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Abstract :   
 
Rationale  
 
Stable isotopic analysis is extensively used in trophic ecology. Inorganic carbonates, usually originating 
from shell fragments, are routinely removed from samples using an acid treatment because they affect 
δ13C values. However, acid treatment can also change δ15N values. For some taxa such as molluscs, 

the general assumption is that acid pre‐treatment is not necessary since their shell is easily dissected 
from soft tissues and represents the only source of inorganic carbonates. However, other sources of 

non‐dietary carbon (e.g., intracellular inorganic carbon) enriched in 13C thus get overlooked.  
 
Methods  
 
Soft tissues (foot) of the invasive gastropod Crepidula fornicata of different size classes were analysed 

for their δ13C and δ15N values with and without acid pre‐treatment using isotope ratio mass 
spectrometry. In toto microscopic investigations coupled with acid treatment, scanning electron 
microscopy and energy dispersive spectroscopy were used to highlight the presence of inorganic 
carbonate. A correction model was derived and applied to existing stable isotope data for C. fornicata. 
We used both seasonal variations in δ13C signatures and mixing model outputs to assess the error in 
δ13C values.  
 
Results  
 
Acid pre‐treatment had a significant effect on the stable isotope compositions of C. fornicata foot tissue, 
especially on δ13C values: isotopic differences increased with size, up to 3‰ for large females. No 
effect was detected for small (below ~20 mm) and motile males. In toto microscopic analysis revealed 
the presence of small spherules of inorganic carbonate, hence explaining the differences in δ13C 
values. Mixing model outputs and seasonal variation of δ13C values showed that untreated samples 
can lead to large misinterpretations about diet proportions and degree of trophic niche overlap, 
respectively.  
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Conclusions  
 
Spherules of inorganic carbonate in C. fornicata soft tissues are likely to be linked with motility of this 
species and their mucus production. We recommend assessing the presence of inorganic carbonate in 
soft tissue of sessile gastropods. 
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Introduction 

 

Stable isotope (SI) analysis has been increasingly used in ecology for several decades 2,3, 

especially to infer organic matter pathways in ecosystems, trophic positions of species, or 

animal movement 4. Among the isotope ratios used in this way, the δ13C value is one of the 

most frequently employed in marine trophic ecology, as the small fractionation (~ 1‰) 

between a consumer and its diet makes it possible to trace the origin and fate of organic 

carbon 4–6. SI analysis has been popularized worldwide by an increasing number of stable 

isotope facilities and a steadily falling analytical cost. As a result, because sample preparation 

is now a routine procedure, it may suffer from a lack of care and attention. Two major well-

documented biases can occur when preparing samples for SI analysis: a high storage lipid 

content 7 and the presence of non-dietary carbon, such as inorganic carbonates 1. In the 

animal kingdom, some hard structures are composed of inorganic carbonates, which are 

isotopically ‘heavier’ (i.e., enriched in 13C) relative to dietary organic carbon. To cope with 

potential carbonate contamination, scientists usually use an acid treatment prior to SI analysis 
8–13.  

For some taxa such as molluscs, ecologists take the easy approach of carefully removing 

external/internal shells and other hard structures (operculum, calcified radula). In many cases, 

the muscular part of the body (i.e., the foot and adductor muscles) is thus dissected out to 

avoid using acid treatment. Supposedly, dissection saves time over acid treatment, which 

poses a potential risk of affecting isotopic ratios 8,13. Choosing this common method makes 

the assumption that soft tissues do not contain inorganic carbonates. However, inorganic 

carbonates in the form of calcium spherules have been shown to be present in different 

organs, e.g., in the foot muscle, arteries and digestive glands of terrestrial gastropods 14–16, 

and also in the gills, mantle and digestive glands of freshwater bivalves 17,18. To our 

knowledge, the presence of calcium spherules has only been investigated in five species of 

marine gastropods 19,20.  

