food resource levels on the shell growth. Groups of 28 

23-month-old P. margaritifera were fed at three trophic levels for two months. The two 29 

highest food levels tested (6 000 cell.mL-1 and 15 000 cell.mL-1) induced uniform growth 30 

between dorsal and ventral sides of shell, whereas the lowest food level (800 cell.mL-1) 31 

induced greater growth on the dorsal side. Shell deposits from the ventral side were observed 32 

using a scanning electron microscope, revealing that the difference of trophic level over two 33 

months had modified the thickness of the aragonite tablets formed. These results showed that 34 

trophic level is a major factor conditioning P. margaritifera development. 35 

Key words: Bivalvia, pearl, shell, growth, scanning electron microscope 36 

1 INTRODUCTION 37 

The black-lip oyster, Pinctada margaritifera cumingi, Linnaeus 1958 (Class: Bivalvia, 38 

Order: Pterioida, Family: Pteriidae), is used for the production of black pearls, and ranks 39 

among the most important commercial species in French Polynesia (Tisdell and Poirine 40 

2000). Annual pearl production has increased from about 100 kg to more than 8 000 kg within 41 

the last 20 years, with an annual turnover of about US$ 170 million. This activity represents 42 

the second most important industry in French Polynesia after tourism. The main production 43 

sites are located in the Tuamotu-Gambier archipelago, where they represent the principal 44 

source of income for a quarter of local Polynesian families.  45 

French Polynesia has the advantage of possessing natural stocks of these pearl oysters, which 46 

produce large numbers of larvae. Pearl oyster spat are commonly collected with lightweight 47 

spat collectors made from plastic mesh. Spat collectors are generally deployed for around 2 48 

years and the pearl oysters are harvested when they attain a dorso-ventral shell height of 49 

approximately 50-65 mm (Cœroli et al. 1984, Pouvreau and Prasil 2001). Pteriidae shells 50 

grow by the deposition of layers of carbonate crystals and organic matrix. The shell is usually 51 

externally covered by a tanned protein sheet, “the periostracum”. Within the periostracum, a 52 
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layer made up of calcite prisms, “the prismatic layer”, is commonly described. There is then 53 

an internal layer composed of parallel aragonite tablets, “the nacreous layer” (Wilbur and 54 

Saleuddin 1983). Growth is a variable that depends on both the genetic basis of traits under 55 

selection and the impact of the environment (Nasr 1984, Gervis and Sims 1992, Sims 1993, 56 

1994). Genotype-by-environment interactions dictate the final phenotype, and evidence of 57 

such interactions has been recently been demonstrated for the Pinctada genus (Kvingedal et 58 

al. 2008, Gu et al. 2009). Age, nursery culture methods, predator composition and abundance, 59 

and degree of fouling are all factors that can affect shell growth (Gervis and Sims 1992, 60 

Taylor et al. 1997, Southgate and Beer 2000). The principal environmental factors influencing 61 

growth in most polar, temperate and tropical species are food availability, nutritional value of 62 

microalgae and temperature (Honkoop et Beukema 1997, Lodeiros et al. 1998, Laing 2000, 63 

Pouvreau et al. 2000a, 2000b, Yukihira et al. 1998b, 1999, 2000, Ahn et al. 2003). Despite 64 

the economical importance of this species, the impact of the environment on shell and pearl 65 

growth of P. margaritifera remains poorly understood. 66 

In order to measure growth of calcified structures, several techniques have already been 67 

used. For example, shell growth has been assessed through shell length, shell height or shell 68 

width measurements (Pouvreau et al. 2000a, Hwang et al. 2007). However, external size 69 

quickly becomes a poor indicator of growth and age because growth rate varies among 70 

individuals and according to reproductive status (Pouvreau 1999). External measurements 71 

may therefore lead to biased growth estimations. Other studies have investigated shell 72 

perforation, sawing and emersion as methods to measure P. margaritifera shell growth during 73 

a known period (Caseiro 1993). However, these methods are likely to disrupt normal growth, 74 

