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Abstract
Despite increased research over the last decade, diversity patterns in Antarctic deep-sea benthic taxa and their driving forces are only marginally known.  Depth-related patterns of diversity and distribution of isopods and bivalves collected in the Atlantic sector of the Southern Ocean are analysed.  The data, sampled by epibenthic sledge at 40 deep-sea stations from the upper continental slope to the hadal zone (774 – 6348 m) over a wide area of the Southern Ocean, comprises 619 species of isopods and 81 species of bivalves. There were more species of isopods than bivalves in all samples, and species per station varied from 2 to 85 for isopods and from 0 to 18 for bivalves.  Most species were rare, with 72% of isopod species restricted to one or two stations, and 45% of bivalves.  Among less-rare species bivalves tended to have wider distributions than isopods.  The species richness of isopods varied with depth, showing a weak unimodal curve with a peak at 2000 – 4000 m, while the richness of bivalves did not. Multivariate analyses indicate that there are two main assemblages in the Southern Ocean, one shallow and one deep.  These overlap over a large depth-range (2000 – 4000 m).  Comparing analyses based on the Sørensen resemblance measure and Γ+ (incorporating relatedness among species) indicates that rare species tend to have other closely related species within the same depth band.  Analysis of relatedness among species indicates that the taxonomic variety of bivalves tends to decline at depth, whereas that of isopods is maintained.  This, it is speculated, may indicate that the available energy at depth is insufficient to maintain a range of bivalve life-history strategies.
Highlights
· Species richness of isopods varied with depth, richness of bivalves did not
· Different shallow and deep communities overlap from 2000 to 4000 m
· There is no evidence of a specialised slope fauna of either isopods or bivalves
· Most species are rare, but each has closely-related species in the same depth range
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1. Introduction
Studies on the spatial patterns of diversity and distribution of species in the deep sea are as important for general community and macroecological theory as terrestrial studies (Brown, 1995; Gaston and Blackburn, 1996, 1997; Rex et al., 1997, 2005 a, b, Levin and Dayton 2009).  On the background of increasing pressure based on future mining activities, it is important to study deep-sea benthos (Levin & Le Bris, 2015). High species richness in the benthic faunas of the deep sea was first described in the 1960s (Hessler and Sanders, 1967; Sanders and Hessler, 1969), and the importance of depth for species richness has been stressed in many publications, suggesting diversity peaks at depths around 3000 m (e.g. Etter and Grassle, 1992; Brandt et al., 2007 a, b; Ellingsen et al., 2007).  However, patterns of deep-sea benthic diversity are complicated and diverse (Rex et al., 1997; Brandt et al., 2012; McClain et al., 2012; Brault et al., 2013) and differ between taxa (Ellingsen et al., 2007; see also Ellingsen et al., 2005 and Somerfield et al. 2009a for continental shelf macrobenthos).
Such studies are rare for the Southern Ocean (SO) deep sea (Ellingsen et al., 2007) where high species richness has been documented within many faunal groups (Brandt and Hilbig, 2004; Brandt and Ebbe, 2007, Brandt et al., 2007b, 2012) for the ANDEEP I and II expeditions (Antarctic benthic deep-sea biodiversity - colonization history and recent community patterns) based on 21 stations, about half of the deep-sea stations analysed here.  From this area totals of more than 500 species of sponges, 750 species of molluscs, 1500 species of malacostracan crustaceans and 670 species of polychaetes, almost 500 species of tentaculates and many more in other groups were recorded, all with apparently complex biogeography (Brandt et al., 2012).  Gutt et al. (2013a, b) presented a circumpolar overview of Antarctic macrobenthic communities and their spatial heterogeneity.  De Broyer et al. (2014) summarized the current state of SO benthic biogeography, indicating gaps in biogeographic coverage.
We focus on two taxonomic groups, peracarid isopods and bivalves, which are common in deep-sea environments (Young, 2003) and which are the only invertebrate taxa which have been identified to species level from the 40 deep-sea stations analysed.  Latitudinal gradients in bivalve and isopod species richness pattern have been described for the northern hemisphere (Rex et al., 1993) and for the SO deep sea (Ellingsen et al., 2007).  These groups have been chosen as model taxa in studies on which ecological theory has been built (e.g. Brandt et al., 2005a, 2007a-c, 2009, 2012; Ellingsen et al., 2007; Linse, 2004, Rex et al., 1993; Rex and Etter, 2010) and because of their contrasting reproductive modes and life histories (Pearse et al., 2009).  Deep-sea isopods are generally direct developers which brood their offspring in a marsupium until juvenile stages are released to feed by themselves.  They do not have free-living larval stages. Species in this group live within (e.g. Macrostylidae and Ischnomesidae) or on sediments, as well as suprabenthically (Munnopsidae). In contrast, deep-sea bivalves are mostly infaunal and reproduce with lecitotrophic or planktotrophic larvae.  An epibenthic habit or brooding of larvae is rare. 
Isopod species richness is generally higher than that of bivalves (Brandt et al, 2007b, 2012).  Patterns in species richness have been related to depth, latitude and longitude (Brandt et al., 2005a, Linse, 2004).  Ellingsen et al. (2007) illustrated differences in diversity and spatial distribution of isopods and bivalves (and polychaetes) in the Atlantic sector of the deep SO using data from the ANDEEP I and II expeditions, as well as an earlier expedition (EASIZ II in 1998).  The 19 stations sampled during the ANDEEP III expedition were not included in previous studies.  Species richness was not related to latitude or longitude for isopods or bivalves, though highest species richness was reported in the area of the South Shetland Islands and around the Antarctic Peninsula.  The relationship of species richness with depth was not consistent among taxa.  While isopods displayed the highest richness at mid-depth ranges (2000–4000 m), bivalve richness showed no clear relationship with depth.  
Although the drivers of variation in deep-sea biodiversity are undoubtedly multivariate (Rex and Etter, 2010; Tittensor et al., 2011; Brault et al., 2013), Witman et al. (2004) emphasized the importance of geologic processes (evolution of taxa), productivity, predation and the relationship between regional and local species diversity as drivers of abyssal species richness.  While the focus of the majority of these studies is on species richness, this is known to be a problematic measure of diversity, especially because of the strong relationship between observed richness and sampling effort.  This is likely to be especially the case in deep-sea studies, where samples are generally extremely small compared to the areas they are intended to represent, and widely scattered owing to the difficulties of quantitative work in the open ocean.  Studies of differences (or variability) in species composition among sites (i.e., beta diversity, Whittaker, 1972; Koleff et al., 2003; Magurran, 2004) are also rare (e.g. Paterson et al., 1998; Glover et al., 2002).  
This study builds on the findings of Ellingsen et al. (2007) by including additional data from the ANDEEP III expedition.  Patterns in isopod and bivalve community structure and relatedness are contrasted.  The analyses go beyond describing basic patterns in species richness by using methods appropriate for detecting patterns in species composition in both univariate and multivariate contexts and, in particular, to examine relationships between taxonomic composition and depth in the SO.  

