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Summary

Sponge grounds have been increasingly recognized as ecologically and
biologically important and vulnerable marine ecosystems of the deep-sea. But
despite their inclusion in a number of international agreements (e.g. OSPAR list,
FAO International Guidelines for the Management of Deep-sea Fisheries) few
directed actions have been made to protect sponge grounds from anthropogenic
impacts (e.g. fishing, oil and gas exploration). In this thesis [ provide an overview
of our current knowledge of sponge grounds in the North Atlantic and
Norwegian waters. In collaboration with the Institute of Marine Research, I used
data collected in the course of the BEES surveys in the western Barents Sea to
make a spatial and temporal characterization of the sponge communities in this
area. Further, with the international and national implementation of an
ecosystem approach (EA) to management, [ participated in the AORA-CSA
workshop: “Making the ecosystem approach operational” (Copenhagen,
Denmark) during which several discussions were held to identify the challenges
to a successful implementation of EA to management. In Norway, three marine
integrated management plans have been developed, encompassing the North
Sea, the Norwegian Sea and the Barents Sea and Lofoten areas. Actions towards
management and conservation of sponge grounds in the plans as well as in
national laws and regulations have been identified, and so have several
shortcomings. Finally, recommendations towards an improved integration of
sponge grounds in management and conservation policies in Norway are put

forward and discussed.
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Rationale

For centuries, the contribution of the deep-sea to global marine biodiversity was
largely overlooked which has made it receive fairly little scientific or
conservation attention, when compared to shallower coastal areas. With the
development of increasingly sophisticated remote sensing and survey
technologies (e.g. multibeam echosounders ROV’s, AUV’s), we have been able to
explore deeper areas, and discover unique biodiversity hotspots such as cold-
water reefs, sponge grounds, and hydrothermal vents, all of which are now
acknowledged to provide a number of goods and services for the functioning of
the Oceans. However, the same technological advance has also made it possible
to expand, intensify, and even diversify our extractive activities towards the
same depths. The conservation and sustainable use of these vulnerable
ecosystems in deep-sea and open ocean areas are among the most critical
challenges today (Hogg et al., 2010). An integrated, long-term and knowledge-
based action that considers the environmental, social and economic dimension is
required if we are to halt the expanding human footprint over these ecosystems.
Deep-sea sponge grounds have been identified as complex, highly diverse and
fragile habitats that encompass ecologically and biologically important functions,
and with a huge biotechnological potential that can benefit society. Yet, they
currently face major threats from human activities, where bottom trawling is the
highest threat, and are listed as threatened and/or declining species and habitats
under the OSPAR Convention. Several sponge grounds with variable species
composition and density, are widely distributed in Norwegian waters. However,
to date, there have been there have been few directed actions to manage and
protect these ecosystems from various anthropogenic stressors, which contrast,
for instance with the considerable efforts directed towards cold-water reefs. This
thesis aims at providing a step towards improved management of deep-sea
sponge grounds in Norway by: 1) reviewing the state of the knowledge on deep-
sea sponge grounds of the North Atlantic and in Norwegian waters; 2) providing
an overview of the current marine management framework associated with
management of sponge grounds in Norway; 3) discussing current management

status of sponge grounds in Norway further identifying flaws; and 4) proposing



practical steps to incorporate sponge grounds into Norwegian marine

management plans and conservation policies at the national level.



1 Deep-sea sponge grounds of the North Atlantic

1.1 Diversity and distribution

Sponges (Phylum Porifera) are true living fossils existing for over 600 millions of
years and are the oldest living animal group on Earth (Hogg et al., 2010). Almost
9,000 species have already been formally described where the majority belongs
to the class Demospongiae (Van Soest et al., 2012; Van Soest et al,, 2016), and
more than another 7,000 species are estimated to exist (Hogg et al., 2010). In
many deep-sea areas, sponges dominate the benthic communities with densities
attaining up to 25 individuals/m2, and representing up to 99% of total
invertebrate biomass, forming structurally complex ecosystems known as
sponge grounds, gardens, aggregations and reefs (Beazley et al,, 2015; Kutti et al,,
2013). Deep-sea sponge aggregations are found globally settled in deep fjords,
continental shelves and slopes, seamounts, mid-ocean ridges and deep ocean
basins ranging in depth from 30m to approximately 3000m (Hogg et al., 2010;
Maldonado et al., 2016).

North Atlantic sponge grounds vary greatly in terms of structural species
richness, community composition, and in bathymetric and geographic
distribution. In the northernmost areas and in the Nordic Seas Boreo-Arctic
Tetractinellid grounds, usually referred to by fishermen as “Ostur = cheese
bottoms” in the NEA or “Patatada = potato mix” in the NWA are found. These
communities are composed of large Tetractinellids of the genera Geodig,
Stelletta, Stryphnus often mixed with glass sponges (Class Hexactinellida),
typically occurring on gravel and coarse-sand bottom at depths from 150-1700m
(Klitgaard and Tendal, 2004; Murillo et al., 2012). These grounds are divided into
two sub-communities: 1) boreal grounds at the flow path of warmer waters of
the North Atlantic Current, found in the Faeroe Islands, Norway, Sweden, parts of
the western Barents Sea and south of Iceland extending over the northwest
Atlantic along Labrador and Newfoundland shelves. These are dominated by the
species Geodia barretti, G. macandrewi, G. atlantica, G. phlegraei, Stryphnus
ponderosus and Stelletta normani; and 2) cold-water grounds at the polar waters

and outflow of the Arctic Basin and the Davis Strait, found in north of Iceland,



most of Denmark Strait, off East Greenland and north of Spitzbergen. These are
instead dominated by Geodia hentschelli, G. parva and Stelletta raphidiophora
often mixed with the glass sponges Schaudinnia rosea, Scyphidium septentrionale

and Asconema foliata (Klitgaard and Tendal, 2004; Murillo et al., 2012).

In southern temperate waters, monospecific aggregations of glass sponges seem
to be more prevalent. Examples are dense aggregations of the birds’ nest sponge
Pheronema carpenteri, found on the Porcupine Seabight and on the continental
slope off Morrocco (Rice et al, 1990; Barthel et al, 1996); Nodastrella
asconemaoida occurring on the bathyal coral reefs of Rockall Bank (W of Ireland)
between 524-857 m depth (van Soest et al., 2007); Asconema setubalense, on the
summit of Le Danois Bank (Cantabrian Sea), between 400-600 m depth (Sanchez
et al., 2008); Poliopogon amadou found at 2700 m depth on the Great Meteor
seamount (Xavier et al.,, 2015); and the Russian Hat sponge, Vazella pourtalesi

found on the Scotian shelf in Canada (Fuller, 2011) (Fig. 1.1).



Fig. 1.1: General distribution of different types of sponge-dominated communities in the OSPAR
area (Northeast Atlantic and Nordic Seas). Three biogeographic bands of deep-sea sponge
aggregations are shown in colours: blue (polar), red (Cooperation), and yellow (Iberian) shading
(OSPAR, 2010).