as they cause physical damage (Caseiro 1993). Fluorochrome dyes have been used to validate 75 

growth checks (Day et al. 1995, Hales and Hurley 1991) and to investigate the layer 76 

formation pattern (Nakahara, 1961, Rowley and Mc Kinnon 1995, Schöne et al. 2003). These 77 

chemical stains bind to calcium and are incorporated into newly mineralizing shell, producing 78 

an internal growth mark that can thus subsequently be used for the analysis of environmental 79 

effects on short term growth rates (Nakahara, 1961, Schöne et al. 2003). Calcein is a 80 

fluorochrome that is easy to use and to detect and has been widely tested as growth marker for 81 

many marine animals, including bivalves, gastropods (Day et al. 1995, Rowley and 82 

McKinnon 1995, Kaehler and McQuaid 1999, Moran 2000, Eads and Layzer 2002, Moran 83 

2005, Thébault et al. 2006, Riascos et al. 2007, Lucas et al. 2008).  84 

In this study, a protocol using calcein fluorescent marking was developed to measure P. 85 

margaritifera shell and pearl growth. Calcein staining efficiency was assessed comparing 86 
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different administration methods, concentrations and immersion times, and the protocols were 87 

then used to investigate shell and pearl growth. Shell growth was described and measured on 88 

the ventral and dorsal sides and the influence of food abundance on the shell growth 89 

variability was examined and quantified. Furthermore, the influence of the food resources on 90 

the structure of the aragonite tablets, which compose the nacreous layer of the shell, was 91 

examined using scanning electron microscopy. 92 

2 MATERIAL AND METHODS 93 

2.1 Chemicals 94 

Calcein was purchased from Sigma Aldrich, France. The stain powder was dissolved 95 

over 12 h at 24 °C in filtered (0.1 µm) seawater using a magnetic stirrer. The following 96 

concentrations were prepared: 50, 100, 150 and 200 mg.L-1. Calcein administration 97 

techniques, concentrations and immersion periods were tested (Table 1).  98 

2.2 Calcein shell marking 99 

 The efficacy of calcein for marking shells was tested on 10-month-old pearl oysters (N=84, 100 

shell length average: 35 ± 0.02SD mm) produced in the Ifremer hatchery in Vairao (17°48'S, 101 

149°17'O) Tahiti, Society archipelago, French Polynesia. Shell marking was performed either 102 

by injection or immersion. For the injections, two concentrations of calcein (50 and 100 mg.L-103 
1) were tested on P. margaritifera pearl oysters (N=3/condition). Calcein was introduced 104 

using a sterile syringe inserted through the byssus hole into the palleal cavity until the cavity 105 

was filled with marker solution. Care was taken to insert the needle without injuring the pearl 106 

oyster. Animals were placed between wet towels for 30-40 min before returning them to 25-L 107 

tanks in an open seawater circulation system (120 L.h-1 water turnover). Seawater temperature 108 

was measured and seen to remain around 28 ± 0.3SD °C. For the immersion protocol, three 109 

calcein concentrations (50, 100 and 150 mg.L-1) were tested in 3-L aquaria. For each 110 

concentration, samples of three pearl oysters were taken after 6 h, 12 h and 24 h immersion 111 

time. A control batch was also kept under the same conditions but without calcein treatment, 112 

to evaluate toxicity of the stain. Calcein immersions were realized in aquaria equipped with 113 

an aerated sea water system and protected from light. During immersion, no water changes 114 

were made. After immersion and injection trials, the P. margaritifera pearl oysters were 115 

reared in 25-L tanks. Seawater (27 °C) was renewed 4 times per hour. A diet of 10 000 algal 116 

cell mL-1, composed of a 2:1 mix of Isochrysis galbana (T-Iso) and Chaetoceros gracilis cells 117 
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was supplied continuously. Marking success was evaluated two months later. To investigate 118 

ventral marking, shells were sawn according to the third section shown in Fig. 1. 119 