2. Material and methods
Model organisms used in this study are Isopoda (Crustacea, Peracarida) which brood their offspring in a brood pouch, the marsupium, and Bivalvia (Mollusca) which reproduce via planktotrophic or lecitothrophic larvae. The supplementary Table 1 illustrates the categories of the different modes of reproduction of Isopoda and Bivalvia as well as their life-styles (inbenthic, epibenthic, or suprabenthic occurrence).
2.1. Study area and sampling
The data used here are from 40 stations from between 774 and 6348 m water depth distributed over a wide geographic scale (Fig. 1) including the Bellingshausen Sea, Cape Basin, Drake Passage, Powell Basin, South Shetland Islands, South Sandwich Islands and the Weddell Sea. The stations were visited by the RV Polarstern during ANDEEP I and II in 2002, and ANDEEP III in 2005 (Brandt et al., 2007 a). For additional information see Supplementary Information in Brandt et al. (2007a at http://www.nature.com/nature/journal/v447/n7142/extref/nature05827-s1.pdf) and references therein.
Specimens of isopods and bivalves were collected with an epibenthic sledge (Brenke, 2005) that carries two sampling boxes, an epibenthic sampler (deployed 27 to 60 cm above the seafloor) and a suprabenthic sampler (deployed 100 to 133 cm above the bottom) with openings 100 cm wide and 33 cm high (Brandt and Barthel, 1995).  A plankton net of 0.5 mm mesh size with a 0.3 mm cod end is attached to each box. Although the aim was to haul the sledge over the ground for 10 minutes at a velocity of 1 knot (1852 m.h-1), calculated haul distances varied from 711 to 6464 m (Table 1).  Samples collected by both samplers at each station were pooled. On deck, the complete samples were immediately fixed in pre-cooled 96% ethanol and kept at least for 48 hours at -20°C.  Specimens were sorted on board or later in the laboratory at the Zoological Museum of the University of Hamburg (working group of A. Brandt) or at the British Antarctic Survey (K. Linse) where the material is currently stored.  All species of macrobenthic Isopoda and Bivalvia were determined.  As the sledge was 1 m wide total numbers of individuals were converted to density (individuals.1000 m-2) by dividing by the haul length.
Sampling stations span a depth range from the upper continental slope (5 stations, 774-1584 m), through the bathyal (14 stations, 1984-3405 m) and abyssal (20 stations, 3640-5191 m) zones to the hadal zone (1 station, 6348 m).  As the focus of this study is to examine relationships with depth the allocation of stations to predefined ecological zones with uneven coverage was not used.  Instead stations were assigned to depth bands so as to give a more even sampling effort per band, namely a) < 2000 m, 7 stations; b) 2000-3000 m, 9 stations; c) 3000-4000 m, 9 stations; and d) > 4000 m, 15 stations.

2.2. Univariate measures of diversity and distribution of species
The number of species (S) of isopods and bivalves in each sample was determined. Species density (S*) was calculated by dividing S by local density. Average taxonomic distinctness (+) was calculated for isopods and bivalves in each sample. Average taxonomic distinctness is defined as: + = [i<jij]/[s(s - 1)/2], where s is the number of species present, the double summation is over {i = 1,…s; j = 1,…s, such that i<j}, and ij is the ‘distinctness weight’ given to the path length linking species i and j in a hierarchical classification (Clarke and Warwick, 1998).  This is a measure of the average relatedness of species in a sample, being the average distance between every pair of species.  Here distances between species are defined using a taxonomic hierarchy, and the path length between species i and j is denoted by ωij, where the steps from species to genus, genus to family, etc. are regarded as equal.  The maximum path length is set at 100. All species of isopods belong to one order, and bivalves belong to one class. 
Unlike most measures of diversity, + is generally independent of sampling effort and associated variation in species richness, and requires only species lists (and a description of relationships among species) for its calculation (Clarke and Warwick, 1998; Warwick and Clarke, 2001).  Clarke and Warwick (1998) devised a randomization test to compare the observed value of + against an ‘expected’ value derived from the master list of species from all samples (the species pool).  The null expectation is that the species present at any one place or time behave like a random selection from the species pool or, in other words, every species in the pool has an equal probability to exist at all locations or times.  Random sub-samples (typically 1000) of a fixed number of species drawn from the species pool are used to calculate the distribution of + values.  If the procedure is repeated for differing numbers of species, the expected values can be plotted as a probability funnel, against which the observed + values from real samples may be plotted.  Plotting a ‘significance level’ (formally a probability value) onto the funnel, normally at the 5% level, addresses the question of whether a sample has a ‘lower (or higher) than expected’ taxonomic spread (Clarke and Warwick, 1998).  Somerfield et al. (2008) considered the hypothesis in more detail, arguing that because some species are common and tend to occur everywhere, while others are relatively rare and do not, an alternative null hypothesis is that the composition of assemblages in samples behaves as though species are assembled at random from the ‘master list’, but the probability of species occurring is dependent on their frequency of occurrence across all samples.  To address this hypothesis, the simulation of random draws from the ‘master list’ is constrained to match the probabilities of occurrence of each species, as defined by their frequency of occurrence in the complete dataset.  Thus, certain species are picked more often in the random subsets because they are observed more often (are more widespread) in real samples.  This is the test implemented in this study. 
We refer to species only found at a single station as 'uniques' and species found at only 2 stations 'duplicates' following the terminology of Colwell and Coddington (1994).  The term ‘range size’ refers to the number of stations at which a species was found within the study area; i.e. we do not relate ‘range size’ to the entire geographical range of species (Gaston et al., 1997).
2.3 Multivariate analyses
Measures of resemblance define the degree to which samples are similar (or dissimilar).  Inter-sample resemblances were calculated using the Bray-Curtis coefficient (Bray and Curtis, 1957, Clarke et al., 2006), using presence-absence data (i.e. this is equivalent to the Sørensen coefficient, Clarke et al., 2014).  As with most resemblance measures suitable for biological data, this uses information on species present in both samples, or species present in one sample and not the other, in order to define the resemblance between those samples.  Shared absences are ignored. In situations where two samples share no species a resemblance between those samples cannot be defined with such measures, and where occurrences are sparse (as in this study) multivariate dispersion may be large, masking differences among groups of samples. 
An alternative approach is to use a presence/ absence measure based on ‘taxonomic dissimilarity’, using the mean path length through the taxonomic hierarchy from a species in sample 1 to its nearest relation in sample 2.  Instead of similarity between two samples coming only from taxa that match at the species level, contributions can now come from related species (e.g. a different species but in the same genus).  Such a presence/absence based ‘beta-diversity’ coefficient was defined by Iszak and Price (2001), and considered in detail by Clarke et al. (2006).  This is an extension of the ‘alpha-diversity’ index of taxonomic distinctness, + (Clarke and Warwick, 1998; Warwick and Clarke, 2001).  As for + the path length between species i and j is denoted by ij, where for a standard Linnean classification the steps from species to genus, genus to family, etc. are regarded as equal, and the largest path length (e.g. between species in different phyla) is fixed at 100.  The path length ii between identical species is defined to be zero.  In a unified notation, taxonomic dissimilarity between sample 1 (species subscripts i) and sample 2 (species subscripts j) is then formally defined as:

