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Preparation of this document 

This is the report of the workshop on habitat mapping held as part of the activities under the 
implementation of the Science Plan of the EAF-Nansen Programme “Supporting the 
application of the Ecosystem Approach to Fisheries management considering climate 
and pollution impacts”. The workshop was held at Hotel Abitart in Rome, Italy from 
4 to 6 December 2018. The main objectives of the workshop were to provide an overview of 
habitat mapping in the context of the EAF-Nansen Programme, review and learn from past 
mapping experiences and modelling approaches and tools, and develop ‘best practice 
guidelines’ for exploratory habitat mapping and follow-up analyses in data-poor waters.  

The draft of the report was put together from presentations made at the workshop and the 
discussions that followed, and compiled by the convenors as well as staff of the 
EAF-Nansen Programme Coordination Unit at the Food and Agriculture Organization of the 
United Nations (FAO). It was then shared with the workshop participants for verification and 
further input where necessary. 
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Abstract 

The EAF-Nansen Programme workshop on habitat mapping was held in Rome, Italy from 
4 to 6 December 2018. This workshop was the result of expectations and requests from partner 
countries and regional fisheries management organizations (RFMOs) and regional fisheries 
bodies (RFBs) to characterize and map habitats in oceanic features such as offshore banks, 
slopes and seamounts, particularly in the Western Indian Ocean and the Southeast Atlantic. 
Therefore, the main goal was to explore the use and application of various bottom habitat 
mapping methods and techniques as well as modelling approaches in order to identify a suite 
of options for application in the EAF-Nansen Programme.  

The workshop brought together 27 experts from 14 countries made up of EAF-Nansen 
Programme partners as well as global and regional experts on habitat mapping and related 
species distribution modelling. Deliberations were done on the following, among others on the 
overview of modelling approaches and tools, the use and application of various bottom habitat 
mapping methods and techniques, the ongoing efforts in targeted regions, the feeding into 
decision making, and on the development of ‘best practice guidelines’ for exploratory habitat 
mapping and follow-up analyses in data-poor waters as applicable to the EAF-Nansen 
Programme. 

The three-day workshop came up with suggestions for the development of ‘best practice 
guidelines’ for exploratory habitat mapping as well as follow-up analyses as applicable to the 
EAF-Nansen Programme. Additionally, there were suggestions on the need to define objectives 
given the available data, the priorities for data collection and the analytical approaches and 
requisite collaborations.  
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1. Introduction

The EAF-Nansen Programme workshop on habitat mapping was held at Hotel Abitart in Rome, 
Italy from 4 to 6 December 2018. The main goal of the workshop was to explore the use and 
application of various bottom habitat mapping methods and techniques as well as modelling 
approaches in order to identify a suite of options for application in the EAF-Nansen Programme. 

The workshop brought together EAF-Nansen Programme partners as well as global and regional 
experts on habitat mapping and related species distribution modelling. Overall, 27 experts from 
14 countries and FAO participated in the workshop (Annex 1). The Agenda is given in Annex II. 

The workshop was opened by Ms Merete Tandstad, Programme Coordinator of the 
EAF-Nansen Programme who reminded the participants of the long-term objective of the 
EAF-Nansen Programme, i.e. that “sustainable fisheries improve food and nutrition security for 
people in partner countries”. She noted that this is to be achieved through outcomes, focusing on 
science, management and capacity development. The workshop on habitat mapping falls within 
the context of Outcome 1 of the programme “fisheries research institutions provide relevant and 
timely scientific advice to management”, and specifically Output 1.3 “improved tools and 
methods” and Output 1.4 “a functional EAF-Nansen science consortium facilitating the 
implementation of the EAF-Nansen Programme science plan”.   

1.1 Background 

Benthic habitats are diverse and so are the biological communities inhabiting and shaping them. 
The EAF-Nansen Programme Science Plan Theme 7 ‘Habitat mapping’ facilitates the collection 
of baseline data on a range of benthic habitats but focuses especially on vulnerable benthic 
habitats and communities, i.e. benthic habitats that may be significantly adversely impacted by 
fisheries but also other human activities, such as  mining. Some of these habitats are biodiversity 
hotspots which recover very slowly from adverse impacts and therefore satisfy the definition of 
vulnerable marine ecosystems (VMEs), hence it is important to know their characteristics and 
distribution. Such knowledge is needed to provide science-based advice to management 
facilitating targeted and effective protective action.  

Mapping of benthic habitats is often carried out by combining data sets collected from seabed 
bathymetry (multibeam echosounder), seabed observations (underwater video recordings), and 
sometimes also sampling of seabed sediments or organisms for ground-truthing and/or 
characterization of benthic communities.   

Habitat mapping involves identification and characterizing of the benthic habitats present in a 
given area. This is done by identifying communities and their relation to environmental variables, 
preferably through statistical analysis. The combined set of variables and their values that is 
indicative of the occurrence of a specific community is the habitat/biotope of that community, 
and are used in habitat suitability models that may suggest where certain habitats occur elsewhere 
and guide further field efforts/ground-truthing.  
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Different mapping methods are available depending on the environmental conditions, including 
depth, type of substrate (soft to hard) and the required resolution, i.e. from fine scale (cm – m) to 
broad-scale (> 100 km).   

Theme 7 of the EAF-Nansen Programme Science Plan aim is to provide information on bottom 
habitats, and particularly on the presence of vulnerable habitats for which special care is required 
when planning activities that may affect them. Bottom habitat studies in the 
EAF-Nansen Programme are primarily dedicated to the deep sea of areas beyond national 
jurisdiction (ABNJ), where knowledge on species and habitat diversity is still very poor. Studies 
within national waters are also conducted in the context of oil and gas activities at sea, mainly to 
provide baseline knowledge where such activities are being planned. Knowledge generated can 
be used for environmental impact assessment of oil/gas/mining activities.  

The EAF-Nansen Programme has used various seafloor mapping techniques onboard the 
research vessel (R/V) Dr Fridtjof Nansen in the Southeast Atlantic Ocean and the Indian Ocean. 
These include the use of video (Remotely Operated Vehicles (ROVs), Video-Assisted Multi 
Sampler (VAMS), grabs, and multibeam echosounders) to study the bathymetry and bottom 
substrate in those areas.   

1.2 Workshop objectives 

The main workshop objectives were to: 

• provide an overview of habitat mapping in the context of the EAF-Nansen Programme;

• review and learn from past mapping experiences;

• provide an overview of modelling approaches and tools, opportunities and limitations;
and

• develop ‘best practice guidelines’ for exploratory habitat mapping and follow-up
analyses in data-poor waters.

The agenda was arranged according to major themes related to habitat mapping. Experts who 
had been identified to prepare lead papers in each theme presented those papers. The annotations 
in the agenda clearly state what was expected from the presentations. 
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2. Habitat mapping in the EAF-Nansen Programme

2.1 Habitat mapping in the EAF-Nansen science plan: ambitions, expectations, data 
availability and requests 

Odd Aksel Bergstad presented the EAF-Nansen science plan for the period 2017 to 2021 has 
11 themes of which Theme 7 concerns ‘habitat mapping’. The theme aims to provide 
information on bottom habitats, particularly on the presence of vulnerable habitats as defined 
in the FAO guidelines of 2009 (concerning high-seas bottom fishing) for which special care is 
required when planning activities that may affect them. Bottom habitat studies are primarily 
dedicated to the deep sea of the ABNJ where knowledge on species and habitat diversity is still 
very poor. In such areas, as well as in similar habitats within national jurisdictions, there is 
potential or ongoing adverse impacts from international bottom fishing that may require 
science-based management action as called for by international fora.   

Data are sparse for the ABNJ, hence the EAF-Nansen Programme has responded to requests from 
partner countries and RFMOs and RFBs to characterize and map habitats in oceanic features 
such as offshore banks, slopes and seamounts in the Western Indian Ocean and the Southeast 
Atlantic. Cruises to the Saya de Malha Bank in 2018 and Southeast Atlantic seamounts in 2019 
contribute data from multidisciplinary efforts (including video censuses, direct sampling with 
benthos gears) to the international management organizations mandated to regulate human 
activity such as bottom fishing. Pending requests from regional authorities, the work will be 
expanded to other waters, e.g. to the Fishery Committee for the Eastern Central Atlantic 
(CECAF) area in the Central Atlantic.
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3. Overview of modelling approaches and tools

3.1 The CoralFISH classification for coral habitats in Europe: implementation in the Bay of 
Biscay 

Lenaick Menot presented work done together with Inge van den Beld. The  CoralFISH project 
funded by the European Union has developed a classification for cold-water coral habitats in 
Europe to facilitate mapping and management of these VMEs (Davies et al., 2017). In the Bay 
of Biscay, this classification scheme has been used to quickly annotate the 20 000 images 
acquired from 43 dives of the ROV Victor 6000 and the towed camera Scampi in 24 
canyons. The towed camera was initially deployed at night during the annual fisheries 
surveys EVHOE, which offered a cost-effective way of exploring the seafloor in the Bay of 
Biscay, before a more systematic dive plan during a dedicated cruise with the ROV Victor 
6000.  

Overall, cold-water coral (CWC) habitats were mapped along 46 km of the 186 km of dive 
transects. 10 of the 16 coral habitats listed at the first level of the CoralFISH classification 
were found in the Bay of Biscay. Of these, coral reefs and coral rubbles were the most frequent, 
making up 11 km and 18 km respectively, of the transects (van den Beld et al., 2017). Following 
this first and crude image analysis, a subset of images from CWC habitats were annotated for 
taxonomic composition and abundance. An image-based taxonomic reference was used 
and updated throughout the annotation process (Howell et al., 2017). The taxonomic 
composition of coral assemblages and non-coral assemblages showed that substrate was the 
main factor structuring coral habitats (Van den Beld, 2017).  

Unconstrained and constrained distance-based multivariate analyses clustered the CWC habitats 
into three main groups: 1) aggregations of the reef-forming scleractinians Lophelia pertusa 
and Madrepora oculata, including coral reefs, coral rubbles and patchy aggregations 
on soft-sediments; 2) aggregations of colonial scleractinians, antipatharians and 
alcyonaceans on hard substrates; and 3) aggregations of pennatulids, alcyonaceans or solitary 
scleractinians on hard substrates. 

3.2 Distribution models applied to species and habitats 

José Manuel González Irusta presented work done together with Ana de la Torriente and Alberto 
Serrano. In this talk, he explained his personal experience as part of a larger team applying 
different distribution models (DMs) used in the INDEMARES 
project (https://www.indemares.es/en/project/description). He gave a broad overview 
of these techniques and specifically focussed on the so-called ‘assemble first-predict later 
models’. These models are of two steps: i) the different biological assemblages are described 
using traditional multivariate analysis, and ii) these assemblages are predicted using a 
traditional DM approach after converting all the samples into assemblage presence/absence 
points. The speaker showed two practical examples where these techniques have been applied. 

Following this presentation, Mr Skipton Woolley provided an overview of predictive modeling 
of benthic communities using species archetype models (SAM, Dunstan et al., 2011; 
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Dunstan et al., 2013). Such models are multivariate mixture regression models where species are 
grouped together based on a common response to environmental covariates. The species groups 
can then be used to predict the distribution of the group into space using environmental 
covariates. The models can be estimated with presence-only data (inhomogeneous poisson point 
models), presence–absence data (binomial models), abundance data (negative binomial models) 
and biomass data (tweedie models). SAMs have been applied to the distribution of species in 
Western Australia (Woolley et al., 2013), sponge communities in the eastern Canadian Arctic 
(Murillo et al., 2018) and the response of species to trawl fisheries (Foster et al., 2014). 