The abundance and species composition of the sponge grounds located in the
Northern Atlantic varies between different localities. Geodia barretti, G.
macandrewii and G. phlegraei are the most dominant species of the sponge
grounds of Newfoundland with a 90% of bulk biomass and considered
biodiversity hotspots (compared to non-sponge habitats) (Kutti et al., 2013;
Murillo et al, 2012). Whereas on the shelf of the Faroe Island sponge
communities are dominated by Stryphnus ponderosus with large abundance of G.

barretti, G. macandrewii and G. phlegraei (Kutti et al., 2013; Klitgaard and Tendal,



2004). Overall, Geodia barretti is clearly the most widespread and most
abundant species distributed in the northern Atlantic sponge grounds (Kutti et
al, 2013). Further, Beazley et al, (2015) observed megafaunal communities
dominated by sponges in the Northwest Atlantic, similar to the distribution of
“ostur” in the Northeast Atlantic (Klitgaard and Tendal, 2004). On the slope of
the Flemish pass, in the Northwest Atlantic, axinellid and polymastiid sponges
were dominating, whereas in the deeper grounds, Geodia spp. and Asconema sp.
dominate (Beazley et al., 2013). A complete community composition and
structure of deep-sea sponge grounds in the Northern Atlantic remain largely
understudied and their fully geographically distribution are still fairly
unmapped. A recent study has also shown that sponge grounds can be rather
ancient, persisting through major climatological events. From the analysis of
spicules in sediment cores, Murillo and co-workers have shown that the boreal
Tetractinellid grounds currently found in the Flemish Cap and Grand Bank have
been continuously present in this area from 17 ka through to our days, i.e. they

pre-date the Last Glacial Maximum (Murillo et al., 2016)

1.2. Environmental drivers

As sponges are sessile and filter feeders they rely on currents for food, and
studies suggests that sponge distribution highly depends on specific
oceanographic conditions e.g. salinity, current sped, temperature, location and
depth for functioning (Beazley et al., 2015; Johannesen et al.,, 2016; Jgrgensen et
al,, 2015). However, very little is still known about factors driving the formation
of sponge grounds (ICES, 2009; Beazley et al,, 2015). In the northeast Atlantic
observations suggest that sponge grounds occur where the seabed interacts with
the tides to create internal waves and to boost local currents for enhancement of
food supply, which creates a favourable habitat for suspension feeding
communities (Klitgaard and Tendal, 2004; Beazley et al., 2015). Knuby and co-
workers pointed out the importance of hydrology where current speed, water
depth and bottom salinity were found to constitute the most important factors
determining the presence and distribution of sponge grounds in the northwest

Atlantic (Knudby et al,, 2013). Beazley and co-workers concluded that sponge



grounds on the Sackville Spur, northwest Atlantic are associated with the warm
and salty local current dwelling over the slope in the area, and urges further
research at fine scale mapping of water masses to further investigate the

environmental conditions driving such sponge grounds (Beazley et al., 2015).

In the western Barents Sea, Johanessen and co-workers identified that
communities of the large-bodied Geodia barretti and G. macandrewii are forming
dense sponge aggregations in the warm and saline deeper waters. The southwest
of the Barents Sea is characterised by inflow of warm Atlantic water transporting
food material and linked to the high primary production (Johannesen et al,
2016). And as suggested by Jgrgensen and co-workers, the inflow of productive
Atlantic and Coastal waters explains the dominant occurrence and high biomass
of Geodia spp. that are covering almost 90% of the Tromsgflaket area (Jgrgensen
et al,, 2015). Total annual primary production for the Barents Sea is estimated to
range from 20 to 200 g C m -2 with an average of 90 g C -2 where high rates are
found in the Atlantic and Coastal waters of the south western entrance area
(Wassmann et al.,, 2006). Together with the hard bottom making it the ideal
place for sessile feeders where bottom fauna is estimated to be at least twice as
rich as the surrounded gravel or soft bottoms (Jgrgensen et al., 2014; Kutti et al,,

2013; Murillo et al., 2012; Klitgaard and Tendal, 2004).

1.3 Ecosystem goods and services

It is increasingly recognized that the deep-sea (and its ecosystems) provides the
planet, and us mankind, a wealth of supporting, regulating, provisioning and
cultural goods and services (EA, 2005; Armstrong et al., 2012; Thurber et al.). At
present, sponge grounds are regarded as ecologically important benthic
ecosystems that play a variety of operational roles in the marine environment,
influence the structure of benthic communities and dominate large areas (Table
1.1) (Kutti et al., 2015; Murillo et al., 2012). They provide spawning and nursery
grounds, feeding areas and refugee from predators for a number of fish and
invertebrates species (Kenchington et al., 2013; Kutti et al., 2015; Beazley et al,,
2015). With their unique morphology and high diversity, sponge grounds



influence the occurrence and composition of the local fauna. Sponge grounds are
believed to enhance biodiversity and abundance of local epibenthic fauna
compared to non-sponge grounds. Early research has shown over 240 epifauna
and infauna species associated to the main grounds-forming sponges species of
the North Atlantic (Klitgaard and Tendal, 2004). Sponge grounds are habitat
builders that add complexity to the benthic community by supporting spatial
interactions and favouring increased abundance and diversity of other marine
organisms (Kutti et al,, 2013; Beazley et al.,, 2015). However, at what degree
deep-sea sponge grounds alter the composition of associated megafaunal

community remains unknown (Beazley et al., 2015).

Being suspensions feeders their feeding activity has been suggested to play a
significant role in the trophic link between the benthos and the water column by
influencing the deep microbial loop, impacting the benthic pelagic coupling of
carbon fluxes and influencing the availability of nutrients (Maldonado et al,,
2016; Beazley et al., 2015; Kutti et al., 2013). With the high abundance of sponge
grounds in the benthic communities they impact the availability of compounds
they take up and release, altering water properties and affecting the benthic
coupling and cycling rates of chemical elements. As sponge grounds operate in
high-density numbers they present high volumetric flow rates and high grazing
rate. Benthic grazing rates are used to understand the effect of suspension
feeders on the surrounding water as grazing rates quantify the mass being
transferred from the water column to the benthos (Kahn et al., 2015). Sponges
capability of pumping water through numerous small pores (ostia) transfers
energy from the pelagic waters to benthic ecosystems and capable of efficiently
consume both carbon and nitrogen (Kutti et al., 2013). Dissolved nutrients play a
significant role on primary production and their use of phytoplankton are
creating interconnections of ecological, environmental and biogeochemical
relevance between C, N, P and Si cycles (Maldonado et al.,, 2012). Along the
Norwegian continental shelf high biomass of sponges are distributed and
suggested to play an important ecological role as links between the pelagic and
benthic food webs (Kutti et al., 2013). Sponges capacity to exploit carbon from

different sources has been suggested to explain their capacity of forming high



biomass communities in the marine environment (Kutti et al.,, 2013). Kahn et al,,
(2015) a study carried out in the Strait of Georgia, British Colombia, identified
sponge reefs as the highest benthic-grazing rate of any suspension feeding
community ever measured. Here, sponge reefs extracted seven times more
carbon than vertical flux of total carbon alone and to obtain such high grazing
rate, productive waters and steady currents were needed, supporting the
assumption that sponge ground distribution depends on specific oceanographic
conditions (Klitgaard and Tendal, 2004; Beazley et al., 2015; Knudby et al., 2013;
Degen et al, 2016). At what level sponge grounds affect the availability and
cycling of chemical elements remains unknown and it is urgent to provide

further understanding of sponges as a source, sink and cycler of nutrients.

Sponges also represent a remarkable potential for blue biotechnological
innovations, namely in the fields of drug discovery and, more recently, in areas
such as tissue engineering. As sessile organisms, and with a long evolutionary
history, sponges developed range of chemical defence strategies against
predators, spatial competitors, or as antifouling. These often imply the
production of secondary metabolites that varies both temporally and spatially
(Thoms and Schupp, 2008). These secondary metabolites with antimicrobial,
analgesic, antiviral, and anticancer activities have placed sponges among the
most prolific producers of pharmaceutically-interesting compounds (Munro et
al, 1994). In fact, approximately 50% of all new marine natural products
discovered between 1990-2009 in invertebrates had sponges as source
organism. An average of 250 new sponge-derived natural products per year,

totalling 4700+, were discovered in this period (Leal et al,, 2012).
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Table 1.1: Synthetic table of the ecosystems goods and services provided by sponge grounds,
according to the classification set out by the Millenium Ecosystem Assessement.

