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To date, two main vent faunal assemblages have been described on active sulfide edifices 
along the northern Mid-Atlantic Ridge (nMAR): one dominated by bathymodiolin mussels 
in low temperature areas and the other dominated by alvinocaridid shrimp in warmer 
habitats. In this study, we describe the ecology of new types of assemblage, dominated 
by gastropods, that are recurrent in several nMAR vent fields, from ~830 m to 3500 m 
depth. We assessed and compared the composition, abundance, diversity and trophic 
niche of these assemblages from three vent fields (Menez Gwen, Lucky Strike and Snake 
Pit) and characterized their habitats in terms of key environmental conditions. These 
assemblages, first seen during the Momarsat cruise in 2012 at the Lucky Strike vent field, 
were investigated during several subsequent cruises. They appear to be widespread along 
the nMAR, forming two distinct assemblages, one dominated by Lepetodrilus atlanticus 
at the shallowest vent field Menez Gwen, and the other by Peltospira smaragdina at 
the other investigated fields. Our data seem to indicate that these gastropods dominate 
an intermediate habitat at MAR vents and may play an important ecological role 
in  these  communities.

Keywords: gastropod, new assemblage, habitat, environmental conditions, diversity, hydrothermal vent,  
Mid-Atlantic Ridge

INTRODUCTION

Located on mid-oceanic ridges and back-arc basins, hydrothermal vent communities rely on 
chemosynthetic processes to sustain dense, but low diversity faunal assemblages (Tunnicliffe, 
1991). Since the discovery of vent faunal assemblages in 1977, several studies have focused on the 
factors driving their spatial distribution in different regions of the world’s oceans and at different 
spatial scales. At the edifice scale, active sulfide structures are colonized by large engineer species 
that often live in association with symbiotic microorganisms (Govenar, 2012). These foundation 
species provide substratum, refuge and food to various associated macro- and meiofaunal taxa 
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(Van Dover, 2002; Van Dover, 2003; Zekely et al., 2006; Govenar 
and Fisher, 2007; Sarrazin et  al., 2015). They form recurrent 
faunal assemblages that are distributed along a mixing gradient 
between the cold, oxygenated surrounding seawater and the hot 
(up to 400°C), often acidic, hydrothermal fluids (e.g. Gebruk 
et  al., 1997; Sarrazin et  al., 1997; Sarradin et  al., 1999; Marsh 
et  al., 2012; Sen et  al., 2013). Over the years, several studies 
have demonstrated the influence of environmental conditions 
on species distribution (Sarrazin et al., 1999; Bates et al., 2005; 
Van Dover and Doerries, 2005; Cuvelier et  al., 2009; Cuvelier 
et al., 2011a; Sen et al., 2013; Husson et al., 2017) and dynamics 
(Copley et al., 1997; Cuvelier et al., 2011b; Cuvelier et al., 2014; 
Lelievre et al., 2017) on these large sulfide edifices. The observed 
mosaics of faunal assemblages are linked to the patchiness of vent 
emissions (Sarrazin et al., 1997; Sarrazin et al., 1999; Luther et al., 
2001; Gollner et  al., 2010; Podowski et  al., 2010; Marsh et  al., 
2012; Nye et al., 2013; Sarrazin et al., 2015; Sarrazin et al., 2020). 
Particularly important in explaining these small-scale patterns 
are the available concentrations of reduced chemical compounds 
(e.g. hydrogen sulfide, methane and hydrogen) that are involved 
in chemosynthetic pathways (Jannasch, 1985; Matabos et  al., 
2008; Schmidt et al., 2008; Luther et al., 2012) as well as those of 
metals and oxygen (Desbruyères et al., 2000; Cuvelier et al., 2011a; 
Martins et al., 2011;). Although vital for the hydrothermal fauna, 
these chemicals can also have deleterious effects, depending 
on their concentrations (Martins et al., 2011). Thus, the spatial 
distribution of vent species results from a trade-off between their 
tolerance to the environment and their nutritional needs. On top 
of environmental conditions, biotic factors such as facilitation, 
predation or competition also interact and modulate the realized 
niche of these species (e.g. Mullineaux et al., 2003; Sancho et al., 
2005; Podowski et al., 2010; Mullineaux et al., 2012).

The northern Mid-Atlantic Ridge (nMAR) harbors 11 
known active vent fields between 12°N and 37°N (Beaulieu and 
Szafranski, 2020; see Gollner et al., 2021 for a map of these fields). 
Two faunal assemblages appear to be dominant on active edifices 
at the studied sites: those dominated by the engineer taxon 
Bathymodiolus spp. and those dominated by alvinocaridid shrimp 
(Desbruyères et al., 2000; Sarrazin et al., 2015; Sarrazin et al., 2020; 
Hernández-Ávila et al., 2022). In 2012, the discovery of a distinct 
faunal assemblage, dominated by small (~1 cm) gastropods and 
not described before, raised our interest. Although these small 
assemblages were sometimes visually difficult to locate from a 
submersible, we quickly realized that they were widespread not 
only at Lucky Strike, but also at many other vent fields of the 
nMAR (Marcon et al., 2013; Wheeler et al., 2013). Following this 
discovery, we dedicated dive time during six different cruises 
to gather biological and environmental data aiming to describe 
their composition, distribution and ecological role.

The objectives of the present study were to describe and 
compare the structure of these gastropod assemblages in terms 
of composition, density and diversity at three vent fields (Menez 
Gwen, Lucky Strike and Snake Pit) located on the nMAR, to 
describe their habitats and assess their realized ecological niches 
using stable isotopes. We address the following questions: Are 
there differences in faunal community structure between the 
gastropod assemblages at the three vent fields? What are the 

environmental conditions characterizing their habitats and are 
they similar among fields?

