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Introduction

Besides geological mapping an important task of regional 
seabed mapping programmes such as MAREANO 
(Thorsnes, this volume) is relating geological and other 
environmental information to observations of benthic 
biology. In this way we can begin to develop maps indi-
cating the distribution of ecologically relevant seabed 
environments and fauna occurring over the seafloor. 
Maps of this type have been given many names in the lit-
erature. The term ‘habitat map’ is perhaps the one most 
widely used but has also been adopted to describe maps 
including varying proportions of physical and biological 
information (e.g., Brown et al. 2005; Jordan et al. 2005; 
Kostylev et al. 2001; Lanier et al. 2007; Whitmire et al. 
2007). Other related terms include marine landscapes 
(Golding et al. 2004, Al-Hamdani et al. 2007), seascapes 
(Day & Roff 2000), and biotopes (Foster-Smith et al. 
2004).

In this paper we use the term ‘nature type’ to describe 
a combination of physical and biological habitat char-
acteristics. Following Norwegian standards, a nature 
type is defined as - a homogeneous type of nature, which 
embraces all plant and animal life and the environmen-
tal factors acting therein (Halvorsen et al. 2008). Nature 
types in Norway are being mapped both on land and 
in the marine environment, and within this framework 
MAREANO is helping to identify distinct, recognizable 

marine benthic nature types offshore northern Norway 
by documenting their physical and biological character-
istics. Much of the study area includes previously undoc-
umented seabed, so the physical and biological charac-
teristics, and therefore the nature types, were largely 
unknown before data acquisition and analysis were 
applied. In conjunction with direct documentation of 
seabed nature types, the MAREANO programme is also 
contributing to the national effort to develop suitable 
methods for nature-type classification and prediction.

Seabed mapping has been revolutionized in recent years 
by the availability of acoustic technology, in particular 
multibeam echosounders which are able to provide (a) 
detailed bathymetry data revealing the terrain and struc-
tures on the seafloor, and (b) backscatter data which are 
the acoustic response of the seabed and give clues as to 
the sediment grain size and hardness. Whilst these data 
can be directly used for interpretation of some aspects of 
the physical habitat, e.g., morphological structures and 
slopes, the interpretation of such data to reveal sediment 
properties or biological relevance requires supportative 
in situ observations of the seabed, often called ground-
truth data. In the past ground-truth data were just physi-
cal samples, or in shallow water, observations by driv-
ers, but these can now be complemented by underwater 
video data, which have the advantage of allowing larger 
areas of the seabed to be imaged. Multibeam and video, 
particularly when used in combination, are extremely 
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Figure 1: Overview map showing study area on Tromsøflaket 
within MAREANO area offshore northern Norway.  The 
general paths of the Norwegian Coastal Current (NCC) 
and Norwegian Atlantic Current (NWAC) are indicated in 
the MAREANO area.  Regional bathymetry is indicated by 
100 m contours.Inset maps (A, B) show multibeam bathy-
metry and backscatter data for eastern Tromsøflaket. 
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relevant for nature-type mapping, and, where funds per-
mit, have been widely used for mapping benthic habitats 
in recent years (Todd & Greene 2007).

MAREANO makes use of all of these available tech-
nologies with comprehensive mapping and sampling 
programmes (www.mareano.no). The most spatially 
extensive datasets are multibeam and video data, and it 
is these that have been used in our initial studies of sea-
bed nature-types. In this paper we describe the process 
of developing nature-type maps from these types of data 
and present some initial results.

Study area

The study area is on the eastern part of Tromsøflaket, 
offshore northern Norway (Figure 1). This was the first 
area to be mapped and sampled under the MAREANO 
programme in 2005-2006, and provided a good area for 
testing and developing the methodologies. 
 
Tromsøflaket is a relatively shallow bank (~140 – 250 m 
depth) in the southern Barents Sea. There is considerable 
evidence on the seabed regarding the glacial history of 
the area. Glacially derived sediments dominate much of 
the bank and moraine ridges have also been found (Bel-
lec et al. 2008). Much of the bank is heavily incised by 
iceberg ploughmarks, and we also see glacial lineations 
showing evidence of past ice stream movements in the 
area (Ottesen et al. 2008). In the east of the study area, 
in the deeper area towards Ingøydjupet, we find softer 
sediments and a contrasting sedimentary environment 
which includes an extensive pockmark field (Chand et 
al. 2009).