3.3 Statistical methods for bioregions (multi-species modelling) 

Scott Foster presented work done together with Skipton Woolley and Nicole Hill. In this talk, a 
useful and useable definition of a ‘bioregion’ is presented (Hill et al., 2020). This definition could 
easily be used for habitats and/or biotopes (a multi-species habitat). Briefly, it ensures that the 
locations within a bioregion are similar, but those in different bioregions are different in terms of 
their biological content. The location of the bioregions, in terms of the environment, should be 
describable and quantifiable.  In the talk, data requirements are discussed as is a very broad-scale 
taxonomy of models that could be used as part of the analysis task of mapping bioregions. An 
extensive (but still selective) list of references was given as presented below. 

3.4 Using joint species distribution modelling to measure and predict the influence of 
traits on the assembly processes of benthic communities of the Flemish Cap 
(Northwest Atlantic) 

Francisco Javier Murillo presented this work. An essential purpose in community ecology is to 
understand how biotic and abiotic factors shape local species pools at different spatiotemporal 
scales (Ovaskainen et al., 2017). The responses of the species to changes in environmental factors 
such as resources and disturbances vary depending on species-specific characteristics known as 
response traits (Lavorel and Garnier, 2002). During the last decade, ecologists have increasingly 
studied species’ traits as a way to connect niche-based mechanisms to community patterns, 
although their use has been largely descriptive (Cadotte et al., 2015). Recent advances in 
community-level models (Warton et al., 2015; Ovaskainen et al., 2017) has allowed the 
incorporation of species traits in a modelling framework useful to identifying response-traits that 
can provide functional, mechanistic and predictive perspectives on processes shaping the 
assembly and dynamics of ecological communities (Cadotte et al., 2015).  

Hierarchical modelling of species communities (Ovaskainen et al., 2017), a class of joint species 
distribution models (JSDM) (Warton et al., 2015a), presents a useful framework for management 
and conservation. A JSDM approach was applied to presence–absence data from a subset of 
105 benthic species from the 2007 European Union Survey on Flemish Cap using a suite 
of six predictors (including fishing effort) and four biological traits (maximum body size, 
reproductive method, mobility, and feeding type). Preliminary results allowed characterizing 
the biological traits of the benthic communities previously identified on Flemish Cap (Murillo 
et al. 2016). 
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3.5 The NEREIDA project: use of multibeam bathymetry and biological sampling to identify 
vulnerable marine ecosystems in the NAFO Area 

Francisco Javier Murillo presented the NEREIDA (NAFO PotEntial VulneRable Marine 
Ecosystems Impacts of Deep-sea Fisheries) project, a multidisciplinary research of the sensitive 
habitats and fishing activities of the Northwest Atlantic Fisheries Organization (NAFO) with the 
aim to study and protect the VMEs in the NAFO Regulatory Area (https://www.nafo.int/About-
us/International-Cooperation). Geographically, the study area covered from the 200 miles of the 
Canadian Exclusive Economic Zone (EEZ) and the 700 m–2 000 m isobaths  in the high seas of 
the Northwest Atlantic Ocean. Between 2009 and 2010, six research cruises were conducted on 
the Spanish research vessel Miguel Oliver and two on the CCCG Hudson. Sampling and data 
collection included 68 385 km2 coverage with multibeam echosounder, 28 113 km of seismic 
lines and groundtruthing using rock dredge, megabox corer, and in situ video and photographic 
samples. Additionally, data on corals and sponges from annual bottom trawl research surveys 
from European Union-Spain and Canada were used to identify VMEs using kernel density 
estimation (KDE, Kenchington et al., 2014) and species distribution modelling (Knudby et 
al., 2013a, 2013b; NAFO 2015). Data collected from multibeam bathymetry was used to 
identify 13 geological units, including canyons and steep flanks. Canyons and submerged 
edges and slopes are recognized geological features that potentially support vulnerable 
species groups or communities such as corals and sponges (FAO 2009), and so could be 
considered potential VME elements. Combining all sources of information allowed NAFO to 
close six seamount complexes and 15 areas protect VMEs from destructive fishing practices in 
the high seas in response to the United Nations General Assembly (UNGA) Resolution 61/105. 
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4. Use and application of various bottom habitat mapping
methods and techniques

Ellen Kenchington introduced the session and highlighted the use of habitat mapping techniques 
in both Canada and the NAFO Regulatory Area. In both cases, scientific advice on the location 
of significant concentrations of VME indicator taxa has gone through a peer review process and 
been used by managers to delineate areas closed to fishing. NAFO is considered a data-rich area 
that is quite unique amongst RFMO/As.  

Ms Kenchington provided a number of references on the subject, including 
Kenchington et al., 2009; Kenchington et al., 2014; Kenchington et al., 2016a; 
Kenchington et al., 2016b; NAFO, 2014a and NAFO, 2014b. 

4.1 Random forest SDM of the glass sponge Vazella pourtalesi on the Scotian Shelf in 
relation to past climatology  

The work was presented by Ellen Kenchington. The glass sponge V. pourtalesi forms a large 
monospecific aggregation on the Scotian Shelf off Nova Scotia, Canada. The shear density of V. 
pourtalesi and its large size compared to other areas of its distribution (i.e. Florida and the 
Azores) renders the population off Nova Scotia globally unique (Beazley et al., 2018). Random 
forest modelling was used to predict the distribution of this species across the Scotian Shelf using 
environmental variables important for its distribution (Beazley et al., 2018). The results of 
random forest were interpreted in light of both the current and historical hydrographic conditions 
in order to deduce the variability in conditions experienced by this long-lived population, which 
was first documented off Nova Scotia in 1889. With a high degree of accuracy (area under the 
curve [AUC]) random forest predicted the highest probability of occurrence of V. pourtalesi in 
the inner basins on the Scotian Shelf (Emerald and LaHave Basins).  

Minimum bottom temperature was the most important determinant of its distribution, and 
examination of the hydrographic conditions in the area revealed that V. pourtalesi is associated 
with a warm, saline water mass that infiltrates the inner basins on the Scotian Shelf. This water 
mass was identified as Warm Slope Water, originating from the Gulf Stream. Infiltration of 
Warm Slope Water into the region creates bottom temperatures ranging on average between 
8 ℃ and 10 ℃ over the location of the sponge grounds. Examination of reconstructed temperature 
and salinity to 1 870 from the Simple Ocean Data Assimilation (SODA) revealed that the 
V. pourtalesi sponge grounds have been subjected to strong multi-decadal variability in water 
mass characteristics, with bottom temperatures varying by 8 ℃ over the time period. Cold 
periods were indicated in both the 1960s and 1920s, where bottom temperatures over the sponge 
grounds dipped down to ~3 ℃. This multi-decadal variability is consistent with the influence of 
the Atlantic Multi-decadal Oscillation (AMO).
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These results suggest that the population of V. pourtalesi on the Scotian Shelf has persisted in 
the face of climatic variability. Furthermore, it suggests that caution should be taken when using 
species distribution models based on current climatic conditions to define environmental 
envelopes and niches. Future work will be conducted to model the distribution of this species 
under various climate scenarios and determine whether its range expands or contracts with 
increasing temperature. 

Additionally, work conducted with the European Union Horizon2020 SponGES project to 
examine the biodiversity of epibenthic megafauna associated with the V. pourtalesi sponge 
grounds was recently undertaken (Hawkes et al., 2019) to further inform the role that sponge 
grounds play in the provision of habitat. This type of work can be done from some of the surveys 
undertaken with the R/V Dr Fridtjof Nansen. Despite biodiversity conservation being one of the 
rationales for the call to protect sponge grounds (UNGA, 2006), very few studies have 
examined the impact these ecosystems have on the surrounding megafaunal community. In 
the NAFO fishing footprint, however, similar studies were undertaken in the mixed-species 
sponge grounds of the Flemish Pass (Beazley et al., 2013) and Sackville Spur (Beazley et al., 
2015), allowing for the first time a direct comparison of the diversity associated with mixed-
species versus monospecific sponge grounds. Five photographic transects were collected in 
Emerald Basin on the Scotian Shelf by Fisheries and Oceans Canada (DFO) in 2011 using the 
drop camera CAMPOD. These transects were analyzed for the abundance of epibenthic 
megafauna, defined as the motile and sessile fauna greater than 1 cm (Beazley et al., 2015).  

Unlike the tetractinellid sponge grounds of the NAFO Regulatory Area (NRA), V. pourtalesi 
settles on hard substrate. Thus further analyses were conducted to tease apart the effects of the 
sponge versus the presence of hard substrate on the diversity of associated fauna. Generalized 
linear models were used to examine the impact of Vazella presence/absence per photo, location 
(transect) in Emerald Basin, and the percentage cover of hard substrate on species density 
(i.e. the number of taxa per photo) and abundance. Similar to the findings of Beazley et al. 
(2013, 2015), the V. pourtalesi sponge grounds are areas of enhanced diversity and 
abundance of epibenthic megafauna compared to the surrounding habitat, providing further 
evidence of the functional significance of sponge grounds in the deep ocean ecosystems 
of the northwest Atlantic. 

4.2 Sponge assemblages and predicted archetypes in the eastern Canadian Arctic 

Francisco Javier Murillo presented the work on sponges that play key roles in benthic 
ecosystems. However, little information exists on the environmental requirements of sponges 
from the Canadian Arctic, increasing the necessity to establish baseline distribution data on 
sponge assemblages to predict their susceptibility to climate change. Based on the recent 
publication from Murillo et al. (2018) the sponge communities from Hudson Strait, Ungava Bay, 
Western Davis Strait and Western Baffin Bay were described and predicted based on collected 
samples from Canadian research vessel trawl surveys. A total of 2 026 sponge specimens were 
examined, and 93 different taxa were identified with 79 percent identified to species, of which 
two are new to science, one recorded for the first time in the North Atlantic, 16 are new records 
for the northwest Atlantic, and ten are new records for the Baffin Bay, Davis Strait and 
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Hudson Strait sponge fauna. A model-based clustering method developed by Dunstan et al. 
(2011) and referred to as SAM was used to predict the probability of occurrence distribution for 
sponge assemblages.  

Five sponge species assemblages were identified, some of which have been observed elsewhere, 
suggesting that they may be common to the North Atlantic and at the generic level to the global 
oceans. Two of the Baffin Bay–Davis Strait assemblages were characterized by large  
structure-forming astrophorids: one, with arctic species, found at mid-water depths in Baffin Bay 
and the other, characterized by boreal species, was found deeper, south of Davis Strait. Another 
assemblage characterized by glass and carnivorous sponges was found along the continental 
slope of western Baffin Bay. Candidate target indicator species were provided for future sponge 
community monitoring. 

4.3 Mapping ecological diversity and interactions with bottom–contact fishing on the 
Flemish Cap (Northwest Atlantic)  

Francisco Javier Murillo presented this work. The conservation of biological diversity beyond 
areas of national jurisdiction (BBNJ) has become a high-profile international issue, and the 
NAFO Convention on Cooperation in the Northwest Atlantic Fisheries includes commitments to 
the need to preserve marine biodiversity within its jurisdiction (NAFO, 2017). Species density 
(SpD), the exponential Shannon diversity index (eH′) and Heip’s index of evenness (Ẽ') were 
mapped on the Flemish Cap based on the trawl-caught benthic invertebrates from the 2007 
European Union survey (Murillo et al., 2020). Continuous surfaces of each metric were created 
to 2 000 m depth using predictive distribution models based on random forest algorithms.  

