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Benthic marine biodiversity on the Antarctic continental shelf is high and unique, yet
its distributional patterns are still relatively poorly understood. Some of the main issues
are that biological data are sparse, and that many species are rare and seem only
weakly related to environmental conditions. Grouping species by taxonomic or functional
similarity has historically been used to compensate for missing species identification, to
generate a more widespread distribution of data-points, and this practice can help to
gain a better understanding of the distribution of biodiversity. However, there are few
guidelines on how to group species, the implicit assumptions about species associations
in the groups are difficult to validate, and the information loss associated with grouping
species is unknown. Here, we analyse whether grouping benthic macrofaunal species
by taxonomic or functional similarity preserves distributional patterns seen in species
distributions, using a model-based approach called “species archetype model” that
groups species or other units based on the similarity in their responses to environmental
factors. Using presence-absence data, the species archetype models identify twice as
many assemblages when used on the highest taxonomic resolution data, than when
applied to taxonomic data at lower resolution (e.g., class) or functional groups based
on mobility, feeding type, and body shape. Further, confidence in the predictions of
either taxonomic or functional groups is far less than for predictions based on the
highest taxonomic resolution data. Although using functional groups is often thought
to accumulate species with similar environmental responses, our analysis shows that
functional groups may insufficiently resolve assemblage structure for presence-absence
data. Model-based approaches provide key information to understanding the regional
distribution of Antarctic marine biodiversity, and care needs to be taken when using
a-priori groupings of species to make statements about the distribution of biodiversity.

Keywords: marine biodiversity, Southern Ocean, functional trait, taxonomic resolution, species archetype model,
species distribution, Antarctica, benthic assemblages
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INTRODUCTION

The ocean surrounding the Antarctic continent supports unique
assemblages of highly diverse benthic marine species (Griffiths
et al., 2009; De Broyer et al., 2014; Chown et al., 2015). However,
the remoteness which has protected this pristine environment
for a long time also means that biological data for the region
are sparse (De Broyer et al., 2014). Sparse biological data, the
rarity of many Antarctic species, limited environmental predictor
variables (Jansen et al., 2018b) and inconsistent relationships
between biological data and environmental conditions across
the regions and taxa studied (Cummings et al., 2010; Convey
et al., 2014) are all reasons that the distributional patterns of
seafloor biodiversity around Antarctica are still relatively poorly
understood (Brandt et al.,, 2007; Chown et al., 2015). This
is an issue because lack of knowledge about the distribution
of biodiversity hinders (1) informed marine spatial planning
in Antarctica, including the implementation of conservation
measures, (2) policy development underpinning regulation of
human activity in Antarctica, and (3) predicting the response of
Antarctic marine ecosystems to environmental change.

Statistical models that link the occurrence of biota with
relevant environmental factors are one way of making the most
of sparse biological data to understand and map the distribution
of benthic communities and their biodiversity. To date efforts to
map seafloor communities have either focused on a few common
species of echinoids (Gutt et al., 2012; Pierrat et al., 2012), or
have been based on dissimilarity metrics (Koubbi et al., 2011),
expert opinion (Gutt et al., 2013), or aggregating species with
functional similarity (Jansen et al., 2018a). However, while these
efforts provide useful insight into the distribution of biodiversity,
they either analyse only a single component of the benthic
community, they lack reproducibility, or individual species
responses are difficult to identify (in the case of multivariate
distance based approaches).

Aggregating species by taxonomic or functional similarity
is a common approach to overcome difficulties in analysis
of data with many rare species (e.g., Cunningham and
Lindenmayer, 2005; Rooper et al., 2014; Jansen et al., 2018a),
that comprise a substantial number of the species in any
community. Traditionally, species are often grouped by their
taxonomy, further motivated by constraints in time, expertise,
or funding. More recently, species have been aggregated or
classified according to functional traits. Functional traits define
a species in terms of their ecological role and can include body
size, other morphological characteristics and life history traits.
Further, these traits are thought to be related to the performance
of a species, and therefore its occurrence and abundance, under
particular environmental conditions (Webb et al, 2010). In
grouping species based on functional traits, it is assumed that
different species with common functional traits respond to
environmental gradients in a similar way. Because this approach
provides a more mechanistic understanding of the structure and
function of assemblages and their response to change (Sunday
et al., 2015), it has attracted much interest (Petchey and Gaston,
2006; Cadotte et al., 2015). In Antarctica, functional traits such as
mobility and feeding-strategy have been described as important