2.3 Dynamics of shell growth  120 

To explore shell growth dynamics, fifteen 40-month-old P. margaritifera pearl oysters 121 

(mean shell length: 122 ± 13.8SD mm) shipped from the Takapoto atoll (14°41’S, 145°14'O, 122 

Tuamotu archipelago, French Polynesia) were used. Two marking of pearl oysters were 123 

carried out at an interval of two months. The first and the second marking were done in 124 

similar conditions by immersion in a 150 mg.L-1 calcein solution in 3-L aquaria during 24h. 125 

Between the two marking, the pearl oysters were reared in lagoon. To explore shell growth 126 

with respect to anterior, ventral, posterior, dorsal and central parts of the shell, samples were 127 

sawn eight times, from the umbo to the growing edge, to obtain nine parallel shell pieces (Fig. 128 

1). Anterior and posterior pieces were then sawn three more times, perpendicular to the 129 

section axis. Growth of the prismatic and nacreous shell layers was studied by examining 12 130 

prismatic points and 35 nacreous points on each shell (Fig. 1). 131 

2.4 Influence of trophic level on shell growth 132 

In this experiment, 23-month-old pearl oysters (N=60, mean shell length: 85 ± 5.7SD mm) 133 

were firstly put into three 500-L seawater tanks (N=20/tank) equipped with an open sea water 134 

circulation system (water renewal of 96 L.h-1) and acclimatized over two weeks before the 135 

staining was performed and the diet treatments started. The P. margaritifera pearl oysters 136 

were then submitted to a 150 mg.L-1 calcein immersion for 24 h. Three level were tested : 800 137 

cell.mL-1, 6 000 cell.mL-1 or 15 000 cell.mL-1 composed of a microalgae mix (Isochrysis aff. 138 

galbana, and Chaetoceros aff. gracilis, v:v) continuously supplied for two months. The  mean 139 

temperature of seawater during this experiment was 29.4 ± 0.2 SD °C Mortalities were 140 

recorded during the experiment. Ten specimens per treatment were collected after the first 141 

month of experimentation and ten more, one month later. To investigate ventral and dorsal 142 

growth, shells were sawn at the third section shown in Fig. 1. 143 

2.5 Calcein pearl marking 144 

To mark pearls, two grafted adult populations aged 40 months (mean shell length: 122 145 

± 13.8SD mm) shipped from the Takapoto atoll were used. The first population (N=27) was 146 

grafted four months before the staining experiment and the second one (N=22), twenty-four 147 

months before the staining experiment. Both injection and immersion methods were tested. 148 
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For the injection method, 1 mL of the calcein solution was introduced into the pearl pouch 149 

using a sterile syringe. Two concentrations of calcein were tested: 150 and 200 mg.L-1. The 150 

immersion staining protocol was the same as that described above for shell marking and the 151 

same calcein concentrations were tested as with the injection method (150 and 200 mg.L-1). 152 

Double marking was carried out at a two-month interval for both groups of grafted specimens. 153 

Consequently, at the end of experimentation, pearls were aged six months in the first batch 154 

and twenty-six months in the second batch. The grafted pearl oysters were reared in 25-L 155 

tanks in same conditions described in section 2.2. Marking efficiency and pearl growth were 156 

evaluated two months later. Pearls were incorporated into a wax block before being sawn 157 

transversally. 158 

2.6 Calcein detection 159 

The shells and the pearls were sawn using a “Swap Top Trim Saw” machine (Inland, 160 

Middlesex, United Kingdom), which includes a diamond Trim Saw Blade (Thin Cut) IC-161 

40961. Shell and pearl edges were then polished for 5 s with various grades of water 162 

sandpaper sheet. The shell and pearl sections were then examined under a Leitz Dialux 22 163 

compound fluorescence microscope equipped with a I3 filter block and an optical micrometer. 164 