Service

Example and/or
evidence

Reference

Supporting

Habitat and refugia

Association of several
demersal fish taxa with
sponge grounds in the
Flemish Cap and Grand
Banks (NWA) or on the
Norwegian continental
shelf and the
Tromsgflaket area

Kenchington et al. 2013,
Kutti et al., 2015,
Jgrgensen et al.,, 2015

Nursery function

Association of red
rockfish (Sebastes spp.)
juveniles with sponge
grounds in the Gulf of
Alaska and British
Columbia

Freese & Wing 2003,
Marliave etal., 2009

Nutrient cycling

Conversion of DOM into
POC making energy
available to higher
trophic levels

De Goeij etal., 2013

Regulating

Carbon sequestration

200 mg C m-2 day -1 of
carbon consumed by
Geodia barretti in the
Traenadypet MPA in
Norway

Sponge reefs extracted
seven times more carbon
than vertical flux of total
carbon in British
Colombia

Kutti et al., 2013
Kahn etal., 2015

Water filtration

20001 m-2 day-1 of water
filtered by Geodia barretti

Kutti et al., 2013

in the Traenadypet MPA
in Norway
Provisioning
Nearly 5.000 new marine
Pharmaceuticals natural products isolated | Leal etal.,, 2012

from sponges since 1990
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1.4 Vulnerability and threats

Sponges are sessile and long lived in their adult life and short lived in their larval
stage and therefore assumed to exhibit low dispersal capabilities that limit their
distribution range and connectivity levels (Klitgaard, 1995; Klitgaard and Tendal,
2004). In addition, on account of their expected slow growth and long recovery
time deep-sea sponge aggregations are considered very sensitive to human
impacts (Table 1.2). For these reasons they are classified as vulnerable marine
ecosystems (VMEs) of utmost conservation priority and have been listed under
the OSPAR convention list of threatened and/ or declining species and habitats

(OSPAR, 2008).

At present, fishing is ranked as the highest threat towards sponge grounds as it
occurs over a wide spatial scale and at an increasing intensity. High level of
sponge by-catch has been reported for many deep-sea trawling fisheries. In fact,
the effects of trawling on complex and large habitats and associated fauna have
been compared with the effects of forest clear-cutting and significant negative
correlation of bottom biomass with trawling activity has been documented in the
Barents sea (Jgrgensen et al., 2015). In addition, continuous events of trawling
and dredging do not favour reproduction between the trawling events.
Combined effect of climate variability, trawling and dredging are believed to be
the main factors reducing benthic biomass up to 70 % in some areas in the
Barents Sea (Stiansen et al.,, 2009). Direct impacts of fishing include physical
removal, mortality and damage that leads to the destruction and fragmentation
of the habitat; whereas indirect impacts arising from increased sedimentation
(trawl plumes) may encompass physiological shut down such as pumping arrest
and decreased respiration rate (Tjensvoll et al,, 2013). Other bottom tending
gears such as gillnets or longlines have shown to also exert some pressure but to
a considerably lower extent than trawling (Pham et al, 2014; Mufioz et al,,

2011).

12



Climate change effects on marine life are usually associated with the increase in
temperature and carbon dioxide concentration (i.e. ocean acidification)
projected for the atmosphere and the oceans. The variable effects of these two
potential stressors on other deep-sea organisms such as cold water corals have
been frequently assessed in the past decade and show that individual species
exhibit different responses to such stressors (Maier et al, 2009; Hennige et al,
2014). In contrast, very few studies have been performed to date on sponges,
and none on grounds-forming species. However, studies performed in shallow
tropical reefs suggest that today’s coral-dominated communities may become
future sponge-dominated communities, as growth and distribution seems to be
stimulated by these two hypothesized stressors (Bell et al,, 2013; Fang et al,,
2013). Until further studies are performed it is unclear whether climate change

will exert a detrimental or beneficial impact over deep-sea sponge grounds.

The oil and gas industry have a direct impact over deep-sea benthic
communities, during infrastructure installation (deployment of anchors and
pipelines) or routine activities (discharge of drilling muds) but these are
typically restricted to a radius of some 100 meters and could lead to
“smothering” effects on a local scale (Stiansen et al., 2009). However, accidental
impacts as those resulting from an oil spill will have consequences not only in a
much larger spatial but also temporal scale (Cordes et al,, 2016). Other more
emerging activities such as deep-sea mining will probably have similar effects as
bottom trawling, i.e. direct removal/destruction and physiological stress, only
thought to likely occur at smaller spatial scales. Lastly, bioprospecting for
biotech enterprises (e.g. drug discovery) and/or research (e.g. fishing surveys)
may too have an impact especially if the sampling methods are in direct contact

with the seafloor such as trawling.
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Table 1.2: Overview of the main threats and impacts to deep-sea sponge grounds (Commission,
2010b)

Extent and degree of

Threats threat

Impacts or effects

Physical damage, direct
removal by gear, e.g.
‘smoothering’ effects from
disturbance (clogging of
pores)

Large scale, high to very

Fishing (trawling, longline) high

Unknown for demosponges;
Climate change Large scale, unknown probably detrimental for
calcareous sponges

Physical damage, direct
removal during installation.
‘Smothering’ during activity.
In the event of an oil spill
significant impacts can be
expected

0Oil and gas exploitation Local, variable

Physical damage by direct

Deep-sea mining Local, very high removal

Minimal impact if collection
is made with selective gear
(e.g. ROV). In fishing surveys
with trawl impact is similar
to that of fishing only less
extensive.

Bioprospection/research Local, variable

1.5. Conservation status and international action

Adopted in December 2006, the United Nations General Assembly (UNGA)
resolution 61/105 called upon states and regional fisheries management
organizations (RFMOs) to adopt and implement measures, in accordance with
the precautionary and ecosystem approach to prevent significant adverse
impacts on vulnerable marine ecosystems (VMEs). Through the publication of
the International Guidelines for the Management of Deep-sea Fisheries in the
High Seas, FAO provided practical guidance for the implementation of the

provisions contained in that resolution, listing “some types of sponge dominated
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communities” as examples of vulnerable marine ecosystems sensitive to deep-sea
fishing activities (Eayrs et al, 2009). To date such implementation has been
made via encounter protocols designed to trigger a “move-on” rule. At present,
the encounter thresholds for sponge by-catch adopted in the North Atlantic are
400 kg/tow and 300 kg/tow for NEAFC and NAFO regulatory areas, respectively.
Upon encounter with such thresholds the vessel is required to stop its fishing
operations and move >2 nautical miles from the encounter area. However, to
date there haven’t been any reports of VME encounter by fishing vessels in
neither the NEAFC or NAFO RAs which raises serious concerns as to the efficacy

of this approach (Gianni M, 2016).

In August 2016, the Deep-Sea Conservation Coalition provided a ten-year review
of the implementation of UNGA 61/105 on the management of bottom fisheries
in areas beyond national jurisdiction. In this document they report the
considerable progress and important achievements made by some RFMOs (e.g.
the closure to bottom fishing of substantial areas of the high seas, including a
number of areas where VMEs are known to occur), but also highlight persistent
gaps in the implementation of key provisions contained in this resolution (e.g.
lack of adequate impact assessments, insufficient move-on rules, unregulated
catches, etc). In this document they further provide a number of
recommendations to ensure effective management of deep-sea fisheries in the

context of the ecosystem and precautionary approach (Gianni M, 2016)..