factors influencing species distributions, with species commonly
classified into mobile deposit feeders and sessile suspension
feeders (e.g., Barry et al., 2003; Jansen et al., 2018b). While sessile
suspension feeders, such as Bryozoans, Corals and Sponges are
often associated with steep slope habitats and rocky substrate,
mobile deposit feeders such as Holothurians and a range of
burying fauna inhabit softer sediments in areas with low current
speeds (Barry et al., 2003). Functional approaches can result in
spatial patterns that are distinctly different to those based on
traditional taxonomy and inform us about how communities are
structured (Stuart-Smith et al., 2013). However, there are few
guidelines on how and at which level to group species, yielding
a wide variety of approaches that are dependent on individual
researchers. Further, the assumptions about species associations
in the groups are difficult to validate and it is unknown how much
information about biodiversity patterns is lost when species are
grouped.

In contrast to a-priori groupings, model-based approaches,
such as Species Archetype Models (SAMs; Dunstan et al,
2011), allow grouping species or other units based solely on
the similarity of their response to a suite of environmental
covariates. SAMs are based on generalized linear models, are
defined for a range of different types of data, and importantly
for our context are able to model rarer species. Also, because
SAMs are purely based on environmental responses, the resulting
archetypes are not a result of any a-priori assumptions about
species associations. Model-based approaches are a relatively new
statistical tool, but have already shown promising results for
mapping species and habitat distributions (e.g., Woolley et al,,
2013; Hill et al., 2017; Ovaskainen et al., 2017).

In this study, we use SAMs to map the benthic invertebrate
community on the George V shelf in East Antarctica. We
use presence-absence data from underwater camera images
in which taxa have been identified to the highest taxonomic
resolution possible, and use two additional versions of the same
dataset in which species were grouped a-priori by taxonomic
or functional similarity. We hypothesize that species with
similar functional traits in mobility, feeding-type, and body-
shape respond in a similar way to environmental conditions,
and that grouping species before analysis only marginally
affects predicted biodiversity patterns. Further, we hypothesize
taxonomic groupings of species aggregate different functional
traits, and therefore expect predicted biodiversity patterns to
differ from both the analysis of functional group and of the
species-data, unless niche-conservatisms is high in which case
an analysis of taxonomic groups would differ only little from
patterns observed in the species-data.

METHODS
Study Area

The study area is the George V continental shelf and slope in East
Antarctica, spanning latitudes 139°E—147°E from the Antarctic
coastline to the shelf break at around 65.5°S. Water depth on the
shelf is typically 500-700 m, punctuated by bathymetric features
including the Mertz and Adélie Banks (200-250 m depth) and
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FIGURE 1 | Overview of the George V shelf, East Antarctica. Shown are the bathymetry (Beaman et al., 2011) with selected contour lines (in gray), coastline, sample
locations, and approximate location of areas closed to bottom fishing due to the presence of vulnerable marine ecosystems (Jones, 2017). The inset map in the top

the George V and Adélie Basins (depths up to 1,300 m; Figure 1).
The oceanography in this area is mainly influenced by the Mertz
Glacier Tongue and the adjacent Mertz Polynya (Cougnon et al.,
2013), an area of ice free water that drives water circulation
(Massom et al.,, 2001) and supports a relatively long growing
season of phytoplankton (Sambrotto et al., 2003; Beans et al,,
2008). Abundant and diverse benthic communities have been
found primarily on the shallower section of the shelf between
200 and 600 m and on the shelf break (Post et al., 2011), and
modeling work suggests widespread cover of suspension feeders
on the banks (Jansen et al., 2018a).