Tromsøflaket is influenced by 2 major current systems. 
The northward flowing Norwegian Coastal Current 
(NCC) comprising relatively cold, low salinity Nor-
wegian Coastal Water (NCW). Meanwhile the Nor-
wegian Atlantic Current (NWAC) which is part of the 
North Atlantic Current (NAC) brings relatively warm 
and saline water northwards, and this splits into two 
branches at Tromsøflaket (Skarðhamar & Svendsen 
2005). Whilst measurements and models of bottom cur-
rents are sparse in this region, the currents operating 
near the seabed have been interpreted from geological 
structures and sedimentation patterns by Bellec et al. 
(2008). Although not quantitative, and in the absence of 
other measurements, this interpretation gives a valuable 
insight into near-seabed currents influencing the seabed 
nature types.

Tromsøflaket is an important offshore area commer-
cially. It hosts important fishing grounds, and is also 
close to hydrocarbon development sites, here referred to 
as Goliat and Snøhvit. Gas pipelines between the Snøh-
vit gas field and the processing plant at Melkøya at Ham-
merfest traverse the area. In areas such as this, where sev-
eral potentially conflicting activities occur, nature-type 

mapping is particularly important. It is precisely in such 
areas, with exploitable living and non-living resources, 
that nature-type maps can provide crucial information 
for their sustainable management and development.

Methods

Data sources
Data for this study comprises 2 main datasets, multibeam 
echosounder data and video data. The multibeam data 
(bathymetry and backscatter) were acquired by the Nor-
wegian Defence Research Institute (FFI) during the years 
2005-2006 and made available to MAREANO. Data were 
acquired using a Kongsberg Simrad EM1002 (95 kHz) 
multibeam system. These data have been processed to 
produce bathymetry and backscatter raster grids with a 
cell size of 10 m, which have then been converted to Arc-
GIS format for use in this study.

Video data were acquired during the first MAREANO 
sampling cruise in June 2006. Video transects, each 
approximately 1 km long, were positioned across the 
study area following examination of multibeam data. 
This strategy meant we were able to acquire data over a 
range of topographic features and seabed acoustic sig-
natures of potential ecological significance, whilst main-
taining a reasonably even geographic spread of sampling 
stations. Video data used in the analysis came from a 
high definition colour camera (Sony HDC-X300) tilted 
forward at an angle of 45° on the towed video platform 
‘CAMPOD’. Along the transects the CAMPOD was 
towed behind the survey vessel at a speed of 0.7 knots, 
and controlled by a winch operator providing a near 
constant altitude of around 1.5 m above the seabed. 
Geo-positioning for the video data was provided by a 
hydroacoustic positioning system (Simrad HIPAP with 
Eiva Navipac software) with a transponder mounted on 
the CAMPOD. This gave a position accurate to about 2% 
of the water depth. 

Video analysis

48 video records were analysed in detail initially using 
30 second long sequences (average length = 12 m). All 
organisms occurring were noted and identified to the 
lowest possible taxonomic level and counted, or quan-
tified as % seabed coverage following the method 
described by Mortensen & Buhl-Mortensen (2005). 
The percentage cover of six classes of bottom substrates 
(mud, sand, pebbles, cobbles, boulders and bedrock) – 
is based on the Udden-Wentworth scale (Wentworth, 
1922). This was estimated subjectively at a scale of 5% 
intervals in the video sequences. In order to convert the 
analysis to a distance-based assessment of bottom attri-
butes and fauna, the 30 s sequences were pooled into 
distances of 50 m, 200 m, and 1 km (whole transect). 
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Following initial analysis it was decided that the 200 m 
distance segments provided the most appropriate level of 
data acquisition for nature-type mapping. 

Deriving environmental descriptor variables from multi-
beam data

Multibeam bathymetric data not only provide excellent 
indications of the seafloor bathymetry and terrain struc-
tures, they can also be used to generate derived quantita-
tive variables describing this terrain. A recent summary 
of variables that can be computed is provided by Wilson 
et al. (2007). We note the importance of a multi-scale 
approach to the computation of such variables. This 
permits calculations to be made over user-specified dis-
tances which can be selected for ecological relevance 
and/or compliance with other datasets, rather than sim-
ply being limited by the raster cell size and a default cal-
culation distance (usually a 3x3 cell rectangular analysis 
window) built into many GIS software packages. Multi-
scale computation is gradually becoming more widely 
adopted among the benthic habitat mapping commu-
nity as these benefits are recognised (Lucieer & Peder-
son 2008; Wilson et al. 2007) and as some ready-made 
GIS analysis tools become available, including a degree 
of multi-scale computation, at least for some parameters 
(e.g., Benthic Terrain Modeller (Lundblad et al. 2006; 
Wright et al. 2005).