Furthermore, the EU Integrated Maritime Policy and the Marine Strategy
Framework Directive (MSFD) aim to achieve Good Environmental Status by
2020. And the EU ‘Maritime Strategy for the Atlantic Ocean Area’ aims to
sustainable exploit the Atlantic seafloor natural resources, where sponge
grounds are the best source of marine natural products in the marine ecosystem.
Deep-sea sponge aggregations are listed under the OSPAR List of threatened
and/or declining species and habitats (OSPAR agreement 2008-6). OSPAR
Recommendation 2010/10 on the protection and restoration of deep-sea sponge
aggregation in the OSPAR Maritime Area noted that “deep-sea sponge

aggregations are very sensitive to human impacts on account of their longevity,
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unknown reproduction patterns and expected long recovery times” and that “deep-
sea sponge aggregation are very sensitive to physical damages as a result of
commercial bottom trawling and suffer significant declines as a result” (OSPAR,
2010). On May 2013 high-level representatives from the European Union, the
United States of America and Canada signed the Galway Statement on Atlantic
Ocean Cooperation to launch a Transatlantic Ocean Research Alliance. This
cooperation aims for mutual benefits resulting in better ecosystems assessments
and a better understanding of vulnerabilities and risks. Furthermore, it can help
to generate new and better management tools to conserve the biodiversity,
manage risks and determine social, environmental and economic priorities

(Galway Statement, 2013).

1.6 Status of knowledge of sponge grounds in Norwegian waters

Boreal sponge grounds along the Norwegian coast and in the cold-temperate
north Atlantic have been named as “ostur or cheese bottom” by local fishermen
and are composed of multispecific assemblages of large sized and very abundant
tetractinellid sponges of the genera Geodia, Stryphnus, Stelletta and Thenea, often
mixed with a number of other groups, e.g. axinellids (Klitgaard and Tendal, 2004;
Hogg et al, 2010). In colder (Arctic) waters or at larger depths the sponge
grounds become more dominated by hexactinellids (glass sponges). These
tetractinellid sponge grounds are found scattered along the entire Norwegian
coast from the Swedish border to the Barents Sea and Svalbard whereas grounds
of glass sponges have so far been found only along the Arctic Mid-Ocean Ridge
(Fig.1.2) (HT Rapp pers. comm.). However, less prominent aggregations of glass
sponges have been found along the continental slope off Lofoten (Buhl-
Mortensen et al, 2012b; Buhl-Mortensen et al., 2015). The boreal sponge
grounds have their main distribution from off Hordaland and further north along
the coast, with a very clear peak off Vesterdlen and at Tromsgflaket where
Geodia species can reach up to 80 cm in size and weigh more than 38 kg

(Klitgaard and Tendal, 2004; Kutti et al., 2013; Cardenas et al., 2013).
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Fig. 1.2: Left photo: Coldwater sponge grounds at the Schultz massif on the Arctic Mid-Ocean
Ridge (AMOR) dominated by the glass sponge Schaudinnia rosea. Right photo: Boreal
tetractinellid sponge grounds dominated by Geodia spp. (source: University of Bergen and
Fisheries and Oceans Canada).

Although it is known that sponge-dominated ecosystems are widespread benthic
communities in Norwegian waters, their full geographical extent and
composition remain largely understudied. However, the MAREANO mapping
program has been developed to further map benthic communities and identify
impacts from human activities (Fig. 1.3 and 1.4) from mid-Norway and
northwards (Buhl-Mortensen et al.,, 2012a; Buhl-Mortensen et al., 2015), and
more recently the establishment of the SponGES project will contribute
substantially to the knowledge about the distribution of sponge-dominated

communities in the North Atlantic, including Norway.

f
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Fig. 1.3: Maps of: identified sensitive habitats (left); and fishing (trawl) footprint (right) in the
Lofoten - Vesteralen area as a result of MAREANO’s mapping program(Buhl-Mortensen et al.,
2013).
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Further, the dense communities of sponges are identified as a “problem” for the
fishing industry as a single trawl is capable of being completely filled up with
sponges (Fgyn et al.,, 2002). Consequently, the fisheries acknowledge that they
preferred already “cleaned up areas”, free of sponges so they can enhance their
trawling activity, thus fishing fleets are avoiding known sponge communities, or
using already trawled areas (Fgyn et al., 2002; von Quillfeldt, 2010; Jgrgensen et
al,, 2015). Lack of knowledge makes it difficult to evaluate the total impact from
the fishing activity in valuable and vulnerable areas, such as Tromsgflaket and

Eggakanten (Gullstad, 2004; von Quillfeldt, 2010).

Fig. 1.4: Video analyses from the MAREANO program identifying trawling marks in the dense
communities of Geodia spp in Tromsgflaket. Geodia sp. and Steletta sp. that are often
concentrated in trawl paths in either long rows or in masses (Buhl-Mortensen et al., 2013).

Notably, none of the grounds-forming sponge species is included in the 2015
Norwegian Red List, which at present includes 29 other sponges classified under

the “Data Deficient” category.

1.7 Sponge grounds in the Western Barents Sea - a case study

The Barents Sea is a continental shelf area located north of Norway, covering
roughly 1.6 million km? of seafloor with an average depth of 230m (Jgrgensen et
al., 2014). Boreal “ostur” in the western Barents Sea are located on the slope of
the Tromsgflaket bank and dominated by tetractinellid sponges such as Geodia
barretti and G. macandrewii growing on sandy-silty bottom covered by sponge
spicules (spicule mats) at depths between 150 and 350m (Klitgaard and Tendal,
2004; Knudby et al., 2013; Maldonado et al.,, 2016). The studies of sponge by-
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catch made by Jgrgensen et al. (2014 and 2015) form a good basis for further

studies on sponge ground distribution and diversity in the Barents Sea.

Fig. 1.5: Sponge by-catch from the Barents Sea Ecosystem Survey trawl in the Barents Sea at the
Tromsgflaket bank with dominated Geodia species (Source: University of Bergen).

In collaboration with the Institute of Marine Research (IMR)! I have received by-
catch data of sponges (Fig. 1.5) from the Barents Sea Ecosystem Survey (BESS),
collected in August - September in the years 2010, 2011, 2012, 2013 and 2015,
and enabled me to look closer into sponge abundance and biomass, as well as
species composition on a spatial scale. Sponge material from the surveys was
retrieved from demersal bottom trawl hauls in the Barents Sea (including

Tromsgflaket) (Michalsen et al., 2013) (Fig. 1.6).

1 The aim of IMR research and management advice is to ensure that Norway's marine resources
(e.g. fish stocks) are harvested in a sustainable matter, and have in the later years analysed
benthic fauna and sponges from the Barents Sea ecosystem survey (Jgrgensen et al,, 2015).
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Fig. 1.6: Stations sampled during the BEES survey completed each year in August -September in
the Barents Sea. In total, 4 vessels are used to cover the entire area with more than 400 stations
located in the area. The square illustrates the area covered in this case study (Modified from
Jorgensen et al., 2014).

1.7.1 Sponge distribution in the Western Barents Sea, Tromsgflaket

Based on analyses of the by-catch data it is clear that the catch and biomass vary
from year to year, where 2012, 2013 and 2014 show highest catch of sponges
(Fig. 1.7). The high catch rates of sponges from the 2012 survey was further
analysed in detail to look at species distribution and total biomass of dominating
species (Table 1.4). The total catch from 2012 was 10928 kg from a total of 340
conducted trawls. In comparison, in 2011 less than half of the trawls (141) were
completed and only a total of 512 kg sponges were collected (Fig. 1.7 and Table
1.3). Species identification differed amongst the years and a percentage of
specimens that have not been identified down to species level are shown. With a

low catch rate, higher percentages of species are identified. However, in year
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2015 with a total of 1462 specimens, roughly three times higher than year 2010
and about 500 specimens less than year 2013, only 3% were not identified down
to species level. Whereas in year 2010 and 2013 a much higher percentage were
not identified, 18 and 20 percent, respectively. Both 2011 and 2012 stands out
with 80 and 70% of total catch not identified down to species level (Table 1.3).