       
where s1, s2 are the number of observed species in samples 1 and 2. In words, + (gamma+) is the mean of all path lengths between each species in one sample and its closest relation in the other sample.  Clarke et al. (2006) show that + reduces exactly to the presence/absence form of the Bray-Curtis coefficient when the taxonomic hierarchy is completely flattened, so that all species are in (say) the same genus.  The advantage of + is that two samples with no species in common, and thus with Bray-Curtis dissimilarity of 100%, can now take a range of dissimilarities <100.  If two samples tend to have species in similar genera or families to each other their taxonomic dissimilarity is low, whilst if they do not share many evolutionary branches the dissimilarity will remain large. 
Differences among groups of samples are visualized using non-metric multidimensional scaling (MDS) and tested using ANOSIM.  The focus of this study is on differences in community composition and taxonomic dissimilarity among depth bands, inferred from sparse data collected from a wide geographical range and at different times.  To avoid confounding apparent differences among depths with differences among geographical regions with different sampling effort, sampled on different occasions, we used 2-way crossed ANOSIM (Warwick et al., 1990) with depth and area as factors.  This constrains the analysis to only consider differences among depth bands within areas, which are then averaged to infer global patterns across the dataset.  While the analysis also outputs information about differences among areas (averaged over depth bands) the unevenness of sample coverage renders these analyses less useful, and as they do not contribute to the aims of this study they are not considered further here.  Taxa contributing to resemblances within and among groups of samples were explored using 2-way SIMPER (Platell et al., 1998).
2.4 Analytical software
The majority of analyses were conducted using PRIMER v6 (Clarke and Gorley, 2006).  The methods are described in detail in Clarke et al. (2014).