Among marine gastropods, the slipper limpet Crepidula fornicata is a model species in many 

scientific fields 21. This gregarious animal lives in stacks of several individuals and forms 

characteristic subtidal banks 22. C. fornicata is a hermaphroditic species that begins its 

benthic life as a male with low motility and then becomes a sessile female. Because of its 

introduction to many parts of the world and potential cascading effect on food web 

functioning, numerous studies have used SI analysis to investigate its diet and to infer inter-

specific trophic overlap.  These include its potential trophic competition with native 

suspension feeders such as the scallop Pecten maximus 23, or cultivated species such as the 

blue mussel Mytilus edulis or Pacific oyster Magallena gigas (formerly Crassostrea gigas) 24–

27. Recent personal observations revealed unexpected and repeated bubbling occurred from a 

C. fornicata foot dissected and dropped into a 1N hydrochloric acid solution. This gas 

emission strongly suggests the presence of overlooked inorganic carbonates in the soft tissues 

of C. fornicata. 

Here, we investigated the effect of acid pre-treatment on the carbon and nitrogen SI 

compositions in soft tissue (foot) of C. fornicata. We looked for inorganic carbonates in the 

foot using in toto microscopic investigation. The relationship between the δ13C deviation and 

individual size was quantified and a correction model proposed to correct for potential bias. 
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We also assessed potential ecological pitfalls and misinterpretations between corrected and 

uncorrected data using both mixing model outputs and seasonal variations in 13C signatures.  

1. Materials and methods 

 

2.1 Sample collection and preparation for stable isotope analysis 

Forty-one Crepidula fornicata individuals ranging from 10.4 to 39.8 mm in total length were 

collected in the bay of Brest, France, in June 2015 (48° 23.36068' N, 004° 23.86901' W). For 

each individual, the soft tissues were carefully removed from the shell to avoid breaking 

small pieces of the septa (thin calcareous part of the shell). The foot was then dissected out 

and cut into two equal parts, one was rinsed with MilliQ (Merck Millipore, Fontenay sous 

Bois, France) water and the second was sliced into small pieces, placed in a beaker 

containing 1N HCl until the bubbling stopped, and then rinsed with MilliQ water. All the 

samples were freeze-dried and ground into homogenous powder using a ball mill (Retsch 

MM400, Eragny sur Oise, France). 

 

2.2 Stable isotope analysis 

Samples of approximately 400 µg of powder per animal were weighed in tin capsules. SI 

analysis was performed on a Thermo Scientific Flash EA 2000 elemental analyser (Thermo 

Electron, Bremen, Germany) coupled to a Delta V Plus mass spectrometer in continuous flow 

(Thermo Electron) at the Pôle de Spectrométrie Océan (PSO, Plouzané, France). Organic 

carbon was expressed as percentage of the total organic matter, and stable isotope ratios in 

standard δ notation based on international standards (Vienna Pee Dee Belemnite for δ13C 

values and atmospheric nitrogen for δ15N values) according to the equation:  

 

δ = (Rsample/Rstandard) – 1 (‰)  

 

where R is 13C/12C or 15N/14N. 

 

International isotopic standards of known δ15N and δ13C values were used: IAEA-600 

caffeine, IAEA-CH-6 sucrose, and IAEA-N-1 and IAEA-N-2 ammonium sulphate. The 

experimental precision was estimated using the standard deviation of an internal standard 

(Thermo Acetanilide, n = 8), which indicated an analytical precision of ± 0.11‰ and ± 

0.07‰ for δ13C and δ15N values, respectively. 