Table 1. 3: Sponges identified during the BEES surveys where each station was trawled between
1 - 16 times. The 2012 survey, which has been analysed in greater detail, is shown in blue.

2010 17 18 451/21 117 40
2011 12 80 4653/512 141 50
2012 22 70 42569/10928 340 70
2013 21 20 2131/2951 217 59
2015 14 3 146/1381 135 34
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Fig. 1.7: Total sponge by-catch from BEES research trawls: (a) in 2010, 2011, 2012, 2013 and
2015; and (b) across all years. Catch per unit effort (CPUE) indicates total wet weight biomass,
converted into kg/hour.
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Table 1.4: Taxonomic composition of the sponge by-catch from the 2012 BEES survey. Total catch of species (biomass) are given in percentage. Depths are
presented for each species, and when large variation occurs the average depth is shown in brackets. Numbers in bold highlight the most abundant species in

biomass and/or number of specimens. In addition, the Tetractinellida are the most dominant group and also highlighted in bold.
Wet biomass Total number of
Class Order Species Depth (m) (% of total Number of specimens | trawls (15
catch) min/trawl)

Demospongiae | Poecilosclerida Antho dichotoma 216 <0,01 4 1
Demospongiae | Dictyoceratida Aplysilla sp 206 - 385 <0,01 13 5
Demospongiae | Halichondrida Axinella sp 236-490 <0,01 31 2
Demospongiae | Tetractinellida | Geodia barretti 159 -471 22 395 15
Demospongiae | Tetractinellida | G. macandrewii 206 - 471 64 231 14
Demospongiae | Tetractinellida | Geodia sp 236-472 0,3 271 3
Demospongiae | Halichondrida Halichondria sp 446 <0,01 52 1
Demospongiae | Haplosclerida Haliclona sp 447 <0,01 1 1
Demospongiae | Poecilosclerida Hymedesmia sp 236 <0,01 NA 1
Demospongiae | Poecilosclerida Mycale sp 216 - 422 0,01 49 8
Demospongiae | Poecilosclerida Myxilla sp 264 - 558 0,02 398 11
Demospongiae | Halichondrida Phakellia sp 162 - 454 0,03 133 18
Demospongiae | Hadromerida Polymastia sp 162 - 558 0,01 28 13

NA NA Porifera 58-558(321) 2,4 29752 66
Demospongiae | Hadromerida Radiella grimaldi 242 - 472 0,07 362 28
Demospongiae | Hadromerida R. hemisphaericum 61-471 (334) 0,03 766 18
Demospongiae | Tetractinellida | Stelletta sp 206 - 490 9,6 884 8
Demospongiae | Suberitida Stylocordyla borealis 257 - 325 <0,01 26 4
Demospongiae | Hadromerida Suberites sp 216 - 473 <0,01 37 8

Calcaera Leucosolenida Sycon sp 257 <0,01 19 1
Demospongiae | Poecilosclerida Tedania suctoria 216 - 446 <0,01 71 10
Demospongiae | Hadromerida Tentorium semisuberites | 216 - 473 <0,01 42 6
Demospongiae | Hadromerida Tethya sp 61-524 (338) 0,03 684 25
Demospongiae | Tetractinellida | Tetilla sp 162 - 472 0,09 1249 35
Demospongiae | Tetractinellida | Thenea muricata 61-473 (329) 1,1 7073 38
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Table 1.5: Additional sponge species identified in 2010/11/13/15 that were not identified in the
2012 survey. Total catch of individual species is given in percentages with given depths.
Numbers in bold are highlighted to illustrate the most abundant species in both biomass and
numbers.

Total Total
. Percentage
Taxonomic . . number of number of
Species Depths (m) of species . Year(s)

group catch specimens trawls (15

per year min/trawl)
Demospongiae - - Asbestopluma 331- 660 <0,01 11/NA 4/3 2013/15
Poecilosclerida pennatula
Dempspongl.ae - Chondrocladla 334 - 342 <0,01 4 2 2013
Poecilosclerida gigantea
Demospongiae - oo qormellasp. 212 - 463 <0,01 85 12 2013
Poecilosclerida
Demospongiae -  Stryphnus i
Tetractinellida ponderosus 176 - 437 21,6/0,1 316/16 10/5 2013/15
Demospongiae - i
Hadromerida Sphaerotylus sp. 254 - 275 0,01 1/4 1/2 2010/11

In addition to large wet weight biomass of Geodia species, high numbers of other
dominating species, mostly from the Tetractinellida group, were collected in
lower biomass weight (Tables 1.4 and 1.5). In wet biomass, the Tetractinellida
group dominates (depths of 159 - 490m), but Hadromerida (depths of 216 -
558m) are also documented in high numbers. The three species, Tethya sp. (684
specimens), Radiella grimaldi (362 specimens) and Radiella hemisphaericum
(766 specimens), all Hadromerida, are low in total wet biomass but high in
numbers of specimens found, even higher than the dominant Geodia species
(Table 1.4). Tetilla sp. is documented with 1249 specimens and is the highest
abundance identified in the 2012 survey. Most species are found between 150 -
680 m depth, whereas Thenea muricata, Tethya sp., and Radiella grimaldi are
also found at shallower depths (down to 61 m). The vast majority of the
specimens collected in 2012 (29752 specimens) was not identified down to

species and only identified as Porifera, accounting for 2,4 % of total wet biomass.
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1.7.2 Dominant species

Geodia barretti and G. macandrewii are clearly the most dominant species in
Tromsgflaket, e.g. in the 2012 survey a total of 86 % coverage of Geodia species
were documented. Overall, Geodia macandrewii are distributed in highest
biomass as every year, except 2010, shows a much higher percentage cover than

Geodia barretti (Fig. 1.8).

100 % -
90 % -
80 % 1 71%

70 % - 64%

60 % -
50% - . 43 % B Geodia macandrewii
% - 39 % .
40 % 30% 3% @ Geodia barretti
30 % T 2%
20% -
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0, .
10 % 0 % 00 %
0 % T T T

2010 2011 2012 2013 2015

Fig. 1.8: Total wet biomass of total CPUE per year of dominant Geodia spp., Geodia macandrewii
and Geodia barretti. Geodia species only identified as genus are not included as they occurred in
very low numbers.

The large-bodied Geodia barretti and G. macandrewii are distributed in the same
area as Stelletta sp., Thenea muricata and Stryphnus ponderosus. Slightly towards
the east we see a more mixed distribution of species (Radiella sp., Tethya sp.,
Stelletta sp., Thenea muricata and the Geodia spp.). Further east a more
dominating area of Tetilla sp., Myxilla sp., Thenea muricata and Radiella grimaldi
are shown. Stryphnus ponderosus are shown in dense communities near the
continental shelf and Radiella grimaldi and Radiella hemisphaericum are more
scattered throughout the Tromsgflaket area (Fig. 1.9). In the Geodia-dominated
communities we also see a high biomass of Stelletta sp., 9,6 % of the 2012 total
catch, Thenea muricata and an even higher biomass of Stryphnus ponderosus,

21,6 % of the 2013 total catch (Tables 1.4 and 1.5).
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RadieNa grimaldi

Fig. 1.9: Distribution and biomass (wet weight kg/hour) of the most dominant identified sponge
species collected as by-catch in the Barents Sea during the BEES surveys in the period 2010-
2013, 2015: (a) Tethya sp., (b) Radiella grimaldi, (c) Radiella hemisphaericum, (d) Thenea
muricata, (e) Tetilla sp., (f) Stelletta sp., (g) G. macandrewii, (h) Geodia barretti, (i) Geodia sp., (j)
Porifera, (k) Stryphnus ponderosus and (1) Myxilla sp.
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1.7.3 Concluding remarks

