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Abstract :   
 
The benthic fauna associated with polymetallic nodule fields is scarcely studied. Studies on species richness 
and distribution patterns are indispensable for the conservation of the abyssal ecosystem and for the 
development of management strategies for sustained commercial activities in the future. Here, we analysed 
the distribution patterns and diversity of tanaidacean communities associated with four International Seabed 
Authority licenced areas (BGR, IOM, GSR, Ifremer) located in the Clarion-Clipperton Fracture Zone (North-
East equatorial Pacific) and the one Area of Particular Environmental Interests (APEI3). The study was based 
on 34 box core samples collected at depths ranging from 4,200 to 5,000 m. Altogether, 98 species (446 
individuals) were recorded, of which 47 were singletons. Most tanaidaceans (78 species) were unique to a 
specific area. The highest densities, species richness and diversity were recorded in the BGR license area, 
while the lowest values were found in the APEI3. Our results correspond to the differences in productivity 
observed among the five areas. Species accumulation curves demonstrated substantial undersampling, and 
the final conclusions about tanaidaceans diversity in the CCFZ should be treated with caution, requiring further 
studies with higher sampling effort. The extremely low densities (2.3 ± 2.3 ind./0.25 m2) and species richness 
(five species) recorded in the APEI3 suggest a need for the revision of planned conservations strategies in the 
CCFZ, although it was the most scarcely sampled area and our results are therefore not representative of the 
entire site. 
 

Highlights 

► First large scale quantitative assessment of tanaidacean communities associated with polymetallic nodule 
fields. ► Unique species composition associated with different licence areas of the Clarion Clipperton 
Fracture Zone. ► Very low diversity and abundance of tanaidaceans in the Area of Particular Environmental 
Interests (APEI3) 
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1. Introduction 

 The deep-sea polymetallic nodule fields located in the north-eastern equatorial Pacific, 

known as the Clarion-Clipperton Fracture Zone (CCFZ), constitute a large and unique habitat 

for benthic fauna. Variations in organic matter input, a complex hydrography or the presence 

of physical barriers as the chains of sea mountains and fractures in a vast area of 6,000,000 

km2, at depths of 4,000-5,500 m (Khripounoff et al. 2006, Mewes et al. 2014, Juan et al. 

2018) make the CCFZ a distinctive large-scale natural laboratory ideal for analysing the 

influences of habitat heterogeneity, surface-productivity or sediment structure on the 

distribution of various taxonomic and ecological groups (e.g. Miljutin et al. 2011, Jones et al. 

2017). Recent studies have also demonstrated that ecosystems of polymetallic nodules host 

unique and largely unknown benthic communities (Vanreusel et al. 2016).  

 The commercially important area for the extraction of polymetallic 

nodules  International Seabed Authority (Hein et al. 2013). Nodule 

fields are a source of copper, nickel and cobalt; however, economic interests clash with the 

need for conservation planning in the deep sea (Levin et al. 2016, Dunn et al. 2018, Taboada 

et al. 2018). 

 Recent studies have demonstrated that planned mining activities have serious negative 

environmental impacts, and the post-disturbance recovery of the impacted ecosystem will be 

an extremely long process, measured in the scale of decades or even thousands of years (Jones 

et al, 2016, Kaiser et al. 2017 and references therein). According to previous studies, nodule 

extraction directly impacts large sessile organisms as well as smaller infaunal species (Jumars 

1981, Miljutin et al. 2011, Jones et al. 2017, Vanreusel et al. 2016), while resuspended 

sediment will likely have a negative effect on the filtrating fauna and on numerous smaller 

benthic organisms (Jumars 1981, Glover and Smith 2003). 

 Against this background, a baseline assessment of diversity and distribution patterns is 

essential for predictions and for the development of reliable response scenarios of disturbed 

ecosystems. The relatively low sampling coverage in a vast and fully unrecognised ecosystem 

makes final conclusions on diversity, species rarity and/or dispersal abilities highly uncertain, 

but nevertheless, the findings of previous studies point to a substantial delay in polymetallic 

nodule mining until the long-term ecological impacts can be adequately assessed (Kim 2017). 