 

2.3 In toto microscopic investigation 

For microscopic investigations, we sampled small transverse sections (~ 1 mm) of foot tissue 

from thirty adult C. fornicata individuals (mean length = 35 ± 5 mm). After observation 

under an optical microscope to find structures (i.e., spherules), we added one drop of 1N HCl 

between the slide and the plate. The presence of inorganic carbon was verified by observing 

dissolutions of the spherules and the accompanying gas emission. Scanning 

Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS) analyses were also 

performed to investigate the foot tissue of adult C. fornicata. SEM provides information 

about the surface topography of a sample, whereas EDS analysis gives a qualitative elemental 

analysis. Small pieces of dried samples (50°C for 48 h) were mounted on pin stubs and 
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coated with carbon or gold. SEM and EDS secondary electron images were then obtained 

with a FEI (Hillboro, OR, USA) Quanta 200 scanning electron microscope coupled with an 

OXFORD X-MAXN Silicon Drift Detector (detector size: 80 mm2; Oxford Instruments, 

Abingdon, UK) at the Laboratoire de Géochimie et Métallogénie of IFREMER (Plouzané, 

France). 

 

2.4 Data analysis 

Since the treated and non-treated samples were non-independent, and the values of pair-

differences normally distributed (Shapiro-Wilk, p-value > 0.2), δ13C and δ15N value 

differences between acid-treated and non-treated samples were tested using paired t-tests. The 

relationships between isotopic deviations due to acid treatment and individual size were 

investigated using both linear and exponential models. The best fit was chosen based on the 

coefficient of determination. Differences in paired δ13C values (i.e., δ13C values of the treated 

and untreated halves of a given sample) were plotted on individual size. The relationship thus 

obtained was used as a correction model. Correction consists in replacing the unknown 

parameter “x” in the equation with the size of the individual. This correction factor y should 

be subtracted from any δ13C value obtained from non-acidified samples. The percentage of 

organic carbon was compared between treatments and categories of C. fornicata (i.e., motile 

males, sessile males and sessile females) using a mixed-effect model to take into account 

repeated measurement in the two-factor analysis of variance. This model allows the 

incorporation of a random effect term in a linear model, which produces a correlation 

structure between measurements from the same individual 28,29. Normality and homogeneity 

of residual variance were checked visually and post hoc comparisons were made using Tukey 

tests. 

An isotopic mixing model allows the calculation of contributions of potential food sources to 

the diet of a species (Phillips et al 30). In order to assess the influence of the carbonated 

spherules (which is neutralized by acid treatment) in the computation of dietary proportions 

of C. fornicata individuals of varying sizes, a mixing model was run using δ15N values of 

untreated consumer samples and δ13C values of either treated or untreated consumer samples. 

We considered three potential food sources (marine suspended particulate organic matter, 

benthic diatoms and an association of macroalgae/C4 plants) and used realistic food source 

isotopic ratios and trophic discrimination factors previously published by Decottignies et al. 
24 (Table S1, supporting information). Although these authors considered a fourth potential 

food source (marine angiosperms Halimione sp. and Salicornia sp.), we did not include this 

in our mixing model due to its very low contribution to the diet of filter feeders in their case 

study 25. The dual element (δ13C, δ15N), three-source, mass-balance, linear mixing model can 

be described by the following equations: 

 

δ13Cm = f1 δ
13C1 + f2 δ

13C2 + f3 δ
13C3 

δ15Nm = f1 δ
15N1 + f2 δ

15N2 + f3 δ
15N3 

1 = f1 + f2 + f3,  

 

where f1, f2 and f3 are proportions of the three potential food sources. Because mixing models 

use a Bayesian approach that integrates uncertainty such as diet-tissue discrimination factors 
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30, classic statistical tests to assess mean or distribution differences are not relevant 31. We 

used the interquartile range (IQR), which is a measure of statistical dispersion 32. The 

difference between the third and the first quartile is defined as an index of overlap between 

dietary proportions. In this study, we considered that two distributions of dietary proportions 

were different if the two corresponding IQRs were non-overlapping.  

We extracted  δ13C values from 25 to infer interspecific relationships between C. fornicata and 

Magallena gigas. The trophic niche overlap between species was investigated using seasonal 

δ13C values for both species. Differences between species were analysed using non-

parametric Mann-Whitney tests since the data were not normally distributed. We focused on 

two specific seasons (winter-early summer and late summer) during which changes in trophic 

relationships are known to occur. 