MATERIALS AND METHODS

Sampling Sites
Three vent fields, characterized by different geological settings 
along the nMAR, were investigated for this study: Menez Gwen 
(MG), Lucky Strike (LS) and Snake Pit (SP) (Figure 1A). They 
differ in depth, fluid chemistry (Charlou et al., 2000), background 
seawater temperature and composition of faunal assemblages 
(Charlou et  al., 2000; Desbruyères et  al., 2001; Sarrazin et  al., 
2020). MG (37°50’.47’’N; 31°33’.37’’W, Figure 1B) is the shallowest 
known vent system of the nMAR, with a mean depth of 850 m. 
The hydrothermally active sites are concentrated on the southern 
and eastern flanks of this small 15 km diameter volcano (Charlou 
et  al., 2000) and are partly colonized by dense assemblages 
of Bathymodiolus azoricus mussels (Desbruyères et  al., 2001; 
Marcon et  al., 2013; Sarrazin et  al., 2020). Mirocaris fortunata 
shrimp assemblages are visible close to high-temperature fluids 
and gastropod patches were previously reported from video 
observations (Marcon et al., 2013). In contrast to the two other 
vent fields, environmental conditions at MG include colder end-
member fluids (up to 280°C) and higher seawater background 
temperatures (8.8°C). In addition, the presence of a relatively 
strong current at a shallow depth near this field – trending 
southeast to northwest – probably acts as a strong barrier to larval 
dispersal towards more southern fields (Sarrazin et  al., 2020). 
The 1 km² LS vent field (37°17’.51′’N; 32°16’.66′’W, Figure 1C) 
has been extensively studied over the past 25 years (Langmuir 
et al., 1997) and has been host to the EMSO-Azores observatory 
since 2010 (Cannat et al., 2011). Lying at ca. 1700 m depth, LS 
is located in the center of three volcanic cones that surround 
a fossilized lava lake (Ondréas et  al., 2009). The magmatic 
chamber is situated at 3  km below the seafloor, feeding about 
20 active sulfide edifices (Singh et al., 2006). B. azoricus mussel 
assemblages largely dominate the biomass of these edifices, but 
M. fortunata assemblages are sparse (Desbruyères et  al., 2001; 
Cuvelier et al., 2009; Cuvelier et al., 2011a; Sarrazin et al., 2015; 
Husson et al., 2017; Sarrazin et al., 2020). The mussel assemblages 
preferentially colonize low temperature habitats (4.4 – 6.1°C), 
whereas those of M. fortunata are located in slightly warmer 
and more variable habitats (5.2 – 9.5°C; Husson et  al., 2017). 
The gastropod assemblages described in this study, present on 
only a few edifices, have never been described prior to this study. 
Background temperatures at this field are 4.5°C (Sarrazin et al., 
2020). The SP vent field (23°22’.06’’N; 44°56’.99’’W, Figure 1D) is 
located on the flank of a volcanic cone, 25 km south of the Kane 
fracture zone (Karson et al., 1987). It harbors several active and 
inactive sulfide structures that are perched on top of a large talus 
mound (Fouquet et  al., 1993). Dense populations of Rimicaris 
exoculata shrimp colonize the warmest parts of the edifices 
(Segonzac, 1993; Methou et  al., 2019) along with three other 
species (Rimicaris chacei, M. fortunata, Alvinocaris markensis) 
present in lower abundances. Moreover, a few structures are also 
colonized by Bathymodiolus puteoserpentis mussel assemblages 
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(Maas et  al., 1999). Background temperatures at this field are 
2.6°C (Hernández-Ávila et al., 2022).

Faunal Sampling and Habitat 
Characterization
Twelve gastropod assemblages were collected during several 
cruises and using the suction sampler on the ROV Victor6000 
from five sampling locations in the MG (MG3), LS (Y3, Cypress, 
Isabel) and SP (Les Ruches) vent fields along the nMAR (Table 1 
and Figures 1, 2). The habitat chemistry of these assemblages was 
characterized prior to faunal sampling using the in situ chemical 
analyzer CHEMINI (Vuillemin et  al., 2009), which measures 
total dissolved sulfide and iron concentrations. In addition, fluid 
samples within the habitat were collected using the PEPITO 
water sampler (Sarradin et  al., 2009). The availability of these 
instruments on the submersible depended on the dive/cruise, 
which explains discrepancies between samples (Table  1). The 
chemical characterization was also carried out on five additional 
assemblages in which no faunal samples were taken (see Table 1) 
and on the two other dominant assemblages of the nMAR (Table 
S1). In 2014, two thermistor chains were deployed in a gastropod 
assemblage at the Y3 vent site in LS to capture the longer-term 
temporal variability of temperature. Each chain was composed 
of six thermochron i-buttons© enclosed in titanium cases and the 
thermistors recorded hourly temperature measurements over 5.5 
months from 23 July to 31 December 2014, for a total of 3977 data 
points per probe. The chains were recovered in 2015, but 50% of 
the thermistors were damaged and could not be read (Table S2).

Faunal Sample Processing
For each sample, the total sampled area was estimated from 
a video capture using a checkerboard (7  mm squares) as a 
scale, deployed in the camera field of view (Figure 2). Surface 
measurements were performed using Image J© (Schneider 
et  al., 2012). When the checkerboard was not available, scale 
was assessed from the known size of the submersible suction 
sampler nozzle, visible on video sequences. Each faunal sample 
was sieved on 300 μm (macrofauna) and 20 μm (meiofauna) 
meshes. Individuals in the macrofaunal compartment were 
sorted, counted and identified to the lowest possible taxonomic 
level, and those of the meiofauna were identified at higher 
taxonomic levels.

Stable Isotope Analyses
To characterize their trophic ecology, stable isotope ratios of 
carbon and nitrogen were analyzed in 61 specimens of four 
gastropod species (Lepetodrilus atlanticus, Protolira valvatoides, 
Divia briandi and Peltospira smaragdina, Table S3). After 
sampling, individuals were either directly frozen, or preserved in 
ethanol or formalin solutions. Whole individuals were analyzed 
due to their small body sizes. Gastropods were extracted from 
their shells, freeze-dried for 24 h and ground to a homogeneous 
powder using a ball mill. Samples were then sent to the 
Laboratoire d’analyse en écologie aquatique et en sédimentologie 
at the Université du Québec à Trois-Rivières (CA) or the Littoral 
Environnement et Sociétés stable isotope facility at La Rochelle 

FIGURE 1 |   (A) Location of the three vent fields studied along the northern Mid-Atlantic Ridge: Menez Gwen (MG), Lucky Strike (LS) and Snake Pit (SP).  
(B-D). Locations (stars) of the sampling sites on MG (B), LS (C) and SP (D).
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Université (FR) for analyses using continuous flow-elemental 
analysis-isotope ratio mass spectrometry (CF-EA-IRMS).  
Isotope ratios were expressed using the widespread δ notation 
(Coplen, 2011) in ‰ and relative to the international references 
Vienna Pee Dee belemnite (for carbon) and atmospheric air (for 
nitrogen). Analytical precision based on repeated measurements 
of the same sample was less than 0.3‰ for both δ13C and 
δ15N. Given that chemical preservation can alter stable isotope 
compositions, correction factors experimentally measured on 
gastropods (Lau et  al., 2012) were applied to ethanol- (Δ13C = 
0.48‰, Δ15N = 0.47‰) or formalin-preserved (Δ13C = 1.01‰, 
Δ15N = 0.53‰) specimens.

Statistical Analyses
Faunal abundances were converted to densities by dividing the 
total number of individuals by the estimated surface area, and to 
relative abundance within each sample (Table 2). All analyses were 
computed using R (R Core Team, 2020). Associated community 
diversity was assessed using species richness as well as Shannon 
and Simpson diversity indexes. Species accumulation curves were 
computed based on the resampling of individuals (rarefaction; 

Hurlbert, 1971) for each site by combining replicates using Vegan 
2.5-6 (Oksanen et al., 2019). A Venn diagram displaying common 
species among the three vent fields was drawn. A hierarchical 
clustering of gastropod assemblage samples, based on their species 
composition, was computed based on Bray-Curtis dissimilarities on 
square-root transformed data using group average linking. For each 
environmental variable, mean and standard deviation were calculated 
when possible (Table  1). Correlations between environmental 
variables were tested using a Pearson correlation coefficient on log-
transformed data, and a principal component analysis (PCA) was 
conducted on the standardized means and standard deviations of 
temperature and sulfide concentrations to visualize site ordination 
in a two-dimensional space. Finally, a distance-based redundancy 
analysis (RDA) was done on Hellinger-transformed abundance data  
(Legendre and Gallagher, 2001) using temperature and sulfide 
concentration data only in order to maintain a significant number 
of samples representative of all sampling locations on the three vent 
fields. Note that at MG, gastropod assemblages were only collected 
at the MG3 site where no sulfide data were available. Consequently, 
and because temperature data were similar, chemical data from the 
nearby MG2 site were used to characterize environmental conditions 
of the assemblage from this vent field in the redundancy analysis.