To determine calcein marking success on shell and pearls, calcein was recorded in the 165 

prismatic and/or nacreous layers using a binary system (1: mark; 0: no mark). Then, to 166 

measure shell and pearl growth, increments deposited between the two calcein marks were 167 

measured using an optical micrometer (Fig. 2). 168 

2.7 Shell deposit structure  169 

The structure of the shell deposit was observed by scanning electron microscopy (SEM). 170 

Pearl oyster shells were sawn at the third section shown in Fig. 1. The ventral side of the 171 

shells was isolated, embedded in resin and polished using various grades of diamond paste, 172 

down to a final 0.25 µm grade. To reveal microstructural features, polished shell sections 173 

were etched for 40 s with a formic acid solution (1 %) mixed with glutaraldehyde (3 %). SEM 174 

observations were conducted using a Philips XL30 instrument housed at the Laboratoire 175 

Interactions et Dynamique des Environnements de Surface, Orsay, France. 176 

2.8 Statistical analysis  177 

In order to evaluate marking efficiency according to the different administration 178 

methods (injection vs. immersion), calcein concentration and immersion times, Khi2 tests or 179 



 7

Fisher tests were realized using XLSTAT software 2007.7 (Bouyer 1996, Scherrer 1984). 180 

Nacreous deposits were square root transformed to normalize data distribution and a one-way 181 

ANOVA was performed to compare nacreous deposition between the dorsal and ventral side 182 

of the shell. Effect of trophic level on shell growth on the ventral and dorsal sides was 183 

analysed using a two way ANOVA following by a PLSD Fisher test using Statview version 184 

5.0 software. Square root transformed pearl deposit on 4 and 24 month-old pearls was 185 

compared using the Student t test. 186 

3 RESULTS 187 

3.1 Optimization of shell and pearl marking 188 

For both shell and pearl marking experiments, no mortality caused by calcein staining was 189 

recorded on the P. margaritifera pearl oysters. Shell marking frequency was significantly 190 

different according to the administration method. Using the immersion method, 85 % of the 191 

shells were marked, whereas only 35 % of the shells were marked after calcein injection into 192 

the palleal cavity (Khi2=17.211; df=1; p<0.0001) (Fig. 3a). Calcein concentration also 193 

significantly influenced the shell marking frequency (Fisher test; p=0.012). After immersion 194 

in a 150 mg.L-1 calcein solution, 100 % of P. margaritifera shells were marked. After 195 

immersion in 50 and 100 mg.L-1, calcein solutions, only 65 % and 89 % of shells were 196 

marked, respectively (Fig. 3b). An effect of immersion time was also observed. Shell marking 197 

frequencies were significantly higher for 12 h and 24 h than for 6 h immersion (Fisher test; 198 

p=0.023) (Fig. 3c). 199 

For pearl marking, the injection of calcein into the pearl pouch showed double the 200 

efficiency of the immersion method (88 % vs. 43 %) (Khi2=16.67; df=1; p<0.0001) (Fig. 4a). 201 

Furthermore, the concentration of calcein significantly influenced the pearl marking 202 

frequency (Khi2=5.10; df=1; p=0.024), using a 200 mg.L-1 calcein concentration delivered by 203 

injection, 100 % of the pearls were marked whereas only 75 % of pearls were marked at 150 204 

mg.L-1 (Fig. 4b). In addition, pearl age significantly influenced calcein incorporation:  97 % 205 

of the 4 month-old pearls were marked, while only 36 % of 24 month-old pearls were marked 206 

(Khi2=6.41; df=1; p=0.011), for all treatments combined.  207 

3.2 Dynamics of shell growth  208 

Shell growth was measured using calcein fluorochrome marks on 15 shells of P. 209 

margaritifera, each sawn into eight sections (Fig. 1). The thickness measurements of the 210 
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prismatic and nacreous deposits at the anterior, ventral and posterior area of the shells were 211 

not significantly different (F=1.07; df=1; p=0.3031). After two months of growth, shell 212 

deposit rate at the nacreous layer of the dorsal side measured 5.12 ± 4.36SD µm.day-1, 213 

whereas shell deposit rate at the nacreous layer for the anterior, ventral and posterior sides 214 

were significantly lower (3 ± 2.13SD µm.day-1, 2.88 ± 2.53SD µm.day-1, 2.76 ± 1.92SD 215 