All statistical analysis were computed with the free software R 33 using the ggplot2 34, nlme 
35, rcompanion 28 and simmr packages 36. 

 

2. Results  

 

3.1 Effect of acid treatment on δ13C and δ15N values 

The δ15N values of foot tissue increased linearly with individual size for both untreated and 

acid-treated samples, with a steeper slope for acid-treated samples (Figure 1A). The δ13C 

values increased exponentially with individual size, with a greater slope for untreated 

samples (Figure 1B). Differences between untreated and acid-treated samples were 

significant for both nitrogen and carbon isotope ratios (paired t-test; T = 4.63, p-value = 

0.0001 and T = 3.87, p-value = 0.0009, respectively).  To formalize isotopic deviation in 

untreated samples, a correction model was computed from the δ13C values using a three-order 

polynomial regression (Figure 1C).  

The organic carbon content of the foot tissue was dependent on both treatment and C. 

fornicata development stage (significant interaction between treatment × stage: F = 9.22, p-

value < 0.001, Figure 2). Significantly lower organic carbon content was observed for both 

untreated sessile males and females (Figure 2).   

 

3.2 In toto microscopic investigation 

Numerous spherules of ~ 30 µm size consisting of granular material were observed in the 

foot tissue of all examined individuals (n = 30) (Figure 3A). The addition of one drop of 1N 

HCl to the preparation triggered gas bubbles and the dissolution of the spherules (Figures 3B 

and C). After less than 3 minutes, all the spherules had dissolved (Figure 3D; and Figure S1, 

supporting information). We also performed the ‘limewater’ test to check for CO2 in the 

emitted gas. Fresh tissue of C. fornicata (foot) was crushed and put in an Erlenmeyer flask 

connected by a pipe to another filled with distilled water saturated in lime. 20 mL of 1N 

hydrochloric acid was added to the tissue and this Erlenmeyer flask then hermetically closed. 

After 1 minute, bubbles came through the pipe into the limewater, which became cloudy thus 

indicating the presence of CO2. Further observations revealed the presence of similar 

spherules in the entire animal, but less abundant than in the foot tissue. Spherules were 

clearly visible under the surface of the skin of dehydrated foot tissue (Figures 4A and B). 

Close-up images of a broken part of this tissue sample highlighted the internal composition of 
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the spherules. These consist of a multitude of tiny balls of about 1 µm diameter (Figure 4C). 

EDS qualitative analysis indicated that these spherules are composed of carbon, oxygen, 

calcium and magnesium. 

 3.3 Presence of spherules in relation to the substrate of C. fornicata 

When removed from underlying shell substrates, C. fornicata individuals leave a hard, white 

(more or less pronounced) deposit, which perfectly matches their foot imprint (Figure 5A). 

This deposit also reacts with acid and produces gas, but was not observed for five 

supplementary individuals inhabiting non-calcareous substrates (Figure 5B). Nevertheless, 

these individuals all showed the same pattern of calcareous spherule distribution in their 

bodies (Figure 5C) with comparable amounts in the foot (Figure 5D).  

 

3.4 Implications for diet composition assessment of C. fornicata 

The estimation of the contributions of potential food sources to the diet of C. fornicata (i.e., 

Marine POM, Benthic diatoms and Macroalgae and C4 plants) and the extent of change 

varied greatly depending on the C. fornicata size classes and sources (Figure 6), whether 

corrected or uncorrected δ13C values were used. Due to an overall small dietary contribution, 

the proportion of benthic diatoms was little affected by acid treatment, except for the largest 

size class 36–40 mm (Figure 6A). The dietary proportions of macroalgae and C4 plants 

showed clear differences for individuals larger than 30 mm (Figure 6B). Finally, marine 

POM contributions showed the highest differences between uncorrected and corrected 

samples, with increasing ranges from 25 mm and above (Figure 6C). For the largest 

individuals (36–40 mm), corrected δ13C values revealed that contributions were 

overestimated for benthic diatoms (53%) and macroalgae/plants (22%) but under-estimated 

for marine POM (43%), when comparing with uncorrected values.  