Biological Data

Data Collection and Scoring

Biological data were collected during the Collaborative East
Antarctic Marine Census (CEAMARC) for the Census of
Antarctic Marine Life in December 2007-February 2008 (Hosie
etal, 2011).

Detailed underwater still images were obtained from a forward
facing 8 megapixel Canon EOS 20D SLR with two speedlight
strobes mounted on a beam trawl. Transects at 32 sites were
mostly 4-6km long (with some exceptions ranging between
3 and 16km) and the water depth at the sample sites was
between 200 and 1,550m. The trawl was controlled using a
deck winch and pictures were taken every 10s. Fauna were
identified to the lowest taxonomic resolution possible. Where
species identification was not possible, specimens with similar

overall appearance were grouped into morphotypes (operational
taxonomic units, or OTU). The bottom third of each image
was scored. For each image, the abundance of each OTU was
estimated within 5% bins from 0 to 50%, and 10% bins from 50
to 100%. Although abundance was recorded from the images,
the statistical method we used required reducing the data to
presence-absence for analysis (see section Statistical Analysis).
The image-derived data from each transect was then split
at the boundaries of the environmental grid cells to ensure
pictures used in the analysis all lay within the same value for
the environmental covariates. A total number of 2,685 images,
distributed across 41 grid cells, were used in the analysis.

Functional and Taxonomic Groupings

From the raw dataset comprising of 172 OTUs (Supplementary
Table 1), we generated two aggregated datasets using expert
knowledge. One dataset comprised OTUs grouped purely by
taxonomy, and the other with OTUs grouped by functional
traits. Each OTU was identified to the highest taxonomic
resolution possible, and for each OTU we defined its mobility
(mobile or sessile), its feeding-type (deposit feeders, opportunists,
predators, active and passive suspension feeders), and body shape
(12 categories). We chose these three categories of functional
traits because they can be identified from images and expert
knowledge, and because Antarctic benthic communities have
been categorized in a similar way in the past, although not in
such detail (Gutt et al., 2013). By aggregating OTUs with the
same combination of these three functional traits, we identified
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30 different functional groups (the full range of functional groups
is listed in Supplementary Table 2).

Taxonomic grouping was done mostly at the class and phylum
level. As a general rule, we aimed at creating a number of
taxonomic groups similar to the number of functional groups to
aid comparison. On average five OTUs were grouped together
to form a taxonomic group, although in seven instances only a
single OTU represented an isolated taxonomic group. In total,
we identified 27 taxonomic groups (Supplementary Table 3).

Environmental Data

The environmental covariates used for model predictions were
those that are commonly considered important for describing
the habitat of benthic invertebrates. They were depth, slope
of the seafloor and topographic position index derived from
Beaman et al. (2011), ocean current speed, tidal current speed
and temperature at the seafloor derived from an oceanographic
model (Cougnon et al., 2013), and three measures for the
availability of food at the seafloor from Jansen et al. (2018b)
(i.e., food-particles arriving near the seafloor after sinking from
the surface, horizontal flux of food along the seafloor, and food-
particles settling onto the seafloor). We did not include other
environmental covariates because of their high correlation with
variables already selected, namely surface productivity (highly
correlated with the number of sinking particles arriving near
the seafloor; Pearson’s r = 0.971), and roughness of the seafloor
(highly correlated with slope; Pearson’s r = 0.992). In the map
of the settling particles, 35 out of 2,515 grid-cells contained
exceptionally high values, ranging from 1,035 to 5,122. These
values are likely an artifact of the modeling process rather than
a pattern likely to be observed, and we therefore arbitrarily
adjusted the values those cells to 1,000 particles.