In the absence of a historical baseline, the spatial impacts of fishing activities on diversity were 
evaluated using a novel approach by simulating and comparing spatial SpD prediction surfaces 
from response data with different levels of fishing effort. Although it is not possible to fully 
evaluate the precise nature of the impact of fishing on the ecological diversity, the prediction 
surfaces identified Sackville Spur, Flemish Pass and south of Flemish Cap as the areas of greatest 
impact. Combining biomass of sponges and small gorgonian corals, depth, and fishing effort 
resulted in the best performing generalized additive model, explaining 71 percent of the total 
variance in SpD. Although current closures to protect VMEs from the adverse impacts of bottom 
fishing activities protect around 60 percent of the ecological diversity associated with the deeper 
communities, unique and representative habitats on top of the Flemish Cap remain unprotected. 

4.4 Experience from 13 years of mapping for the Norwegian Government: the MAREANO 
Programme  

Lene Buhl-Mortensen gave a presentation of the MAREANO Programme. One of the main goals 
of marine spatial management is to promote sustainable use of marine resources without putting 
biodiversity and habitats at risk. Environmental status assessments of benthic habitats have 
traditionally been conducted on soft bottom infauna communities. These communities represent 
only a limited part of the total diversity of seabed environments. Large and habitat forming 
organisms that are particularly vulnerable to physical disturbance of the seabed are  
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in general associated with mixed or hard substrates. Together with mobile benthos these large 
organisms have been poorly mapped with the traditional approach. In accordance with a demand 
for information on all aspects of benthic habitats there is an increasing interest in a broader 
mapping approach for assessments of the distribution and status of benthos. This has led to an 
increased demand for a broader mapping approach for assessments of the distribution and status 
of benthos to include as many habitats as possible. We present mapping strategies based on the 
13 years of experience from Norway's MAREANO Mapping Programme (www.mareano.no).  

A first and important step is to acquire high resolution topographical information from multibeam 
echo sounder surveys. Building upon this baseline data set, video inspection along transects can 
provide information about how megafauna (animals > 5 cm) and surface sediments relate to local 
and broad scale topographical features. Classification of habitats/biotopes can be carried out 
through the analysis of the megafauna composition and its relation to environmental variables 
such as depth, quantitative terrain descriptors, and substrates. Marine landscapes have several 
definitions but generally refer to the major features delimiting broad-scale habitats. Each 
landscape will include different substrates that can be subdivided into smaller biotopes with 
specific fauna composition, functionality and production. For these habitats and biotopes 
information from all sampling gears can then be used to describe a more complete community 
composition.  

The broad approach used by MAREANO is required to support evidence-based policy and 
management of benthic species, communities and habitats, and can be used to identify 
biologically valuable areas and assess health status for bottom habitats/biotopes in a broad set of 
marine landscapes.  

Conclusions: 

• Experience from MAREANO shows that biotopes defined by megafauna
(animals > 5 cm) are promising as management entities.

• Other fauna groups can be documented with relevant sampling gears to cover the full
range of diversity, production and functionality within biotopes.

• We recommend visual monitoring of large and long-lived organisms and state of the sea
floor every five years.  This is a cost-effective approach to monitor the status of the whole
benthic community within biotopes after a comprehensive baseline mapping has been
conducted.

• The focus on easily observed larger fauna is also relevant for increased knowledge of
pressure specific response and resilience of the benthos.

4.5 Regions of common profile (RCP) analysis: modelling biological regions from multi-
species and environmental data 

In this talk, Scott D. Foster who implemented this work together with Nicole A. Hill, gave a brief 
introduction about the Regions of common profile (RCP) model. The RCP model is a built-for-
purpose statistical model for identifying bioregions/biotopes, describing their biological content, 
describing their relationship with the environment, and mapping the locations of the 



11 

bioregions/biotopes. This method is motivated and illustrated by an example on the Kerguelen 
Plateau. We show how survey artefacts (different sampling gear configuration) can be accounted 
for within the model. Finally, some thoughts on how to obtain biological indicators and ocean 
variables, based on the RCP model, is given. Qualities of these indicators and variables are 
contrasted to those typically sought. 

4.6 Habitat suitability models for predicting the occurrence of vulnerable marine 
ecosystems in the seas around New Zealand 

The presentation was done by Ashley Rowden. Spatial management planning for VMEs across 
broad areas of un-sampled seafloor requires detailed predictions of species distribution. Two 
habitat suitability modelling techniques were used, boosted regression trees (BRT) and maximum 
entropy (MaxEnt), to create potential distribution maps for 11 VME indicator taxa in the New 
Zealand area and adjacent seas. While records for VME indicator taxa are relatively numerous, 
most records are presence only, deeper areas are not well sampled, and most deep-sea records 
are from fishing research trawls which introduces gear, spatial and depth bias.  

New bathymetry data were combined with existing environmental, chemical and physical data 
to produce a set of 45 predictor variables describing conditions at the seafloor. Nine of these 
variables were selected for use in the models based on low covariance and high explanatory 
power. Historical biological survey data were used to provide models with absence data (BRT) 
or target-group background data (MaxEnt). Model agreement was high, with each model 
predicting similar areas of suitable habitat both in the vicinity of known VME indicator taxa 
presence locations as well as across broad regions of un-sampled seafloor. Model performance 
measures, including cross-validation testing against sets of spatially independent data, did not 
clearly indicate a preferred modelling method across all taxa.  

Previous habitat suitability modelling efforts have rarely accounted for model precision, and in 
this study a boot strap re-sampling technique was used to produce model uncertainty maps to 
accompany each habitat suitability map. Because of the similar performance of BRT and MaxEnt 
methods in this study, we conclude that the best approach to incorporating the results into 
decision–support tools for spatial conservation planning is to average predictions and uncertainty 
from both. However, our models suffer from some mismatch between the scale of environmental 
predictors and biological records/response, and do not incorporate uncertainty in environmental 
predictor variables. Models of VME indicator taxa are often at a high taxonomic level and will 
predict broad areas of suitable habitat, often with poor model performance. Future models should 
aim to predict the occurrence of VMEs, and their function, as opposed to just the distribution of 
VME indicator taxa. 

4.7 Spanish-led collaborative habitat mapping in the Southwest, Southeast, Northwest and 
Northeast Atlantic 

Roberto Sarralde presented this work. In 2005, Spain began research into VMEs in response to 
the UNGA and RFMOs requirements to protect cold-water corals in the High Seas fisheries. A 
summary of the Spanish multidisciplinary habitat mapping projects developed in four 
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bottom fishing areas located in international waters of the Atlantic Ocean has been presented, 
namely Hatton Bank (Regulatory Area of the North East Atlantic Fisheries Commission 
(NEAFC)); Grand Banks of Newfoundland, Flemish Pass, and Flemish Cap (Regulatory Area of 
the NAFO); Walvis Ridge and adjacent seamounts (Regulatory Area of the South East Atlantic 
Fisheries Organization (SEAFO)); and the Patagonian shelf and adjacent slope (Southwest 
Atlantic, where there is currently no RFMO established). Data obtained from these studies have 
improved our knowledge about seabed bathymetry, associated ecosystems, vulnerable species 
distribution and bottom fisheries impact and feeding databases on VMEs indicator species (e.g. 
ICES, NAFO, FAO VME Databases, etc.) providing advice on management measures such as 
closed areas to fishing activity in order to protect cold–water corals, sponge dominated 
communities and vulnerable seabed features. Challenges and lessons learned on the VMEs 
research and also the studies design have been discussed.  

From 2008 to 2010 three Spanish–Namibian research cruises have been working in the same 
SEAFO area (Ewing Seamount and Valdivia Bank) as the R/V Dr Fridtjof Nansen survey in 
2015. A multibeam echo-sounder and a sub-bottom profiler TOPAS were used as acoustic 
equipment and samples were obtained with trawl nets (bottom Lofoten and beam trawl); rock 
dredges; sedimentary Shipeck dredge and net collectors; and CTDs stations for hydrology 
studies. The multibeam echosounder and parametric TOPAS usually were activated during the 
night in order to improve the bathymetric data, characterize the seafloor and to identify 
hyperbolic ecofacies where potentially benthic constructor organisms could be present. The 
sample collection was made during the day at the selected sites.  

4.8 Northeast Atlantic areas beyond national jurisdiction, NEAFC area. ICES advice 

The presentation was given by Odd Aksel Bergstad. Even in the rather well-studied North 
Atlantic there are remarkably few records, and even fewer regular surveys, of bottom habitats in 
the ABNJ. The relevant habitats occur outside main fishing areas and are mostly very deep, and 
in these oceanic waters most research efforts target pelagic ecosystems and resources. Even in 
data-poor areas, however, the scattered data collected by multiple methods during the past 
century, have provided a basis for consistent advice by the international science community.  

The main advisor is the intergovernmental science body, the International Council for the 
Exploration of the Sea (ICES) which annually delivers advice statements on VMEs (sensu FAO 
(2009) to the NEAFC. The ICES has a dedicated expert group (WGDEC - Working Group on 
Deep-water Ecology) and a VME database providing updates on records of VME indicator 
records and VMEs. From 2004 onwards, the ICES advice, as well as ICES-evaluated proposals 
from contracting parties to NEAFC, has led to the establishment by NEAFC of pertinent 
regulations of bottom fisheries outside EEZs, i.e. in the area often referred to as the NEAFC 
Regulatory Area. These binding regulatory measures include spatial management, and 
designated limited subareas as ‘existing fishing areas’ that are open to fishing. Other subareas 
are either only open to pre-evaluated exploratory fishing, or fully closed to bottom fishing. The 
multiple fishing closures, introduced in both previously fished and unfished areas, were 
designated to protect known VMEs or representative geomorphological features likely to have 
VMEs, e.g. seamounts and mid–ocean ridge sections. 
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4.9 Mapping deep sea habitats and communities of the continental margin, seamounts and 
ridges of the Southwest Atlantic 

The work was presented by Jose Angel Alvarez Perez. Deep-sea habitats and fauna communities 
of the Southwest Atlantic have been described in recent years as outcomes of growing scientific 
initiatives and in response to management demands. Habitats of the summit area of the Rio 
Grande Rise western portion (Alpha) were described by video analysis and classification methods 
based on substrate textures and geomorphology. These habitats were shown to influence faunal 
abundance and species composition. An important sponge-base community was described as 
potential VME. The same approach was used to study habitats along an important depth gradient 
present in the southern flank of São Paulo Ridge.  Benthic fauna distribution was associated with 
depth, relief, topography and water mass. Geomorphological features have been calculated with 
terrain modelling tools and will be explored for habitat mapping initiatives. The same procedures 
have been currently applied to bathymetry data of the deep continental margin off Southern and 
Southeastern Brazil (200 m–2 000 m depth), building up potentially relevant variables to explain 
commercial deep-sea species catch distribution. These are important and contributing with 
spatial management initiatives. 

4.10 Cold seep habitats in the deep Gulf of Guinea 

The presented of the work was Lenaick Menot, the work was done together with Arunima Sen, 
Yann Marcon and Karine Olu. From 2000 to 2002, the Zairov, Biozaire 1 and Biozaire 2 cruises 
carried out in the framework of Ifremer/total projects allowed the discovery and mapping of 
several cold seeps along the Gabon and Congo margins (Sibuet and Vangriesheim, 2009). 
Noticeably, a giant pockmark colonised by dense cold–seep assemblages near 3 160 m depth 
along the Congo–Angola margin was surveyed by the ROV Victor 6000. The distribution of 
chemosynthetic communities was mapped along the dive tracks from video and image 
mosaicking. Several types of faunal assemblages, dominated by bivalves of the families 
Mytilidae (Bathymodiolus sp.) or Vesicomyidae (Calyptogena sp., ‘Vesicomya’ aff. chuni), or by 
Siboglinidae polychaetes (Escarpia southwardae) were mapped over the 800 m diameter 
pockmark area (Olu-Le Roy et al., 2007). 