 

3.5 Implications in interspecific trophic overlap assessment 

Inter-specific isotopic differences between the two suspension-feeding species C. fornicata 

and M. gigas showed opposite seasonal patterns when comparing corrected and uncorrected 

δ13C values (Figure 7). For instance, during late summer, δ13C value differences between 

oysters and slipper limpets were non-significant when considering uncorrected values of C. 

fornicata, but were significant after correction. Conversely, from winter to early summer, 

significant differences became non-significant after correction.  

 

3. Discussion  

 

The present study aimed to investigate the effect of acidification of soft tissues (foot) on 

carbon and nitrogen stable isotope ratios in slipper limpet C. fornicata, a common and 

widespread invasive gastropod. We coupled isotopic compositions and microscopic 

observations to quantify the effect of the acid pre-treatment on δ13C and δ15N values. 

 

 4.1 The need for acid treatment in δ13C value assessments in C. fornicata 

Acid pre-treatment had no effect on either δ13C or δ15N values for small sizes of C. fornicata. 

For individual sizes above ~ 20 mm, the difference between treated and untreated samples 

increased linearly up to 0.6‰ for δ15N values, and exponentially up to 3‰ for δ13C values. 
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These values are higher than those found in other investigations on acid treatments in 

gastropods. As reviewed in 1, δ13C values in  untreated gastropods had a mean deviation of 

0‰ (± 0.09) compared with acidified samples, whereas δ15N values were slightly higher, by 

0.14‰ (± 0.09). Although a low concentration solution of hydrochloric acid (1N) is not 

supposed to significantly transform organic matter (by chemical reactions or loss of organic 

matter) or fractionate stable isotope ratios 1, we cannot exclude the possibility that acid 

treatment may cause slight deviations of stable isotope ratios. Potential reactions include 

solubilisation of acid-soluble organic carbon 37, break-up of complex compounds such as 

amino acids and subsequent loss in rinses 13, and volatilization 38 or fractionation of organic 

carbon 11. This is why many authors have stressed the need for a common sample preparation 

protocol in stable isotope studies 39. 

The largest individuals in this study were 40 mm in length, but C. fornicata can reach 50 mm 
40. As a result, one could expect even higher differences in δ13C values for larger adults, 

although extrapolating the correction beyond 40 mm has not been validated here. Acidified 

samples have higher organic carbon content per unit weight than non-acidified ones (27 ± 3% 

vs 41 ± 1% for sessile female), indicating that organic and/or inorganic carbon reacts with 

acid. Gas releases and decreases in inorganic carbon during acidification suggest that C. 

fornicata foot tissue contains inorganic carbonates in higher concentrations in sessile 

individuals than in motile ones. 

When dealing with molluscs in general and gastropods in particular, the inorganic carbon 

content is expected to originate from shell fragments. Isotopic investigations on C. fornicata 

have been carried out either on undissected animals rinsed with 1N HCl 24–27, or on dissected 

animals without acid treatment 23,41. In six out of seven studies, inorganic carbonates in the 

soft tissues were not dissolved by acid, hence generating measures falsely-enriched in 13C in 

these studies (Table S2, supporting information). We found only one study in the literature 

likely to obtain comparable results for δ13C values: 42 used freeze-dried powder with 1.2 N 

HCl solution directly in silver cups as an acidification process. This treatment allows a total 

dissolution of inorganic carbonates from the sample, giving a mean δ13C value of -19.7‰, 

which is in the same range as our acid-treated samples. As a result, we recommend measuring 

δ13C and δ15N values in two different ways: untreated samples for nitrogen and acidified 

samples for carbon. In order to allow perfect penetration of acid and avoid any loss of organic 

carbon during rinsing, we also encourage using in-cup acidification 8. 