As identified through this work and in correlation with already existing studies
in the Barents Sea, large and dense communities of large-bodied tetractinellid
sponges are dominating the Tromsgflaket area (Klitgaard and Tendal, 2004;
Kutti et al,, 2013; Cardenas et al,, 2013; Jgrgensen et al., 2014; Jgrgensen et al,,
2015; Johannesen et al., 2016). The most abundant species found in the 2012
trawl survey were Geodia barretti representing 22 % and G. macandrewii
representing 64 % of total wet biomass, mostly located at the Tromsgflaket bank
and clearly dominating the area. Jgrgensen et al (2015) identified specimens of
Geodia barretti and G. macandrewii that were accounting total trawl haul of 4
tonnes, up to 15 kg per individual, and with a diameter of 40 cm. Through large-
scale studies, temperature and depth were found to be the most significant factor
structuring benthic communities (Jgrgensen et al., 2014 and 2015; Johannesen et
al,, 2016) and as suggested from Jgrgensen et al. (2014), the inflow of productive
Atlantic and Coastal waters explains the dominant occurrence and high biomass
of Geodia spp. that contributed almost 90 % of total faunal biomass in the
Tromsgflaket area. Further south, in the Traenadypet coral MPA (Marine
Protected Area), Kutti et al. (2013) documented dominated communities of
Geodia species, forming an almost continuous belt. Here, G. barretti compose
40% of total sponge biomass, and suggested to be capable of filtering
approximately 250 million3 of water and consume 60t of carbon daily, and
clearly influencing the carbon and nutrient cycling in the benthic boundary layer.
G. barretti were seen in diameter of 6 and 106cm, with an average diameter of 35
cm and G. macandrewii average diameter was estimated to 35 cm with a range of
sizes between 12 and 99 cm. G. atlantica was also identified in the dominating
area and ranged in diameter between 12 and 128 cm, with an average width of

51 cm (Kutti et al., 2013).

Further, and as already identified in previous literature (Maldonado et al., 2016)
Thenea grounds occurs along the Norwegian continental shelf as well as on
seamounts in the northeast Atlantic and in the deeper Arctic at depths of 100-
900m, forming spicules mat-like structures on muddy bottom. Thenea muricata

is the most common species, also the only Thenea species identified in the BEES
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surveys, and documented in body size of 50 cm in diameter (Maldonado et al,,
2016). Most commonly found at depths below 200m and as documented from
the BEES survey registered at depths down to 473m. Further, fauna of the
western and northern coast of Svalbard are dominated by Geodia sp., Phakellia
sp., and Haliclona sp., that are covering more than 60 % of total biomass in the
area (Jgrgensen et al, 2014; Klitgaard and Tendal, 2004). Phakellia sp. and
Haliclona sp. are shown in high density numbers in the Barents Sea, however,
due to fragmentation and difficult species identification, mostly identified as
Porifera in the BEES (Jgrgensen et al., 2015). Geodia species have also been
documented as occurring in high biomass eastward to the northern Kara Sea,

and along the shelf facing the Arctic Ocean (Jgrgensen et al., 2015).

In conclusion, Tetractinellida species dominate the Tromsgflaket area and the
westernmost Barents Sea, with Geodia barretti, G. macandrewii, Stelletta sp., and
Stryphnus ponderosus, while species more adapted to soft sediments, such as
Radiella grimaldi, Thenea muricata and Myxilla sp., are more dominant in the

eastern Barents Sea.
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2 Ecosystem-based management

“Over the past 50 years, humans have changed ecosystems more rapidly and
extensively than in any comparable period of time in human history. This has
resulted in a substantial and largely irreversible loss in the diversity of life on
Earth”.

Millennium Ecosystem Assessment Report (2005)

2.1 History and concept

Multiple pressures and impacts are threatening the marine environment, by
driving entire ecosystems to altered states. Yet, there is still poor knowledge on
the cumulative effects that human activities have on such ecosystems (EEA,
2015; Knol, 2013). In the past, policies have targeted single endangered or
vulnerable species and habitats often in relation to one or few stressors.
However, such approaches have proven to be largely inefficient and unable to
reverse negative impacts affecting such species or habitats. The goal of an
ecosystem approach (EA) is intended to provide a holistic approach to
management, also called ecosystem-based management (EBM), by monitoring
the state of ecosystems precautionary and manage them as a whole, including
human activities (EEA, 2015; Knol, 2010). EBM seeks to depart from the
traditional management approaches for a full understanding of the ecosystem
and the complex relationships within (ICES, 2016; McBride et al., 2016; Ottersen
et al, 2011; OSPAR, 2010; EA, 2005) (Table 2.1). Scientist and managers have
recognised the need for an ecosystem approach for a long time but the fully
awareness of the approach has only been developed into international
agreements during the past 10-15 years (Misund and Skjoldal, 2005), where the
“Malawi principles”? (Table 2.4) has served has a framework for the approach

(Ottersen etal., 2011)

2 Malawi principles are an international formalised description of the ecosystem approach to
management.
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Table 2.1: [llustrating a paradigm shift in marine management (modified from Lubchenco, 1994)

FROM TO

Individual species Ecosystems

Small spatial scale Multiple scales

Short-term perspective Long-term perspective

Humans: independent of ecosystems Humans: integral part of ecosystems

Management divorced from research Adaptive management

Managing commodities Sustaining production potential for
goods and services

The present ecosystem approach has emerged from international environmental
agreements within the frame of the United Nations (UN) and the first description
of the EA was already illustrated in the Stockholm Declaration in 1972 (Misund
and Skjoldal, 2005). In 1992 the Convention on Biological Diversity (CBD) calls
for an ecosystem approach in marine management and was later followed by
several associations such as the Conference on Sustainable Fisheries in the
Marine Ecosystems (Reykjavik, 2001), the Johannesburg Declaration of the
World Summit on Sustainable Development (UN, 2002) and Code of Conduct for
Responsible Fisheries with an ecosystem approach to fisheries (FAO, 2003).
Further, the EA was central for the development of the strategic plan of the
International Council for the Exploration of the Sea (ICES, 2002). In addition, the
Large Marine Ecosystem (LME)3 concept has been the basis for practical
development of ecosystem approach to the management of marine resources

and environment (Misund, 2006).

Over the years several definitions of EA and EBM have been put forward.
However, they share several common principles. EA/EBM are an adaptive and
long-term approach, aimed at preserving the potential and capacity of
ecosystems to continue to deliver the services and goods of which human
societies depend, and created to maximize benefits for human’s well-being with
a sustainable and ecological approach (ICES, 2016; OSPAR, 2010; FAO, 2005)
(Table 2.2).

3 Large Marine Ecosystems (LMEs) are relatively large geographical areas and defined on the
basis of ecological criteria where most LMEs are located on the continental shelves, such as the
Barents Sea, the Norwegian Sea and the North Sea (Sherman and Hempel, 2008)
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Table 2.2. Definitions of EA and EBM in several international agreements. Highlighted in bold
are common (or related) terms used in the definition.

I

The Convention on Biological Diversity (CBD) defines (EA) as “..a strategy for the
integrated management of land, water and living resources that promotes conservation
and sustainable use in an equitable way. Application of the ecosystem approach will help
to reach a balance of the three objectives of the Convention. It is based on the application
of appropriate scientific methodologies focused on levels of biological organization which
encompass the essential processes, functions and interactions among organisms and
their environment. It recognizes that humans, with their cultural diversity, are an integral
component of ecosystems.” (see: www.cbd/int/ecosystem)

The Marine Strategy Framework Directive clearly states that “Marine strategies shall
apply an ecosystem-based approach to the management of human activities, ensuring
that the collective pressure of such activities is kept within levels compatible with the
achievement of good environmental status and that the capacity of marine ecosystems
to respond to human-induced changes is not compromised, while enabling the sustainable
use of marine goods and services by present and future generations.”