Statistical Analysis

Data were analyzed using species archetype models (SAMs)
(Dunstan et al., 2011), which are based on generalized linear
models and define groups of taxa based on their similar responses
to environmental covariates. These groups are termed “species
archetypes.” Currently, SAMs are developed only for presence-
absence data and count-data, and we therefore reduced our
raw-dataset from percent-cover estimates to presence-absence
for the SAM-analysis. For the boxplots presented in Figures 2,
5, we used the percentage-cover estimates for individual OTUs
in the respective species archetypes to aid interpretation of
the results. For the SAM-analysis, we considered all of the
environmental covariates in section Environmental Data and
included a polynomial term for depth and the logarithm for slope.
We used Bayesian information criteria (BIC) for selecting the
optimal number of species archetypes in each of the three datasets
(OTUs, taxonomic groups and functional groups), running 50-
iterations of the same model with random starts and extracting
the BIC in each of these models to ensure that inference was based
on the global maximum of the likelihood-surface. The model
with the optimal number of species archetypes as determined
by BIC (see Supplementary Figure 1 for the OTU-analysis) was
then used to predict the occurrence of the species archetypes
across the study area. This prediction uses the relationship

identified between species archetypes and the environmental
covariates, and then predict species archetype occurrence in areas
where only environmental data are available. We restricted the
prediction area to the continental shelf down to ~1,500 m depth,
the maximum depth that the camera was deployed.

For the statistical analysis, we used R version 3.3.1 (R Core
Team, 2016), and the SAMs were developed using the R package
“SpeciesMix” (Dunstan et al., 2011).

Data Availability

The full biological dataset is published in Robineau et al. (2018)
and is publically available through the Australian Antarctic
Division doi: 10.4225/15/5ae7cf565cebb.

RESULTS

Classifying benthic fauna to the highest taxonomic resolution
possible, we identified a total of 172 operational taxonomic
units (OTUs) from 11 different phyla (Supplementary Table 1),
belonging to 27 taxonomic and 30 functional groups. Many
OTUs were rare, with 26 OTUs observed only once at the 41
sites, and half of all OTUs found at five sites or less. Only 17
OTUs were found at more than 20 sites, and six of these common
OTUs represent unidentified taxa where individuals could not
be distinguished further than to broad categories of Bryozoans,
Sponges, Seastars, Ophiuroids, Holothurians, and Actinaria. The
most dominant phyla were echinoderms (38 OTUs), sponges (35
OTUs), and cnidarians (34 OTUs). In total, we found 54 mobile
OTUs compared to 118 sessile OTUs. Most sponges (=active
suspension feeders) were of a simple erect form or had a stalked
base lifting them oft the ground (Supplementary Tables 2, 3). In
contrast, most passive suspension feeders were branching in three
dimensions.

OTU-Level Archetypes

The statistical analysis using species archetype models identified
six distinct species archetypes (SAs, Figure 2 and Supplementary
Figure 1) from the full dataset which contains benthic
fauna classified to the highest possible taxonomic resolution
(operational taxonomic units, or OTUs). All Species Archetypes
(SAs) contain OTUs with a mix of functional traits and belonging
to different taxonomic groups (Supplementary Tables 2-5).
Predictions for OTU occurrences from the SAs match well with
the observed values (R?> between 0.533 and 0.923), with the
exception of SA-5 (R? = 0.178). The strongest (steepest) overall
response from SAs is in relation to depth of the seafloor (Figure 3
and Supplementary Table 6), but all environmental variables used
in the analysis influence SA-distributions.

OTUs in SA-1 are mostly mobile with a few sessile taxa of
simple body-shape, living in the deeper part of the continental
shelf, where unconsolidated sediments prevail (Figure2 and
Supplementary Table 4). This assemblage is predicted with high
probability on the slope near the Adelie Bank and Sill, but
just outside of areas sampled in our study, meaning we cannot
confirm these high values with our observations (see sampling
sites in Figure 1 and predicted vs. observed for SA-1 in Figure 2).
SA-2 is an assemblage representative of the slope areas, and is
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FIGURE 3 | Probability of occurrence for the six species archetypes in relation to each of the environmental variables used in the analysis. A steep slope of a line
means that the archetype changes strongly along this environmental gradient, indicating which environmental predictor variables are important in determining the

dominated by sessile taxa. Generally, SA-1 and SA-2 share a
similar environmental response apart from SA-1 occurring with
a higher probability on higher topographic positions and SA-2
occurring in warmer waters (Figure 3).