Using the multibeam bathymetry data from Tromsø-
flaket a suite of terrain variables was derived includ-
ing slope, aspect, curvature (curvature and bathymetric 
position index – BPI (Lundblad et al. 2006)), and vari-
ability (rugosity (Jenness 2004)). Each variable was com-
puted from the 10 m bathymetry grid using ArcGIS tools 
employing a 3x3-cell rectangular analysis window, with 
the exception of the broad-scale BPI which was addition-
ally calculated using an analysis window of 49x49 cells 
from a 50 m bathymetry grid.

Unlike previous studies classifying or modelling ‘habitat’ 
based purely on bathymetric variables (e.g., Lanier et al. 
2007; Wilson et al. 2007), this analysis also used the mul-
tibeam backscatter data. These data allow us to include 
some proxy to the seabed sediment distribution in the 
nature-type classification. A similar approach, combin-
ing bathymetric and backscatter derived variables has 
shown promise in other studies related to habitat classi-
fication (e.g., Dartnell & Gardner 2004; Whitmire et al. 
2004; Whitmire et al. 2007). Indeed, these backscatter 
data have provided the basis for the classification of surfi-
cial sediments on Tromsøflaket (Bellec et al. 2008). Here 
we used the backscatter data rather than the classified 
sediment map produced by Bellec et al. (2008) since their 
classification was produced at a regional scale (1:100 000 
map scale). This geological map product will be invalu-
able for assessment of predicted nature-type maps, as 
well as for regional geological understanding and man-

agement. However, since it has generalised local level 
details only, the map may be relevant for observations of 
fauna and environment from video transects, however it 
is not applicable for an initial nature-type prediction.  In 
order to provide a more comprehensive classification of 
nature types it would be preferable to include other eco-
logically relevant environmental predictor variables also, 
such as bottom temperature, current speed and direction. 
Unfortunately, no sufficiently comprehensive quantitative 
datasets were available for the study area, so our analy-
sis was limited to terrain variables. These can be expected 
to discriminate between nature-types only if the species 
respond to variation in the seabed morphology and sedi-
ment distribution, or some variable for which these prop-
erties act as a proxy (e.g., depth may serve as a proxy for 
bottom temperature; sediment distribution could serve as 
a proxy for current strength).

Rather than simply using the values of each derived terrain 
parameter directly, the mean and standard deviation (s.d.) 
of each terrain variable was computed over a rectangular 
window of 200 m. This distance was chosen to correspond 
with the distance over which the video data were pooled. 
We are mindful of slight limitations of this method, i.e., 
using a rectangular-shaped region for computation of 
terrain parameters to compare with observations from a 
linear video transect. However, this is the only practical 
approach, and it is likely that the benthic fauna are influ-
enced by seabed conditions in their neighbourhood on all 
sides, not just along the line of the video transect. 

Values for each terrain variable were extracted at points 
every 200 m along each video transect. This provided a 
full dataset of biological and terrain information on one 
spreadsheet which was used as the input to multivariate 
statistical analysis (detrended correspondence analysis) 
of the species groupings and their relationships to envi-
ronmental variables.

Detrended correspondence analysis (DCA)

In order to identify species groupings and the control of 
environmental variables multivariate statistical analy-
sis is required. Several options are available and have 
been employed in previous habitat mapping studies to 
identify and visualise species groupings in relation to 
environmental variables, e.g., cluster analysis (Kostylev 
et al. 2001; Post et al. 2006) and canonical correspon-
dence analysis (CCA) (Mortensen & Buhl-Mortensen 
2005). For this study we have employed detrended cor-
respondence analysis (DCA) using the software PC-Ord. 
DCA is an eigenanalysis ordination technique based on 
reciprocal averaging (Hill 1973). It can be considered an 
indirect gradient analysis, where environmental data are 
overlain on the ordination plot. This differs from CCA, 
which can be termed a direct gradient analysis, where 
ordination of species matrix is constrained by a multiple 
regression on variables included in the environmental 
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matrix. DCA of quantitative video data should be an 
effective way of identifying community patterns of larger 
areas, and offers advantages over alternative approaches 
when species-environment relationships are not well 
known. The basic approach is that DCA identifies spe-
cies groupings first and then assesses the correlation of 
the environmental variables in relation to these groups 
along the various axes in multidimensional space. In 
total, 21 environmental variables (Table 1) were used for 
this analysis including those derived from multibeam 
data and those obtained from direct video observations. 
Only species occurring in more than two of the video 
sequences were included. These criteria left 102 taxa and 
252 video sequences available for the analysis.