In February 2011, the pockmark was revisited during the West African Cold Seeps (WACS) 
cruise with R/V Pourquoi Pas? Bathymetry data were acquired from 30 m depth over a 1.2 km2 
area and from 8 m depth over a 0.175 km2 subarea. Imagery data were acquired simultaneously 
with the second bathymetry survey with a high-sensitivity OTUS photo–camera, and the 
photomosaic was constructed using the ROV navigation. A 14 000-m2 high-resolution 
videomosaic was also constructed from two ROV dives to an average depth of three m. 

ROV-borne micro-bathymetry and backscatter data of the entire pockmark, the photo-mosaic of 
the most active area and maps of faunal distribution as well as of carbonate crust occurrence were 
combined to provide an unprecedented detailed view of a giant pockmark (Marcon et al., 2014). 
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A comparison of photo and videomosaics from 2001 and 2011 revealed that the abundance and 
distribution of the dominant megafaunal populations at Regab had not changed significantly over 
a ten-year period, suggesting that the overall methane and sulfide fluxes that reach the faunal 
communities had been stable (Marcon et al., 2014). 

Finally, the MBES bathymetry and acoustic backscatter data from 30 m and 8 m altitude were 
segmented and reclassified based on topographical features and then combined to obtain a raster 
with 14 categories. The ability of this method to predict the distribution of cold seep habitats was 
tested by comparing these 14 geoclasses with the known distribution of mussel beds, tubeworms 
thickets, vesicomyid fields and carbonate rocks. The 8 m altitude dataset reliably predicted 
tubeworms and carbonate rock, while the 30 m altitude dataset predicted tubeworms and 
vesicomyid clams (Sen et al., 2016).  

4.11 Modelling vulnerable marine ecosystems in the SPRFMO area: Louisville Seamount 
Chain, South Pacific Ocean 

Ashley Rowden presented work on modelling VMEs. Spatial management of VMEs requires 
accurate knowledge of their distribution. We made habitat suitability models for four deep-sea 
reef-forming coral species across a large region of the South Pacific Ocean using MaxEnt and 
boosted regression tree modelling approaches. In order to validate the model predictions, we 
conducted a photographic survey on a set of un-sampled seamounts on the Louisville Seamount 
Chain. The observed frequency of coral occurrence in analyses of survey photographic data was 
much lower than expected, and patterns of observed versus predicted coral distribution were not 
highly correlated. The poor performance of these broad-scale models was largely attributed to 
the low precision of global bathymetry data which was used to re-sample many of the 
environmental variables used in the models. This result demonstrates the need to use caution 
when interpreting and applying broad-scale, presence-only model results for fisheries 
management and conservation planning in data poor areas of the deep sea. Future improvements 
in the predictive performance of broad-scale models will rely on the continued advancement in 
modelling of environmental predictor variables, refinements in modelling approaches to deal 
with missing or biased inputs, and incorporation of true absence data. 

Using the photographic data from the model validation survey, we produced high-resolution 
habitat suitability maps for VME indicator taxa and VME habitat on five seamounts of the 
Louisville Seamount Chain. These models were made in order to evaluate the feasibility of 
designing within-seamount spatial closures to protect VMEs. We used a multi-model habitat 
suitability mapping approach, based on bathymetric and backscatter data collected by multibeam 
echo sounder survey, and data collected by towed underwater camera for the stony coral and 
habitat forming VME indicator species Solenosmilia variabilis, as well as two taxa indicative of 
stony coral habitats (Brisingida, Crinoidea). Model performance varied among the different 
model types used (boosted regression tree, random forest, generalized additive models), but 
abundance-based models consistently out-performed models based on presence–absence data. 
Uncertainty for ensemble models (combination of all models) was lower overall compared to the 
other models. Maps resulting from our models showed that suitable habitat for S. variabilis is 
distributed around the summit slope break of seamounts, and along ridges that extend down the 
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seamount flanks. Only the flat, soft sediment summits are predicted to be unsuitable habitat for 
this stony coral species. We translated a definition for stony coral reef habitat into a S. variabilis 
abundance-based threshold in order to use our models to map this VME habitat. These maps 
showed that coral reef occurred in small and isolated patches, and that most of the seabed on 
these seamounts is predicted to be unsuitable habitat for this VME. Future modelling efforts 
should examine the veracity of the modelling threshold approach to identifying VME habitat. 
Furthermore, studies should be conducted to determine how VME indicator taxa abundance 
estimates relate to the structural and functional attributes that define a VME.  

4.12 Unexplored marine western margin of Australia and other remote regions, including the 
deep Southern Ocean 

A case study involving the sampling of 34 sites from the east coast of Australia, ranging in depth 
from 1 000 m to 4 000 m was presented by Skipton Woolley; the work was implemented together 
with Scott Foster, Nic Bax, Donna Hayes, Tim O’Hara and Piers Dunstan. A total of 452 benthic 
sponges, anemones, barnacles, decapods, pycnogonids, annelids, echinoderms, gastropods, 
bivalves, and fish species were identified. Using species archetype modelling, species were 
grouped based on their shared responses to environmental or geographic variables. Because of 
the low number of sites and the large number of rare species, a simple model was fit to latitude 
and depth. The optimal number of five distinct archetypes was determined using the Bayesian 
Information Criterion (BIC). These separated by latitude and depth with the 1 000 m archetype 
common to all latitudes and the 2 500 m and 4 000 m depth separating northern and southern 
realms. 

In the second part of the presentation, there was a discussion of existing bioregional models and 
the need for developing a modelling strategy. For management objectives we often need to make 
inferences about ecosystems. But, often these questions are about un-observed properties, e.g. 
assemblages, ecoregions/bioregions, functional or species groups. These are derived from things 
which are observed such as species observations at a location. The solution is to pose statistical 
models containing these constructs to develop bioregions which combine the distributions of 
multiple species into common regions, based on their shared response to model covariates. Such 
models are referred to as Finite Mixture Models (or mixture-of-experts) and have been updated 
to operate on presence-only species data sets. 

Conclusions: 

• Quantifying some understanding of species/joint distributions is a good place to start in
data poor environments.

• Making simple models is also perfectly reasonable if the simplicity and the assumptions
are stated.

• Outputs form these models can be use to frame other modelling processes, like the
qualitative models shown in this presentation.

• We used models to inform expert elicitation, but you could reverse this process and use
formal Bayesian Prior Elicitation.
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4.13 Habitat mapping and benthic communities in Africa: the particular case of Mauritania 

Ana Ramos and Fran Ramil presented this work. Africa represents undoubtedly a data-poor area 
because the Atlantic and Indian coasts are among the most unknown of the world, not only at 
level of the biodiversity, benthic communities and habitats, but also in relation to the bathymetry, 
geomorphology and seabed nature. 

For more than a decade, EcoAfrik Project has developed a simple methodological approach to 
improve the knowledge on biodiversity and habitats, based on by-catch sampling during bottom 
trawling surveys focused on evaluation and exploration of demersal resources. Commercial 
bottom trawls, commonly used on board research vessels, capture not only demersal fish but 
large amount of benthic invertebrates, particularly macro- and mega-benthos. These trawling 
surveys represent a great opportunity for benthic research, including environmental parameters, 
with low supplementary efforts. 

A standard protocol for on-board invertebrate sampling has been used in all stations during 
22 Spanish and four EAF-Nansen Programme surveys. The protocol includes: 1) sorting benthic 
invertebrates; 2) to obtain quantitative data (number and weight) by (morpho) species and station; 
3) pictures of living species and morphological details, and 4) preservation of faunistic
collections.

The use of multibeam echosounder, different CTD types, and complementary benthic samplers 
like beam–trawl and rock dredge in the four demersal surveys carried out in Mauritania, allowed 
us to obtain a detailed bathymetry, geomorphology and sedimentology of the seabed (30 original 
maps) (Sanz et al., 2017a), the global overview of soft-bottoms megabenthos and a first 
characterization of hard-bottom habitats (Ramos et al., 2017a). Three main VMEs were located 
on the Mauritanian slope: 1) the giant barrier of cold-water coral mounds; 2) the canyon systems 
of Arguin and Timiris, in the northern area; and 3) a small seamount (Ramos et al., 2017b, c; 
Sanz et al., 2017b). 

In addition, the huge effort deployed by EcoAfrik in the identification of benthic invertebrates 
(most than 200 families, almost one thousand species, and 40 new species) has greatly improved 
the knowledge on biodiversity from Northwest Africa. These previous taxonomic studies 
represent a first step for accurate identification of underwater videos and photos and constitute 
an essential basic tool for VMEs studies based on imagery techniques. 

4.14 Distribution models: what for? 

This presentation done by José Manuel González Irusta focused on giving an overview of some 
of the possible application of distribution models to the management of the marine ecosystems. 
While not ruling out other possible applications, the speaker introduced five possible different 
uses based on his previous experience: 1) to design Marine Protected Areas (MPAs) but also to 
evaluate them; 2) to study connectivity; 3) to measure trawling impacts; 4) to predict climate 
change impacts; and 5) to help in the survey design. The idea was that these models would be 
most attractive to the EAF-Nansen partners as well as showing the potential of these techniques 
to improve the management of the marine ecosystems. 
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5. Ongoing efforts in targeted regions

5.1 The 2015 and 2019 R/V Dr Fridtjof Nansen cruises to Southeast Atlantic seamounts 
(SEAFO Convention Area) 

The presentation as done by Odd Aksel Bergstad. Upon requests from the SEAFO which is the 
regional body mandated to manage bottom fisheries in the area beyond national jurisdiction in 
the South East Atlantic, the surveys with the R/V Dr Fridtjof Nansen  have targeted seamount 
summits within fishable depths on two cruises in 2015 and 2019. Methods for characterizing 
habitats and associated fauna comprised: 1) bathymetry mapping by multibeam sounders, and 
single beam echosounder survey (38KHz, 18 KHz) of pelagic scatterers; 2) video camera surveys 
using the CAMPOD & VAMS vehicles; and 3) grab deployments as well as bottom and midwater 
trawl sampling to collect sediments and specimens for identification and museum collections.  

In the 2015 cruise multiple seamounts were visited, including unfished, open and closed fishing 
areas. Most seamount summits had some VME indicators (mainly corals), but there was diversity 
between locations in terms of identity, distribution and density. The southernmost locations had 
mainly gorgonian corals, whereas summits on the Walvis Ridge and the Vema had more 
scleractinians and black corals. In many locations the scleractinian corals were mainly dead and 
probably ancient.  

The 2019 cruise will focus on seamounts complexes in the southern part of the SEAFO 
convention area, e.g. on the Discovery where longline fisheries for toothfish are being conducted. 

Reports from the cruises supplement information used by the scientific committee of SEAFO to 
provide advice to the annual meeting of the organization and influence revisions of the pertinent 
regulatory measures. 

5.2 The 2018 EAF-Nansen Mascarene Plateau survey 

Odd Aksel Bergstad gave a presentation on the 2018 EAF-Nansen Mascarene Plateau survey. 
Upon request from the Joint Management Area (JMA) Commission (Mauritius and the 
Seychelles) and the Government of Mauritius, an R/V Dr Fridtjof Nansen survey was conducted 
in May 2018 on the Saya de Malha and Nazareth banks of the Mascarene Plateau, Southwestern 
Indian Ocean. The aims were comprehensive, but habitat characterization was a key element, 
hence point and depth-transect sampling using the VAMS vehicle was conducted in both bank 
areas in order to supplement previous knowledge on benthic habitats, fauna and flora from the 
bank plateaus and the slopes to maximum depth of 1 000 m. Additional tasks were to characterize 
physico–chemical conditions, bathymetry, phyto- and zooplankton, fish and seabirds.  

The cruise documented the occurrence of shallow-water seagrass meadows and coral reefs, sandy 
plains and slopes with relatively sparse fauna, and extensive hard-bottom habitats on the steepest 
slopes. Further information will become available as post-processing is progressing in the 
multiple component projects being run by cruise participants.  