The outlined issues are important in the context of a ‘blue economy” and constitute an 

important element of the taxon-focused approach for developing conservation strategies for 

deep-sea ecosystems (Costello and Chaudhary 2017, Glover et al. 2018). At the same time, 

our knowledge on the diversity and composition of fauna associated with polymetallic 
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nodules in the CCFZ is still insufficient, with few ecological studies mainly published in the 

last 4 years (e.g. Renaud-Mernant and Gourbault 1990, Janssen et al. 2015, Singh et al. 2016, 

Amon et al. 2017, Kersten et al. 2017, Wilson 2017). There are also only few taxonomic 

descriptions or species registers (e.g. Dahlgren et al. 2016, Herzog et al. 2018, Kersken et al. 

2018, Bonifacio and Menot 2018). 

 Recent studies have shown that small peracarid crustaceans, such as Tanaidacea, are 

an important element of bathyal and abyssal communities and belong to the most highly 

underestimated deep-sea organisms, characterised by a high number of singletons and a high 

number of species new to science (Błażewicz-Paszkowycz et al. 2012, Błażewicz-

Paszkowycz et al. 2015, Pabis et al. 2015). Their small size, tubiculous life form, extremely 

low mobility and lack of a planktonic larval stage make them an ideal taxon for diversity 

studies and the analysis of multiscale (e.g. microhabitat level, regional diversity) distribution 

patterns (Błażewicz-Paszkowycz et al. 2012, Zeppilli et al. 2016). For the same reasons, they 

might be used as important indicators of potential changes in the deep-sea environment. The 

naturally low population size and their restricted dispersal abilities make them particularly 

sensitive to disturbance and habitat fragmentation (Błażewicz-Paszkowycz et al. 2012, Hilario 

et al. 2015), and their responses to disturbances may differ substantially from the patterns 

observed for other invertebrates. Based on the above, we even expect that many species of 

tanaidaceans associated with nodule fields will go extinct during mining activities before they 

can be described (Van Dover et al. 2017). In this context, there is an urgent need to confront 

earlier studies with the results based on the analysis of those smallest representatives of the 

deep-sea macrofauna, which have been scarcely studied so far (Smet et al 2017,  Wilson 

2017, Ok Hwan et al. 2018). Therefore, our study provides a first large-scale quantitative 

assessment of the tanaidacean communities associated with polymetallic nodule fields in the 

Clarion-Clipperton Fracture Zone. We hypothesise that the low dispersal potential of 

tanaidaceans will result in substantial differences in species composition between the studied 

areas, while less productive Area of Particular Environmental Interests 3 (APEI3) will be 

characterized by lower abundance and species richness. 

 

2. Material and methods 

2.1. Sampling and environmental factors  

 The material was collected in four areas of the Equatorial North-East Pacific, licensed 

by the International Seabed Authority (ISA); all areas were located in the Clarion-Clipperton 

Fracture Zone (6° N and 20°N, 120°W and 160°W) and in the one Area of Particular 
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Environmental Interest (APEI3) precluded from potential mining. The area of the Pacific 

manganase nodule belt stretches for about 5,000 km (Mewes et al. 2014). Altogether, 34 box 

cores (sampling area of 0.25 m²) were collected in March and April of 2015 during the 

expedition on board of the RV Sonne (SO 239) at depths ranging from 4,200 to 5,000 m 

(Kaiser et al. 2015); each core was sliced into three layers (0-3, 3-5 and 5-10 cm). 

Subsequently, each layer was sieved on board through a 300-µm mesh, and the obtained fauna 

was preserved in cold 96% ethanol. The sieve residues of the two deeper layers were fixed in 

4% formaldehyde solution for 2 to 4 days and later transferred into 80% ethanol. Nine 

samples were collected in the German license area (BGR - German Federal Institute for 

Geosciences and Natural Resources), nine in the IOM - Interoceanmetal Joint Organization 

(Bulgaria, Cuba, Czech Republic, Poland, Russian Federation, Slovakia), five in the Belgian 

area (GSR - Global Sea Mineral Resources), six in the French license area (Ifremer) and five 

in APEI3 (Table 1). Samples 51 (BGR), 105 (IOM), 203 and 209 (APEI3) could not be 

treated as fully quantitative due to disturbances in the sampling procedure. The distribution of 

the stations in the five remotely situated areas of the CCFZ allowed for comparisons of 

species richness and fauna composition. The environmental factors (Table 2) analysed at each 

of the sites were grain size fractions, total nitrogen (TN), total organic carbon (TOC), total 

organic matter (TOM), chloroplastic pigment equivalents (CPE) and chlorophyll a content. 