The OSPAR Convention defines EA as “the comprehensive integrated management of
human activities based on the best available scientific knowledge about the ecosystem
and its dynamics, in order to identify and take action on influences which are critical to
the health of marine ecosystems, thereby achieving sustainable use of ecosystem goods
and services and maintenance of ecosystem integrity”

The Food and Agriculture Organization (FAO) of the United Nations mostly applies it to
the fisheries sector as an approach that “strives to balance diverse societal objectives, by
taking into account the knowledge and uncertainties about biotic, abiotic and human
components of ecosystems and their interactions and applying an integrated approach
to fisheries within ecologically meaningful boundaries”.
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2.2 Making the EBM approach operational

The ecosystem approach (EA) or ecosystem-based management (EBM) is not a
new concept, however, it is the implementation that seems to be of continuous
struggle. We are not only moving from a single species approach but also from a
sector-by-sector approach and towards an integrated and cross-sectoral
management governance (Olsen et al, 2007; Ottersen et al, 2011). The
cooperation between regions and the different industries are highly important
and finding a sustainable balance between exploitation and protection are of
major challenge (Ottersen et al.,, 2011). A multi-sectoral approach is needed and
the integrated approach is bringing science, politics and nature together in a
context of marine governance (Knol, 2013). The interaction between human
activities and ecosystems are complex with uncertainties and risks, however,
adaptive management with a long-term perspective engaging stakeholders at all
levels makes it possible to overcome the challenge (Ehler and Douvere, 2010
2010). Managers must understand the science, and the knowledge must come

across and be translated into high-level international goals.

Further, EU believe that through long-term and integrated management regime,
marine ecosystems can be economical, social and ecological beneficial for human
well-being (Fig. 2.1). EU integrated maritime policy will strengthen ecosystem-
based management of our seas, and corporations across nations will strengthen
our understanding of complex ecosystem relationships. Potential of adaptive
management open for adjustments according to needs of the respective
ecosystem, and improved understanding of human and external impacts (e.g.
pollution, physical and biological disturbance, energy and climate change)
affecting the marine ecosystem, together with increased knowledge base of
ecosystem goods and services, sustainable exploiting of marine ecosystems is

highly possible (EEA, 2015).
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Fig. 2.1: Displaying EU’s marine environment in a EU policy context - towards ecosystem-based
management (EEA, 2015).

To further discuss the implementation of EBM successfully in Europe the
workshop “Making the ecosystem approach operational”# was created and took
place in Copenhagen, 20-22 January 2016. All presentations can be found at:

http://www.ices.dk/explore-us/pro-jects/Pages/Making-the-ecosystem

approach-operational.aspx ICES (2016). As already mentioned, ecosystem-based

management is not unknown but rather difficult to implement into practice and
management. This workshop was held to scope priorities and strategies of policy

developers and stakeholders with the ecosystem approach. Overall, there is a

4 The international workshop was held by the Atlantic Ocean Research Alliance Coordination and
Support Action (AORAC-SA), which are designed to support the Galway statement
implementation process and science for blue growth, and the Food and Agriculture Organization
of the United Nations (FAO). Held at the Headquarters at the European Environment Agency,
Copenhagen, Denmark. Additional supportive partners: Fisheries and Ocean Canada (DFO)
European Union (EU), International Council for the Exploration of the Sea, European
Environment Agency and National Oceanic and Atmospheric Administration (NOAA).
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broad agreement of the concepts of EBM and best practices for making it
operational (ICES, 2016). Ecosystem-based management is about balancing
available marine resources and cooperation between sectors by looking at the
ecosystem as a whole. It is not a “we” against “them” process and only through
cooperation and including humans as part of the ecosystem we can achieve
successful implementation of EBM (Fig. 2.2). However, many challenges were
identified with regards to its full operationalization and implementation (Table
2.3). What seem to be the greatest weaknesses of the approach is the lack of
participation from stakeholders and the synthesising of knowledge that is
directly useful when evaluating trade-offs or spatial management (ICES, 2016).
And as discussed during the workshop, the communication of science to
policymakers is a key factor, and if not improved, important ecosystem will be

lost for future generation (ICES, 2016).

" YA

Fig. 2.2: [llustration of EBM in a balanced multiple use context, created during the workshop:

“Making the ecosystem approach operational” (ICES, 2016)
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Table 2.3: Challenges identified as hampering the implementation of the EBM

Science must be translated into policy and then to management plans across
stakeholders, policy advisors and managers resulting into actions addressing the
respective issue and ecosystem

Measuring of cumulative impacts have been proven to be challenging (assessing of
external and internal factors)

Economic, ecological and social well-being but also agreeing on the different objectives
and priorities

A strong weakness of the EA is the lack of participation from stakeholders and
synthesising of knowledge that is directly useful when evaluating trade-offs or spatial
management. Open access of science to create a connection to media and the public -
believed to increase engagement of the public and stakeholders. The ecological,
economic and social values that could be beneficial from the system must be addressed,
identified and made obvious.

Need to speak the same language and policymakers need clear goals written in a short
and clear context making it understandable for all, regardless of your field of expertise.
Focus on evaluating and clearly communicating the ecological, societal and economical
trade-offs of possible future outcomes.

Lack of stepwise framework to guide such a public examination and decision-making is
a proven challenge. The definitions of EBM goals are unclear and an open cross-sectoral
discussion to develop transparent action plan agreed upon by the different sectors are
necessary. EBM is a costly and long-term process and even when simplified for public
and policies it can be seen as a too complex process that lacks clarity and ambition

The knowledge base of EBM seems to be satisfying but the social science knowledge is
lacking and we are clearly failing when it comes to performing upon our knowledge base
and in risk of creating dominance of only natural sciences, and failing in cooperation
across the different sectors.
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At a more national level, the Fifth International Conference on the Protection of
the North Sea in Bergen towards an ecosystem approach (NSC, 2002) strongly
influenced the first report on marine policy in Norway aiming for an EA to
marine management (Riches of the Seas, 2001-2002)>. The report emphasised
the integration of already existing legislations with the aim of achieving
improved overview and monitoring of the ecosystem and was described as
“integrated management of human activities based on ecosystem dynamics. The
goal is to achieve sustainable use of resources and goods derived from ecosystems
and to maintain their structure, functioning and productivity” (Ministry of the
Environment, 2002). Consequently, the ecosystem approach was integrated in
Norwegian management plans and already in 2006 ecosystem-based
management was implemented in the first management plan, covering the

Barents Sea and Lofoten areas (Ministry of the Environment, 2006).

In Norway, the Ministry of Climate and Environment has made the Norwegian
Environment Agency responsible for putting EA into practice and further
developing an integrated ecosystem-based management regime. The different
sectors such as fisheries, maritime transport, oil and gas are still responsible for
ecosystem-based management within their own field of responsibility and
activities, while the environmental authorities have the overall responsibility for
coordination so that the cumulative environmental effects from all sectors are

taken into account with an ecosystem approach (Monitoring Group, 2014).

5 The white paper “Riches of the Seas, 2001-2002” was the first report that emphasised the need
of EA to marine management in Norway. Subsequently, three independent Norwegian integrated
management plans with an EA was developed, covering the Barents Sea and Lofoten area (2006),
the Norwegian Sea (2009) and the North Sea (2013).
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Table 2.4: The Norwegian Environment Agency framework for putting EBM into practice where
the below 8 points are developed from the Malawi principles (12 principles in total) for the
ecosystem approach in Norway (Source: Norwegian Environment Agency)

Ecosystem-based management framework in Norway based on the Malawi
principles

1. Management must be based on a shared vision, and must involve all relevant
stakeholders.

2. Planning and management must be based on an integrated approach with clear
goals, but must also be flexible enough to allow changes to be made in the light
of new knowledge.