Supervised GIS-based classification

The species groups and their associated relationships 
with environmental variables which emerge from the 
DCA analysis represent distinct nature types across the 
study area. Once classified by group the points used in 
the DCA analysis can be displayed in ArcGIS, show-
ing the spatial variation in nature types along the video 
transects. This type of map, showing the classification 
of actual observations, represents just the first stage of 
nature-type classification. To produce a full coverage 
map we require some method for classifying and predict-
ing the nature-types across the entire study area. This 
may be done in a GIS environment by using multivariate 
statistics to relate the point observations with the char-
acteristics of the various environmental (terrain) layers. 
Alternative techniques for this type of classification such 
as classification and decision trees (CART) (Pesch et al. 
2008), or expert classifiers (Dartnell & Gardner 2004) 
have not been considered in this initial study, although 
they may be equally or even more suitable for the task 
and will be considered further in subsequent analyses.
The GIS approach to classification used here (Figure 2) 

is broadly similar to that presented by Lanier et al. (2007) 
who used bathymetric variables to produce a physi-
cal classification of seabed habitat off the Oregon coast, 
USA, using what they called the ‘Surface Interpreta-
tion Method’. In many remote-sensing classifications 
it is common to use training data to define class signa-
tures based on other layers of data. These signatures are 
then used to predict the geographical distribution of 
classes across the entire study area. We use the nature-
type groups identified from our DCA to serve as training 
data. Since the number of points was not very high across 
the study area, and these point values actually represent 
summaries of information from along the video transect, 
we drew polygons around the point-data and used these 
as our training data instead. This introduces a certain 
degree of uncertainty as the nature-type has not actually 
been ‘observed’ in all cells within the polygon, however, 
this should be minimal as the polygons were drawn in an 
‘educated’ manner along the path of the video transects 
in order to join regions with the same nature-type class. 
This approach also ensures that we have sufficient data to 
allow further multivariate analysis to proceed.

Some manipulation of the terrain variables was also 
required to prepare them for classification. Each layer 
was reclassified so that each had the same range of val-
ues. Relative differences between values are important in 
this type of analysis rather than actual values. Following 
this data preparation, the ‘create signatures’ function in 
ESRI’s Spatial Analyst extension for ArcGIS was used to 
relate the nature-type groups to the various raster lay-
ers. At each training location (polygon) this function 
penetrates down through the GIS layers and provides a 
statistical summary (.gsg file) of values of the various ras-
ters that correspond to that particular class (nature-type 
group) including number of samples, means and covari-
ance matrices. Using the .gsg file, a dendrogram can be 
generated which provides a visual summary of the rela-
tive similarity between classes. The .gsg file is also the 
input for further spatial classification which will enable 
the training data to be used to predict and classify val-
ues across the entire study area. In ArcGIS this spatial 
classification can be done using the standard statistical 
technique, maximum likelihood classification. This pro-
duces a raster map for the entire study area with each cell 
assigned to a class from the original training data based 
on the multivariate properties of the predictor variables 
(terrain variables).