The material was collected using a multi-corer (MUC). The analytical procedures are 

described in detail in Hauquier et al. (2018) and Volz et al. (2018). Generally, the sediments 

and the environmental factors were similar in all license areas; only the area APEI3 was 

characterised by a higher amount of clay fractions and lower TOC and TOM levels (Hauquier 

et al. 2018, Volz et al. 2018). 

 

2.2. Data analysis 

 The tanaidacean fauna was identified to morphospecies. Median values of abundance, 

species richness (S - number of species per sample) and diversity (Shannon Index) with 

quartiles were calculated for each studied area (Magurran 2004). As the data were not 

normally distributed, the statistical significance of differences in diversity, species richness 

and abundance among sites was tested via the Kruskal-Wallis test. Post-hoc testing was 

performed using Dunn's test in the Statistica 6 package. Chao 1 and Chao 2, as well as 

Jackknife 1 and Jackknife 2 estimators of species richness, were also used (Canning-Clode et 

al. 2008), applying Primer 7. Sample 196 from APEI3 was excluded from the species richness 

and diversity analysis due to the presence of only one damaged, unidentified individual.  
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 Hierarchical agglomerative clustering analysis based on the Bray-Curtis formula was 

used by applying the group average method. Data were not transformed due to the extremely 

low abundance of tanaidaceans. A SIMPROF test with 5% significance level was performed 

to assess the multivariate structure within groups (Clarke and Gorley 2015). The numbers of 

singletons and species recorded in one sample only were calculated for the entire material and 

for each area separately. We also determined the number of species unique to each of the 

areas. 

 

3. Results 

 Altogether, 98 tanaidacean species (446 individuals) were found. Species number and 

community composition differed significantly among the five studied areas. We recorded 42 

species in BGR, 31 species in IOM, 22 species in GSR, 20 in Ifremer and five species in the 

APEI3 area. Both Jackknife and Chao estimators indicated substantial undersampling (Fig. 1), 

demonstrating that more species can be found in the studied region. 

 Many species were unique to only one area (Table 3). The highest proportion of the 

unique species (19 species, 95%) was found in the Ifremer area, while the lowest was 

recorded in IOM area (15 species, 48%). Moreover, 78 species were found in one area only, 

while only two species were recorded in three areas (Fig 2). We also recorded a high number 

of singletons (47 species) and species restricted to only one sample (58 species). In each of 

the studied areas, the number of singletons was also high, varying from 38% in the BGR area 

to 100% in the APEI3 area (Table 3). The number of species found only in one sample from a 

given area varied from 54% in IOM to 100% in APEI3 (Table 3); only three species had a 

total abundance higher than 10 individuals, while only nine species were found in more than 

three samples.  

 Generally, the number of species common to different areas was low (Table 4); the 

highest numbers of such species were found between the BGR and IOM (14 species) and 

between the BGR and the GSR area (five species).  

 The highest mean densities were found in the BGR area (24.4 ± 13.6 ind./0.25 m2), 

while the lowest were found in APEI3, with only 2.3 ± 2.3 ind./0.25 m2. Median values with 

quartiles for those two areas was 21.0 ind./0.25 m2 (Lower quartile 17.0, Upper quartile 31.0)  

and 2.3 ind./0.25 m2 (Lower quartile 1.0, Upper quartile 2.0) respectively (Fig. 3). The mean 

number of species per sample varied from 8.1 ± 3.2 spec./0.25 m2 in the BGR area to 1.2 ± 

0.5 spec./0.25 m2 in APEI3. Median values with quartiles for those two areas was 9.0 

spec./0.25 m2 (Lower quartile 6.0, Upper quartile 11.0) and 1.0 spec./0.25 m2 (Lower quartile 
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1.0, Upper quartile 1.5) respectively. The highest values of the Shannon Index were recorded 

in the BGR area with 1.7 ± 0.4, while the lowest were found in the APEI3 with 0.1 ± 0.3. 

Median value with quartiles for the BGR was 1.9 (Lower quartile 1.6, Upper quartile 2.1). 

Significant differences in species richness, abundance and diversity were found only between 

the BGR area and APEI3 (Kruskal-Wallis test, Dunn's test p < 0.05). 

 Cluster analysis yielded three large sample groups, albeit at a low level of similarity 

(5-10%) (Fig. 4). Three samples from APEI 3 (203, 195, 209) did not group with any other 

sample. Samples from the GSR and Ifremer areas as well as samples from BGR and IOM 

were grouped together. 

