














Figure 4. Interpreted maps of surficial sediment grain size with classes following Bøe et al. (2010) based on a modified version of Folk (1954).
(a) MAREANO published map based on full coverage multibeam (bathymetry and backscatter) data. Note that the map version used for this study
was published in 2010 and has since been updated following more advanced processing of backscatter data (see www.mareano.no). (b) Grain size
map interpreted from the Olex–MB dataset: Olex bathymetry data supplemented with MAREANO multibeam and backscatter data in transects
(red) and in the area below 800 m.
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only), latitude, 200 m means and standard deviations of the
multiple-scale terrain variables listed in Table 1, as well as the cat-
egorical variables sediment grain size, sedimentary environment
and landscape. Biotope point data for each class (Biotope data)
served as the response variable in our models.

A summary of the selected environmental variables from the
multibeam (73 variables available) and Olex–MB datasets (64 vari-
ables available) is given in Table 2. The selection process for identi-
fying the best environmental predictor variables was performed
independently for the multibeam and the Olex–MB datasets, fol-
lowing the methods described in Modelling biotopes and by
Elvenes et al. (2012). We see that some predictor variables are
common to both—depth, landscape, sediment grain size, latitude,
mean broad-scale slope (n ¼ 49) and mean broad-scale northness
(n ¼ 49). These are among those variables which show the least vari-
ation between the multibeam and Olex–MB datasets: landscape is
identical, mean depth is virtually the same, and broad-scale mea-
sures of slope and orientation (northness) that serve as proxies to ex-
posure to dominant currents/food supply and to the stability of

sediments are also very similar. Artefacts in the Olex–MB dataset,
which could otherwise be expected to influence modelling, are
largely smoothed out by the broad analysis scale and the 200 m aver-
aging. Sediment grain size remains important, despite the disparity
in the interpretations based on the different datasets.

Of the remaining variables there are two significant ones that are
not used in the Olex–MB dataset—backscatter data and sediment-
ary environment (categorical). Since Maxent requires all environ-
mental predictor variables to have full coverage, backscatter data
is something that we must live without when working with com-
bined data such as the Olex–MB dataset. However, the sediment
grain size map offers an interpreted regional view of the nature of
the sediments for which backscatter data are only an acoustic
proxy. In the rest of the variables there is no clear pattern. Each set
of variables includes measures of slope, orientation, relative position
and terrain variability at various scales, though the multibeam vari-
ables include a few more fine-scale variables (n ¼ 3), perhaps indi-
cating that fine-scale variation is ecologically significant, whereas at
this scale the corresponding calculations on the Olex–MB dataset

Figure 5. (a) Spatial distribution of classified video sequences. Note that points from the same video line may be obscuring each other at this
overview map scale. (b) 2D representation of a detrended correspondence analysis 3D plot showing clustering of the 947 video sample points used
in this study. Colours in both (a) and (b) correspond to the ten final classes used in modelling.
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are largely highlighting artefacts or noise in the data. It is likely that
some variables selected for the Olex–MB modelling are addressing
environmental influences not captured by the “missing” variables—
sedimentary environment and backscatter. In particular we note
that both components of the orientation variables (northness and
eastness) are important in the Olex–MB dataset, which lacks the
bottom energy proxy information from sedimentary environment
data. These orientation components may therefore be stand-in
variables for current exposure.

Modelling was conducted with different combinations of the
selected variables to evaluate the importance of each variable type
and compare this between the multibeam and Olex–MB datasets.
Table 3 summarizes model performance for different scenarios,
given as the percentage of input points that are predicted correctly
with respect to all available classified biotope points by the model.
As an additional check on the performance of the models we calcu-
lated confusion matrices for each model (Tables 4 and 5), where the
user’s and the producer’s accuracy provide a summary of perform-
ance across biotope classes. The producer’s accuracy refers to the
probability that a certain biotope observed on the seabed is classified
as such by the model, while the user’s accuracy refers to the