µm.day-1, respectively) (Fig. 5). The difference observed for the dorsal part compared to the 216 

anterior, ventral and posterior area is significant (F=2.78; df=3; p=0.0458). No calcein mark 217 

was detected in the central area of the shell. Hence, shell growth could only be observed at the 218 

perimeter of the valves. 219 

3.3 Shell growth is correlated with trophic level 220 

 To evaluate the influence of food resources on P. margaritifera shell growth, 3 221 

microalgal diets were tested over two months. Shell deposition on the ventral and dorsal sides 222 

was significantly higher for the 15 000 cell.mL-1 diet than for the 6 000 cell.mL-1 one, and 223 

significantly higher for the 6 000 cell.mL-1 diet than for the 800 cell.mL-1 one (Fig. 6) 224 

(F=22.14; df=2; p<0.0001).  225 

Differences between ventral and dorsal growth depended on diet (F=10.50; df=1; p<0.0017). 226 

For the 800 cell.mL-1 diet, dorsal nacreous increment was significantly higher than ventral 227 

nacreous increment (p=0.0001) (Fig. 6). The dorsal growth rate was about 6.3 ± 3.0SD 228 

µm.day-1 whereas ventral growth rate was about 2.6 ± 1.3SD µm.day-1. In contrast, no 229 

significant differences between ventral and dorsal sides were detected at 6000 cell.mL-1 230 

(p=0.3072) or at 15 000 cell.mL-1 (p=0.2042). 231 

3.4 Influence of trophic level on aragonite tablet thickness 232 

The present study demonstrated that shell increment on the ventral side is greater for higher 233 

food level than for lower food level. Following the lowest and highest diets  (800 cell.mL-1 234 

and 15 000 cell.mL-1), shell deposit structure on the ventral side of P. margaritifera pearl 235 

oyster was observed by SEM. Observations showed that the food level seemed to act on the 236 

aragonite tablet thickness of the shell. Observations showed that during the two months of the 237 

experiment, the thickness of the aragonite tablets of the shell reduced with time whatever the 238 

food level considered. Aragonite tablets deposited just after calcein staining looked thicker 239 

than the later aragonite tablets deposited at the end of the experiment (Fig. 7 a, b, c, d).  240 

When a section of identical thickness was compared between shells of pearl oysters 241 

from the different diet treatments at the start and end of the experimental period, two 242 
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differences were observed in the aragonite tablets. In the initial stage of the experiment, the 243 

number of aragonite tablets composing a 10 µm section was lower in oysters from the higher 244 

food treatment (N=13) than in those from the lower food treatment (N=17) (Fig. 7 b, c). 245 

Indeed, aragonite tablets were thicker in the higher food treatment. At the end of the 246 

experiment, the opposite trend was recorded: the number of aragonite tablets in a 10 µm 247 

section was higher for the higher food level (N=20 for the lower food level, N=21 for the 248 

higher food level) (Fig. 7 a, d). At the end of the experimental period, therefore, aragonite 249 

tablets of the shell in oysters fed at the lower food level were thicker than those in shells of 250 

oysters fed at the higher food level. 251 

3.5 Pearl growth analyses  252 

Pearl growth rate was evaluated at two points after the graft. Pearl growth rate was 253 

significantly higher for 4 month-old pearls than for 24-month-old pearls (p=0.0002) (Fig. 8). 254 

Pearl growth rates were 1.44 ± 0.04SD µm.day-1 for the 4-month-old pearls and 9.21.10-2 ± 255 