TABLE 1 | Sampling characteristics and mean environmental conditions in the different gastropod assemblages studied.

Vent field Site Sample Year Faunal  
samples

Dive Depthm T°C (std) T°C  
anomaly

pH O2  
(std) 
µM

H2S  
(std) 
µM

Fe  
(std) 
µM

CH4 

µM
Mg 
µM

Mn_d 
µM

Fe_d 
µM

Fe_p 
µM

Menez  
Gwen

MG3 MG-MG3-13-1 2013 yes 524 827 8.9 (0.3) 0.9 6.55 – – – 40.56 50.97 0.67 0.85 0.21
MG-MG3-13-2 2013 no 525 827 8.8 (0.2) 0.8 – – 177 (65) 0 – – – – –

Lucky  
Strike

Y3 LS-Y3-12-1 2012 yes 504 1730 8.5 (0.6) 3.9 – – – 14.6 (0.8) – – – – –
LS-Y3-12-2 2012 no 504 1730 20.4  

(13.5)
15.8 – – – 23.7 (20) – – – – –

LS-Y3-14-1 2014 yes 582 1730 6 (1.2) 1.4 7.15 205.5  
(1.2)

28.9 (4.7) – 4.3 50 2.4 2.2 1.4

LS-Y3-14-2 2014 yes 582 1730 7.8 (0.6) 3.2 6.7 187.1  
(0.6)

72.7 (0.05) – 6 47.9 6.8 11.1 0.5

LS-Y3-14-3 2014 yes 582 1730 6 (0.9) 1.4 7.28 215.0  
(1.5)

19.4 (9.2) – 0.2 49.7 1.9 9.8 2.9

LS-Y3-15-1 2015 yes 600 1730 9.1 (2) 4.5 – 208.1 
 (1.8)

58.5 (15.8) – – – – – –

LS-Y3-15-2 2015 yes 600 1730 5.7 (1.1) 1.1 – – 30.2 (10.5) – – – – – –
LS-Y3-15-3 2015 yes 600 1730 5.8 (1.8) 1.2 – – 18.4 (12.9) – – – – – –

Cypress LS-Cy-14-1 2014 yes 586 1739 8.5 (0.8) 3.9 6.68 200.5  
(1.4)

99.2 4.1 (0.5) 5.6 51.5 3.7 3.6 0.6

LS-Cy-14-2 2014 no 586 1739 9 (1) 4.4 6.49 193.7 
 (0.5)

72.9 (7.4) 5.6 (0.8) 6.8 50.3 6.4 6.6 0.6

LS-Cy-14-3 2014 no 586 1739 9.5 (1.7) 4.9 6.46 201.9 
 (1.0)

68.4 (4.9) 5.8 (0.8) 1.6 49.1 6.4 7.3 1.2

Isabel LS-Isa-16 2016 yes 627 1683 –   – – – – – – – – –
Snake  
Pit

Les  
Ruches

SP-Ru-14-1 2014 no 568 3465 2.6 (0.4) 0 – 243.2 
(18.4)

10.7 (2.9) – – – – – –

SP-Ru-14-2 2014 yes 568 3470 5.2 (2.1) 2.6 – 296.6 
(6.7)

96.9 (22.7) – – –   13.4 –

SP-Ru-14-3 2014 yes 568 3465 3.3  
(0.65)

0.7 7.63 175.6 
(12.8)

12.1 (6.6) – 0.1 41 5.8 19.4 –

T°C: temperature, T°C anomaly: difference between measured temperature and background bottom seawater temperature at the site, O2: oxygen concentrations, H2S: in situ 
hydrogen sulfide concentrations, Fe: in situ dissolved iron concentrations, CH4: methane concentrations, Mg: magnesium concentrations, Mn: manganese concentrations, Fe_d: 
total dissolved iron concentrations, Fe_p: total particulate iron concentrations. -: not available. Std: standard deviation. In gray, samples for which there are faunal composition data. 
In bold, maximum values observed for a variable. Background bottom temperatures are 8.8°C at Menez Gwen (MG), 4.5°C at Lucky Strike (LS) (Sarrazin et al., 2020) and 2.6°C at 
Snake Pit (SP) (Hernández-Ávila et al., 2022).
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RESULTS

Community Composition and Diversity
Our results confirm that all samples were dominated by a single 
species of gastropod that made up 64% to 98% of the total 
abundance (Tables  2, 3). The species Peltospira smaragdina 
dominated the LS and SP samples, and Lepetodrilus atlanticus 
dominated those from MG (Figure  3). The second-most 
dominant taxa were either alvinocaridid shrimps (in 50% of 
the samples), copepods (25%) or other vent species (remaining 
25%). Nematodes were relatively abundant in only a few 
samples, particularly on Y3. A few taxa (Laeviphitus desbruyeresi, 
Branchinotogluma sp., Branchipolynoe seepensis, Cumacea, 
Isopoda, Ostracoda and Tanaidacea) were only present as 
singletons or doubletons (Table  2). Among the four most 
abundant gastropod species, Divia briandi was the only species 
present in samples from all three vent fields. For the three others, 

L. atlanticus was only present in the MG samples, P. smaragdina 
was present at the two other fields, but not at MG, and Protolira 
valvatoides was absent from SP samples. The total number of 
individuals collected were the highest on MG (2 583 individuals) 
and the smallest on Isabel (LS, 217 individuals; Table  3). P. 
smaragdina densities varied from 19 786 ind./m2 in one sample 
from Les Ruches to 74 966 ind./m2 in one sample from Y3. Total 
faunal densities showed high spatial variability within the same 
site, being up to three times higher at some sampling sites (e.g. 
Y3; Table 3) and was the highest at MG3, reaching 82 152 ind./
m2 (Table 3).

Only two species were shared between the gastropod 
assemblages of the three vent fields: the shrimp Mirocaris 
fortunata and gastropod D. briandi (Table  2 and Figure S1). 
Each of these taxa was present in all samples but one (Table 2). 
LS and MG gastropod assemblages shared a total of five species, 
whereas LS and SP shared four species (Figure S1). LS samples 

FIGURE 2 | Twelve gastropod assemblages were characterized and sampled during the present study at three vent fields (Menez Gwen, Lucky Strike and Snake 
Pit) at the northern Mid-Atlantic Ridge. Samples were taken during different cruises in 2012 (Momarsat), 2013 (Biobaz), 2014 (Momarsat for LS, Bicose for SP), 
2015 & 2016 (Momarsat). A physico-chemical characterization was carried out on each assemblage prior to faunal sampling. Faunal samples were collected using 
the ROV suction sampler. A target was placed in the field of the camera and sampling surfaces were estimated from video snapshots using ImageJ software© (see 
Sarrazin et al., 1997 for protocol).
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harbored the highest number of “exclusive” species (n=12, 
Figure   S1). In this vent field, species richness varied from 
2 at Isabel to a maximum of 13 at Y3 (Table  3). Similar to 
densities, richness was variable within the same site, varying 
from 4 to 13 species at Y3. The highest Shannon and Simpson 

indexes were found on Y3, and the lowest on Les Ruches, 
despite the high number of organisms collected and large 
surface area sampled on SP-RU-14-2 (Table  3). In fact, the 
largest sampled surface area at this site corresponds to the 
lowest densities and diversities (Table  3). In LS, Isabel had 

TABLE 2 | Raw and relative (in parentheses) abundances of the different macrofaunal (300 µM) and meiofaunal (20 µM) taxa within the 12 sampled gastropod 
assemblages. 