18 

5.3 The EcoAfrik Project: 15 years studying marine biodiversity and habitats in Africa’s deep 
waters 

Fran Ramil and Ana Ramos gave a presentation on the EcoAfrik project. In 2004, the Spanish 
Institute of Oceanography and the University of Vigo launched EcoAfrik, a joint project aimed 
to optimize the opportunity provided by fisheries trawl surveys to improve the knowledge on 
biodiversity and deep-sea benthic ecosystems in Africa. The research is based in the faunistic 
collections and data gathered in 26 demersal trawl surveys (22 Spanish and four Nansen surveys) 
carried out between 2002 and 2015 on-board R/V Vizconde de Eza and R/V Dr Fridtjof Nansen. 

In addition to the results obtained from Mauritanian waters, other important outcomes of the 
project were the location and identification of VMEs in the Atlantic and Indian Ocean coasts of 
Africa. Big sponges and cnidarians grounds were located along the slope at North Morocco and 
Western Sahara, and rich suspension-feeder assemblages were also discovered in the deep shelf 
off Cabo Verde, mainly between Maio and Boavista Islands. Impressive sponge grounds and 
forests of gorgonians and pennatularians were located on the Mozambique deep-shelf and upper 
slope.  

Main challenges of the future research are: 1) to investigate the real extension of the Mauritanian 
cold-water coral mound barrier (does the barrier extend northwards and southwards of 
Mauritania?); and 2) to improve the faunistic knowledge of Mauritania submarine canyons 
systems as biodiversity hot-spot and also as probable refuge for source populations of sessile 
invertebrates to recovering adjacent soft-bottoms after trawling impacts. 

5.4 Habitat mapping in Mauritania 

Dia Abdoul presented on habitat mapping in Mauritania. The emergence of oil and gas 
exploration and exploitation and their likely impacts on ecosystems, fisheries resources and the 
quality of the marine environment has prompted the Mauritanian government to take the lead in 
reconciling the emerging hydrocarbon sector with fishing interests and the protection of marine 
and coastal biodiversity. This is in order to create a shared and sustainable governance of marine 
and coastal resources and territories through a partnership between the state, civil society and 
industry. It is in this sense that the biodiversity, gas and oil project was created. Among the 
flagship activities was the production of a maritime atlas of vulnerable areas in Mauritania. The 
objective of this work was to identify all sensitive and/or vulnerable areas (marine and coastal) 
that could be affected by this new oil activity. Through this approach, the sensitive areas will be 
clearly identified and classified according to the vulnerability of the various Mauritanian 
maritime zones. Several criteria were considered such as: 

• geomorphology (linearity of the coast, slope, etc.);

• the nature of the bottom (sand, mud, etc.);

• the habitas (sebkha, mangroves, herbarium, etc.);

• the species that live there (rare species, endangered species); and

• the degree of exposure of the area.
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As a result, several sites have been identified and described to better facilitate the integration of 
ecological vulnerability and socio-economic vulnerability into environmental management. For 
work, all the work carried out in the area (by the Mauritanian Institute of Oceanographic and 
Fisheries Research (IMROP), German and Spanish scientists, etc.) was used and all the 
information was produced in the form of a map or on maps. 

The areas identified and described are MPAs (National Park of Banc d'Arguin (PNBA), Diawling 
National Park (PND), Baie de l'Etoile, Cap Blanc Satellite Reserve, Chottboul), underwater 
canyons, sea grass beds, mangroves, shellfish carbonate deposits, the lower delta of the river, 
intense upwelling areas and the thermal front, cold water canyons and corals, and seamounts. 
This diversity of habitats and biodiversity shows the richness of the area and the importance of 
managing oil and gas development to get the best of this activity without damaging the sensitive 
environment. 

5.5 Habitat mapping over Saya de Malha using Video-Assisted Multi Sampler 

Yuneeda Oozeeraully presented on habitat mapping in the Saya de Malha Bank. In February 
2017, the Joint Commission of the JMA submitted a project proposal entitled “Characterising the 
marine ecosystem and morphology of the Saya de Malha Bank” through the Department for 
Continental Shelf, Maritime Zones Administration and Exploration to the 
EAF-Nansen Programme of the FAO. The aim of the proposed survey was to enhance knowledge 
on the marine ecosystem and morphological structure of the Saya de Malha Bank by using the 
full complement of technologies of the R/V Dr Fridtjof Nansen.  

For theme 7, bottom habitat data were collected using methods available onboard the vessel 
(VAMS, sediment grabs, sub-bottom profiler). An overview of the various habitats characterised 
over the Saya de Malha bank was obtained from visual observations (Figure 1). The map was 
prepared by analysing the videos from the VAMS and making the corresponding entry on the 
type of substrate for each location and time in the campod logger files. This map provides a 
general indication of the different types of habitats observed during the cruise. One of the 
expected outcomes of the cruise is to have a detailed map of the habitats over Saya de Malha 
bank.  

5.6 Understanding the deep sea biosphere on seafloor hydrothermal vents in the Indian 
Ridge 

The presentation was given by Oocheetsing Sadasing. Mauritius has under its jurisdiction a vast 
maritime zone to manage and to explore. The Mauritius Oceanography Institution (MOI) is the 
leading oceanographic institution in Mauritius with the responsibility of fulfilling the 
Government Vision 2030 on Ocean Economy. One of MOI’s strategic objectives is to 
characterize the ocean waters of Mauritius, the hydrothermal system namely Solitaire and Dodo 
is recognized as a major target because the geological, geochemical, and biological features 
remain poorly understood. Understanding the deep sea biosphere on the seafloor hydrothermal 
vents in the Indian Ridge would bring new knowledge about sustainable management strategies 
of the marine ecosystem.  
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The hydrothermal vents are considered as ecologically biological sensitive areas and storehouses 
of endemic species including resources that contribute to the wellbeing of mankind. In this 
context, MOI scientist participated in a hydrothermal vent exploration project of the Korean 
Institute Ocean Science and Technology. Hydrothermal vents fields located on the Central Indian 
Ridge were visited. These vent fields differ in their seafloor tectonics and basement rock 
compositions. These differences affect the distribution and composition of hot and diffuse 
hydrothermal fluids as well as the diversity and distribution of the biological communities. Our 
research focused on the following questions: what are the community structures and ecological 
functions of the hydrothermal ecosystems? What are the environmental characteristics of vents? 

TV Grab was deployed for sampling rocks, and biota, including microbial communities. 
CTD/Rosette sampler equipped with Miniaturized Autonomous Plume Recorders was deployed 
to analyze the environmental conditions and the hydrothermal plumes at the vent fields. 
Zooplankton were collected through the deployment of the Multiple Opening–Closing Net and 
Environmental Sensing System (MOCNESS). Basalt rocks were also collected by the TV Grab. 
The collected data will be analyzed to improve understanding of the origin of life at the 
hydrothermal vents on the Central Indian Ridge based on the adaptation and function of the 
extreme hydrothermal vent systems. 

5.7 Coral photo-physiological conditions in Mauritius: example from the EAF-Nansen 
Cruise 2018 

Ranjeet Bhagooli presented on coral photo-physiological conditions in Mauritius. The photo-
physiology of healthy-looking and bleached corals collected by grabs during the EAF-Nansen 
Cruise in June 2018 conducted in the Saya de Malha bank under the JMA of Mauritius and 
Seychelles were investigated. Corals were identified morphologically using both light and 
scanning microscopy techniques. The chlorophyll fluorescence technique using the Diving-
Pulse-Amplitude-Modulated fluorometer was used to determine the maximum quantum yield 
(Fv/Fm) at photosystem II (PSII), relative electron transport rate (rETR) and the non-
photochemical quenching at PSII.  

The Fv/Fm did not differ between the bleached and healthy-looking coral species collected from 
a depth of 30 m to 50 m. The rETRmax did not differ between bleached and healthy-looking 
Porites lutea samples while the bleached Heliopora coelurea had lower rETRmax than the 
healthy ones. The NPQmax was lower in bleached P. lutea while in H. coelurea NPQmax did 
not differ.  

The preliminary findings suggest that different coral species may differ in their 
photo-physiological features under healthy and bleached conditions. Further works investigating 
the symbiont genetic types and photo-physiological features of more bleached and 
healthy-looking coral species are warranted to understand the observed variable 
photo-physiology in corals from the Saya de Malha area. 
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5.8 Habitat and benthos studies in relation to gas and oil exploration in Mozambique 

The presentation was done by Paula Cristina Das Dores Santana Afonso. Mozambique has the 
third longest African coastline of about 2 400 km with a range of coastal and marine habitats 
from tropical to subtropical surface waters. It is strongly influenced by river systems, including 
the major East African watershed–Zambezi River that brings large loads of land-based pollution 
into the sea. The coastline is dominated by sandy shore, although rocky shore also occurs. It 
supports a number of vital marine ecosystems, including submarine canyons, coral reefs, sand 
dunes, lagoons, wetlands, estuaries and mangroves. These in turn support a diverse number of 
species, for instance, birds, marine turtles, and marine mammals. Some of the largest populations 
of endangered dugongs are found in Mozambican waters.  

Most of the Mozambican human population lives on or near the coastal zones and utilizes the sea 
for their needs, including livelihoods, recreation, research, wealth and food. The marine and 
coastal ecosystems provide a variety of services and goods for the population, including as an 
important source of protein and oxygen, CO2 sink, protection, settlement, natural harbours, 
tourism and other industries as well as waste disposal. Mozambique has a long history of marine 
fisheries, with significant contribution to the GDP, but nowadays this sector is facing a serious 
anthropogenic threat, including pollution and contamination that is reported to markdown the 
value of the fisheries yield. However, little is known about the sources and impacts of the 
contamination, which is a major concern to the country.  

Furthermore, coastal and marine areas are sites of potential increasing human activity, like the 
recently introduced and fastest-growing mining (coal and heavy mineral sands), oil and gas 
sectors of Mozambique. Areas for such emerging sectors overlap with the historically important 
fishing grounds along the entire Mozambique coast. Oil and gas seismic survey exploration is 
currently in place and test drilling has been carried in the northern part of Mozambique. However, 
the potential environmental impact of these emerging sectors is still unknown. These emerging 
sectors also overlap with vulnerable and essential habitats for different life stages of commercial 
fish resource like estuaries, mangrove forests and coral reefs.  

Mapping habitat and assessing environmental baseline is crucially important for future 
monitoring and evaluation of impacts of the oil and gas exploration in marine waters. Based on 
this assumption, the Government of Mozambique, through the IIP (National Institute of Fisheries 
Research in Mozambique) made a special request to FAO, to carry out a cruise on the north coast 
of the country where gas exploration activities are almost a reality.  

During the R/V Dr Fridtjof Nansen cruise off Mozambique, marine habitats ranging from depths 
of 25 to 2 000 m and covering a temperature range from 29.5 ℃ to 2.7 ℃ was documented using 
ROV. The results from more than 30 dives, revealed a clear pattern in habitat/biotope distribution 
that was related to water masses and substratum. Data from the video observations was stored in 
a database and preliminary reports on observed bottom types, flora and fauna were prepared 
during the cruise. Apart from the habitat mapping, benthos, oceanographic information, and 
chemical pollutants were collected during the survey. These datasets will be analyzed separately 
and by specific components, and finally all data will be integrated using statistical tools and 
possibly models, in order to characterize the area. In total four areas were selected: 
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North 1 and 2, with oil and gas activities, St. Lazarus bank (control area), and Pemba area 
(Logistical area–Port).   