0.01SD µm.day-1 for 24-month-old pearls.  256 

4 DISCUSSION 257 

During recent decades, fluorochromes have attracted attention as they can serve to create a 258 

fluorescent line in calcified structures. In this study, calcein marking efficiency was 259 

investigated on P. margaritifera to measure shell and pearl growth and to evaluate the 260 

influence of food levels on the growth of these structures. In our study, no mortality due to 261 

calcein administration was recorded. Compared with other species, P. margaritifera, 262 

therefore, presented a good resistance to the calcein marking process (Day et al. 1995, 263 

Bumguardner and King 1996, Gelsleichter et al. 1997, Eads and Layzer 2002). Several 264 

administration methods, concentrations and immersion times were tested. The most efficient 265 

method for marking shells, was shown to be immersion of pearl oysters in 150 mg.L-1 calcein 266 

solution for 12 to 24 h. Marking success increased with concentration and immersion time. 267 

Similar results have been obtained for other taxa: polychaete worms (Serpula columbiana), 268 

gastropods (Concholepas concholepas, Nucella ostrina), bivalves (Comptopallium radula, 269 

Mesodesma donacium) and fishes (Wilson et al. 1987, Brooks et al. 1994, Day et al. 1995, 270 

Rowley and Mc Kinnon 1995, Kaehler and Mc Quaid 1999, Moran 2000, Eads and Layzer 271 

2002, Iyengar 2002, Thébault et al. 2006, Riascos et al. 2007). To mark pearls, injection into 272 

the pearl pouch clearly gave better results than immersion. Twice as many pearls were marked 273 

with the injection technique compared with the immersion method. Our results showed that 274 
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all pearls were marked with injected calcein at 200 mg L-1 concentration.. Calcein marks have 275 

been observed in shells as well as pearls up to one year after marking, demonstrating that 276 

marks made in this way have a long-term life span. Riascos et al. (2007) noted a seven-month 277 

life span in C. concholepas and M. donacium.  278 

Using calcein marking, we followed the growth rate of three parts of the P. margaritifera 279 

shell, the peripheral part, the dorsal part and the central part, which were shown to differ. 280 

Disruptive shell growth has been evoked for many species (Day et al. 1995, Rowley and Mc 281 

Kinnon 1995, Kaehler and Mc Quaid 1999). The peripheral part of the shell is composed of 282 

anterior, ventral and posterior areas and has active bio-mineralization. Present results showed 283 

an active deposition rate for nacreous and prismatic layers, with similar deposition rate in the 284 

two. Secondly, the dorsal side of the shell was distinguished by a nacreous deposit rate 1.8 285 

times higher than on the ventral side over the two-month study period. Lastly, the central part 286 

of the shell is defined by a fluorochrome-free area. To explain this fluorochrome-free area, 287 

two hypotheses can be proposed. Either, 24 h is not sufficient for calcein incorporation into 288 

the central area of the shell, or the measurement technique is not adapted to detecting the 289 

growth pattern of this area.  290 

Physiological processes are affected by endogenous and exogenous factors. 291 

Exogenous factors include physical (temperature), chemical (oxygen, salinity) and biological 292 

(food availability) parameters, of which food resources are considered to be one of the most 293 

important (Nasr 1984, Sims 1993, Honkoop et Beukema 1997, Yukihira et al. 1998b, Laing 294 

2000). Using calcein marking, we measured the impact of trophic level on ventral and dorsal 295 

shell growth in P. margaritifera. After the two-month experiment, the lowest food level 296 

clearly favored growth of the dorsal side of the shell over that of the ventral side. However, 297 

when micro-algal concentration was higher, shell growth increased and was equal between 298 

dorsal and ventral parts. Consequently, the highest shell deposits on ventral and dorsal sides 299 

were recorded at the highest food level. The positive influence of food resources on shell 300 

growth has also been demonstrated for mussel C. meridionalis and M. edulis (Griffiths 1980b, 301 