Field/site 
Taxonomic groups

Menez Gwen Lucky Strike Snake Pit

MG3-13-1 Y3-12-1 Y3-14-1 Y3-14-2 Y3-14-3 Y3-15-1 Y3-15-2 Y3-15-3 Isa-16 Cy-14-1 Ru-14-2 Ru-14-3

Gastropoda
 Laeviphitus desbruyeresi 0 0 0 1 (0.001) 0 0 0 0 0 0 0 0
 Lepetodrilus atlanticus 2184 (0.85) 0 0 0 0 0 0 0 0 0 0 0
 Peltospira smaragdina 0 899 (0.91) 533 (0.64)962 (0.85)931 (0.88)482 (0.85)389 (0.92)332 (0.81)195 (0.9)584 (0.72)647 (0.90) 1255 (0.98)
 Divia briandi 11 (0.004) 2 (0.002) 2 (0.002) 33 (0.03) 18 (0.02) 6 (0.01) 17 (0.04) 28 (0.07) 22 (0.10)35 (0.04) 7 (0.01) 0
 Protolira valvatoides 13 (0.005) 0 24 (0.03) 4 (0.004) 0 0 1 (0.002) 0 0 0 0 0
Bivalvia
 Bathymodiolus azoricus 1 (0.0004) 0 43 (0.05) 65 (0.06) 21 (0.02) 0 2 (0.005) 1 (0.002) 0 29 (0.04) 0 0
Polychaeta
 Amphisamytha lutzi 0 0 0 1 (0.001) 22 (0.02) 0 0 0 0 27 (0.03) 0 0
 Branchinotogluma sp. 0 0 0 1 (0.001) 0 0 0 0 0 0 0 0
 Branchipolynoe seepensis 0 0 0 2 (0.002) 0 0 0 0 0 0 0 0
 Hesiolyra aff. bergi 0 9 (0.009) 5 (0.006) 4 (0.004) 2 (0.002) 1 (0.002) 2 (0.005) 1 (0.002) 0 6 (0.007) 0 0
 Polychaeta juvenile undet. 0 0 3 (0.004) 0 0 4 (0.007) 2 (0.005) 0 0 0 0 0
Crustacea
Amphipoda 0 0 1 (0.001) 1 (0.001) 3 (0.003) 0 0 0 0 0 0 0
Copepoda*
 Siphonostomatoida 
Dirivultidae

372 (0.14) 0 0 0 0 0 0 0 0 0 0 0

 Copepoda undet. 0 0 113 (0.14)30 (0.03) 16 (0.02) 14 (0.03) 4 (0.009) 0 0 126 (0.16)0 0
Cumacea* 0 0 0 0 0 0 2 (0.005) 0 0 0 0 0
Decapoda
 Mirocaris fortunata 1 (0.0004) 75 (0.08) 59 (0.07) 15 (0.01) 31 (0.03) 57 (0.10) 3 (0.007) 45 (0.11) 0 2 (0.002) 15 (0.02) 1 (0.001)
 Rimicaris chacei 0 0 0 0 0 1 (0.002) 0 0 0 0 0 3 (0.002)
 Rimicaris exoculata 0 0 0 0 0 0 0 0 0 0 49 (0.07) 16 (0.01)
Isopoda- Thylakogaster undet. 0 0 0 0 0 0 0 1 (0.002) 0 0 0 0
Ostracoda* 0 0 2 (0.002) 0 0 0 0 0 0 0 0 0
Tanaidacea 0 0 0 0 0 0 0 1 (0.002) 0 0 0 0
Nematoda* 1 (0.0004) 0 46 (0.06) 13 (0.01) 17 (0.02) 1 (0.002) 0 0 0 1 (0.001) 0 0

Macrofaunal samples were identified to the species level when possible, but meiofaunal samples (indicated by a star) were identified to the higher taxonomic levels (order, family). 
Highest raw abundances are shown in bold.

TABLE 3 | Global characteristics of the macro- and meiofaunal communities in the 12 faunal samples considered in the present study with the total number of 
individuals, the surface area sampled, faunal densities, various diversity variables (S: species richness, Shannon, Simpson) and the relative abundance of the dominant 
species.

Field/site Sample Total number  
of individuals

Surface  
sampled (cm2)

Total faunal  
densities (ind./m2)

S Shannon Simpson Dominant species and  
relative abundance

Menez Gwen MG-MG3-13-1 2583 0.031 (0.009) 82 152.14 7 0.48 0.26 Lepetodrilus atlanticus (85%)
Lucky Strike LS-Y3-12-1 985 0.013 (0.003) 74 965.73 4 0.33 0.16 Peltospira smaragdina (91%)

LS-Y3-14-1 831 0.025 (0.007) 32 739.17 11 1.25 0.56 Peltospira smaragdina (64%)
LS-Y3-14-2 1132 0.034 (0.005) 33 407.59 13 0.69 0.27 Peltospira smaragdina (85%)
LS-Y3-14-3 1061 0.044 (0.005) 24 293.54 9 0.6 0.23 Peltospira smaragdina (88%)
LS-Y3-15-1 566 0.011 (0.001) 52 357.18 8 0.58 0.26 Peltospira smaragdina (85%)
LS-Y3-15-2 422 0.013 (0.001) 31 319.75 9 0.4 0.15 Peltospira smaragdina (92%)
LS-Y3-15-3 409 0.008 (0.002) 51 513.07 7 0.65 0.32 Peltospira smaragdina (81%)
LS-Isa-16 217 – – 2 0.33 0.18 Peltospira smaragdina (90%)
LS-Cy-14-1 810 0.016 (0.004) 49 312.78 8 0.95 0.45 Peltospira smaragdina (72%)

Snake Pit SP-Ru-14-2 718 0.016 (0.002) 43 703.93 4 0.4 0.18 Peltospira smaragdina (90%)
SP-Ru-14-3 1275 0.064 (0.021) 19 785.29 4 0.09 0.03 Peltospira smaragdina (98%)

 Highest values are shown in bold.
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a very low species richness and diversity, and gastropod 
assemblages from Cypress had intermediate diversity values. 
Overall, Y3 had higher diversity than the two other sites of 
this field (LS, Table 3), but also the highest number of samples  
(n = 7) compared with Cypress and Isabel, each sampled only 
once. The rarefaction curves did not reach an asymptote for 
any of the sampled sites, with the exception of Les Ruches, 
indicating that the diversity of most sampled sites was not 
fully characterized (Figure 4). Except for Isabel, the gastropod 
assemblages from LS (Y3 & Cypress) appeared to have higher 
diversity than that from MG and SP. However, these two 
fields were only represented by a single sampling site. As 
expected, results of the hierarchical /clustering showed a clear 
distinction of the MG gastropod assemblages from those of 
the two other vent fields (Figure 5). Assemblages dominated 
by P. smaragdina did not cluster according to the vent field, 
but separated samples collected at LS in 2014 from the others. 
Because the MG gastropod assemblages strongly differ and 
were dominated by a different species, the two assemblage 
types will be further characterized independently.