3. Results
3.1. Species richness, distribution and life history traits
Sampling effort, as determined by haul length, varied among stations (Table 1).  Haul length increased with water depth (haul length = 7.70.depth0.74, R² = 0.57, Fig. 2A).  At the same time there was a decrease in density (individuals.1000 m-²) of both isopods (density = 5.107.haul length-1.75, R² = 0.25) and bivalves (density = 5.106.haul length-1.55, R² = 0.34) with increasing haul length, with the number of bivalves recovered consistently less than the number of isopods (Fig. 2B).  Species density (S* = number of species.individual-1.1000 m2) was tightly and negatively coupled to densities of individuals for both isopods (S* = 7.05.density-0.61, R² = 0.83) and bivalves (S* = 5.54.density-0.85, R² = 0.81), with the number of bivalve species for a given density of individuals declining more rapidly with depth than that of isopods (Fig. 2C).  Combining these relationships, with increasing depth (Fig. 2D) there was an increase in the number of species observed for a given density of individuals for both isopods (S* = 3.10-5.depth1.24, R² = 0.29) and bivalves (S* = 6.10-6.depth1.40, R² = 0.32).  The effects of decreasing densities of individuals and increasing haul length with depth, and increasing numbers of species for a given density of individuals with depth, combined in such a way that there was no significant relationship between the number of species observed (S) and the sampling effort, as measured by haul length (R² < 0.01 for both isopods and bivalves).  Thus, importantly, patterns in S (Fig. 2E) and the presence/absence structure of the data are not influenced by differences in sampling effort among stations.  There was a weak relationship between the number of isopod species sampled and depth (S = -4.10-06.depth2 + 0.024.depth + 13.27, R² = 0.18) with a tendency for S to be highest at intermediate depths (3000-4000 m), whereas there was no apparent relationship between S and depth (R² <0.01) for bivalves. 
A total of 619 isopod species were identified, ranging from 2 to 85 at any one station (Table 1).  316 species were only found at one station (termed “uniques”), and 132 species were found at only two stations (termed “duplicates”), so 72% of the isopod species were only found at one or two stations (Table 2).  The number of unique isopod species found at a given station varied from 0 to 29.  Some isopod species were relatively widespread. Betamorpha fusiformis (family Munnopsidae) was recorded from 29 stations, while Eurycope sp. 1 "complanata" (family Munnopsidae) was found at 22 stations.  Variability among the stations was high, and species richness at 2 stations from intermediate depths in the South Shetland area (105-7, 152-6) was lower than expected. 
81 bivalve species were identified, with 0 to 18 species per station (Table 1).  The highest number of species were recorded in samples from >4500 m.  At station 132-2, in the Weddell Sea, no bivalves were sampled at all, and at 2 other stations from intermediate depths (121-11 from the Weddell Sea, and 152-6 in the South Shetland area) richness was very low (Fig. 2).  Only 17 bivalve species were uniques, and 22 duplicates (Table 2), making up 45% of all bivalve species.  The number of unique species found at a given station varied from 0 to 5.  The most widespread bivalve species (Vesicomya sp. 1; family Vesicomyidae) was recorded from 30 stations, and the second most widespread (Axinulus sp. 1; family Thyasiridae) from 29. Thus, bivalves had fewer restricted-range species and more widespread species than isopods.
All isopod species identified were brooders (Fig. 3A), and inbenthic, epibenthic and suprabenthic species occurred (Fig. 3B).  Most identified bivalve species reproduce via larvae, though some species are also brooders (Fig. 3C).  Most bivalve species live inbenthically (infaunally), however, few also occur epibenthically (Fig. 3D).  
At the deepest station (139-6), in the South Sandwich Trench at 6348 m, only epibenthic isopods occurred, and only 1 inbenthic bivalve species was recorded.  At the majority of stations, most isopod species were epibenthic, and inbenthic species occurred less frequently, although at some stations from the Weddell Sea and South Sandwich Islands areas (80-9, 42-2, 114-4, 133-3, 141-10, 143-1) more species were suprabenthic.  Among bivalves, epibenthic species occurred infrequently, and at several stations (99-4, 105-7,137-4, 142-6, 143-1) only inbenthic species were recorded. 
3.2. Average taxonomic distinctness
There was a weak positive relationship between Δ+ and S for isopods (Δ+ = 40.S0.03, R2 = 0.17) but not for bivalves, and a weak declining trend in Δ+ with increasing depth for bivalves (Δ+ = -0.001.depth + 71.1, R2 = 0.11) but not for isopods.  Average taxonomic distinctness (Δ+) of isopods and bivalves at the majority of stations was consistent with a hypothesis of random assembly from the regional species pool, as most samples lie within the permuted 95% probability limits (Fig. 4).  Where samples fall outside expected limits they fall below the funnel, indicating assemblages of species more closely related to each other. The majority of stations with more closely related isopod assemblages were from intermediate depths (ca. 2000-3000m) and those with more closely related bivalve assemblages were from the deepest zone (>4000m).
3.3. Multivariate analyses
Differences among depth bands in isopod assemblage composition, defined by the Sørensen coefficient (Fig. 5A), were significant (Table 3).  Pairwise ANOSIM tests indicate that the main differences in composition were between shallower stations (<3000m) and those in the deepest band (>4000 m), and that assemblages from stations in intermediate bands (2000-3000 m and 3000-4000 m) do not differ.  Differences in isopod composition defined by Γ+ (Fig. 5B) were greater (higher ANOSIM R values), allowing the null hypothesis of no differences among depth bands to be rejected with greater confidence (lower p values), and the overall pattern among pairwise results (Table 3) is one of significant differences among assemblages in different bands, with the exception of those from intermediate depths (2000-4000 m).  Note that although the pairwise test for differences between samples from >2000 m and those from 3000-4000 m failed to achieve significance at p<0.05 despite having comparable R values (Table 3), these tests had limited power (only 36 possible permutations).
Differences among depth bands in bivalve assemblage composition, defined by the Sørensen coefficient (Fig. 5C), were significant but less so than for isopods (Table 3) and the only significant pairwise test was between samples in the shallowest band (<2000 m) and the deepest (>4000 m). Again, differences in bivalve composition defined by Γ+ (Fig. 5D) were greater and more significant. The overall pattern is similar to that derived from the isopods, namely one of differences between samples from shallower bands and deeper ones with no differences among samples from 2000 m to 4000 m.  One important difference, however, is the lack of a significant difference between samples in the deeper bands (>3000 m) for bivalves.
Given the lack of statistical support for differences in community composition between samples from 2000-3000 m and 3000-4000 m these samples were combined for the SIMPER analysis (Table 4). A high similarity indicates many species in common between samples, and therefore a low turnover of species.  For this reason dissimilarity (100-similarity) is sometimes used to indicate beta diversity within groups of samples. Among isopod samples the average Sørensen similarity within depth bands was generally low compared to that of bivalves, indicating higher beta diversity at all depths. The results presented focus on taxa contributing up to 25 % of similarity within, or dissimilarity between, samples from different depth bands.  Even with this focus the majority of contributing isopod species are infrequent, occurring in less than 50 % (a frequency of 0.5) of samples in any band.  None occurs in all samples (frequency = 1) in any band.  Even so, there are clear differences in community composition, with different taxa contributing to similarities within different depth bands. Species of isopod with the highest contributions to similarity among samples from < 2000 m tend to be rare or absent from deeper bands, while those characterising samples from > 2000 m tend to occur with varying frequency over a wide range of depths, with the exception of Dubinectes nodosus which characterises samples from > 4000 m. Of species contributing to dissimilarities among depth bands, many are rare (with low frequencies of occurrence). Of those contributing up to 25 % of dissimilarities between samples from < 2000 m and 2000-4000 m the majority (20/30) are more frequent at intermediate depths. Similarly, of those contributing to dissimilarities between samples from 2000-4000 m and from > 4000 m the majority (26/37) are more frequent at intermediate depths. In contrast, frequencies of occurrence of bivalve species contributing up to 25 % of similarities/dissimilarities are generally higher, fewer species contribute, and the overall patterns appears to be one of a more even gradient in species composition.