SA-3 is an assemblage containing species with a diversity
of body-shapes and similar to SA-2, is dominated by passive
suspension feeders (Supplementary Table 2). This archetype
inhabits the edges of the banks and also occurs along the
continental slope, typically in steep slope regions. SA-2 and
SA-3 contain many taxa that classify as vulnerable marine
ecosystems, meaning they are vulnerable to some fishing
practices and deserve special protection due to their importance
for ecosystem functioning (www.fao.org/in-action/vulnerable-
marine-ecosystems).

SA-4 contains common taxa, similarly to SA-5, but is
restricted to the banks. This is a typical Antarctic assemblage
with many suspension feeders and a diverse range of body-
shapes. SA-5 dominates the benthic assemblage on most
of the George V shelf (Figure4), and represents a diverse
range of a few (18) very abundant and common OTUs
with a broad distribution (see also Supplementary Table 4).
Although the standard error of the prediction is low (Figure 2)
across the study region, comparing predicted and observed
values reveals poor predictive power of this group (Figure 2,
last column, R?> = 0.18). Thus, the OTUs comprising this
group are relatively abundant and ubiquitous independent
of environmental variation. The response curve of SA-5 to
environmental variables is shallow (Figure 3), indicating that
even strong environmental differences only lead to weak
changes in this group. SA-5 contains four OTUs that represent
unidentified taxa where individuals could not be distinguished

further than the broad categories of Bryozoans, Sponges, Seastars,
and Ophiuroids.

SA-6 represents an assemblage with low abundance, and
limited to shallow and steep sections on the shelf close to
the coast and in locations characterized by muddy substrate,
dropstones, and relatively protected from icebergs (Marc
Eléaume, unpublished data). This group largely responds to
depth and slope but not to other environmental variables
examined, and contains a mix of mobile and sessile taxa with
many different body shapes (Supplementary Table 4). SA-6 is the
only archetype that never dominates the benthic community on
the George V shelf (Figure 4).

All six SAs contain mobile and sessile species, but not
every SA contains all categories of feeding type and body-shape
(Supplementary Table 2). For example, only suspension feeders
and predators can be found in SA-2, but there are no deposit
feeders or opportunists present. Similarly, not every SA contains
every body-shape. Flat body-shapes are absent from SA-2, erect
stalked forms are absent from SA-3, barrel and tube-like sponges
are absent from SA-1, SA-3, and SA-5, 2D-structured suspension
feeders are absent from SA-1 and SA-5, no Anemones are found
in SA-5 while tubeworms are found only in SA-3, SA-4, and SA-
5. Ball-shaped forms are absent in SA-1 and SA-6 and massive
sponges only occur in SA-6 (although only 3 OTUs fall into this

category).

Taxonomic- and Functional-Group
Archetypes

In contrast to the analysis of the OTU-dataset, which reveals six
species archetypes, the aggregated datasets of taxonomic groups
(TG) and functional groups (FG) reveal three species archetypes
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respectively (Figure 5). Both TG and FG archetypes show similar
distributions, but all species archetypes show weak predictive
power for the probability of occurrence (R? from 0.17 to 0.37,
Figure 5, predicted vs. observed). Another similarity between
TG- and FG-analyses is that each results in one archetype
with abundant and very common OTUs (TG SA-1, FG SA-
1), a second archetype with also abundant OTUs but not as
common (TG SA-2, FG SA-2), and a third archetype of rare OTUs
(TG SA-2, FG SA-2). Interestingly, despite these similarities,
the OTU composition varies considerably between the TG- and
FG-archetypes (Supplementary Figure 2).

DISCUSSION

Our results show distinct assemblages of benthic macrofauna
can be identified with much greater confidence when using data
comprising presence/absence of operational taxonomic units
(OTUs) than when data describe a-priori determined taxonomic
or functional groups. Although we expected the expert-grouped
taxa not to perform as well as when using the more highly
resolved data, the magnitude of differences was surprising to us,
especially in regard to grouping by functional traits. In theory,
if the functional traits selected truly correspond to species with
similar responses to environmental conditions, we should (1)
expect predicted values from the analysis of functional groups
to fit similarly well to observed values as predicted values from
the OTU-analysis, and (2) expect OTUs in each species archetype
to be from mostly the same functional groups. However, our
results show this is not the case, and a-priori grouping of OTUs
by functional or taxonomic similarity merges OTUs that do not
respond to environmental conditions in the same way.