Habitat Characterization
Lepetodrilus azoricus assemblages – These gastropod assemblages at MG 
were found on a very friable granular substratum, covered by whitish 
material (probably microbial mats) and surrounded by small shimmering 
chimneys (<50 cm). Clouds of grayish material formed during sampling 
and a dark black groove was left afterwards (see Supplementary 
Video S1, https://doi.org/10.24351/88698). These assemblages were 
surrounded by B. azoricus mussel assemblages, a few meters away. The 
mean temperatures measured in the two sampled assemblages at MG 
varied from 8.8 to 8.9°C, which is more or less the temperature of bottom 
seawater. Corresponding habitat conditions are given in Table 1. Methane 
and hydrogen sulfide concentrations were particularly high compared 
with those at the two other vent sites.
Peltospira smaragdina assemblages – Visually, P. smaragdina 
assemblages from LS were different from one other. At Y3, their 
habitats resembled those found at MG for B. azoricus: very friable 
substratum, covered with microbial mats near small active 
chimneys. At this site, the assemblages were not found directly on 
the edifice, but rather on a large flange lying on the seafloor and 
covered by a mix of gastropod/mussel assemblages. Individuals 

FIGURE 3 | Bar chart of faunal composition (species accounting for >5% of the total relative abundance) in gastropod assemblages collected in three hydrothermal 
vent fields along the northern Mid-Atlantic Ridge. MG, Menez Gwen; LS, Lucky Strike; SP, Snake Pit. P. smaragdina: Peltospira smaragdina; L. atlanticus: 
Lepetodrilus atlanticus; D. briandi: Divia briandi; B. azoricus: Bathymodiolus azoricus; M. fortunata: Mirocaris fortunata; R. exoculata: Rimicaris exoculata.

FIGURE 4 | Species accumulation curves based on rarefaction computed 
for each site among the three hydrothermal vent fields: Menez Gwen (MG3), 
Lucky Strike (Cypress, Isabel and Y3) and Snake Pit (Les Ruches).

FIGURE 5 | Group average sorting dendrogram based on species composition 
using the Bray-Curtis similarity among the 12 gastropod samples along the 
northern Mid-Atlantic Ridge.
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were mostly concentrated at the rim of the flange, where there 
were intense shimmering fluids (see Supplementary Video 
S2, https://doi.org/10.24351/88699). At Isabel and Cypress, P. 
smaragdina assemblages were more similar to those of SP, being 
found on the edifice walls in areas of intense shimmering. M. 
fortunata shrimps were abundant around them at Isabel. In 
SP, P. smaragdina colonized vertical wall surfaces on tall active 
edifices. At one sampling site, the gastropods were found on a 
beehive-like structure, in shimmering fluids and surrounded by 
R. exoculata shrimps (see Supplementary Video S3, https://doi.
org/10.24351/88700). At the other site, they were in extremely 
dense patches and covered large areas of the edifice with abundant 
shimmering fluid (see Supplementary Video S3, https://doi.
org/10.24351/88700). Overall, the gastropod assemblages in SP 
were much more visible and extended than those from MG or LS.

The mean temperatures, given by the ROV temperature probe 
(PT200, frequency: 1  Hz), in the P. smaragdina assemblages 
varied from 5.7°C to 20.4°C in LS and from 2.6°C to 5.2°C in 
SP (Table  1). Given that the bottom temperatures in the two 
vent fields were quite different, temperature anomaly appears to 
be a better proxy than mean temperature to assess fluid inputs. 
These anomalies varied between 0.7°C at Les Ruches (SP) to 
15.8°C at Y3 (LS, Table 1). At Y3, temperature measured by the 
i-buttons (4 months of acquisition) directly at the surface of the 
substrata was three times higher (mean 25.42 ± 2.6°C, n = 6) 
than that measured by the ROV probe 1-2 cm above the surface 
(mean 7.83 ± 1.9°C, n=17). High spatial variability in mean 
temperatures (from 17.25 to 37.34°C) was also observed within 
the same assemblage between closely spaced i-buttons (Figure 6 
and Table S2). Temperatures also varied with time, the highest 
variation between minimum and maximum values being found 
on HT2.12 (43.04°C, Table S2).

The lowest concentrations of hydrogen sulfide, methane 
and magnesium concentrations were found at Les Ruches 
(SP), but pH (ca. 7.63) and dissolved iron concentrations were 
higher at this site than at the LS sites (Table  1). Highest and 
lowest concentrations of oxygen were measured at Les Ruches 
(SP). Higher concentrations of hydrogen sulfide, methane and 
magnesium were found at Cypress (LS, Table  1). Y3 harbored 
both the highest and lowest concentrations of manganese. For 

total and particulate iron concentrations, only data from LS are 
available, varying from 4.1 to 23.7 µM (Fe total) and 0.5 to 2.9 µM 
(particulate Fe; Table 1).

The PCA explains 77.6% of the variance in environmental 
conditions (Figure  7). The first axis represents 51.4% of the 
variance and is associated with average temperature and hydrogen 
sulfide concentrations as well as with temperature anomaly. The 
second axis explains 26.2% of the variance and is associated with 
the standard deviations of temperature and hydrogen sulfide. The 
PCA does not differentiate the two vent fields, nor the two LS 
sites or sampling years.

The RDA on environmental conditions was not significant, 
supporting a certain homogeneity in environmental conditions 
within the P. smaragdina assemblages from the LS and SP 
vent fields. Mean measured environmental conditions within 
gastropod assemblages of these two vent fields are presented in 
Figure 8.

Stable Isotope Compositions of Dominant 
Gastropod Species
δ13C values of the four species of gastropods were highly 
variable, ranging from -22.5 to -8.8 ‰ (Figure 9 and Table S3). 
Regardless of site, δ13C values were, from the most to the least 
negative, -18.9 ± 2.0 ‰ for P. valvatoides, -14.9 ± 2.4 ‰ for L. 
atlanticus, -13.6 ± 1.9 ‰ for D. briandi and -10.8 ± 0.8 ‰ for 
P. smaragdina (mean ± SD in each case). In addition to these 
general trends, species-specific inter-site variations also seemed 
to occur (Figure 9). Δ13C of P. valvatoides seemed lower at MG 
than at Y3. D. briandi showed comparable δ13C at MG and Y3 
(LS), but less negative values at SP and, to a lesser extent, at 
Isabel (LS). Δ13C of P. smaragdina were similar at Y3 and Isabel 
(LS), but seemed slightly less negative at SP. Finally, δ13C ranges 
seemed wider at MG than in the two other vent fields. Δ15N 
values of the four species of gastropods ranged from 2.4 to 7.7 
‰ (Figure 9 and Table S3). Regardless of site distinction, δ15N 
values were, from the lowest to the highest, 5.1 ± 0.9 ‰ for P.  
valvatoides, 5.4   ± 1.5 ‰ for L. atlanticus, 6.1 ± 0.6 ‰ for P. 
smaragdina and 6.8  ±  0.6 ‰ for D. briandi. Overall, δ15N seemed 
to vary less across species and sites than δ13C. Nevertheless, in 
MG, SP and Isabel, δ15N seemed to be higher for D. briandi than 
for other species (Figure 9). This trend was not observed at Y3.