Considering that Mozambique has little experience in habitat mapping and benthos taxonomy, 
the IIP and identified partners (Institute of Marine Research, Oceanographic Research Institute, 
Universidade Unilurio) worked together on the program with support of FAO, Norway and others 
parts interested.    
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6. Feeding into decision making: experiences from RFMOs
and national processes

6.1 SEAFO strategy regarding vulnerable marine ecosystems 

Paulus Kainge presented on the SEAFO strategy with regards to VMEs. The SEAFO Scientific 
Committee (SC) adopted the following seven stepwise procedures/approaches to identify VMEs 
in the SEAFO Convention Area: 

• Step 1: The existing closed/open areas were reviewed to determine if they were fit for
purpose in relation to the new and improved information available on the distribution of
seamounts.

• Step 2: Any changes necessary to the existing closed/open areas were identified.

• Step 3: The available information and the distribution of VME indicator species was
considered.

• Step 4: Any revisions to the existing closed/open areas were made using the modified
NOC (National Oceanography Centre) criteria, Southampton bathymetric map and GIS
of the South Atlantic Ocean and a review of available biologically relevant South Atlantic
Seamount data.

• Step 5: Potential new seamount areas were identified on the basis of the modified NOC
criteria.

• Step 6:  Existing closed/open areas (including those proposed to be modified) and
proposed new areas were reviewed taking into account the available information on the
historical spatial distribution of fishing.

• Step 7:  Suggested closed areas for inclusion in a revised Regulation 06/06 were
identified.

Currently, SEAFO uses the conservation measure (CM) 30/15 on Bottom Fishing Activities and 
Vulnerable Marine Ecosystems in the SEAFO Convention Area. This CM aims at ensuring the 
implementation of effective measures to prevent significant adverse impacts of bottom fishing 
activities on vulnerable marine ecosystems that, based on the best available scientific 
information, are known or likely to occur in the convention area (CA). This CM takes into 
account SEAFO’s responsibility as a RFMO to adopt measures with regards to bottom fishing 
activities in the CA which contribute to fulfill the key objectives of the UNGA Resolutions on 
the protection of vulnerable marine ecosystems. For the purpose of this CM, SEAFO will take 
into account the guidance provided by the FAO in the framework of the Code of Conduct for 
Responsible Fisheries and any other internationally-agreed standards, as appropriate. 

The SC used results from the 2015 R/V Dr Fridtjof Nansen cruise in the SEAFO CA to advise 
and recommend some closures and maintaining other open seamounts. Results from the 
upcoming 2019 are eagerly awaited in order to provide further advice on the new ‘Notice of 
Intent’ for exploratory fishing in the SEAFO CA. 
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6.2 Use of habitat models in the provision of scientific advice in NAFO and Canada 

The work was presented by Ellen Kenchington. In both Canada and in the NAFO Regulatory 
Area, scientific advice on the location of significant concentrations of VME indicator taxa has 
gone through a peer review process and been used by managers to delineate areas closed to 
fishing. Two approaches were used. KDE utilizes spatially explicit data to model the distribution 
of a variable of interest (Kenchington et al., 2014). It is a simple non-parametric neighbour-based 
smoothing function that relies on few assumptions about the structure of the observed data. The 
approach has been used in ecology to identify hotspots, that is, areas of relatively high 
biomass/abundance, and in 2010 was first used by Fisheries and Oceans Canada to delineate 
significant concentrations of corals and sponges in five regions in Atlantic Canada and the eastern 
Canadian arctic. Updates were produced using the same methodology in 2016 (Kenchington et 
al., 2016a). The same approach has been used successfully in the NAFO Regulatory Area 
(Kenchington et al., 2009) where it is periodically updated. The approach does not incorporate 
environmental data into the assessment and interpolates the data to the extent of the search radius 
used, in these cases generally between 15 km and 20 km.  

In general, fisheries managers found that this analysis was easy to understand and they liked the 
fact that there was minimal interpolation or extrapolation in the model. They also understood that 
the model could be improved by incorporating some ecological knowledge, particularly when 
the KDE polygons were situated over slope areas.  

In general, the science advice was that the KDE polygons represented significant concentrations 
of VME indicators and that in situ work should be done to refine the boundaries of such polygons. 
In 2013, NAFO equated significant concentrations of VME indicators as determined from KDE 
analyses, as VMEs (NAFO, 2014a). Species distribution models (SDMs) have been used to 
evaluate the KDE polygons in both NAFO and Canada. These models are particularly valuable 
in areas where the survey vessels do not sample (e.g. rough bottom, cliffs, depths greater than 
2 000 m) and for non-aggregating taxa such as the black corals that are present in low frequency 
and their past occurrence (noted after removal by the trawl) may or may not reflect the presences 
of other colonies in the same area. In NAFO the KDE polygons are generally subsets of the 
predicted distribution of the VME functional groups to which SDMs have been applied (NAFO, 
2014b). In Canada, in some instances, the SDM surfaces have been used to clip the KDE 
polygons to redefine the VME area (Kenchington et al., 2016b).  

Therefore, in both jurisdictions, habitat modeling has been accepted by managers and 
incorporated into the decision-making process. Both of these jurisdictions have a long history of 
annual research vessel surveys that in recent years (generally since about 2005) have recorded 
the catch of corals and sponges and other invertebrate taxa. The region is also well-studied in 
terms of the physical oceanography, enabling the selection of a suite of relevant environmental 
predictor variables for SDM. Therefore, NAFO is considered a data-rich area that is quite unique 
amongst RFMO/As. 
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6.3 Science feeding into decision making in NEAFC and SEAFO 

Odd Aksel Bergstad presented this work. In accordance with their respective conventions and 
adhering to international guidelines, decisions on management actions in the NEAFC and 
SEAFO areas are to be made on scientific advice from ICES and the SEAFO Scientific 
Committees, respectively.  

Data and knowledge from habitat characterization and mapping are used by the science advisory 
bodies to derive advice for new management measures, revisions of such measures, and form 
also a partial basis for reports to the UNGA reviews pertinent to fisheries resolutions. Both 
NEAFC and SEAFO have in the past 10 to 15 years introduced comprehensive measures to 
protect VMEs. Using advice from science with most pertinent knowledge, they developed 
regionally adapted responses to the 2009 FAO Guidelines on Bottom Fisheries on the High Seas. 

There is, thus, a rather short and direct linkage between scientific investigations and the end 
results which are legally binding conservation measures meeting regional and global expectations 
with regards to sustainable harvesting and biodiversity conservation.  

6.4 South Pacific Regional Fisheries Management Organisation (SPRFMO) 

Ashley Rowden gave the presentation. The SPRFMO Convention includes specific provisions to 
protect VMEs. The SPRFMO Commission has determined that the interim measures put in place 
to protect VMEs should be replaced by an improved system of fishable and closed areas.  

We used the conservation planning tool, Zonation, to examine the utility of a decision–support 
tool to develop spatial management options that balance the protection of VMEs with utilization 
of high value areas for fishing. Input data included: habitat suitability maps for VME indicator 
taxa, and uncertainties associated with these model predictions, for an area of the high seas 
around New Zealand; naturalness condition, represented by two proxy variables using New 
Zealand trawl effort data; and value to the New Zealand fishery using trawl catch data for two 
gear types and three time periods. Running scenario analyses with these data allowed for an 
understanding of the effect of varying the input data on the spatial prioritization of areas for VME 
conservation.  

The analyses also allowed for the cost to fishing to be determined, in terms of the amount of the 
trawl catch footprint (normalized to the catch) lost if high priority areas for VME indicator taxa 
are protected. In most scenarios, the cost to fishing was low given the relatively high proportion 
of suitable habitat for VME indicator taxa that could be protected.  

The main outcome of our study is a demonstration of the practical utility of using available data, 
including modelled VME distribution data, and the Zonation decision–support tool to develop 
future options for the spatial management of the SPRFMO area. New habitat suitability models 
for VME indicator taxa covering an area that includes both New Zealand and Australian fishing 
interests, as well as additional input data, has recently being used with Zonation to generate new 
spatial management measures for consideration by the SPRFMO Commission in January 2019.  
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6.5 Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) 

Roberto Sarralde presented the CCAMLR that was established by international convention in 
1982 with the objective of conserving Antarctic marine life. Based on the best available scientific 
information, the Commission agrees a set of conservation measures that determine the use of 
marine living resources in the Antarctic.  

With regards to VMEs, CCAMLR practises an ecosystem-based management approach. There 
is a prohibition on fishing for toothfish (Dissostichus spp.) in depths shallower than 550 m in 
exploratory fisheries. Each member proposing to participate in bottom fishing activities shall 
submit a preliminary assessment of the known and anticipated impacts of its bottom fishing 
activities on VMEs, including benthos and benthic communities. A CCAMLR VME Taxa 
Classification Guide is provided to observers, fishers, and biologists at sea with a taxon-specific, 
quick, on-deck guide to aid in the classification of macroscopic marine invertebrate by-catch into 
the required VME groupings.  

A protocol to quantify the VMEs organisms has been established, being a “VME indicator unit” 
either one litre of those VME indicator organisms that can be placed in a 10 litre container or 
one kilogram of those VME indicator organisms that do not fit into a 10 litre container. A ‘Risk 
Area’ means an area where ten or more VME indicator units are recovered within a single line 
segment, and it has a radius of one nautical mile from the midpoint of the line segment from 
which the VME indicator units are recovered. The Secretariat maintains an inventory including 
digital maps of all known VMEs in the Convention Area for circulation to all Contracting 
Parties and other relevant bodies.  

CCAMLR is working towards the establishment of a representative system of MPAs in the 
Convention Area. The two existing CCAMLR MPAs and sub-Antarctic MPAs are “South 
Orkney MPA” and “Ross Sea MPA”. Three new MPA proposals are discussed nowadays: 1) the 
East Antarctic MPA (Indian sector); 2) Domain 1 MPA (Antarctic Peninsula and Scotia Arc); 
and 3) Weddell sea MPA. In most cases, a Marxan analysis is used as a decision support tool to 
map the benthic biogeographical classes. 

6.6 New Regional Fisheries Management Organizations (RFMOs) and FAO guidance 

Merete Tandstad presented work done together with Anthony Thompson and Jessica Fuller. 
VMEs are embedded in fisheries management processes and involve several steps, including the 
identification of potential VMEs using best available information, analysis of significant adverse 
impacts (SAIs), and decisions on measures to implement for their protection. At the global level, 
UNGA adopted resolution 61/105 in 2006 that called for states and RFMO/As to sustainably 
manage fish stocks and protect VMEs, including seamounts, hydrothermal vents, and cold water 
corals from destructive fishing practices, recognizing the importance and value of deep-sea 
ecosystems (paragraph 80). Paragraph 83 of the resolution recommends certain aspects of bottom 
fishing regulations for states and RFMO/As to adopt that are, briefly: 
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• to determine if bottom fishing activities have SAIs on VMEs;

• to identify VMEs and improve scientific research, data collection, and sharing through
new and exploratory fisheries;

• to close areas where VMEs are suspected (including seamounts, hydrothermal vents, and
coldwater corals) or known to occur; and

• to cease bottom fishing in areas where VMEs are encountered and report the encounter
to the RFMO/A.

UNGA resolution 61/105 also called upon FAO to develop deep-sea guidelines and standards for 
identifying VMEs, taking into account the aspects mentioned above. As a result, the International 
Guidelines for the Management of Deep-sea Fisheries in the High Seas were adopted in 2008 
(FAO, 2009). The Guidelines provide characteristics that should be used to classify marine 
ecosystems as “vulnerable” (paragraph 42): 

• uniqueness or rarity;

• functional significance of the habitat;

• fragility;

• life-history traits (e.g. slow growth rates, late age of maturity, low or unpredictable
recruitment, and long-lived); and

• structural complexity.