Results

Environmental descriptor variables from multibeam data

Some examples of the terrain variables generated from 
the multibeam data are shown in Figure 3. From the 
close-up views we can see how the values of each vari-
able vary along the length of the video transects, whilst 
the full-area view indicates how the values vary across 

+

Figure 2: Schematic representation of GIS-based supervised 
classification.
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the entire study area. In Figure 3A we see how slope var-
ies on several scales both associated with small features 
such as iceberg ploughmarks, and across broader slopes 
on the margins of Tromsøflaket. The analysis scale used 
(3x3 analysis window, with 200 m average) highlights the 
smaller features, whilst we might expect to highlight just 
the broader slopes if a larger analysis window had been 
used. In Figure 3C and 3E we see the different size of 

features captured by the different scales of BPI computa-
tion. The broad scale BPI (Figure 3C) highlights larger 
features including moraine ridges, whilst overlooking 
local variations associated with the iceberg ploughmarks. 
By contrast, the finer scale BPI (s.d. shown here, Figure 
3E) highlights these local variations and shows how BPI 
is highly variable across the study area (i.e. across a rough 
surface), particularly near regions incised by iceberg 

Figure 3: Examples of terrain parameters derived from multibeam data. A,C,E show overview for whole study area 
together with indication of the location of video transects (black lines), with corresponding close up views (B,D,F) in the 
vicinity of 3 video lines (dots shown every 200 m along video lines corresponding with pooled video observations). Each 
parameter is shown as a semi-transparent layer over a shaded relief image of the multibeam bathymetry data.
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ploughmarks. The full suite of variables is summarised in 
Table 1 and is discussed further in relation to the DCA 
analysis.

Video analysis and detrended correspondence analysis 
(DCA) results

The video analysis successfully identified seabed attri-
butes and species occurrence. Seabed substrate estima-
tion from video data conformed reasonably well with 
physical samples obtained using grabs and box-cor-
ers, as well as taking into account differences in posi-
tion and resolution. Comparison of results from visual 
observations and physical samples is ongoing in MAR-
EANO. Those environmental variables identified from 
video data and used in the analysis are shown in Table 1 
together with the environmental variables derived from 
multibeam data.

We identified six groups in the DCA plot (Figure 4). 
The arrows marked on the plot indicate the relationship 
between the environmental variables and the ordination 
axes. The length of the arrows represents the strength 
of the correlations and these correlations are also listed 
in Table 1 with respect to the first and second principal 
axes. Depth (from video) is plotted in Figure 4 but this 
is directly correlated with bathymetry (from multibeam). 
Since bathymetry values are negative, an arrow repre-
senting this variable would point in the opposite direc-
tion to that shown for depth. The values shown in Table 
1 confirm that depth and bathymetry have very similar 
relationships to the 2 ordination axes. We see that depth 
and backscatter have the strongest correlations with the 
ordination axes, backscatter strength being a negative 
(dB) value increases to the bottom left corner of the plot 
in a similar direction as increasing gravel content. Soft 
sediments by contrast, increase in roughly the oppo-
site direction to backscatter strength. Since information 
on soft sediments and gravel content are only available 
within the field of view of the video transect they cannot 
be used for prediction of nature-types across the entire 
study area. These relationships suggest, however, that 
backscatter offers a reasonable substitute or proxy for the 
observed relationships in relation to the species group-
ings. The broad-scale BPI also offers a reasonable level of 
information, particularly in relation to the second axis. 
This variable is not directly comparable with any variable 
identified from the video records but describes the gen-
eral structure of the seabed.

The groups of video sequences and their associated envi-
ronmental settings which emerge from the DCA analy-
sis represent distinct nature-types across the study area. 
From these results we describe six nature-types on east-
ern Tromsøflaket:
1. Muddy sediments in basins with pockmarks. Typi-

cal species Pelosina arborsecens (Foraminifera) and 
Asbestopluma pennatula (Porifera)

2. Sandy muddy sediments with iceberg ploughmarks. 
Typical species: various large sponges i.e. Geodia spp. 
(Porifera)

3. Sandy sediments on broadly elevated areas. Typi-
cal species: Ceramaster granularis (Asteroidae) and 
Stichopus tremulus (Holothuroidae).

4. Sandy-gravelly sediments on broad slopes. Typical 
species; Stylocordyla borealis (Porifera) and Aprodite 
sp. (Polychaeta).