Environmental Conditions Within the 
Different Assemblages on the nMAR
In Table S1, based on this study and previously published data, 
we compiled environmental conditions associated with the 
three assemblages of the nMAR and for each field. The observed 
patterns differed from one field to the other. In MG, the mean 
temperatures were similar between the gastropod (L. atlanticus) 
and mussel (B. azoricus) assemblages, but the mean hydrogen 
sulfide concentrations were more than three times higher in 
the gastropod assemblage. Unfortunately, no data was obtained 
in the shrimp assemblage in this field. In LS, the P. smaragdina 
assemblage occupied the highest temperatures and sulfide 
concentrations compared with the mussel (B. azoricus) and 

FIGURE 6 | Evolution of temperature anomaly (difference between measured 
temperature and background bottom seawater temperature at the site) measured 
with six i-buttons® temperature probes at Y3 (Lucky Strike vent field, Mid-Atlantic 
Ridge) from 23 July to 31 December 2014. Labels indicate probe name.
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shrimp (Mirocaris fortunata) assemblages. However, with the 
exception of Cuvelier et al. (2011a), the conditions reported here 
for the shrimp assemblage corresponds to those of the warmer 
mussel habitats (in which shrimp dominated), because a proper 
characterization of shrimp habitats still needs to be done at this 
field. Habitat characterization of the three faunal assemblages in 
SP was done the same year, during the Bicose cruise. Results show 
that environmental conditions were more differentiated than the 
two other vent fields: the gastropod (P. smaragdina) assemblage 
occupied intermediate temperature and sulfide concentration 
habitats (Table S1). The mussel (B. puteoserpentis) assemblages 
were characterized by lower concentrations of hydrogen sulfide 

and the shrimp (R. exoculata) colonized the most variable 
habitats with higher temperatures and sulfide concentrations. In 
SP, oxygen concentrations were lower in the shrimp (161.1 µM), 
intermediate in the gastropod (170.6 – 186.4 µM) and higher in 
the mussel (201.1 – 244.3 µM) assemblages.

DISCUSSION

This study provides the first description of the ecological 
characteristics of gastropod assemblages that are recurrent in 
three vent fields – Menez Gwen, Lucky Strike and Snake Pit 
– along the nMAR, from 830  m to 3500  m depth. Our results 
confirm that the sampled assemblages were characterized by a 
strong dominance of a single gastropod species and by distinct 
environmental conditions compared with the two other dominant 
assemblages of the MAR, the mussel and shrimp assemblages. 

A B

FIGURE 7 | Principal component analysis (PCA) on environmental data measured in gastropod assemblages dominated by Peltospira smaragdina at the Lucky 
Strike and Snake Pit vent fields along the Mid-Atlantic Ridge. (A) the distribution of sites in the new space formed by the two first principal components; the big 
circle and triangle represent the centroid for each vent site. (B) the correlation circle shows the contribution of each variable to the explained variance. H2S_avg & 
H2S_sd: average and standard deviation of in situ hydrogen sulfide concentrations, Temp-avg: average temperature, An_temp_avg: average temperature anomaly 
calculated against background seawater temperature and Temp_sd: temperature standard deviation.

FIGURE 8 | Whisker plots illustrating environmental conditions within 
assemblages of the gastropod Peltospira smaragdina at the Lucky Strike and 
Snake Pit vent fields along the Mid-Atlantic Ridge. Given that the values were 
quite high for hydrogen sulfide (H2S) and oxygen (O2), we provide two figures. 
The line corresponds to the median, the box (second and third quantiles) 
include 50% of the measured data and the upper and lower 25% respectively 
are represented by vertical lines on each box. Individual dots are outliers. 
H2S: in situ hydrogen sulfide concentrations, O2: oxygen concentrations, 
CH4: methane concentrations, Fe: in situ total iron concentrations, Fe_d: total 
dissolved iron concentrations, Fe_p: total particulate iron concentrations, 
Mg: magnesium concentrations, Mn: manganese concentrations, Temp_an: 
temperature (°C) anomaly calculated against background seawater 
temperatures. H2S, O2, CH4, Fe, Fe_d, Fe_p, Mg, and Mn_d are in µM. 
Numbers on graphs represent the number of measurements taken.

FIGURE 9 | Stable isotope ratios of carbon (δ13C) and nitrogen (δ15N) of the 
four dominant vent gastropod species from different sites in the three studied 
vent fields: Menez Gwen (MG3), Lucky Strike (Isabel & Y3) and Snake Pit (Les 
Ruches) on the northern Mid-Atlantic Ridge. Points are means, error bars are 
standard deviations.
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Furthermore, a retrospective examination of references and 
imagery from dives in other vent fields revealed evidence for the 
presence of distinct gastropod assemblages in at least five other 
MAR vent fields, including Broken Spur, Rainbow (Jollivet, pers. 
comm.), TAG (pers. obs.), Moytirra (Wheeler et al., 2013; Collins 
et al., 2020) and Loki’s Castle.

Community Structure at the Three  
Vent Fields

Two distinct gastropod assemblages were characterized, one 
dominated by Lepetodrilus atlanticus (Lepetellida: Lepetodrilidae; 
(Warén and Bouchet, 2001) at MG and the other dominated by 
Peltospira smaragdina (Neomphalida: Peltospiridae; Warén and 
Bouchet, 2001) at the LS and SP vent fields. Both genera are 
endemic to deep-sea chemosynthetic habitats. The former is 
the most specious with 16 species; however, Peltospira has only 
four described species (WoRMS Editorial Board, 2022). To 
date, these two species had only been described as associated 
fauna of Bathymodiolus assemblages in the studied vent fields 
(Sarrazin et al., 2015; Husson et al., 2017; Sarrazin et al., 2020). 
In the mussel assemblages described in LS, P. smaragdina was 
reported in very low densities and associated with intermediate 
temperature habitats, and L. atlanticus can reach high densities 
(Husson et al., 2017), particularly in cold microhabitats (Sarrazin 
et al., 2015; Sarrazin et al., 2020). Here, in contrast, we describe 
new assemblages dominated and structured by these two small 
macrofaunal gastropods, P. smaragdina and L. atlanticus.

These new gastropod assemblages are characterized by low 
species richness (<13 taxa) and a large proportion (>60%) of 
singletons or doubletons. They share structural similarities with 
faunal assemblages from warmer habitats at other vent sites, which 
are visually dominated by a few species and exhibit low species 
diversity [e.g. alvinellid assemblages on the EPR (Gollner et al., 
2010) and NEPR (Tsurumi and Tunnicliffe, 2003), alvinocaridid 
assemblages on the MAR (Hernández-Ávila et al., 2022), high-
flow siboglinid assemblages on the NEPR (Sarrazin and Juniper, 
1999)]. However, the gastropod species of this study differ from 
the large symbiotic species living in the vent fields of the western 
Pacific and Indian oceans, because they are much smaller in size 
(<1 cm compared with 8.5 – 9.5 cm for Alviniconcha hessleri and 
Ifremeria nautilei (Desbruyères et al., 2006). Moreover, contrary 
to the larger vent gastropods, their association with symbionts has 
not yet been demonstrated, although suspected for P. smaragdina 
(Collins et al., 2020).