  

 4.2 Origins of inorganic carbonates in Crepidula fornicata soft tissue 

In gastropod taxa, the foot is the organ of movement and/or fixation onto the substrate. It is 

therefore in direct contact with the environment. For freshwater gastropods, calcium is a 

limiting element taken up through the foot and stored as spherules in the soft tissues 43. 

Because mucous secreted by the foot combines with calcium 44, it has been suggested that 

calcium is absorbed percutaneously from the substrate and stored in the foot 44–46. In 

freshwater gastropods, calcium deposits are mostly known to play roles in pH homeostasis 47, 

and to a lesser extent in hemocyte reactions to particle or toxic invasions 48. Unlike 

freshwater, seawater is not calcium limited and marine molluscs are not expected to use 

calcium storage processes for homeostasis regulation. In the few studies focusing on calcium 

deposits in marine gastropods, spherules were investigated for their metal detoxification 
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capacities 19,20. Interestingly, an investigation of feeding processes and the use of mucus in 

particle processing in C. fornicata by 49 clearly showed white dots on the ventral surface (see 

Figure 1 in 49). Although this previous study was not designed to investigate calcium 

spherules, high quality micrographs of living animals are a good way of revealing these 

spherules. 

Ecological traits, and specifically the loss of motility of developing C. fornicata, could 

provide an explanation for the presence of calcareous spherules in soft tissues. Ontogenic 

histological changes have already been described for another Crepidula species 50. A specific 

type of mucocyte is indeed preferentially associated with females and linked to their greater 

adhesive capacity on the substrate. Interestingly, these authors mentioned a homogenous 

granular material in two kinds of mucocytes of the epithelial and sub-epithelial tissue. Since 

calcium binds with mucous to form calcium carbonates 44, it is likely that this granular 

material corresponds to inorganic carbonates, as confirmed by the EDS analysis in the present 

study. Interestingly, we also detected a large amount of magnesium in our samples 

(Magnesium/Calcium ratio ~ 5). While this was beyond the scope of our present study, future 

experiments should investigate the origin of such great quantity of magnesium in the soft 

tissue of C. fornicata. The nature of the substrate should also be examined. The adhesive 

capacity of mucus increases with viscosity and acidity 51,52. Because C. fornicata spends its 

entire life (~ 10 years) on the same substrate, it is expected to show high mucus acidity (i.e., 

high adhesive capacity). A calcareous substrate associated with mucus acidity also potentially 

explains the calcareous concretion on the underlying shell and increases the percutaneous 

uptake of carbonates by the foot (Figure 5A). However, qualitatively comparable amounts of 

spherules were also found in C. fornicata inhabiting non-calcareous substrates (Figures 5B-

D), which suggests that the accumulation of inorganic carbonates is linked to intrinsic 

physiological processes rather than to the type of substrate. In our study we differentiated 

motile and sessile males because males larger than 20 mm are found in their final position, on 

top of female shells, and become sessile although they are still male. Because motility is not 

strictly related to sexual differentiation, we also suggest that the increasing adhesive capacity 

of the species in relation to its gregarious behaviour explains the concentration of inorganic 

carbonates in its soft tissues. 

Similar histological observations were made for individuals of C. fornicata collected in the 

bays of Mont-Saint-Michel and Bourgneuf (France), suggesting again that they are the result 

of an intrinsic physiological process rather than local conditions. Because the presence of 

inorganic carbonates is related to biological traits of C. fornicata (protandry, motility and 

mucus production), local environmental conditions could enhance or lower this physiological 

process and ultimately slightly affect the correction factor provided here. The amplitude of 

the deviation in 13C might therefore need to be characterized by replicating the same protocol 

in additional study sites. Preliminary results also showed that other calyptraeidae species – 

such as Calyptraea chinensis – have similar biological traits (i.e., sessile and suspension-

feeding) but should be processed with caution as the correction factor provided here cannot 

readily be applied to other species. 