4. Discussion
4.1. Antarctic shelf and other deep-sea areas
The SO is characterized by an almost isothermal water column and an isostatically depressed Antarctic continental shelf facilitating species’ submergence and emergence processes (e.g. Brandt, 1991; 2007a-c; Brown et al., 2011 and references therein), possibly leading to high species richness at intermediate depths.  The long geological and hydrographical isolation of the SO, the development of its cold climate combined with high but seasonal primary production might have encouraged the development of high species richness and adaptive radiations of some taxa, and a complex biogeography, as well as high endemism of some taxa on the Antarctic continental shelf (Brandt et al., 2012, Kaiser et al., 2014; De Broyer et al., 2014 and references therein).  
The vast majority of benthic sampling in the SO has been on the Antarctic shelf and upper slopes (Griffiths et al., 2011), therefore, studies on macrofaunal diversity and assemblage composition are often restricted to the shelf or upper continental slope (e.g. Gutt et al., 2013 a, b; Griffiths et al., 2014; Schiaparelli et al., 2006, 2014).  The three ANDEEP expeditions have increased our knowledge on the SO deep-water fauna, and especially the macrofauna, immensely (Brandt et al., 2005a, 2009; Ellingsen et al., 2007; Kaiser et al., 2007).  However, during other expeditions, e.g. the Spanish BENTART and UK BIOPEARL (BIOdiversity dynamics: Phylogeography, Evolution And Radiation of Life) (Troncoso and Aldea 2008, Linse 2004), occasional deep-water samples below 1000 m have also been taken.  Based on the species-area relationship, sampling intensity in different studies might play an important role for diversity patterns which we cannot exclude.
On the Antarctic shelf (Arntz et al., 1994; Brandt, 1991), the number of isopod species (> 300 species) is lower than in the deep sea, where 674 isopod species are reported (Brandt et al., 2007a-c), other brooding peracarid taxa, like Tanaidacea and Amphipoda, in contrast, decrease in species richness with increasing depth (De Broyer et al. 2014 and references therein).  Isopod composition of the SO shows most biogeographic links to the fauna of the South Atlantic, like the Southern Polar Front, where 107 species were identified (Meyer-Löbbecke et al., 2014), and the abyssal Angola Basin (Brandt et al., 2005b) where 100 species were found, followed by the North Atlantic (Brandt et al., 2004).  In the North Atlantic, the composition of Isopoda has been studied north of Iceland at the Kolbeinsey Ridge (33 species) as well as off East Greenland (52 species), by means of the same type of EBS (Brandt, 1993, 1995, Brandt et al., 1996; Piepenburg et al., 1997).  At shallower stations in the Beagle Channel, Patagonia, 25 species of Isopoda were reported (Brandt et al., 1997a, b)). 
The composition of the bivalve fauna in the SO in general shows high similarities with the bivalve faunas reported from deep-sea areas in the Atlantic and Pacific (Hain 1990).  Over the last decades, the studies on SO molluscs included faunistic descriptions of molluscan assemblages, from different Antarctic regions (e.g. Cattanneo-Vietti et al., 2000; Arnaud et al., 2001; Schiaparelli et al., 2006, 2014; Troncoso et al., 2007; Troncoso and Aldea, 2008).  Fewer studies have focused on bivalve composition in deeper water or from continental slope to deep-sea basins.  Linse (2004) described the deep-water bivalves of the Scotia Arc, their composition, distribution and relationships to the Antarctic shelf fauna and summarized earlier work on Antarctic bivalves.  Aldea et al. (2008) investigated bathymetric zonation (45 to 3304 m) of bivalves in West Antarctica and reported eighteen species from bathyal depth, which comprise those also collected in this study.  Schiaparelli et al. (2006) studied the diversity of molluscs in the Ross Sea off Victoria Land and the Balleny Islands between 25 m and 1389 m depth, and identified 37 bivalve species.  Fourteen of the species were collected at stations deeper than 600 m, resembling the shallowest depth zone analysed in this study.  Individuals of these 14 species collected in the Ross Sea also occur at the shallowest (< 2000 m) stations of this study.  To date, no bivalve records from the deeper continental slope (> 1500m) or abyssal exist from the Ross Sea. 
4.2. Life history traits
As isopods brood their offspring in a brood pouch (marsupium) they are likely to have a reduced gene flow (e.g. Raupach et al., 2007) compared with bivalves, and this might explain the correlation of species richness with densities within this taxon.  Species with differing lifestyles were found at different stations in our study, although no significant pattern of distribution of suprabenthic, epibenthic or inbenthic species could be observed.  At any one station numbers of inbenthic species such as Macrostylidae or Leptanthuridae were generally lower than numbers of epibenthic and/or suprabenthic species such as Desmosomatidae and, especially, Munnopsidae (Fig. 3).  
Most deep-water bivalves identified live inbenthically, such as protobranchs and most heterodonts and anomalodesmatans.  Within the pteriomorphs, some species of Limopsis, Adacnarca and pectinoids have an epibenthic life style.  All of these are present in the SO deep-sea samples and can easily disperse via currents through lecitotrophic or planktotrophic larval stages (Fig. 3) possibly explaining that species richness in bivalves does not depend on densities.  Representatives from only four genera, the philobryid Adacnarca, the mytilid Dacrydium, the limid Limatula (Antarctolima) and the montacutid Mysella, however, are known for brooding their young.  Therefore, larval development of the majority of bivalve species might explain their much wider biogeographic distribution than that of isopods and the independence of species richness from densities.  The Thyasiridae, the largest lamellibranch family, have planktotrophic larvae (Payne and Allen, 1991).  It is therefore assumed that the majority of abyssal bivalve species have dispersing larvae (Brault et al., 2013).  Allen (2008) reported that protobranchs have lecithotrophic larvae that disperse demersally.  This taxon typically dominates at abyssal depths (Zardus, 2002).  Recent modeling results on dispersal in the Atlantic deep-sea protobranchs predicted maximal dispersal ranges from 237 km to 749 km (McClain et al., 2012).  Dispersal capabilities in deep-sea bivalves can also be enhanced by hermaphroditism as shown in Yoldiella by Reed et al. (2014).  Pearse et al. (2009) posed the question whether SO species diversity can be explained through selection for brooders or rather speciation within brooding clades.  These authors discuss three different scenarios which might account for the unusually high number of benthic marine invertebrate species in the SO.  They found little or no evidence that non-pelagic development would be a direct adaptation to conditions in the Southern Ocean, however, concluded that the powerful Antarctic Circumpolar Current passing through Drake Passage for over 30 million years could have transported species with non-pelagic development to new habitats in the SO where they diversified and displayed adaptive radiations in some families.  This could explain the higher species numbers of isopods compared with bivalves.””
Energy investment into individual eggs increase with increasing latitude leads to lowered fecundity (Laptikhovsky, 2006).  Larger eggs require more time to complete the non-feeding phase of development than smaller eggs, increasing the risk of embryonic or larval mortality while being in the plankton (Marshall and Bolton, 2007).  With lower fecundity and increased risk of mortality, there could be strong selection for non-pelagic development, eliminating mortality in the plankton altogether.
Pearse et al. (2009) also discussed that speciation could be enhanced in brooding taxa when refuges formed on the Antarctic continental shelf during Pliocene-Pleistocene glacial maxima, fragmenting populations into small isolated units which could have undergone speciation.  If these formed repeatedly during the glacial-interglacial cycles, a “species diversity pump” could have been created and explain high numbers of local species as well as the presence of many closely related cryptic species around the Antarctic continent (e.g. Held, 2000), mainly at shelf and slope depths.
However, pattern and modes of larval development and dispersal of other major macrofaunal molluscan taxa in deep-sea for example, the Gastropoda are much better known than those of Bivalvia (Rex et al., 2005a, b).  However, Gastropoda are only worked up to species level from half of the SO deep-sea stations (from ANDEEP I-II).  They account for 84 benthic species and also show no clear relationship between SO deep-sea gastropod density and species richness with depth (Schwabe et al., 2007).
Differences in the life histories of these taxa might also explain that isopods had the highest proportion of rare (restricted-range) species (uniques and duplicates), and the planktotrophic species of bivalves had a wider spatial distribution than those of brooding isopods (Table 2).  However, isopods with swimming capabilities (Munnopsidae) have wider distribution ranges and occur in higher densities than epi- and especially inbenthically living isopod species.
4.3 Southern Ocean deep sea
Influences of depth, latitude and longitude on SO deep-sea isopod and bivalve species richness are previously described for 21 stations by Brandt et al. (2005a, 2009; Ellingsen et al., 2007).  Numbers of isopod species at the ANDEEP I-III stations (i.e., the 40 stations used in this study) confirmed a weak relationship with depth and were characterized by an unimodal peak at 3000-4000 m (Brandt et al., 2012).  Brandt et al. (2009) reported SO isopod species richness to be highest around 3000 m with 241 species, and with 146–241 species between 3000 and 4000 m.  This high species richness at bathyal and upper abyssal depths lies at depths where the seafloor area is largest (Griffiths et al., 2014) increasing niche availability in terms of space and possibly selecting for dietary specializations (Würzberg et al., 2011 a, b).  Geomorphology is most variable at bathyal slope stations (De Broyer et al., 2014 and references therein) possibly providing a wealth of ecological niches as well as a higher potential for deposition of organic matter and thereby enhancing species richness.  At bathyal depths Munnopsidae is the most speciose isopod family followed by Desmosomatidae, Haploniscidae, Ischnomesidae, Antarcturidae, and Serolidae.  At the deepest stations in the South Shetland and South Sandwich Trenches only epibenthic and suprabenthic isopods occurred being dominated by Munnopsidae, while only one inbenthic bivalve species is reported.  This could be explained by the limited amount of organic matter reaching lower abyssal and hadal depths (Jamieson, 2015), where inbenthic filter feeders might suffer from starvation, whereas munnopsid isopods might actively search for their preferred food sources.  While our study shows no relationship of bivalves to depth, Brandt et al. (2009) reported highest numbers of species (80) on the shelf and upper slope to about 1200 m with the most frequent families Yoldiidae, Thyasiridae, Cuspidariidae, and Limidae.  Despite the paucity of SO deep-sea samples, we may hypothesize that environmental setting (such as topography, geomorphology, water-mass and sediment characteristics, input of particulate organic carbon (POC)) as well as evolutionary factors (e.g. glaciological history) drive slope distinctness and eurybathy (Brey et al., 1996).  These factors have shaped the evolution of the SO slope faunas and might have led to the pattern of distribution and assemblages described herein.  