A possible explanation why the functional grouping poorly
predicts the distribution of biodiversity is that the functional
traits selected are not important in determining the presence or
absence of these taxa, or are not important at all. Our results
show most combinations of the three functional traits feeding-
type, mobility and body-shape can be found in at least half of all
species archetypes, in a wide range of environmental conditions
across the study region, and are therefore not good surrogates
for predicting the presence and absence of species. However,
this result does not mean the functional traits selected are not
important at all, because they could act on different levels of
community structure, such as on the abundance of different
species. Interestingly, a very broad grouping of taxa based solely
on their feeding type, produces promising results for mapping
patterns in the abundance of key components of the benthic
community (Jansen et al., 2018a). More research is needed to
resolve whether other functional traits not used here might be
more suitable for predicting patterns in the presence and absence
of species.

Another factor that influences the results is the taxonomic
level at which to group species. In our study, we grouped species
mostly at the class and phylum level. Classifying organisms
into lower level taxonomic groups such as families is difficult
when using image-data, because many family-specific features
might not be distinguishable. Previous studies have also found
that an aggregation at class or phylum level changes observed
patterns in assemblage structure (Smale et al., 2010) and species
distributions (Wodarska-Kowalczuk and Kedra, 2007). However,
although there are examples where family-level aggregations may
be used as effective surrogates for diversity patterns (e.g., in
molluscs: Terlizzi et al., 2009), any taxonomic rank higher than
species can behave as a random group of species not providing
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FIGURE 5 | Predicted distribution of species archetypes (SA) identified from the taxonomic (TG) and functional group (FG) datasets, the standard error of the
prediction, the total abundance of all OTUs combined within each SA and the relationship between predicted and observed values. The red dotted line indicates the
1:1 line between predicted and observed values; the R2-value is for a linear regression between observed and predicted values. The predictions are based on data
from 41 sites, and the area under the Mertz Glacier Tongue is excluded from the predictions.
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ecologically meaningful information (Bevilacqua et al., 2012) and
the outcomes of taxonomic groupings may vary between habitats
and trophic levels (Sutcliffe et al., 2012). Our results suggest
that presence-absence data should be classified to the highest
taxonomic resolution where possible, and not amalgamated
into either taxonomic of functional groupings when studying
responses of Antarctic benthic communities to environmental
conditions.

Our mapped predictions of the benthic communities on
the George V shelf show similarities to previously detailed
descriptions and maps of the region (Post et al., 2010, 2011;
Jansen et al., 2018a). We can confirm that areas of particular
interest (i.e., areas with rare assemblages, and a turnover of
species archetypes) are shallow, steep habitats close to the coast
or on the edges of the banks, and on the continental shelf break
and slope. Vulnerable marine ecosystem (VME) taxa, which
are of particular interest for management, have previously been
detected and then protected from bottom fishing practices in
two separate areas in this region (see Figure 1). SA-2 and SA-3
are likely representative for the distribution of VMEs, and the
mapped predictions can help finding further assemblages in need
of protection. SA-4 and SA-5 are most similar to the distribution
of seafloor suspension feeders mapped in an earlier effort in this
region (Jansen et al., 2018a). Some small-scale features in SA-4
and SA-5, particularly on the Adélie bank, stand out, but should
be treated with care, as they could be artifacts from the ocean
model and the food-availability-maps that have translated into
the predictive maps. More sampling in these interesting areas
would help to clarify if such patterns exist. A proportion of the
benthic community (i.e., SA-5) is difficult to predict, even with
the cutting-edge statistical methods used here, which at least
partially explains why the biogeography of Antarctic benthos has
been found to be hardly predictable in other regions around the
continent (Gutt et al., 2013). Nonetheless, the overwhelmingly
high correlations between observed and predicted values from
the species archetype models are encouraging, and we suggest
model-based approaches should be a first choice when mapping
Antarctic benthic communities.
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