The Guidelines also provide examples of potentially vulnerable species groups, communities, 
and habitats (certain cold-water corals and hydroids, some types of sponge-dominated 
communities, communities composed of dense emergent fauna where large sessile protozoans 
and invertebrates form an important structural component of habitat, and seep and vent 
communities comprised of endemic invertebrate and microbial species).  

The North Pacific Fisheries Commission (NPFC) came into force in 2015. As a relatively new 
RFMO, it provides an example from which lessons can be learned with regards to the application 
of the precautionary and ecosystem-based approaches to management of deep-sea resources 
within its Convention Area, in line with the UNGA resolutions. Interim bottom fishing measures 
were adopted that limited fishing effort for bottom fisheries in the Northwestern Pacific and 
provided an interim exploratory protocol for the North Pacific Ocean. Further, the interim 
measures also provided elements of encounter protocols (including move-on rules) for cold-water 
corals, as well as an exploratory protocol that included provisions for impacts assessments. In 
2017 and 2018, conservation and management measures were adopted by NPFC for the Northeast 
and Northwest Pacific Oceans, respectively. In March 2018, the NPFC organized an expert 
workshop to review global experiences on deep-sea fisheries management and impact assessment 
methodologies. The workshop addressed the knowledge-base of the fisheries, assessments, and 
management of fishery impacts on VMEs, the data needs, and further steps needed to improve 
NPFC assessments.  
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The Southern Indian Ocean Fisheries Agreement (SIOFA) entered into force in 2012, but did not 
become an established Secretariat until 2016. SIOFA established interim bottom fishing 
measures that include provisions for scientific observers aboard bottom fishing vessels, VME 
closures, and encounter protocols. SIOFA (along with the SPRFMO), requests its Contracting 
Parties to apply national measures to their flagged vessels fishing in the Indian Ocean. Australia 
and New Zealand currently have flagged vessels in the Indian Ocean to which their national 
measures apply. Upon request, FAO provided technical support to SIOFA and a workshop is 
planned in March 2019, in the margins of the SIOFA Protected Areas and Ecosystems Working 
Group, to inform the Working Group on regional practices for the identification and management 
of VMEs.  

The Fishery Committee for the Eastern Central Atlantic (CECAF) is an advisory regional fishery 
body with a mandate that includes both the EEZs and ABNJ. Despite the fact that fishing 
activities of CECAF member countries currently only occur within the national EEZs of the 
member coastal countries, the Committee has expressed interest in improving capacity with 
regards to deep-sea fisheries management and biodiversity conservation in the ABNJ. As such, 
FAO organized a VME workshop for CECAF member countries and promotes regional 
cooperation and coordination with other relevant processes and activities.  

FAO maintains a global VME portal and database (http://www.fao.org/in-action/vulnerable-
marine-ecosystems/en) that hosts information on VMEs by RFMO from 2006 to present. The 
website is intended for researchers, managers, and the general public and it includes an interactive 
map with real-time data entry. While FAO maintains the portal and DataBase, the information 
contained within them are owned by the RFMOs.  

6.7 Use of results from the Norwegian national mapping programme MAREANO 

The work was presented by Lene Buhl-Mortensen. Information about the distribution, 
composition and status of the benthic environment and communities is important for the 
implementation of ecosystem-based management involving assessment of the effects of human 
activities. The MAREANO (Marine Areal Database for Norwegian Coasts and Sea Areas) 
programme conducts seabed mapping in order to fill knowledge gaps in relation to the 
implementation of management plans for the Norwegian EEZ. The area mapped from 2006 to 
2018 is 200 000 km2, spans depths ranging from 40 to 2 700 m and covers a variety of 
topographic features including canyons, cold seeps and coral reefs. The information gained by 
this broad mapping approach has offered a unique insight into the diversity of benthic species 
and habitats. Through interpretation and classification of the information gained MAREANO 
scientists produce a database and detailed maps of seabed surficial geology, marine landscapes, 
biotopes and particularly sensitive and threatened habitats. Indicators of human impact, such as 
pollutants, trawl marks and marine litter are also presented on maps.  

The detailed distribution of biotopes and particularly sensitive and threatened habitats has been 
crucial for the revision of the management plans for the Barents Sea and the Norwegian Sea. 
New habitat and biotope entities has been defined for Norway, and the information has also been 
used by OSPAR (Convention for the Protection of the Marine Environment of the North-East 
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Atlantic) in the development of more relevant threatened and endangered habitat categories. The 
occurrence of vulnerable biotopes has been used by the Norwegian Environment Agency to 
assess environmental value together with other valuable, vulnerable or threatened biological 
resources (fish, mammals and birds).  

The detailed information on physical impact from fisheries on the bottom substratum has 
highlighted the need for protection of specific vulnerable areas but also the importance of 
upgrading sea maps with information on these habitats, e.g. the position of coral reefs.  

The availability of the information for the public and politicians on the MAREANO website has 
been a success, judging from the large number of visitors from many user groups and the 
questions from users related to content.  

Based on extensive experience from visual mapping an initiative was taken to develop standard 
requirements for visual mapping for Norway and the European Union. Results and raw 
data have been provided to the OBIS-database and EMODnet. 

Advice has been delivered via the ICES working groups on marine habitat mapping (WGMHM), 
benthic ecology (BEWG), deep-water ecology (WGDEC) and fishing impact (WGFBIT). 

The information has been used in several national and international projects. 

National project:  

• Development of a Norwegian Nature Type classification system (NiN).

The Nordic Council of Ministers: 

• NOVASARC project (Iceland, Faroes, Norway): Distribution of VMEs and
anthropogenic activities in Arctic and sub-Arctic areas. A conflict analysis.

European Union projects: 

• MESMA: Tools for a marine area based management, test of a framework for the
monitoring and evaluation of spatially managed areas.

• BENTHIS (Benthic Ecosystem Fisheries Impact Study) distribution of vulnerable
habitats and signs of fisheries impact has provided valuable results on fisheries effects on
benthos.

• STAGES, development of MSFD indicators and to improve the scientific knowledge
base to support the implementation of the MSFD.

• HERMIONE-Vulnerable habitats.

EEA-projects: 

• MARISCA (Greece): Management plan for the Aegean Sea.

• BIOMETORE (Portugal): Mapping deep-sea mounts in the Atlantic Ocean.
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6.8 Marine Protected Area network in Mauritanian slope. Implementing a science-based 
conservation plan in deep-water areas within national jurisdiction 

The work was presented by Ana Ramos and Fran Ramil. Mauritania EEZ represents one of the 
main fishing grounds for the industrial and artisanal fleets in Africa. The discovery of important 
VMEs on the continental slope during the Spanish and German research surveys has promoted 
the need for its protection. Thus, an international expert panel met in Nouadhibou in December 
2017 and their conclusions were presented at a ministerial-level meeting in the capital, 
Nouakchott.  

In 2018, commissioned by the Ministry of Fisheries and Maritime Economy, the Ministry of 
Environment and Sustainable Development and the Ministry of National Education, this team 
issued a proposal for the creation of “A network of Marine Protected Areas on the Mauritanian 
slope for prosperous fisheries and improve understanding of marine biodiversity”. Following the 
guidelines of the Convention on Biodiversity, a mosaic of five areas covering the full diversity 
of benthic biotopes on the slope was identified. These areas are: 1) Tanoûdêrt Canyon; 2) 
Nouamghar-Inchiri Canyons; 3) Chinguetti Exclusison Zone and Banda-Tamxat Coral Mounds; 
4) Tiguent Coral Mounds and Wolof’s Seamount; and 5) Chott Boul Coral Mounds. The report
includes, for each of the five areas, the reasons for its protection, their location and coordinates,
research activities (surveys and sampling), physical and faunistic description, threats and
management propositions (Ramos et al., 2018).

Despite that the surface of these vulnerable areas only covers 1 126 km2 of the EEZ (the 
equivalent of 0.72 percent) and they are quite isolated from each other, sea currents will assure 
the ecological connectivity within the network. 

This science-based management proposal includes, among the recommendations of the expert 
panel:  

• the strict prohibition of all types of bottom-contact fishing (trawl, longline, gillnet and
pots) inside the MPAs, and the thorough environmental assessments before oil and gas
exploitation, the installation of optical fibre cables and pipelines;

• to draft a management plan for the network with clearly defined objectives, indicators
and responsibilities, governance and socio-economic impact;

• to develop a scientific programme for monitoring biological, socio-economic and
governance indicators; and

• to finance research and management activities by different international agencies, fishing
nations, but also by the oil-company Petronas.
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7. Development of ‘best practice guidelines’ for exploratory
habitat mapping and follow-up analyses in data-poor
waters as applicable to the EAF-Nansen Programme

The workshop participants considered what elements should be included in ‘best practice 
guidelines’ for the EAF-Nansen Programme. It was recognized that many of the areas under 
investigation in the programme have little or no biological or environmental data associated with 
them. The first surveys in these areas are therefore more exploratory in nature and have different 
objectives than later surveys in such areas, or to areas where there is already some existing 
information. Participants considered: what is more important during the exploratory phase, and 
what is more important later on? The definition of objectives and the potential conflict between 
objectives is very important and everyone agree that clearly defining the objectives is a necessary 
first step for all research expeditions. Data needs for this phase should consider collecting depth 
and sediment type for benthic species. It is also important to take into account the fishing history 
of the area to establish whether the study areas are likely to have been previously impacted by 
bottom contact fishing or other disruptive activities.  

It was noted that the General Bathymetric Chart of the Oceans (GEBCO) data is interpolated and 
could be unreliable, so it is important, when relying on GEBCO for site planning that 
consideration of where the nearest actual measurements were taken from are known. Because of 
this it is important to plan to do multibeam mapping first, and then look at the biology. 
Randomization of where to sample is important in order to get quantitative information for the 
area. Dividing dives with cameras or ROVs into exploratory and data collection phases can be 
useful. This was done in the NEREIDA project in the NAFO area. Exploratory phases can be 
used to target interesting features or specimens while data collection phases can provide the 
randomization needed for data quantification. In such cases it is important to randomize location 
on the bottom and direction of travel. The length of time needed to collect data for biodiversity 
assessments can be determined from constructing species accumulation curves from the first 
dives or from previous dives. This will maximize the data that can be extracted.  

A summary of the discussions for the exploratory phase and mapping phase are presented below. 
Unfortunately, the meeting ended before the subsequent monitoring phase could be explored. 

7.1 Exploratory phase 

Plans and strategies: Need to define objectives not only for the survey but down the road for 
future use of the data. When the objectives are in place then consider survey design to address 
objectives. 

Primary data needs: Consider depth and sediment type for benthic species and take into account 
fishing history. GEBCO data is interpolated so look where their data came from and try to 
supplement that. Presentations from New Zealand showed how GEBCO data can be very poor 
in some areas with very different results coming when better bathymetric data were obtained. 
Consider OLEX data as another source of bathymetric data. Multibeam data can also give you 
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the information you need on hard and soft bottoms. Single beam sounders, vessel depth sounders 
or mini CTD loggers on cameras can be used where preferred technology is not available. Often 
getting good bathymetric data can be the primary objective of the cruise. One approach could be 
to map selected areas based on a coarser grid to get representative depths from key regions. Many 
surveys map at night and sample during the day. Randomization of where to sample is important. 
Summits are often well-defined in GEBCO so that is often the starting point. Could divide 
seamount into sections and then randomize within the sections. Could randomize sea mounts as 
well when selecting summits to survey.  

Seamounts need to be sampled on different aspects of the slopes and over the depth range. This 
would be done if the survey design is balanced in space, including other covariates such as special 
features, water mass, oxygen, etc. Targeting ridges and holes is also important as they can have 
different habitats. Water masses of the area also should be considered both at large scale and in 
the smaller scale. Oxygen is another important parameter in defining the benthic habitats. 