At the shallower stations < 2000 m most characteristic isopods explaining similarity occurr inbenthically (Leptanthura glacialis), epibenthically (Austroniscus sp. 6) or were able to swim (Disconectes sp. 2) and the inbenthic bivalve species (Yoldiella valettei).  At intermediate depths (2000-4000 m) only munnopsid species characterized the similarity of Isopoda (Eurycope “complanata” Bonnier, 1896, Eurycope sp. 3, Ilyarachna antarctica Vanhöffen, 1914, Munneurycope cf. nodifrons, Storthyngurella triplispinosa (Menzies, 1962), and Betamorpha fusiformis (Barnard, 1920).  At this depth band the bivalve species Axinulus sp. 1 and Vesicomya sp. were most characteristic.  At the deepest and most isolated stations > 4000 m (South Sandwich and South Shetland trenches), only Isopoda contributed to Sørensen similarity, the munnopsid isopods Betamorpha fusiformis and Dubinectes nodosus (Menzies, 1962) besides the epibenthic desmosomatid species Disparella maiuscula Kaiser & Brix, 2005.  However, the presence of cryptic species within some widely distributed isopod species which cannot be discerned morphologically (e.g. Raupach and Wägele, 2006, Raupach et al., 2007; Brökeland and Raupach, 2008), could tamper our results regarding species richness, distribution and taxonomic distinctness.
The difficulties associated with estimating and comparing species richness from sampling data are well known (Colwell et al. 2012), with species richness tending to increase non-linearly with the number of individuals identified, the number of samples collected or the area sampled.  As a result observed richness tends to be a downwardly biased estimate of true richness (however that may be defined). Methods intended to adjust for differences in sampling effort, for example by calculating ratios of species per individual or species per unit of sampling effort, may seriously distort richness values and should never be relied upon (Chazdon et al. 1999). While methods that are based on an explicit statistical sampling model (and we could here include the widely used ES(n) measure of richness) may provide a resolution for many applications (Gotelli and Colwell 2011) the assumptions underlying each model may be questionable.  For a number of reasons, such as the requirement to deploy a length of wire 1.5 × water depth and the effects of sea state on the ship, the intended standardised intensity of sampling of a haul of 10 minutes at 1 knot was not achieved at the stations sampled. Instead tow length increased with depth.  While potentially this could render information on the numbers of species captured unreliable, there was a consistent decline in densities of individuals captured, and in increase in the number of species captured for a given density of individuals, with increasing haul length (and therefore with depth).  Putting these different relationships together there was no apparent relationship between sampling effort (haul length) and the numbers of species captured and we conclude, therefore, that patterns in the numbers of species, and therefore the presence/absence structure of the dataset analysed in this study, are robust.
One of the motivations for this study was to compare patterns in diversity and community composition of isopods, which tend to brood their young, and bivalves, largely do not, with a view to teasing out the influence of such trait differences on observed distributions and the relative importance of different factors in determining those patterns. While there was no apparent relationship between bivalve species richness and depth, S for isopods showed a weak relationship, a unimodal curve with highest numbers at intermediate depths (2000-4000 m) as previously described in a range of papers based on some of the data analysed here (Brandt et al. 2005a, 2009, 2012; Ellingsen et al., 2007).  As mentioned in the introduction, such a relationship with depth has widely been reported for many different taxa (e.g. Rex, 1973, 1981; Etter and Grassle, 1992; Brandt et al., 2007 a, b; Ellingsen et al., 2007), and the factors driving such patterns have been the focus of many studies (see Carney, 2005; McClain and Etter, 2005).  Similarly, density declines exponentially with depth for both isopods and bivalves, reflecting patterns reported for a variety of taxa elsewhere in the deep sea (Rex et al. 1997; Carney, 2005; McClain 2014).  The relationship between local density (or abundance) and the number of species is not commonly reported in deep-sea studies.  Here, the number of species for a given density of individuals increases with depth for both isopods and bivalves. This potentially drives much of the observed pattern in species numbers at larger scales, and is worthy of further investigation. Overall, however, it is remarkable that although isopods are always richer in species the underlying relationships of declining density with depth, or species density with density of individuals, and increasing species density with depth, are all so similar (Fig. 2) implying some commonality in cause. Thus we may conclude that although there may be more species of isopods as a possible result of brooding leading to reduction in gene-flow (Raupach et al, 2007) or a greater diversity of life-history traits, or possibly because bivalves tend to be larger or more restricted in their ability to specialize in life-history or diet, the general patterns of occurrence of both isopods and bivalves are probably driven by the same factors associated with depth discussed widely in the deep-sea literature, such as food availability, food quality, and possibly differences in physiology (Carney, 2005).
Although the data analysed here are extremely sparse, with the majority of species only found at one or two stations (Table 2), there is enough information for a meaningful analysis of changes in species composition with depth based on the presence/absence of species. For both isopods and bivalves the overall pattern is one of significant difference among depth bands, especially between the shallowest (< 2000 m) and the deepest (> 4000 m), with no difference between groups of samples from intermediate depth bands (2000 – 4000 m). This supports the view that there is not a unique fauna on the Antarctic slope (Kaiser et al. 2011). The same analysis conducted using Γ+ instead of the Sørensen coefficient shows an increase in R for the majority of tests. The two coefficients are closely related, and if all species were in the same genus they would be the same (Clarke et al., 2006).  The differences between the two sets of results, therefore, are attributable to the influence of relationships among taxa on the calculation of Γ+. As ANOSIM R is a scaled measure of the separation of groups, calculated from the rank resemblances within and among groups, higher values indicate that samples within depth bands are more similar, and samples in different groups are less similar. It appears, therefore, that although the majority of both isopod and bivalve species are rare, each tends to have one or more closely-related species within the same depth band, but not in different depth bands.  This suggests that a focus purely on numbers of taxa misses important information about how different those taxa are from each other, which may turn out to be highly relevant in terms of understanding the ecological, functional or evolutionary consequences of observed variation in composition.
Similarly, the alpha measure of relatedness (Δ+) provides a useful contrast to species richness.  The two measures are not structurally related (Clarke and Warwick, 1998; Clarke et al., 2014), so any observed relationships are interpretable.  There is only a weak positive relationship between isopod Δ+ and S, implying that rare species tend to be closely related to less rare species, with no relationship to depth.  In contrast, there is no relationship between Δ+ and S for bivalves, but a weak tendency for Δ+ to decline with depth, indicating that in shallower waters the species that are found tend to be more closely related than in deeper waters.  The multivariate analyses suggest that there are different communities of both isopods and bivalves in shallow (< 2000 m) and deep (> 4000 m) waters, with a great deal of overlap in between them at intermediate depths.  If these two assemblages contain many closely related species, for example different species but in the same genus in the deep assemblage and the shallow, then a decrease in Δ+ at intermediate depths might be expected, and we might conclude that the increase in S observed for isopods at intermediate depths reflects this overlap.  In fact there is a tendency for assemblages of isopods from some stations at intermediate depths to have low Δ+, supporting this view, but for bivalves the only stations with lower than expected Δ+ are from > 4000 m, indicating a slight loss in taxonomic variety with increasing depth.  In general, however, the assemblages observed at the majority of stations are entirely consistent with a hypothesis of random assembly from the regional species pool (Somerfield et al., 2009), with no evidence of taxonomic (or ecological/functional, Somerfield et al., 2008) specializations associated with life at different depths. It appears, therefore, that while most species are rare, they tend to fall into a limited number of higher taxonomic categories across the whole of the vast sampled SO domain, suggesting a limited range of viable ecological or functional strategies for each body plan.