5. Gravelly-sandy sediments on broad slopes, with ice-
berg ploughmarks. Typical species: Phakellia sp. and 
Axinella sp. (Porifera)

6. Sandy-gravelly sediments with cobbles on moraine 
ridges. Typical species: Polymastia sp. (Porifera) and 
Poraniomorpha sp. (Asteroidae)

Table 1 
Axis: 1 2

R r-sq r r-sq

Depth (video) 0.696 0.484 0.391 0.153

BATHYMETRY_
MEAN200 0.683 0.467 0.385 0.148

BACKSCATTER_
MEAN200 -0.652 0.425 -0.644 0.414

Soft (% cover) 0.341 0.116 0.446 0.199

Stones (% cover) -0.341 0.116 -0.446 0.199

Pebble (% cover) -0.318 0.101 -0.386 0.149

BPI50_MEAN200 -0.092 0.008 -0.383 0.147

SLOPE3_MEAN200 -0.313 0.098 -0.146 0.021

Boulder (% cover) -0.306 0.094 -0.366 0.134

BPI3_SD200 -0.278 0.078 -0.081 0.007

Cobble (% cover) -0.235 0.055 -0.433 0.188

SLOPE3_SD200 -0.233 0.054 -0.13 0.017

RUGOSITY3_MEAN200 -0.217 0.047 -0.098 0.01

CURVATURE3_SD200 -0.216 0.047 -0.032 0.001

RUGOSITY3_SD200 -0.186 0.034 -0.097 0.009

BATHYMETRY_SD200 -0.159 0.025 -0.133 0.018

BACKSCATTER_SD200 -0.093 0.009 0.215 0.046

BPI3_MEAN200 -0.07 0.005 -0.135 0.018

CURVATURE3_MEAN200 -0.067 0.004 -0.124 0.015

ASPECT3_MEAN200 -0.028 0.001 -0.208 0.043

ASPECT3_SD200 0.014 0 -0.085 0.007

Table 1: Summary of the variables used in DCA analysis 
showing correlation to the first two axes in multivariate 
space. Variables in italics were observed from video data 
and are used for comparison with full coverage environ-
mental variables from multibeam data (shown in capitals), 
which can be used for GIS-based classification.
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Supervised GIS-based classification

The polygon training regions for the 6 nature-type 
groups allowed successful generation of a multivariate 
signature file based on the 5 most important variables 
identified from the DCA analysis (Table 1). This signa-
ture file was used to create the nature-type map shown 
in Figure 5, using maximum likelihood classification. 
Examination of the dendrogram generated by this analy-
sis reveals which classes are most similar to each other 
and which are distinct. These agree well with the spac-
ing of clusters on the DCA analysis. For example class 1, 
representing the deep, muddy habitats is distinct, having 
its own branch on the dendrogram and being the most 
separate cluster on the DCA plot.

The coloured nature-type distribution map (Figure 5) 
indicates the predicted distribution of class groups based 
on the training data and the 5 variables. This provides 
the first glimpse of the spatial distribution of nature types 
on Tromsøflaket and shows that the general approach 
combining DCA and GIS-based classification is effec-
tive. The raster map shown in Figure 5 has already been 
generalised a little using a majority filter in ArcGIS to 
remove the most local variations in class predictions and 
therefore present a clearer image. Further refinement of 
the boundaries of the nature-types could be performed, 
and the raster map converted to a generalised polygon 
map, for example to produce a 1:100 000 scale map simi-
lar to the sediment grain size distribution map published 

Figure 4: DCA plot of video 
sequences based on species 
composition in 252 video 
sequences from 48 video 
transects along the sea-
bed. Points are coloured 
by nature-type group and 
examples of typical species 
for each group are shown 
in the photographs.  The 
arrows on the DCA plot 
indicate the relationship 
between some of the envi-
ronmental variables and the 
ordination axes. The length 
of these arrows represents 
the strength of the correla-
tions.
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Figure 5: Preliminary nature-type map for eastern Tromsøflaket showing nature-type classes: (1) Muddy sediments in 
basins with pockmarks. Typical species Pelosina arborsecens and Asbestopluma pennatula. (2) Sandy muddy sediments 
with iceberg ploughmarks. Typical species: various large sponges i.e. Geodia spp. (3) Sandy sediments on broadly eleva-
ted areas. Typical species: Ceramaster granularis  and Stichopus tremulus. (4) Sandy-gravelly sediments on broad slopes. 
Typical species; Stylocordyla borealis and Aprodite sp. (5) Gravelly-sandy sediments on broad slopes, with iceberg plough-
marks. Typical species: Phakellia sp. and Axinella sp. (6) Sandy-gravelly sediments with cobbles on moraine ridges. Typical 
species: Polymastia sp. and Poraniomorpha sp. 