Bayne and Worrall 1980). Winter (1978) evocated an optimum food concentration beyond 302 

which growth rate declined. In our experiment, food optimum was not reached since no 303 

growth rate decline was observed when microalgae concentration rose. These results are in 304 

line with Yukihira et al. (1998b), who detected an optimal food concentration between 10 000 305 

cell.mL-1 and 20 000 cell.mL-1 for P. margaritifera. Even though this bivalve is adapted to the 306 

oligotrophic lagoon waters of French Polynesian, our results show that P. margaritifera can 307 

also adapt itself to higher trophic levels. 308 
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SEM observations of P. margaritifera shells differed according to trophic level 309 

simultaneously revealing a temporal evolution of mineralization rate and the influence of 310 

trophic level on aragonite tablet thickness. Shells of pearl oysters fed the highest food level 311 

had thicker aragonite tablets than those of pearl oysters fed the lowest food level. 312 

Consequently, there seems to be a higher shell deposition rate in pearl oysters fed at the 313 

highest food level due to a combination of thicker aragonite tablets and an increasing shell 314 

deposit rate. 315 

Plasticity and modification in growth expression due to genotype by environment 316 

interactions have already been demonstrated for the Pinctada genus (Kvingedal et al. 2008, 317 

Gu et al. 2009). Among endogenous parameters known to affect growth, age is presumably 318 

the most important. In the present study conducted in Vairao, Tahiti, the pearl growth rate for 319 

the 4-month-old pearls over a two month period was 1.44 ± 0.04 µm.day-1, and the pearl 320 

growth rate for 24 month-old pearls was 9.21.10-2 ± 0.01 µm.day-1. The pearl growth rate 321 

decreased by about 15 times between 4-month-old pearls and 24-month-old pearls. The 322 

influence of pearl age on pearl growth has been already studied in P. margaritifera in 323 

Takapoto until the 13th month after the grafting process, revealing a growth rate of 3.60 ± 324 

1.60 µm.day-1 (Caseiro 1993). Takapoto and Vairao differ in temperature and chlorophyll-a 325 

concentration. Temperature in Takapoto ranks between 26.5 °C and 30.5 °C while 326 

temperature in Vairao ranks between 25 °C and 29 °C. Buestel and Pouvreau (2000) found a 327 

chlorophyll-a concentration of about 0.28 µg.L-1 at depths between 8 and 10 m, whereas 328 

chlorophyll-a concentration measured in Vairao lagoon in 2000 at a depth of 7 m was about 329 

0.184 µg.L-1 (Pers. Comm. Le Moullac). These indications, coupled with the age of the pearls, 330 

may contribute to explaining pearl growth differences between those two sites.  331 

Description of the impact of the environment on P. margaritifera shell growth is a 332 

valuable area of research because of the production challenge. French Polynesia is the top 333 

exporter of cultured P. margaritifera black pearls in the world. The country is composed of 334 

more 115 islands with different environmental conditions. Maximizing growth rate of pearl 335 

oysters will reduce the time needed to rear them to operable size for the pearl grafting 336 

operation and, therefore, increase farm profitability. Temperature is another environmental 337 

factor of prime importance for growth in pearl oysters (Pandya 1976, Honkoop and Beukema 338 

1997, Laing 2000, Yukihira et al. 2000, Tomaru et al. 2002, Saucedo et al. 2004, Gu et al. 339 

2009), so we will examine its effects in our future research. 340 
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Table 1: Summary of administration techniques, concentrations and immersion times tested 500 

for the calcein fluorochrome on Pinctada margaritifera. 501 

 502 

Experiment Administration 

technique 

Concentration 

(mg.L-1) 

Immersion times 

(hours) 