5. Conclusions
The analyses presented here are based on data with a robust presence/absence structure, not confounded by differences in sampling effort.  Both isopods and bivalves showed significant differences in species composition, primarily driven by differences between a shallower assemblage and a deep one, with much overlap between 2000 and 4000 m.  Richness of isopods varied with depth, in part reflecting the overlap between the shallow and deep assemblages, whereas it did not for bivalves. In contrast, bivalves tended to have reduced taxonomic variety at depth, probably reflecting a reduction in viable life-history strategies with decreased energy availability. Although most species had restricted distributions, with 72% of the isopod species and 45 % of bivalve species restricted to one or two stations, there was a tendency for each species to have other closely-related species elsewhere within the same depth band. Isopods were more speciose, but bivalves generally had a wider distribution than isopods. We suggest that this might in part be a function of the dispersal capability of larvae and adults. 
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FIGURE LEGENDS

Figure 1.  Map of epibenthic sledge stations sampled from RV Polarstern during the ANDEEP I – II (2002, white circles) and ANDEEP III (2005, black circles) expeditions.

Figure 2.  Relationships between: A. depth (m) and haul length (m); B. density (individuals.1000 m-2) and haul length (m); C. species density S* (species.individual-1.1000m2) and density; D. species density S* and depth; E. species richness (S) and depth.  ×, isopods; ●, bivalves.  A.-D. in log/log scale, E. in linear/linear scale. See text for regression equations and R2 (all significant at p<0.05).

Figure 3: Reproduction and life-styles of Isopoda and Bivalvia at each station. The illustration is based on data from Supplementary Table 1.

Figure 4: Average taxonomic distinctness (Δ+) plotted against the number of species (S) for Isopoda (A) and Bivalvia (B). Also shown are the mean and 95 % probability limits derived from 999 random draws of species from the regional species poll (the complete list from all 40 stations) with selection probabilities conditioned on the frequency of occurrence of species.  Symbols indicate depth bands: , >2000 m; , 2000 – 3000 m; , 3000 – 4000 m;  > 4000 m. Labelled samples indicate assemblages significantly (p < 0.05) more closely related than expected under a null hypothesis f random assembly.

Figure 5. Nonmetric multidimensional scaling ordination plots showing relative similarities among stations based on A. Sørensen and B. Γ+ based on isopod species composition, and C. Sørensen and D. Γ+ based on bivalve species composition.  Symbols as in Figure 4.
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Figure 3: Reproduction and life-styles of Isopoda and Bivalvia at each station. The illustration is based on data from Supplementary Table 1.
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Figure 4: Average taxonomic distinctness (Δ+) plotted against the number of species (S) for Isopoda (A) and Bivalvia (B). Also shown are the mean and 95 % probability limits derived from 999 random draws of species from the regional species poll (the complete list from all 40 stations) with selection probabilities conditioned on the frequency of occurrence of species.  Symbols indicate depth bands: , >2000 m; , 2000 – 3000 m; , 3000 – 4000 m;  > 4000 m. Labelled samples indicate assemblages significantly (p < 0.05) more closely related than expected under a null hypothesis f random assembly.
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Figure 5. Nonmetric multidimensional scaling ordination plots showing relative similarities among stations based on A. Sørensen and B. Γ+ based on isopod species composition, and C. Sørensen and D. Γ+ based on bivalve species composition.  Symbols as in Figure 4.
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Table 1
Sample details and summary statistics (density as individuals.1000 m􀀀2 and number of species, S) for isopods and bivalves. The area abbreviations are: BS = Bellingshausen Sea; CB = Cape Basin; DP = Drake Passage; PB = Powell Basin; SSa = South Shetland area; SSI = South Sandwich Islands; WS = Weddell Sea.
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Table 2
Density and range of the most abundant Isopoda and Bivalvia at the 40 stations. Number of uniques and duplicates are given.
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Table 3
Summary of 2-way crossed ANOSIM results. Values of the ANOSIM R statistic with p < 0.05 in bold. Pairwise tests for differences between areas not shown
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Table 4
Condensed summary of 2-way SIMPER analysis showing frequencies of occurrence of isopod and bivalve species contributing to Sørensen similarity within (bold), and dissimilarity between (<or>) depth bands (samples from 2000-3000 m and 3000–4000 m combined) averaged over all areas, up to a cut-off of 25%. Right-hand column indicates species contributing to dissimilarities between samples from <2000 m and >4000 m.
[bookmark: _GoBack][image: ]
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group size