 

4. Discussion 

 Given the large area of the CCFZ, the total sampling area was extremely small and 

covered only 8.75 m2 of the sea floor. Despite substantial undersampling of the studied area, 

98 species were recorded in only 34 samples gathered with a quantitative sampler that collects 

fauna from a small sampling point. Diversity was relatively high, even when compared to that 

of important benthic macroinvertebrates such as polychaetes or nematodes (Glover et al. 

2002, Singh et al. 2016). A previous study on the polychaete fauna from the CCFZ yielded 

183 species from an area of 21 m2 (Glover et al. 2002). The species richness of the 

tanaidacean fauna associated with the CCFZ is also relative high when compared to other 

deep-sea tanaidacean studies with similar sampling efforts (Błażewicz-Paszkowycz et al. 

2015, Pabis et al. 2015). Even in studies in the abyssal of the Kurile Kamchatka Trench area, 

77 species were recorded in 20 samples collected from a considerably larger surface area with 

the use of an epibenthic sled (EBS), sampling fauna across a large distance and from various 

microhabitats (Golovan et al. 2017). The high species richness recorded in the CCFZ might be 

due to the large scale of the sampled area (about 1,400 km) as well as the high heterogeneity 

of the environment, mainly caused by the complex topography, the presence of natural 

barriers and differences in productivity among the license areas (Janssen et al. 2015, Zeppilli 

et al. 2016, Volz et al. 2018). In a similar study, Wilson (2017) found a high number of 

tanaidacean species at two sites located in the CCFZ in material collected within the project 

Deep Ocean Mining Environmental Study (DOMES). He recorded 46 species in 15 0.25 m2 

box core samples collected in the DOMES site C and 61 species in 52 box core samples 

collected at DOMES site A. 

Studies on nematode communities have also demonstrated the substantial microhabitat 

heterogeneity in the CCFZ (Singh et al. 2016). In our study, high levels of TOM resulted in a 
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higher abundance and species number per sample, although the largest differences in food 

availability and sediment structure were recorded only between APEI3, while all other areas 

were relatively homogenous in terms of the analysed abiotic factors. These results are not 

surprising, since productivity is among the key factors structuring deep-sea benthic 

communities (Glover et al. 2002, Wei et al. 2010). Meiofaunal abundance in APEI3 was also 

significantly lower than in other parts of the CCFZ (Hauquier et al. 2018). Differences in 

tanaidacean abundance between areas characterised by different productivity levels have also 

been recorded in the Korean Exploration Claim Area of the CCFZ (Ok Hwan et al. 2018). 

 The extremely low similarity in the faunistic composition among sites and the high 

number of singletons are striking; however, the sampling effort in each study area was low. 

The highest number of common species was found in two neighbouring areas (IOM and 

BGR), although it was still relatively low (14 species) taking into account that those areas had 

the highest species richness among all sites. The results of the cluster analysis did not 

demonstrate a distinct pattern, although this fact is associated with the number of singletons 

and the generally low abundance of the majority of the recorded species. Low tanaidacean 

abundance, high number of singletons and substantial undersampling have also been recorded 

in the CCFZ by Wilson in the DOMES site A and C.  

 Janssen et al. (2015) have demonstrated that the distribution of many isopods is 

restricted to only one area, although only Ifremer and BGR were studied. Those peracarids are 

similar to tanaidaceans as they lack a planktonic larval state and have limited dispersal 

abilities (Brandt et al. 2007). Nevertheless, a unique species composition was also noted for 

polychaetes, while on the contrary, some isopod species had wide distributions (Janssen et al. 

(2015). Molecular studies of selected tanaidaceans from Ifremer and BGR areas have 

confirmed unique community structures, although one species was common to both areas 

(Jakiel et al. in press). A similar result, based on material collected within the project 

DOMES, has been reported by Wilson (2017). 

We only have limited information about the biology of tanaidaceans, although they are 

generally believed to have similar development modes, feeding strategies and mobility types 

(Błażewicz et al. 2012). Those knowledge gaps strongly impede the analysis of mechanisms 

promoting the dispersal of particular species. Moreover, our knowledge about species richness 

of the abyssal tanaidacean fauna is extremely scarce, and recent studies have shown that the 

estimations of diversity and distribution patterns probably suffer from a strong sampling bias, 

associated with low sampling efforts (Jóźwiak et al., this volume). The low number of 

samples precludes a detailed analysis of distribution patterns, especially at the microhabitat 
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level, as well as a meaningful multiscale analysis. Taking into account the substantial 

undersampling and the number of collected singletons, as well as the complexity of 

environmental factors occurring at different parts of the CCFZ, our final conclusion about the 

level of rarity and the distribution of species should be taken with a pinch of salt. 