 

4.3 Trophic implications 
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Differences in isotopic composition between treated and untreated samples potentially 

indicate large ecological differences and could therefore have consequences for data 

interpretation. Results from the literature have commonly shown C. fornicata to be higher in 
13C than other filter-feeder species, suggesting a higher proportion of 13C-enriched food 

sources, such as benthic microalgae, in their diet. Here, we showed using published data 25 

that the contribution of microalgae to the diet of C. fornicata has generally been over-

estimated (up to 53%), while, conversely, the contribution of marine POM has been under-

estimated (up to 43%). Interpretations in benthic-pelagic coupling regarding allochtonous 

versus autochtonous food sources are therefore compromised. Mixing models computed with 

corrected δ13C values also showed higher similarities with those of other suspension-feeding 

species such as the Pacific oyster Magallana gigas, and a potentially higher trophic 

competition when food is limited. The two species were thought to compete for food in 

winter and spring 25, but corrected contributions of food sources show that their overlap in 

diet is higher than previously estimated. Conversely, they do not seem to overlap in late 

summer. It is thus possible that the invasive slipper limpet C. fornicata could be a stronger 

trophic competitor than previously reported. It is worth noting that we used a correction 

model based on foot tissue only, whereas 25 based their analysis on the whole body. However, 

because microscopic observations revealed the presence of calcareous concretions in several 

types of tissue (Figure 5C) and because the foot represents 55 to 65% of the body mass of C. 

fornicata 23, this difference should not weaken our conclusions. 

 

4. Conclusions and recommendations 

 

Crepidula fornicata contains a significant proportion of inorganic carbonates in its soft tissue. 

Although SI is now commonly used in trophic ecology studies, we still need to be careful 

about sample preparation, which should be species-specific. We recommend that researchers 

using SI take into consideration that “soft tissue” does not necessarily mean “without 

inorganic carbonate”, e.g., by applying the quick and easy ‘Champagne test’ 1 on a small 

piece of sample. This test could make it possible to target specific parts of the tissue of 

interest, which could be dissected without risk of ‘carbonate pollution’, thus avoiding serious 

misinterpretations when inferring conclusions from SI analysis. 
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Figure 1: Relationships between nitrogen (A) or carbon (B) stable isotope ratios (‰) 

measured in the foot of Crepidula fornicata and individual size for both untreated (filled 

circles) and acid-treated (open circles) samples. Correction model (C) showing the 

differences of δ13C value between acid-treated and untreated samples, according to 

individual size. 
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Figure 2: Organic carbon content (%) in foot of C. fornicata in untreated (white) and 

acid-treated (grey) samples. Significantly different groups are shown with different 

letters. 
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Figure 3: Example of an in toto histological cut of the slipper limpet C. fornicata foot 

before acidification (t0) (A) and 1’20 (B), 1’40 (C), and 2’40 (D) after 1M HCl 

acidification. Note the production of gas accompanied by the dissolution of calcareous 

spherules. All images are at the same scale. 
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Figure 4: Scanning electron microscopy of the foot of adult of C. fornicata at different 

magnification levels. 
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Figure 5: Images of the slipper limpet C. fornicata inhabiting a calcareous substrate (A) 

and a non-calcareous substrate (B). Calcareous concretions in C. fornicata soft tissue 

fixed on a non-calcareous substrate (C) and close-up of a foot tissue sample (D). 
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Figure 6: Relative contributions of benthic diatoms (A), macroalgae and C4 plants (B), 

and marine POM (C) to the diet of C. fornicata of six size classes calculated with 

uncorrected (grey) and corrected (black) δ13C values (data extracted from 24). 
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Figure 7: Seasonal variations of δ13C values measured for Crepidula fornicata (open 

circles) and Magallena gigas (filled circles) (mean ± SD; n = 5). Interspecific δ13C 

comparisons are shown with uncorrected (A) and corrected (B) C. fornicata δ13C values 

(data extracted from 24). Asterisks show significant interspecific differences. ns p > 0.05, * 

p ≤ 0.05, ** p ≤ 0.01. 
 

 