probability that a pixel with a certain biotope class value in the mod-
elled biotope map really is this class. The Kappa statistic (K), calcu-
lated using these accuracy values, provides a measure of overall
performance assessing the degree to which the biotope map and
point data agree over and above that which could be expected by
chance alone. According to the interpretation scale of Altman
et al. (1991), which was adopted by Lucieer et al. (2013) for
benthic habitat mapping, the values of the Kappa statistic can be
interpreted as: K , 0.2 poor, 0.2 , K ≤ 0.4 fair, 0.4 , K ≤ 0.6
moderate, 0.6 , K ≤ 0.8 good, 0.8 , K ≤ 1.0 very good. This
puts both our multibeam and Olex–MB based models at the
lower end of the “good” category, suggesting minimal difference
in performance, although the multibeam model is slightly better.
Even if the values vary and are generally slightly lower for the
Olex–MB model, we see similar trends in the producer’s accuracy
between classes for both models. Trends in the user’s accuracy
show a little more variation, most likely due to differences in the re-
spective predictor variables used. For example in the case of Class 7
we note that the coarse sediments associated with this biotope are
less extensive in the Olex–MB sediment interpretation (Figure 4).
This variation in sediment class extent could be a source of variation

Table 2. Environmental predictor variables used in biotope modelling.

Variable Window size (raster cells at 50 m resolution) MB Olex– MB

Mean depth 3 3
Mean backscatter ×
Landscape type (categorical) 3 3
Sediment grain size (categorical) 3 3
Sedimentary environment (categorical) ×
Mean UTM latitude 3 3
Mean slope 21 × 21 ×

49 3 49 3 3
Standard deviation of slope 49 × 49 ×
Mean of northness 9 × 9 ×

49 3 49 3 3
Mean of eastness 3 × 3 ×

9 × 9 ×
Mean bathymetric position index (BPI) value 49 × 49 ×
Standard deviation of BPI values 3 × 3 ×

21 × 21 ×
Mean of mean curvature 49 × 49 ×
Standard deviation of mean curvature 3 × 3 ×

49 × 49 ×
Standard deviation of plan curvature 49 × 49 ×
Mean of rugosity 3 × 3 ×
Standard deviation of rugosity 3 × 3 ×
Mean of fractal dimension 49 × 49 ×
Total number of variables used in Maxent modelling 15 14

Means and standard deviations were calculated over a 200 × 200 m analysis window. Bold print indicates variables that were used in modelling of both datasets.

Table 3. Summary of model performances using different combinations of environmental predictor variables.

MAREANO multibeam
(area shallower than 800 m)

Olex– MB (area shallower
than 800 m)

Terrain variables, sediment maps, landscape, backscatter 71.5% (no backscatter)
Terrain variables, landscape, backscatter 71.8% (no backscatter)
Terrain variables, backscatter 69.0% (no backscatter)
Terrain variables, sediment maps, landscape 70.1% 67.0%
Terrain variables, landscape 68.1% 64.1%
Terrain variables only 66.5% 63.5%

Numbers indicate percentage of points correctly classified in the composite biotope map with respect to observed biotope points.
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between the models based on multibeam and Olex–MB data, since
the respective sediment classification is an important predictor
variable in each.

The final maps of predicted biotope distribution using full multi-
beam and combined Olex–MB data are shown in Figure 6, with
Table 6 listing physical properties and typical fauna for each of the
ten biotope classes. As Olex data were only used in areas shallower
than 800 m, model results from deeper areas have been discarded
from the final Olex–MB biotope map presented in Figure 6b.
Classes 1–3 are thus barely represented in this map and were not
included in the calculation of Kappa statistics (Tables 4 and 5).