 Nevertheless, our results indicate substantial challenges associated with future 

conservation planning in the CCFZ. The appropriate recognition of endemism is crucial for 

conservation strategies, and areas with a high number of endemic species should gain priority 

conservation status (Costello and Chaudhury 2017). However, we still lack sufficient data 

about the distribution patterns of the majority of macroinvertebrates in the CCFZ, including 

its smallest representants such as the tanaidaceans. A high level of rarity and/or patchiness, 

such as in the case of the CCFZ tanaidacean fauna, poses important questions about the 

vulnerability of their communities to disturbances associated with mining activities. Low 

densities and a low connectivity between small populations might prolong regeneration 

following disturbance. Moreover, we can suspect that at least some of those species are not 

only rare, but have also relatively small spatial ranges (78 species were recorded in one area 

only), and such rare and narrow-ranged species are most vulnerable to extinction (Hilario et 

al. 2015, Costello and Chaudhary 2017). Previous studies have shown that the recovery of 

CCFZ benthic communities following simulated mining activities was slow, albeit with 

considerable differences among the various taxonomic and ecological groups (Jones et al. 

2017). Our knowledge about the responses of other peracarids is scarce. For example, the 

abundance of isopods before and after disturbance events was similar, but data about changes 

in isopod species richness are still not available (Jones et al. 2017). At the same time, the 

APEI3, which has been designed for conservation purposes (Wedding et al. 2013, Jones et al. 

2019), had the lowest abundance and diversity of tanaidaceans, most probably resulting from 

low food availability, associated with biogeochemical conditions different to those in the 

other license areas of the CCFZ (Volz et al. 2018). Thus, its role as a potential source area in 

recovery processes might be questioned, although only five samples were analysed. 

Nevertheless, our data should be confronted with current conservation strategy programs 

associated with deep-sea mining (Dunn et al. 2018), but it is also obvious that further, more 

extensive sampling in the APEI 3 area is needed. Each license area and the APEI 3 were 

sampled on a small scale, leading us to infer that the sampling effort war not high enough to 

represent the entire area. Generally, our results are in agreement with previous suggestions 

that the impact of mining on benthic fauna in the CCFZ is difficult to predict and needs 

further comprehensive analysis; most likely, a delay in commercial exploitation is appropriate 
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(Vanreusel et al. 2016, Kaiser et al. 2017, Kim 2017). It should also be mentioned that most 

of the tanaidacean species recorded in our study are new to science, and the planned mining 

activities might affect taxa that are even not properly described and of which we know 

nothing in terms of their role in the functioning of deep-sea ecosystems. According to Van 

Dover et al. (2017), such a substantial loss of biodiversity cannot be accepted without 

hesitation. 
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Figures 

Fig. 1. Species accumulation curves. 

Fig. 2. Numbers of species present in 1, 2, 3... areas. 

Fig. 3 Median density (N), species richness (S) and diversity (Shannon Index) with quartiles 

in each of the studied areas. 

Fig. 4. Dendrogram of samples for the Bray-Curtis similarity (non-transformed data, group 

average method). (Dotted lines indicate the stations that cannot be significantly differentiated 

by SIMPROF) 
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Highlights 

- First large scale quantitative assessment of tanaidacean communities associated with 

polymetallic nodule fields 

- Unique species composition associated with different licence areas of the Clarion Clipperton 

Fracture Zone 

- Very low diversity and abundance of tanaidaceans in the Area of Particular Environmental 

Interests (APEI3) 
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Table 1. Distribution of sampling stations. 