Habitat Characterization
Like faunal composition, environmental conditions were 

very different at the MG habitats compared with the two other 
vent fields. The clear separation of MG from other vent fields 
(i.e. LS & Rainbow) along the MAR was previously reported 
by Sarrazin et  al. (2020) in mussel assemblages, showing both 
distinct environmental conditions and patterns of abundance 
and diversity. The mean temperatures (8.8 – 8.9°C) in the MG 
gastropod assemblages were similar to those reported for bottom 
temperatures at this field (Sarrazin et  al., 2020). At LS, mean 
temperatures were more variable, probably resulting from the 

higher number of sampling sites and years compared with MG and 
SP, but always at least >1°C above ambient temperature (~4.5°C). 
At SP, the mean temperatures were similar to those reported for 
bottom water temperatures (~3.6°C), but slightly exceeding them 
for one sample (+1.6°C). However, these temperatures may not 
represent those experienced by the gastropods as suggested by 
the time-series measurements done with the i-button probes 
at Y3 (LS), which largely exceeded the temperature values 
measured by the submersible. The videos highlighted the 
presence of shimmering fluids within the sampled assemblages, 
suggesting warmer temperatures than those actually measured. 
Measurements using the submersible probe were performed few 
centimeters above the gastropod assemblages at three discrete 
locations and are likely not representative of the temperatures 
experienced by the organisms over time. Indeed, temperatures 
can display variations of up to 20°C within a few centimeters in 
response to turbulence, mixing and biological processes (Le Bris 
et  al., 2005; Lee et  al., 2015). Similarly, a recent study showed 
that temperature values obtained by probes deployed directly 
on the substratum were significantly higher than those obtained 
with the submersible sensor few centimeters above the fauna 
(Marticorena et al., 2021). This difference questions once again 
the use of single-point temperature measurements to define the 
niche of vent species. However, submersible measurements can 
be used to compare different assemblages from different habitats/
fields, as it is the case here.

Our results do not show significant differences in 
environmental conditions between LS and SP habitats, 
although temperature anomalies were higher in LS and 
methane concentrations generally lower in SP. Concentrations 
of hydrogen sulfide were very variable at LS, between edifices 
and also within the same site, but were within the (large) range 
found in SP. With these large intra-field variations and without 
a more substantial (and comparable) number of samples, it 
remains difficult to further compare gastropod habitats between 
the two fields. Our comparison of the environmental data from 
the three key assemblages along the MAR (mussels, gastropods, 
shrimp) suggests that these small gastropod assemblages occupy 
an intermediate niche between those of the alvinocaridid shrimp 
and mussels. This niche separation is visible at SP (dominated 
by Rimicaris species), but additional environmental data in 
the warmer areas colonized by shrimp assemblages would be 
necessary in LS (dominated by Mirocaris fortunata) to confirm 
the position of the three assemblage types within the temperature 
gradient.

The absence of P. smaragdina in mussel assemblages in the 
shallower MG field (Sarrazin et al., 2020) is intriguing and may 
be linked to bathymetric limits as observed for many deep-sea 
taxa (McClain and Etter, 2005). Interestingly, P. smaragdina 
assemblages seem increasingly dominant at the deeper vent 
fields. In fact, their high abundance at the 2095  m Moytirra 
vent field (Wheeler et al., 2013) and their recent observation at 
other deeper fields such as Rainbow (2300 m) and Broken Spur 
(3100 m; Jollivet & Le Bris, comm. pers.) support a possible depth 
effect on this species’ distribution range. Another possibility is 
that L. atlanticus has outcompeted P. smaragdina at shallower 
depths. In fact, the relative dominance of one species can depend 
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on its abilities to outcompete other species over a given range of 
environmental conditions as previously shown for Lepetodrilus 
elevatus on the EPR (Matabos et  al., 2008). Alternatively, 
differences in MG abiotic conditions, such as its high sulfide/
methane concentrations, may have prevented colonization by 
P. smaragdina. Differences in the concentrations of the reduced 
chemicals used for chemosynthesis (such as hydrogen sulfide, 
methane, iron and hydrogen) may also result in distinct patterns 
of resource availability. In fact, the availability of different 
chemical elements may have an impact on the composition of 
microbial communities (De Busserolles et al., 2009). Our results 
suggest a different basal carbon source (see below) for the two 
species supporting the existence of resource partitioning, as 
previously observed at other vents (Levesque et al., 2003; Lelièvre 
et al., 2018).

Energy Fluxes and Ecological Interactions
Determining trends in stable isotope compositions of consumers 
in deep-sea hydrothermal vents can be a challenging task, because 
trophic effects (changes in consumer isotopic compositions 
due to actual differences in feeding habits) and baseline effects 
(changes in consumer isotopic compositions due to changes 
in isotopic compositions of baseline items) are frequently 
confounded. Variations in environmental conditions are known 
to influence baseline compositions at multiple scales (De 
Busserolles et al., 2009; Beinart et al., 2012). Here, the differences 
between vent fields and/or sites, with consumers from MG being 
more 13C-depleted compared to those of SP that were generally 
the most 13C-enriched, are probably largely due to such effects. 
Nevertheless, other than these baseline shifts, species-specific 
patterns could be observed.
P. smaragdina had high δ13C values at all sites, ranging from -9.0 
to -11.1‰ on average. These values are consistent with reliance 
on chemosynthetic bacteria favoring the reductive tricarboxylic 
acid (rTCA) cycle for their metabolism (Hügler and Sievert, 
2011). At Les Ruches (SP) and Isabel (LS), Divia briandi δ13C 
values were slightly more negative than those of P. smaragdina 
(-1.5 to -2‰). At Y3 however, the mean difference in carbon 
isotopic composition between D. briandi and P. smaragdina 
was greater (-3.5‰). Although all these values remain in the 
range of rTCA-fueled microorganisms, the differences suggest 
that the two species feed on different resources (either different 
microorganisms or similar microorganisms living in different 
habitats), and that the degree of ecological divergence between 
these two species may be site-specific. At MG, both D. briandi and 
L. atlanticus had similar average δ13C, whose values (-15.3 and 
-14.9‰, respectively) were found at the most negative end of the 
commonly accepted range for rTCA sulfide oxidizers (roughly 
-10 to -15‰; Hügler and Sievert, 2011). Conversely, at this site, 
Protolira valvatoides had the least negative δ13C (-19.3‰), and 
was found outside this range. This discrepancy suggests that this 
species does not depend solely on rTCA sulfide oxidizers for its 
nutrition. Based on its δ13C, at MG, P. valvatoides may combine 
this resource with sulfide oxidizers that use the Calvin–Benson–
Basham (CBB) cycle, methane oxidizers or even photosynthesis-
derived organic matter (Portail et  al., 2018). Although it has 

been reported in shrimps, namely Rimicaris exoculata, strong 
reliance on rTCA sulfide oxidizers is not common in fauna 
from mussel beds of the same sites, which instead seem to feed 
on microorganisms fueled by the CBB cycle (Portail et al., 2018; 
Methou et al., 2020). Δ15N values for all species varied from 4.54 
to 7.05‰, with few, if any, consistent observed patterns. While 
these values may indicate minor trophic position differences, they 
may also indicate differences in the type of inorganic nitrogen 
used by the producers on which each species relies (nitrate vs. 
ammonium; Methou et al., 2020).