A visual comparison shows that the general trends are similar
across both maps. There are some differences in the predicted
extents of the dominance of biotopes, and since the biological
input to each map is identical any differences must be due to the
influences of the differing predictor variables used. The Olex–
MB-based map appears somewhat more fragmented, and includes
certain visible artefacts. Examining the performance statistics for
the area above 800 m for biotope maps based on each dataset we
see that the multibeam-based map performs slightly better, but
only by a few percent (e.g. 70.1% for multibeam vs. 67.0% for
Olex–MB with a set of predictor variables including terrain vari-
ables, sediment maps and landscape). Using standard ArcGIS ana-
lysis tools, Elvenes et al. (2012) added a 50 m buffer to each
biotope sample point and reassessed the performance. This add-
itional test indicated that both the multibeam and Olex–
MB-based maps above 800 m scored over 80% when cross-checked
against the buffered point data, the good scores suggesting that both
map products are adequate for use in regional-scale offshore man-
agement. This slight difference in model performance is confirmed

by the Kappa statistics for each model (Tables 4 and 5), which
confirm that the multibeam model performs marginally better,
but that both datasets yield reliable models which can be considered
to have good performance (Altman, 1991).

We suggest two major reasons why the results are so similar in the
study area, despite the differences in the quality and number of vari-
ables available as input data from the multibeam and Olex–MB
datasets. Firstly, the resolution of the model and input terrain vari-
ables was the same (50 m) in both biotope models. Secondly, the
study area is dominated by a very diverse broad-scale geomorph-
ology (banks, valleys, canyons, etc.) and the biotope distribution
exhibits quite a strong link to this, as we can see in Figure 5a and
as examined by Buhl-Mortensen et al. (2009a). As long as depth,
landscape features, sediment distribution and broader-scale
terrain attributes are among the important predictor variables, the
role of smaller-scale features becomes less significant, as does the
presence of artefacts or noise in the bathymetry data. Based on
this study we cannot be certain how successful the same type of mod-
elling might be in an area dominated by more local variations in en-
vironmental conditions. The inclusion of additional data besides
terrain-derived proxies for environmental influences on faunal dis-
tribution (e.g. bottom currents, temperature, light availability etc.)
is also likely to improve the models regardless of bathymetry data
input, but may in addition help to reduce differences between the
bathymetric input and variables derived from these data.

Following the promising results of this study, MAREANO has
begun mapping on the mid-Norwegian shelf using a combination of
multibeam, Olex and other alternative bathymetry data together
withvideo data andsamples acquired in 2012. In thisreal-life situation,
rather than the situation reported here, the combined Olex and

Table 4. Summary of biotope model performance above 800 m for multibeam-based biotope model.

Class 4 5 6 7 8 9 10 Total User’s accuracy

4 81 9 6 1 1 0 7 105 0.77
5 11 58 11 7 0 1 8 96 0.60
6 5 19 134 3 6 3 23 193 0.69
7 0 12 2 26 0 0 4 44 0.59
8 0 0 4 1 37 0 5 47 0.79
9 5 0 0 0 0 40 3 48 0.83
10 2 7 9 2 7 8 110 145 0.76
Total 104 105 166 40 51 52 160 678
Producer’s accuracy 0.78 0.55 0.81 0.65 0.73 0.77 0.69

K 5 0.66
The user’s and the producer’s accuracy are given for each class, showing how the model performance varies across classes, and performance is summarized by the
Kappa statistic (K ).

Table 5. Summary of biotope model performance above 800 m for Olex–MB-based biotope model.

Class 4 5 6 7 8 9 10 Total User’s accuracy

4 70 11 7 2 3 3 8 104 0.67
5 8 54 8 4 0 2 8 84 0.64
6 12 11 133 6 4 0 26 192 0.69
7 1 9 1 30 0 1 0 42 0.71
8 0 0 5 0 39 1 3 48 0.81
9 7 0 0 1 2 36 2 48 0.75
10 4 11 20 3 11 6 84 139 0.60
Total 102 96 174 46 59 49 131 657
Producer’s accuracy 0.69 0.56 0.76 0.65 0.66 0.73 0.64

K 5 0.61
The user’s and the producer’s accuracy are given for each class, showing how the model performance varies across classes, and performance is summarized by the
Kappa statistic (K ).
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multibeam data were the only available basis for the planning of sam-
pling cruises. Existing bathymetry data were also made full use of in
identifying areas of interest for multibeam surveys. Results from

sediment interpretation and biotope modelling on the mid-
Norwegian shelf will provide further grounds for assessing how suc-
cessful this type of mapping can be based on combined data sources.