Station number Area Latitude Longitude Depth 

12 BGR N: 11° 50.83' W: 117° 3.56' 4117 m 

15 BGR N: 11° 50.66' W: 117° 3.13' 4132 m 

16 BGR N: 11° 51.44' W: 117° 3.12' 4122 m 

21 BGR N: 11° 51.21' W: 117° 3.57'  

23 BGR N: 11° 51.00' W: 117° 3.16' 4122 m 

51 BGR N: 11° 49.42' W: 117° 31.42' 4347 m 

57 BGR N: 11° 48.45' W: 117° 31.46' 4369 m 

58 BGR N: 11° 49.23' W: 117° 32.50'  

60 BGR N: 11° 48.46' W: 117° 33.02' 4324 m 

88 IOM N: 11°04.74' W: 119°39.53' 4433 m 

89 IOM N: 11°04.55' W: 119°39.65' 4436 m 

90 IOM N: 11°04.44' W: 119°39.85' 4434 m 

94 IOM N: 11°04.42' W: 119°39.33' 4414 m 

95 IOM N: 11°04.41' W: 119°39.35' 4418 m 

97 IOM N: 11°04.37' W: 119°39.37' 4423 m 

105 IOM N: 11°04.27' W: 119°39.32' 4423 m 

106 IOM N: 11°04.30' W: 119°39.29' 4425 m 

107 IOM N: 11°04.33' W: 119°39.27' 4425 m 

119 GSR N: 13° 51.55' W: 123° 15.16' 4516 m 

127 GSR N: 13° 50.66' W: 123° 14.76' 4514 m 

128 GSR N: 13° 51.10' W: 123° 15.12' 4511 m 

137 GSR N: 13° 51.36' W: 123° 14.28' 4510 m 

138 GSR N: 13° 50.89' W: 123° 14.08' 4503 m 

159 Ifremer N: 14° 02 94' W: 130° 08 06' 4921 m 

162 Ifremer N: 14° 02 94' W: 130° 07 56' 4951 m 

169 Ifremer N: 14° 02 53' W: 130° 07 64' 4964 m 

180 Ifremer N: 14° 02 50' W: 130° 08 18' 4936 m 

181 Ifremer N: 14° 02 79' W: 130° 08 49' 4896 m 

182 Ifremer N: 14° 02 54' W: 130° 07 65' 4957 m 

195 APEI 3 N: 18° 47.75' W: 128° 21.73' 4833 m 

196 APEI 3 N: 18° 47.83' W: 128° 20.77' 4847 m 

203 APEI 3 N: 18° 46.44' W: 128° 21.19' 4843 m 

204 APEI 3 N: 18° 46.40' W: 128° 20.17' 4816 m 

209 APEI 3 N: 18° 47.07' W: 128° 22.35' 4819 m 
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 CPE [µg/ml] % Chl a TN TO C TO M clay silt sand 

German 0.229± 
0.099 

17.089 ± 
3.997 

0.125 
 ± 0.046 

0.547 ± 
0.186 

9.954 ± 
1.342 

12.225 ± 
1.636 

72.001 ± 
2.354 

15.773 ± 
2.543 

IO M 0.214 ± 
0.065 

18.409 ± 
4.363 

0.140 
± 0.018 

0.600  
0.113 

9.801 ± 
0.813 

10.977 ± 
0.829 

72.492 ± 
2.039 

16.530 ± 
1.513 

Belgian 0.105 ± 
0.049 

17.732 ± 
7.186 

0.163 ± 
0.0725 

0.473 ± 
0.106 

9.133 ± 
1.005 

16.428 ± 
1.401 

71.103 ± 
2.622 

12.467 ± 
2.559 

French 0.071 ± 

0.026 

14.389 ± 

2.911 

0.122 ± 

0.030 

0.396 ± 

0.069 

9.097 ± 

0.865 

15.748 ± 

1.873 

72.833 ± 

1.883 

11.417 ± 

1.919 

APEI3 0.058 ± 
0.002 

16.537 ± 
7.610 

0.099 ± 
0.004 

0.287 ± 
0.014 

6.508 ± 
0.406 

35.475 ± 
5.399 

61.633 ± 
4.906 

2.891 ± 
0.808 

Table 2. Mean values if environmental variables in each of the studied areas (Hauquier et al. 2018, 

Volz et al. 2018). 

 

 

  



JO
URNAL P

RE-P
ROOF

JOURNAL PRE-PROOF
 

19 
 

 

 

Table 3. Number and percentage of species rare and unique for each studied area. 

 

 

  

 German IOM Belgian  French  APEI3 

Species 

unique to 

given area 

25 (59%) 15 (48%) 15 (68%) 19 (95%) 4 (80%) 

Singletons 16 (38%) 16 (51%) 16 (72%) 13 (65%) 5 (100%) 

Species 

present only 

in one 

sample 

24 (57%) 17 (54%) 18 (81%) 16 (80%) 5 (100%) 

Total 

number of 

species 

42 31 22 20 5 
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Table 4. Number of species common to different areas. 

 IOM Belgian French  APEI3 

German 14 5 0 0 

IOM  3 0 1 

Belgian   1 0 

French    0 
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