The dendrogram chart indicates the relative similarity between classes – a greater distance between classes indicates more 
dissimilarity, for example classes 4 and 5 are similar but both are distinct from class 1.
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on www.mareano.no and described by Bellec et al. (2008, 
this volume). This process would be guided by expert 
interpretation and could take into account any limita-
tions recognised in the predicted map. Before this step is 
undertaken, however, it will be important for Norway’s 
seabed nature-types to be identified over a larger region. 
This will allow the most extensive and ecologically 
important ones to be recognised, whilst others will per-
haps be merged. This process will begin with analysis of 
the fauna and environment on the neighbouring region 
of western Tromsøflaket before moving to the rest of the 
MAREANO survey area (Figure 1).

Discussion

Video analysis methods and the use of detrended corre-
spondence analysis

The video analysis techniques used successfully have pro-
vided quantitative data on species composition and the 
nature of the seabed, which were suitable for use in mul-
tivariate analysis. DCA of quantitative video data seems 
to be an effective way of identifying community patterns 
of larger areas. Besides this study it has also shown prom-
ise when applied to datasets in Alaska (Cochrane et al. 
2007), although published reports on this type of appli-
cation are limited. To provide some measure of control 
on the results, species composition and diversity of the 
nature types were compared between video and macro-
fauna data acquired during the same cruise (Mortensen 
et al. 2008). Initial results indicated good agreement 
between the two information sets suggesting that the 
nature types are well defined, and also that biodiver-
sity increases with the availability of hard substrata. For 
future analyses, however, we suggest that typical species 
for each nature-type should be identified with appropri-
ate methods (i.e. TWINSPAN) rather than by comparing 
frequency of occurrence and abundance distribution. We 
recognise that eastern Tromsøflaket covers only a limited 
study area, therefore only limited nature types are pres-
ent. Within this limited area, however, the nature types 
identified seem to mark important differences in terrain, 
sedimentary environment and/or fauna.

GIS-based classification

The method used for classification appears to be effec-
tive for the generation of nature-type maps. The terrain 
variables offer the best available environmental predictor 
variables and additional types of quantitative continuous 
data such as bottom temperatures, or currents could eas-
ily be integrated into the same approach as data become 
available. Categorical data, such as a sediment distribu-
tion map, could also be integrated into the computations. 
However, this requires additional steps to convert the 
categorical data into a pseudo-continuous form before 
input to the multivariate methods since direct use of the 
categorical data would be misleading and invalid.

Whilst DCA effectively identifies the groups, and the 
GIS methods are able to produce a classification, the two 
methods are not completely compatible. Some informa-
tion is lost since, at present, we have no way of retain-
ing the multivariate axes and the relative importance of 
the variables from DCA to the GIS analysis. Instead, we 
merely identify the most important variables and then 
use these in a second multivariate analysis to produce 
the classification. That said, the predicted map appears 
to give a reasonable result when compared with the 
observations, and intuitively with the original bathym-
etry and backscatter maps, and also with the geologi-
cal maps (www.mareano.no), particularly the sediment 
grain-size distribution map (Bellec et al. 2008). We see 
that the nature-type boundaries are similar to the grain-
size distribution map, although with recognisable dif-
ferences, suggesting that the fauna are influenced by the 
sediment distribution, but that is not the only guiding 
factor. The fact that bathymetry, rather than backscatter, 
is the most important variable according to DCA, either 
due to direct or indirect effects. This suggests that depth-
related effects are very relevant for nature types, which 
seems sensible as we know many marine animals exhibit 
depth dependency in their range and/or abundance. This 
parameter has been recognised as an important habitat 
discriminator in several other studies (Post et al. 2006; 
Stevens & Connolly 2004).

The predictor variables we have used in this initial study 
are by no means exhaustive. The terrain variables are 
mainly limited to a single initial analysis scale, (with the 
exception of the broader-scale BPI) before conversion to 
the 200 m mean and standard deviation values to com-
ply with the video data. This small analysis window was 
chosen as we suspected that variations along the length 
of the video transects would respond to local-scale ter-
rain variations. It appears, however, particularly since the 
broad-scale BPI emerged as an important variable, that 
broader scale parameters are also important in relation 
to variations along individual video transects, and per-
haps more importantly, variations between benthic com-
munities recognised across the entire study area. Further 
revisions of this nature-type map, and predictions for 
neighbouring regions, would therefore benefit from the 
inclusion of additional multi-scale parameters, at least at 
the DCA analysis stage. If terrain variables of different 
spatial scales are used in the GIS analysis this also further 
reduces the risk of redundancy in the data layers, and 
should lead to a more robust classification.