Overall, from a functional point of view, our results suggest 
that all gastropods sampled here are grazers/deposit-feeders; 
however, the interspecific differences in isotope composition 
point out subtle variations in their feeding habits and/or feeding 
habitats. Resource partitioning among species of the same group 
or feeding guild (i.e. grazers using their radula to consume 
microbial mats) associated with high biomass is common in vent 
assemblages and highlight the importance of the diversity of free-
living microbial communities in structuring vent communities 
(Lelièvre et  al., 2018). Microorganisms represent most of the 
living organic carbon in the vent environment (Karl, 1995), and 
free-living microbes, growing on hard surfaces or proliferating 
in hydrothermal fluids, offer an abundant food source. 
Nevertheless, other modes of carbon and nutrient acquisition 
may also be present in the studied gastropods. Recently, Collins 
et al. (2020) hypothesized that the observed association between 
Sulfurimonas biofilm and P. smaragdina at the Moytirra vent field 
likely represents a holobiontic relationship. These hypotheses still 
need to be confirmed.

Comparison With Other Vent  
Gastropod Assemblages
In the present study, in MG, L. atlanticus low-diversity assemblages 
were found in newly formed habitats, characterized by a friable 
substratum and vigorous venting. Lepetodrilus limpets are 
highly successful at vents, reaching densities of several hundred 
thousands of individuals at certain sites (Warén et al., 2006). They 
colonize a large variety of substrata in diffuse-flow emissions 
areas and usually benefit from the 3D structure formed by 
engineer species including siboglinid tubeworms (Govenar et al., 
2005), mussel shells (Van Dover et al., 2002; Matabos et al., 2011), 
large symbiotic gastropods (Podowski et  al., 2009) and stalked 
barnacles (Marsh et  al., 2012). However, in the MAR mussel 
assemblages, Lepetodrilus densities appear to be lower than those 
observed in Pacific vents, reaching maximal densities of ~14 000 
ind./m2 on the Eiffel Tower edifice (LS, Sarrazin et al., 2020). At 
MG gastropod assemblages, L. atlanticus reached densities (~69 
800 ind./m2) that are similar to those reported by Marsh et  al. 
(2012) for Lepetodrilus concentricus on the East Scotia Ridge 
(ESR, up to ~57 000 ind./m2) and higher to those reported by 
Govenar et al. (2005) on the EPR for the denser L. elevatus species 
(~4 900 ind./m2). On the northern EPR and Juan de Fuca ridge, 
lepetodrilids are dominant in zones of intermediate fluid intensity 
(Sarrazin et  al., 1997; Shank et  al., 1998; Sarrazin et  al., 1999; 
Bates et al., 2005). Mills et al. (2007) report a distinct distribution 
between various Lepetodrilus species on the EPR. Some such as 
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L. pustulosus, L. elevatus, L. cristatus are associated with warm 
areas (up to 20°C, Matabos et al., 2008), whereas others (L. ovalis) 
are associated with the cooler areas (1.8 – 5.9°C), with a niche 
overlap between the two groups. These examples illustrate the 
wide range of habitats Lepetodrilus species can occupy (Mills 
et  al., 2007). Moreover, they appear to be able to outcompete 
other species in optimal environmental conditions (Matabos 
et al., 2008). The abundance and large distribution of this genus 
may be related, among other factors, to its feeding plasticity 
and high mobility. In fact, these limpets exhibit various feeding 
strategies including grazing with their radula, active suspension 
feeding and even symbiotic relationships (Bates, 2007; Gaudron 
et al., 2015) and they are able to adjust their position in response 
to environmental changes (Bates et al., 2005). Their continuous 
reproduction and planktonic dispersal strategy also make them 
effective early colonizers (Kelly and Metaxas, 2007; Matabos 
et al., 2008; Tyler et al., 2008; Bayer et al., 2011; Nakamura et al., 
2014) as observed by their rapid colonization after an eruption at 
the EPR (Bayer et al., 2011).
Peltospira (McLean, 1989) is a genus of small gastropods only 
found in active deep-sea hydrothermal vents. P. smaragdina 
(Warén and Bouchet, 2001) is the type species for the nMAR 
where it was originally reported to occur in aggregations of 
12 to 50 individuals (Warén and Bouchet, 2001). The three 
other species of the genus (P. operculata, P. lamellifera and P. 
delicata) have been observed at hydrothermal vent sites on 
the EPR where they occupy high temperature sulfide-rich 
habitats (Shank et  al., 1998; Matabos et  al., 2008). On the 
MAR, Peltospira gastropods within mussel assemblages seem 
to colonize an intermediate niche between the hottest habitats 
and the milder ones (Husson et  al., 2017). Their relative 
proximity to black smokers and diffusing zones supports this 
assumption. On the EPR, these three Peltospira species are 
even found in the hottest “alvinellid” zone (Mills et al., 2007). 
These authors suggest that Peltospira species may exploit 
microhabitats with higher inputs of hydrothermal fluids, 
even when found within siboglinid or mussel assemblages. 
This distribution may potentially reflect their needs for 
higher concentrations of reduced chemicals such as hydrogen 
sulfide. At the Moytira vent field, P. smaragdina gastropods 
are distributed into discrete grazing zones at far higher 
concentrations (~50 000 ind./m2) than previously observed 
for the species (Collins et  al., 2020). Similar to what was 
observed in our study, these zones were delineated by cracks 
of white precipitations, allowing the diffusion of vent fluids. 
These anhydrite-like mineral deposits are known to form at 
high temperatures (>150°C) supporting their association with 
warmer areas.

Role of Gastropods in nMAR Communities
A recent study in LS showed the importance of gastropods 
early in the recolonization processes following a disturbance 
(Marticorena et al., 2021). They might take advantage of the 

microbial films forming on “bare” substratum early in the 
succession process (Sarrazin et  al., 1997; Mullineaux et  al., 
2010; Mullineaux et al., 2012). As the substratum stabilizes and 
fluid flow diminishes (e.g. see Juan de Fuca Ridge succession 
model, Sarrazin et  al., 2002), gastropods may increase in 
abundance until they are replaced by large engineer species 
typical of low temperature habitats such as mussels. In the 
LS vent field, mussel assemblages are considered as climax 
communities (Cuvelier et  al., 2014). The decadal stability of 
environmental conditions (at least at LS) and the maturity 
of sulfide edifices would explain the relative rarity of these 
early-successional assemblages in the other two deeper vent 
fields studied (LS & SP). They appear to be more abundant 
and to colonize larger areas at greater depths, potentially 
associated with the presence of newly formed substrata. To 
our knowledge, and after discussion with several colleagues, 
we can confirm that these gastropod assemblages are present 
in at least 50% of the known nMAR vent fields (Marcon 
et  al., 2013; Wheeler et  al., 2013; Collins et  al., 2020). Their 
recurrence and distribution suggest that they probably play 
an important role in the functioning and dynamics of vent 
communities of the MAR and may even constitute one of the 
first step of Atlantic vent ecological succession.
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