Transect lengths can be determined by analysis of autocorrelation from previous information so 
consideration of this and keeping the transects as short as possible and moving to other positions 
may be an effective way to use limited time. 

Biodiversity discovery doesn’t need randomization but baseline surveys and collecting data for 
mapping you need your sample to represent the area so need to randomize. Consider 
randomization of orientation of transect with respect to currents because benthic species are 
aligned with currents and if you want to characterize an area you need to be aware of this. Be 
aware that the sampling design may be difficult to implement given the environment and 
knowledge available. It is more important to try to get the best information you can, given the 
time constraints you have. 

Biological Data: Collect both presence and absence as well as abundance data. Record data 
collection type in metadata. Try to collect voucher specimens to go with the imagery especially 
for common but unknown taxa. Good information can come from a coarse classification of the 
photos (e.g. EUNIS Classification Level 1), but it may involve re-analysis of the photos if more 
detailed work is required later. The degree of data collection comes back to the objectives.  

Getting images should be done even if just with simple cameras (Go-Pro, etc.) but recognize the 
costs of processing. 

Approach (theoretical, practical): Models, analyses? Run a SDM based on current records, then 
use the prediction surface to target a particular area. Limited to certain species for SDM relates 
back to having clear objectives and then designing data collection for future modeling.  

Outcomes: Distributions, pattern descriptions, new hypotheses, provisional advice? 

7.2 Mapping phase 

A more intensive study based on a pool of exploratory data. 

Plans and strategies: Primary data needs: At this phase start to consider what other data types 
(usually environmental) can be used to give more insight into the data. Collection of abundance 
data (from trawls, towed gears) should be a high priority. Need to get swept area from towed 
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gears. Need to consider the resolution of the different data types. The gear will have location 
error that needs to be considered when matching with higher resolution environmental data. For 
high spatial resolution you need to use trawls-dredges but if you want high resolution at a small 
spatial scale you need imaging and in some case you need both. 

Approach (theoretical, practical): Use methods that are derived from the observed data. Do not 
use classification systems in this phase (useful for exploratory phase) but rather let the 
classifications emerge from the data (cluster analyses). As noted above data may need to be re-
analyzed at a higher taxonomic resolution to undertake this work. 

Outcomes: Predictive maps give greater information on the likelihood of a VME occurring 
compared with VME elements which are generally larger geophysical features. Uncertainty 
measures can be used with SDM maps and should be included whenever possible. This can cause 
issues on how to communicate uncertainty but must be overcome in providing advice based on 
SDMs. Managers can understand uncertainty when it is discussed in terms of the Precautionary 
Approach. Qualified advice with an evaluation of consequences and level of precaution should 
be communicated.  
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8. Conclusions

Closing the workshop, Ms Tandstad noted the productivity of the last few days, and how a large 
range of issues and geographical areas were covered. She noted that there was a lot of information 
in the presentations and that elements from these can be used to develop and finalize guidelines 
on habitat mapping. Such guidelines will be very beneficial and useful for the EAF-Nansen 
Programme as well as more broadly for FAO’s work in deep sea fisheries in general, connecting 
to the work that FAO and partners are doing under the deep-sea programme.  

She thanked everyone for coming, contributing and sharing their knowledge and experience, and 
concluded that it has been a very useful workshop with a lot of interesting discussions.  
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Annex II. Agenda 

Tuesday 4 December 
  9.00 – 9.30 Agenda item 1. Opening of the 

workshop 
(Workshop background, scope and 
expected outputs) 

Welcome by conveners 
Introduction by EAF-Nansen leads, i.e. M. 
Tandstad and G. Bianchi 
Presentation of participants. 

  9.30 – 10.30 Agenda item 2. Habitat Mapping in 
the EAF-Nansen Programme   

Bergstad, OA. Theme 7 in science plan. 
Ambitions, Expectations, Data Availability and 
Requests. 
Theme 7 of the EAF-Nansen Programme science 
plan aims to provide information on bottom 
habitats, and particularly on the presence of 
vulnerable habitats for which special care is 
required when planning activities that may affect 
them. 

10.30 – 11.00 Coffee/tea break 
11.00 – 13.00 Agenda item 3.     Overviews of 

modelling approaches and tools   
Speakers should focus on 
methodology in this section with 
examples to illustrate points. Each 
presentation should be 20 min with 
10 min for questions. 

Lénaïck Menot (IFREMER,  Plouzané, France) 
CoralFISH classification of benthic imagery and 
applications in the Bay of Biscay 
José Manuel González Irusta, (University of the 
Azores MARE; ATLAS)   Distribution models 
applied to species and habitats; The INDEMARES 
experience 
Skip Woolley (CSIRO, Marine Biodiversity Hub, 
Melbourne, Australia)  Predictive modeling of 
benthic communities (archetypes) 

13.00 – 14.00 Lunch 
14.00 – 15.30 Agenda item 3 continued Scott David Foster (CSIRO, Marine Biodiversity 

Hub, Hobart, Australia) Statistical methods for 
multi-species modelling and mapping 
Javier Murillo (DFO, BIO, Dartmouth, NS, Canada) 
Joint species distribution modeling and BTA 
Javier Murillo (DFO, BIO, Dartmouth, NS, Canada) 
The NEREIDA Project. Use of multibeam 
bathymetric data and biological sampling to identify 
VMEs in the NAFO Area.  

15.30 – 16.00 Coffee/tea break 
16.00 – 17.00 Agenda item 4.  Use and application 

of various bottom habitat mapping 
methods and techniques. 
Speakers should focus on 
applications and outcomes in this 
section with brief reference to 
analytical method if covered above. 
For data poor areas speakers 
should briefly address how the lack 
of data was resolved in their study.  
Each presentation should be 20 
min with 10 min for questions. 

Data rich areas: 
Ellen: Canada and NAFO: Introduction (short 5 
min overview) 
Ellen Kenchington (DFO, BIO, Dartmouth, NS, 
Canada) Random Forest SDM of the glass sponge 
Vazella pourtalesi on the Scotian Shelf in relation to 
past climatology 
Javier Murillo (DFO, BIO, Dartmouth, NS, Canada) 
Sponge archetypes in the eastern Arctic/ mapping 
benthic diversity in the NAFO region 
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Wednesday 5 December 
  9.00 – 10.30 Agenda item 4.  continued Lene Buhl Mortensen (IMR Norway): Barents Sea 

and Norway shelf (MAREANO) 
Scott Foster (CSIRO, Marine Biodiversity Hub, 
Hobart, Australia) Modelling biological regions from 
multi-species and environmental data in Australia 
Ashley Rowden NIWA (New Zealand) Habitat 
suitability models for predicting the occurrence of 
vulnerable marine ecosystems in the seas around 
New Zealand 

10.30 – 11.00 Coffee/tea break 
11.00 – 13.00 Agenda item 4. Continued 

Overview of possible methods for 
use in data-limited systems   
Speakers should focus on 
applications and outcomes in this 
section with brief reference to 
analytical method if covered above. 
For data poor areas speakers 
should briefly address how the lack 
of data was resolved in their study.  
Each presentation should be 20 
min with 10 min for questions.  
The last 20 min of this session will 
be given over to ad-hoc 
presentations from the floor for 
anyone who has additional topics 
or information to present that has 
arisen from the presentations to 
date. Examples could be 
approaches not previously 
discussed to address data poor 
areas, relevant work that could be 
applied to the NANSEN data, etc. 

Data-poor areas: 
Roberto Sarralde:  Spanish-led collaborative habitat 
mapping in the SW, SE and NE Atlantic.  
OAB: Northeast Atlantic ABNJ, NEAFC area. ICES 
advice. 
Angel Perez: Rio Grande Rise investigations 
Lénaïck Menot (IFREMER, Plouzané, France) Cold 
seep communities along the Congo margin  
Ashley Rowden NIWA (New Zealand) Modelling 
VMEs in the SPRFMO area. Louisville Seamount 
Chain, South Pacific Ocean 
Skip Woolley (CSIRO, Marine Biodiversity Hub, 
Melbourne, Australia) Unexplored marine western 
margin of Australia and other remote regions, 
including the deep Southern Ocean 
Ana Ramos, Fran Ramil: Habitat mapping and 
benthic communities in Africa. The particular case of 
Mauritania 
Ad-hoc presentations to address relevant topics 

13.00 – 14.00 Lunch 
14.00 – 15.30 Agenda item 5.     Ongoing efforts 

in targeted regions  
Short presentations (3-4 slides) 

OAB: SEAFO cruises in 2015 and 2019 
OAB: Mascarene Plateau survey 2018 
Ana Ramos, Fran Ramil: EcoAFrik surveys  
Dia: Habitat mapping in Mauritania  
Yuneeda Oozeeraully: Habitat mapping in the Joint 
Management area on the Mascarene plateau after 
DFN 2018. 
Ranjeet Baghooli: Habitats and coral reef conditions 
in Mauritius. 
Paula Cristina Das Dores Santana Afonso:  Habitat 
and benthos studies in relation to gas and oil 
exploration in Mozambique. 
Volunteered presentations from other areas? 
 

15.30 – 16.00 Coffee/tea break 
16.00 – 17.00 Agenda item 5. Continued Discussion 
Thursday 6 December 
  9.00 – 10.30 Agenda item 6.  Development of 

‘best practice guidelines’ for 
exploratory habitat mapping and 
follow-up analyses in data-poor 

Ellen and OA: Introduction  
• Defining objectives given the available data 
• Priorities for data collection 
• Complementary data sets 
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waters as applicable to the EAF-
Nansen Programme. 

• Analytical approaches 
• Collaborations 

10.30 – 11.00 Coffee/tea break 
11.00 – 13.00 Agenda item 6. Continued  Ad hoc presentations to illustrate best practice 

guidelines can be accommodated here. 
13.00 – 14.00 Lunch 
14.00 – 15.30 Agenda item 7.  Feeding into 

decision making 
Short presentations (4-5 slides 
maximum) illustrating how habitat 
mapping has been used by RFMOs 
and nation states 

Experiences from RFMOs and national 
processes: 
Paulus Kainge: SEAFO strategy regarding VMEs 
Ellen: Canada and NAFO 
OAB: NEAFC and SEAFO 
Rowden: SPRFMO 
Roberto Sarralde: CAMLR 
Tandstad: ‘new RFMOs’ and FAO guidance 
Lene BM: Norway 
Ana Ramos, Fran Ramil: MPAs network in 
Mauritania deep-waters 

15.30 – 16.00 Coffee/tea break 
16.00 – 17.00 Agenda item 8: Summary, 

conclusions and ‘to-do’  
Ellen and OA. Draft? 

 





As part of the EAF-Nansen Programme activities, a workshop was organized on ecosystem 

characterization at the FAO Headquarters in Rome from 21 to 23 August 2018. The workshop aimed 

at identifying relevant ecosystem characterization approaches for data limited areas, defining best-

practice methods for ecosystem characterization in data limited regions and how these should be 

applied, suggesting how this knowledge can feed into decision-making at tactical and strategic levels, 

defining how uncertainty in the methods can be taken into account and communicated, and 

understanding existing challenges and ongoing efforts in targeted regions that may be of relevance to 

ecosystem characterization. 

The expected outputs of the workshop were a report describing best methods/approaches for 

ecosystem characterizations in data-limited regions and an action plan for future case studies in two 

regions. 

For more information: 

The EAF-Nansen Programme  

Fisheries and aquaculture - Natural Resources and Sustainable Production 

Food and Agriculture Organization of the United Nations

Rome, Italy

Contact: info-eaf-nansen@fao.org   
Website: http://www.fao.org/in-action/eaf-nansen/en/ 

CB9393EN/1/04.22

ISBN 978-92-5-136016-3
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