In the Tromsøflaket study area we have successfully 
managed to include multibeam backscatter data directly 
in the analysis. This was helped by the fact that backscat-
ter data for this area are of particularly good quality, and 
after filtering (see Bellec et al., 2008 for further details) 
have very few artifacts. In other areas, including parts of 
the MAREANO area, the data quality is not so good, and 
so direct use of this type of data may not be possible in 
all areas. If this is the case, use of an interpreted sediment 
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distribution map, even at a coarse scale, will be the best 
available method of integrating information concerning 
the seabed properties.

Contribution to Norwegian nature-type mapping

The programme for mapping of Norwegian nature-types 
requires that both physical and biological attributes be 
included in any nature-type description (Halvorsen 
et al. 2008). For this reason we are developing our own 
descriptions rather than using ‘habitat’ classification 
schemes that have been developed and applied elsewhere 
(e.g., Connor et al. 2004; Davies et al. 2004; Greene et al. 
1999). We have used physical and biological informa-
tion together from the start, instead of mapping physical 
attributes of the nature-types and then fitting the biol-
ogy onto this template. The decision to do this was made 
partly because the physical environmental informa-
tion set is not complete – i.e., only seabed variables are 
available. Classification based solely on terrain variables 
which in some other areas has been called a ‘habitat’ map 
(e.g., Lanier et al., 2007), is not a nature-type map in the 
Norwegian sense, since it lacks biological relevance. If 
more datasets were available which describe more com-
pletely the environmental factors influencing benthic 
fauna a physical description would perhaps be more 
valid. Another reason why it is important to include bio-
logical observations from the beginning is that with so 
many relatively unknown species occurring in this off-
shore area, marine ecologists have little understanding 
of the factors affecting their distribution. Analysis such 
as the DCA undertaken here can reveal these impor-
tant driving factors and help ecological understanding 
in addition to providing the basis for nature-type map-
ping. The results of the video analysis can also be used to 
support biodiversity mapping, another important com-
ponent of MAREANO, as results for each nature-type 
group are compared with macrofaunal data (Mortensen 
et al. 2008).

Further work

Besides further work to extend nature-type classifica-
tion to the rest of the MAREANO area, an important 
task will be to predict nature-types for areas adjacent to 
those we have already mapped. This will allow an oppor-
tunity for ground-truthing and testing of predictions of 
nature types in these areas, in addition to desk-based 
validation and quality checking of results. Initial work 
has already begun to extend the classification to western 
Tromsøflaket based on classification signatures from the 
present study area. Early results suggest, however, that 
more observations are required to predict successfully 
for all classes into this neighbouring region. Prediction 
will be unsuccessful if a class differs too significantly 
from the conditions in the whole area (due to singular-
ity issues). Furthermore, any prediction into neighbour-
ing areas assumes that no new nature-types are likely to 
occur in the adjacent region. This is unlikely to be the 

case if there are dramatic changes in depth and/or terrain 
structure, which will then host different biological com-
munities. However, as the catalogue of observed nature-
types matures for the whole of the MAREANO area and 
beyond, Norwegian marine nature-types should become 
easier to classify and predict. As we approach this final 
stage, generalised nature-type maps at standard map 
scales can be digitised from predicted raster maps which 
are successors to the map presented here. These final 
maps, along with other maps generated by MAREANO 
will provide important information for sustainable man-
agement of the offshore region. In the meantime, pre-
liminary maps can provide useful information, and are a 
step in the right direction.

Conclusion
A preliminary nature-type map has been produced for 
eastern Tromsøflaket. This is the first nature-type map 
produced under the MAREANO programme and marks 
the first step in the development of nature-type maps for 
the entire MAREANO area. By combining multivari-
ate analysis of species and environmental observations 
from video transects, with full-coverage terrain vari-
ables derived from multibeam data we have been able to 
identify six distinct nature types on and around eastern 
Tromsøflaket. Using the classified video data as a train-
ing dataset we have been able to identify the multivari-
ate signatures on a spatial basis within GIS and use this 
to develop a predicted classification of the entire area. 
Further refinement of the nature-types and methods 
will be ongoing under the MAREANO programme, as 
other areas are also analysed and additional nature-types 
encountered. 
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