50  6, 12, 24 

100 6, 12, 24 Immersion 

150 6, 12, 24 

50 / 

Shell marking 

Injection into the 

palleal cavity 100 / 

150 24, 43 
Immersion 

200 24, 43 

150 / 
Pearl marking 

Injection into the pearl 

pouch 200 / 

 503 

 504 

505 
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List of Figures 505 

Figure 1: Location of the sections (1 to 8) and growth areas (anterior, ventral, posterior, dorsal 506 

and central) on P. margaritifera shells. White points: located in the prismatic layer; Grey 507 

points: located in the nacreous layer. 508 

 509 

Figure 2: Calcein fluorochrome marks on sections of shell and pearl. Calcein marks are 510 

indicated with white arrows. a: Shell ventral side section (x100): transition area between 511 

nacreous and prismatic layers of a shell of P. margaritifera exposed twice to 150 mg.L-1 512 

calcein by immersion. b: Shell ventral side section (x100): transition area between nacreous 513 

and prismatic layers of shell from a 10-month-old P. margaritifera oyster exposed to a 150 514 

mg.L-1 calcein by 24 h immersion. c: Transversal section of a 4 month-old pearl exposed 515 

twice to 200 mg.L-1 by injection into the pearl pouch of P. Margaritifera (x100).  516 

 517 

Figure 3: Calcein marking efficiency on shells from 10-month-old P. margaritifera oysters.  518 

a: Impact of the calcein administration method: immersion (N=70); injection into the palleal 519 

cavity (N=20). b: Impact of the calcein concentration: 50 mg.L-1 (N=17); 100 mg.L-1 (N=36); 520 

150 mg.L-1 (N=17). c: Impact of immersion time: 6 h (N=24); 12 h (N=22); 24 h (N=24). 521 

 522 

Figure 4: Calcein marking efficiency on P. margaritifera pearls. a: Impact of calcein 523 

administration method: immersion (N=44); injection into the pearl pouch (N=34). b: Impact 524 

of the calcein concentration for the injection method: 150 mg.L-1 (N=16); 200 mg.L-1 (N=18). 525 

 526 

Figure 5: Comparison of the nacreous shell deposit rate between calcein marks with respect to 527 

the shell area considered (N=15). Bars indicate standard deviations. Statistical differences are 528 

indicated by letters. 529 

 530 

Figure 6: Comparison of the deposit rate (µm.day-1) for the ventral (black plot) and dorsal 531 

(white plot) sides of the shell according to diet concentrations (cell.mL-1) after one and two 532 

months of experimentation. Standard deviations are included. Statistical differences between 533 

diets are indicated by letters. For any diet, significant differences between the dorsal and 534 

ventral sides are marked with an asterisk. 800 cell.mL-1 ventral area: N=17; dorsal area: 535 

N=11. 6000 cell.mL-1 ventral area: N=20; dorsal area: N=16. 15000 cell.mL-1 ventral area: 536 

N=20; dorsal area: N=15. 537 
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 538 

Figure 7: P. margaritifera pearl oyster shell from a low trophic level treatment (800 cell.mL-1) 539 

(a, b) and a high trophic level treatment (15 000 cell.mL-1) (c, d) at an interval of two months. 540 

b, c: Aragonite tablets deposited immediately after staining. a, d: Aragonite tablets deposited 541 

two months later.  542 

 543 

Figure 8: Comparison of the pearl deposit rate (µm.day-1) for 4-month-old and 24-month-old 544 

pearls. 4-month-old pearls: N=5; 24-month-old pearls: N=4. Bars indicate standard deviation.545 



 20

 546 

 547 

 548 

 549 

Figure 1 550 

551 



 21

 551 

 552 

 553 

 554 

 555 

 

  

 

Figure 2 556 

557 

a 

b c 



 22

 557 

 

 

 

 558 

 559 

Figure 3 560 

a 

b 

c 



 23

 

 

 561 

Figure 4 562 

563 

a 

b 



 24

 563 

 564 

 565 

 566 

 567 

 568 

 569 

Figure 5 570 

 571 

 572 

573 



 25

 573 

 574 

 575 

 576 

 577 

 578 

 579 

 580 

Figure 6 581 

 582 

583 



 26

 583 

 584 

 585 

 586 

 587 

 588 

a  d  

b  

 

c  

 

Figure 7 589 

590 



 27

 590 

 591 

 592 

 593 

 594 

 595 

 596 

 597 

 598 

Figure 8 599 

 600 

 601 

602 



 28

 602 

  603 

 604 

 605 