Figure 6. Modelled distribution of biotopes in the study area. (a) Model results from the MAREANO dataset. (b) Model results from the Olex–MB
composite dataset (area below 800 m is disregarded due to lack of Olex coverage). See Table 6 for biotope description.
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Table 6. Summary of the physical and biological characteristics of each biotope class represented in the final composite biotope map (Figure 6).

Biotope class Depth range Landscape type (Halvorsen et al., 2009) Sediments and terrain Typical taxa (from video observation) Other characteristics

1 1200–1500 m Continental slope/canyon Variable sediment composition (mud to
gravelly sand), regional/local topography
uneven

Nemertini pink, Actiniaria small pink,
Hexactinellida bush, Lycodes sp,
Bythocaris

2 .1500 m Deep sea plain/ continental slope (lower) Gravelly, sandy mud Rhizocrinus/Bathycrinus, Elpidia,
Hymenaster, Kolga, Caulophacus

3 1000–1700 m Continental slope (middle) Variable sediment composition (mud to
gravelly sand), regional topography
uneven

Chondrocladia, Lucernaria, Pycnogonida,
Umbellula, Ophiopleura

4 150– 300 m Continental shelf plains/marine valleys Sand/gravelly sand, flat areas Asteronyx, Funiculina, Ditrupa, Flabellum,
Pteraster

5 70 –180 m Continental shelf plains/marine valleys Variable sediment composition (sand to
coarser), flat areas

Pteraster, Ceramaster, Hippasteria, Sebastes
spp., Spatangus

Mainly north of 698N

6 ,300 m Continental shelf plains/marine valleys Variable sediment composition (gravelly
sand to coarser), flat areas

Phakellia, Craniella, Geodia spp., Stryphnus,
Mycale

7 50 –80 m Continental shelf plains Gravel, cobbles and boulders, flat areas Gorgonacea, Filograna, Tunicata white,
Lithothamnion, Serpulidae

North of 698N, erosional
environment

8 500– 850 m Continental slope (upper) Gravelly and/or muddy sand, steep areas of
uneven topography

Gorgonocephalus, Crossaster, Paragorgia,
Gersemia, Drifa

9 200– 350 m Marine/shallow marine valleys Sandy/muddy sediments, flat areas Kophobelemnon, Parastichopus, Pandalidae,
Virgularia, Steletta

10 100– 500 m Continental shelf plains/marine valleys/
continental slope (upper)

Variable sediment composition, variable
topography

Lophelia, Acesta, Axinella, Primnoa,
Protanthea
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Conclusions
This simulated study provided a rare opportunity to evaluate the po-
tential contribution of alternative bathymetric data sources, such as
the Olex bathymetry dataset, in the context of seabed map produc-
tion on a regional basis through direct comparison with maps based
on multibeam data. Only sediment distribution and biotopes were
considered in this study, but the Olex data could also contribute
by providing background full-coverage data for other map products
relevant to MAREANO and similar initiatives worldwide, such as
species distribution models for vulnerable species (e.g. corals,
sponges), biodiversity assessment or landscape mapping.

From the work undertaken in this study we see that a combin-
ation of alternative full-coverage bathymetry data supplemented
by limited multibeam data can be used for the production of region-
al sediment maps and for modelling biotope distribution. There are,
however, important differences in the level of mapping detail attain-
able. The use of lower resolution/quality data also has further con-
sequences in the wider context of seabed mapping, including the
inability to detect important topographic features such as coral
reefs, and less complete data for optimal planning of sampling
cruises. All of these influences should be considered when evaluating
the cost-effectiveness and choice of mapping technology in the
future, but we have shown that significant progress in sediment
mapping and biotope modelling can be made with limited multi-
beam data availability, provided that adequate alternative bathym-
etry data and direct observations of the seabed are available.
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