Isopoda Uniques 316 1

Duplicates 132 2

Betamorpha fusiformis 943 29
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Disconectes sp. 1 "antarctica" 472 10

Janiridae sp. 1 435 2

Eurycope  sp. 1 "complanata" 340 22

Bivalvia Uniques 17 1

Duplicates 22 2

Vesicomya sp. 986 30

Axinulus sp. 1 582 29

Genaxius bongraini 385 14

Yoldiella vallettei 363 18

Dacrydium sp. 1 242 7
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Global test, areas 0.692 0.001 0.653 <0.001 0.344 0.011 0.492 0.018


image10.jpg
Depyh {m)

<2000 2000-4000 >4000
1SOPODA

Similarity 19.87 22.43 17.66
Dissimilarity 88.17 87.39 92.9
Leptanthura glacialis 071 > 05 > 0.07 >
Austroniscus sp. 6 0.43

Disconectes sp. 2 0.57

Eurycope sp. 1-sim complanata 0.57 < 0.83 > 0.2 >
Eurycope sp. 3 - sim galathea 014 < 061 > 0.27
tyarachna antarctica 0.57 < 072 > 013 >
Munneurycope - sim nodifrons 0.43 < 05 < 0.4
Storthyngurella triplispinosa 0 < 067 > 013
Betomorpha fusiformis 0.57 < 078 > 073
Dubinectes nodosus 0 > 0.6 <
Disparelta maiusculs 0 < 033 < 0.47 <
Munna sp. 4 0.29 < 033 0 >
Munneurycope ~sim harrietae antarctica 057 > 0.28 < 013 >
Torwolia sp. 2 0.14 < 017

Eurycope sp. 7 0.57 > 011 0.2 >
Munnopsurus australis 0.14 < 0.61 > 013

Notopais spinosa 0.43 > 011 0 >
Disconectes sp. 8 0.43 > 011 0 >
Tytthocope sp. 3 0.43 > 017 0.07 >
Munneurycope sp. 9 0 < 05 > 013
Eurycope sp. 8- sim dahii 0.57 < 033 013 >
Lionectes humicephalatus 0.29 022 0 >
Notopais magnifica 0.43 0 0 >
Chelator sp. 1 0 0.44 < 0.47
Eurycope sp. 4 0.43 0.61 > 027
Eurycope ~ sim sarsi 0 0.28 > 0

Munna sp. 1 0.43 0.06 0 >
Munna sp. 3 0.43 0.06 0 >
Eugerdefla sp. 23 0 0.06

Prochelator sp. 11 0 0.06

Disconectes sp. 1= sim ontarctico 0.14 0.44 > 0.07
Disconectes — sim vanhoeffeni 0 0.44

Serofis arntzi 0.14 < 017

Paramunnidae sp. 1 0.29 033 > 0 >
Eurycope — sim glabra 0 017 < 0.53 <
Betomorpha africana 0 022 < 0.47 <
Eurycope sp. 2 033 > 033
Mimocopelates sp. 2 0.28 > 013
Acanthocope galatheae 0 0 < 0.4 <
Bathybadistes sp. 1 017 > 0
Desmosoma sp. 1 022 > 0
Vanhoeffenella scotia 0.28 > 0
Mimocopelates sp. 2 033 > 0.07
Eurycope sp. 2 022 > 0.27
Ischromesus sp. 7 022 > 0.07
Coperonus pinguis 0.29 033 > 0 >
Antennutoniscus sp. 3 0 011 < 033 <
tyarachna sp. 2 0.28 > 0.27

Chelator sp. 5 039 > 0.2
tyarachna trigngutor 017 < 033
Syneurycope heezeni 0.28 > 013
Rectisura sp. 1, sp. nov. 011 > 0
Antennutoniscus sp. 6 011 < 013
Thylakogaster sp. 1 0.28 < 033

Fanetela sp. 1 0.17 > 0.13
Storthyngura kussakini 0.43 0 >
Eugerda sp.9 0.14 0.07 >
Acanthaspidia sp. 6 0 0.14 <
Acanthomunna sp. 1. sp. 0 0.14 <
Acanthomunna sp. 2 0 0.14 <
Bellivos sp. nov. 0 0.29 <
Dendrotionidae sp. 3 0 0.14 <
Dendrotionidae sp. 4 0 0.14 <
Dendrotionidae sp. 6 0 0.14 <
BIVALVIA

Similarity 3059 30.46 32.34
Dissimilarity 82.87 736 83.4
Yoldietla vatettei 0.86 > 047 > 0.27 >
Axinulus sp. 1 071 < 0.82 > 0.67 >
Vesicomya sp. 1 0.29 < 076 1 <
Genaxius bongraini 0.57 > 047 013 >
Dacrydium albidum 0.57 > 041 033 >
Cuspidaria cf tenefla 0.14 < 0.29

Dacrydium sp. 1 0 < 0.4

Yoldiella sabring 018 < 0.4
Hyglopecten sp.2 018 < 033
Hyalopecten sp.1 0.41 > 0.27
Cardiomya sp. 1 012 < 033
Adacnarca sp. 1 0.29 0 >
Yoldiellu cf ecaudata 0.43 013 >





image1.wmf
)

s

(s

)

(

ω

min

)

(

ω

min

100.

Γ

2

1

j

ji

i

i

ij

j

+

÷

ø

ö

ç

è

æ

+

=

å

å

+


oleObject1.bin