3. The management regime for an area or ecosystem must take into consideration
any impacts it might have on neighbouring areas or ecosystems.

4. One of the main goals of management is to conserve ecosystem structure and
functioning. The management of different species and habitats must therefore
be coordinated.

5. Management goals must ensure sustainable use and development and must
reflect societal choices.

6. Decisions must be made about society’s aims for ecological status expressed in
terms of ecosystem structure and functioning.

7. Management must be based on the precautionary principle, the user-pays
principle and the principle of preventive action. The best available techniques
(Munro et al.) and best environmental practices (BEP) should also be applied.

8. Coordinated monitoring and assessment programmes and implementation and
control and enforcement systems must be developed.

The framework for an ecosystem approach to marine management, as derived
from the Bergen Declaration, consists of 5 major elements (Fig. 2.3) or modules
in a management cycle: 1) Objectives should relate to the state of the ecosystem;
2) monitoring and research should be performed to updated information about
status and trends and insight into mechanisms and relationships; 3) assessments
should use the information gained from monitoring and research to evaluate
whether the objectives are being met and/or progress is being made towards
meeting them; 4) scientific advice should be clearly translated and
communicated for decisions-makers; and 5) management should respond to the

advice given to meet the agreed objectives (Misund and Skjoldal, 2005).
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Fig. 2.3: Framework for ecosystem approach to ocean management with 5 main components or
modules shown in an iterative management decision cycle, where stakeholders should be
included in the process to promote openness and transparency (Misund and Skjoldal, 2005).

The approach of marine spatial planning (MSP)¢ in Norway is considered as a
practical approach when implementing ecosystem-based management in order
to sustainable manage the marine environment. Such approach requires the
involvement of various actors and stakeholders at different governmental and
societal levels and it is a complex process between science, management and
policies. Ecosystem-based management and marine spatial planning are both
versatile management approaches by merging the management of multiple
sectors and goals under the same umbrella (Olsen et al.,, 2011b). Placed-based
management increases in complexity along with a larger spatial scale. Thus,
increase of uncertainties follows and decisions are made upon limited
knowledge and the precautionary approach is normally taken into consideration.

Additionally, agreeing on what is precautionary and what is sufficient knowledge

6 “Ecosystems are places and maritime spatial planning (MSP) is the process by which ecosystem-based
management is organized to produce desired outcomes in marine environments”. Further, “ecosystem-based
management, in turn, is an approach to analysis, planning and decision making that considers entire
ecosystems, including humans, and evaluates the cumulative impacts in human activities (Olsen et al., 2011b).
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in a multi-sectoral setting is difficult when integrating ecosystem approach to
management (Olsen et al., 2011a). The integrated management plans emphasises
that special precautions are needed to protect areas where marine resources are
considered to be particularly valuable and vulnerable based on scientific
assessments and acknowledged for their significance for the biodiversity and

biological production (McBride et al., 2016).
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3 Marine management in Norway

3.1 Overview

Norway is rich in natural resources, fish, oil and gas, and the exploitation of these
has been instrumental for economic growth and welfare in Norway (Ministry of
the Environment, 2006; Olsen et al., 2015). Continuous economic growth has led
to continuous and increased pressure on the marine environment and for the
last 50 years, technological development e.g. within the fisheries, made it
possible to over harvest (Gullestad et al., 2014). The technological development
played a major role and is believed to be one important factor for the herring
stock collapse in the 1960s (Lorentzen and Hannesson, 2004; Gullestad et al.,
2014). Moreover, parallel to the challenges caused by increased fishing effort
and over harvest, problems connected to physical damage caused by bottom
trawling became apparent, and hence became the most significant impact and
threat to sponge grounds and the deep-sea (OSPAR, 2010; Buhl-Mortensen et al.,
2016; Jgrgensen et al., 2015; Clark et al, 2016). Reduced fish stocks led to
socioeconomic challenges and were an important drive for the gradual
development of marine policies to prevent overfishing, and by the late 1980s
Norwegian fisheries were regulated to develop towards long-term sustainability
of fish stocks (Gullestad et al., 2014; Johnsen and Eliasen, 2011; Michalsen et al.,
2013). However, the management was very focused on stock and species control
and bottom trawling continued as before, with protection of bottom
communities being included in the fishery management as late as 1999 (Rice et
al,, 2012), i.e. a century after the establishment of the Fishery Directorate and the

Institute of Marine Research in Norway (Table 3.1).

Fisheries was the main threat to the marine environment for decades but, from
the 1970s the petroleum industry (Knol, 2010) added to the already existing
environmental pressure. New areas for oil exploitation were continuously
opened and expanded first northwards to the Norwegian Sea and later to the
Barents Sea and have, interestingly, been a major drive for the development of

current management plans (Olsen et al., 2015; Knol, 2010). Thus, combined with
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more knowledge, a growing awareness that management must be holistic and a
still increasing pressure on the marine environment (shipping, petroleum,
coastal construction, fishing, aquaculture etc.) a new era of marine management
emerged. For Norway it began with Norway’s ocean policy, report No. 12 (2001 -
2002) Protecting the Riches of the Seas aimed at establishing a framework
capable of balancing commercial interests while sustaining the marine
environment (Environment, 2002). Some years later the management plans for
the Barents Sea (2006), the Norwegian Sea (2009) and the North Sea and
Skagerrak (2013) developed.

Table 3.1: Timeline of major events and management actions in Norway. Highlighted in bold are
events more relevant for the management of sponge grounds. Years shown in red are

management plans/policy report established.

1900 Directorate of fisheries and Institute of Marine Research established
1946 Ministry of fisheries (first in the world)

1960s North Sea herring stock depleted

1970s Oil and gas industry and aquaculture expansion

1972 Fishing Act 1972

1976 Zone act - 200 nm EEZ

1977 Fishery protection zone around Svalbard

1978 The Grey zone agreement between Norway and Russia
1980 Fishery zone around Jan Mayen

1996 Petroleum Act 1996

1999 First MPA of cold water coral reefs

2002 Riches of the seas (first national marine policy report)
2006 Barents Sea and the Lofoten areas management plan
2005 Aquaculture Act 2005

2007 Ship Safety and Security Act 2007

2009 Marine Resources Act

2009 Norwegian Sea management plan

2009 Nature Diversity Act - serve as guideline for the authority
2010 Offshore Energy Act 2010

2010 New border with Russia in the Barents Sea

2011 Regulation protecting VMEs

2013 North Sea management plan

2016 Adjusted regulation protecting VMEs
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3.2 Management structure

Human activities are managed in relation to national political, economic and
environmental priorities under a governmental structure, and are implemented
through specific legislations (Buhl-Mortensen et al, 2012). Directorates and
departments within the ministries are responsible for ensuring that respective
industries are in harmony with the Nature Diversity Act (Fig. 3.1) and each
integrated management plan, a “Report to the Parliament” (white paper),
provides guidance on how the existing legislations and management structure
are to be achieved (Buhl-Mortensen et al, 2012). Consequently, ministries
(government) and the parliament cannot ideally make decisions against
recommendations provided in the integrated management plans. Moreover, the
different sectors operate according to sector legislations, e.g. the Directorate of
Fisheries manages the fisheries based on fishing legislations on day-to-day basis,
whereas the integrated management plans are important governing documents

necessary for policy makers.

Nature Diversity Act
Environmental principles
that serve
for the exercise of public
authority

Integrated management plans

Ministry of Fisheries Ministry of Climate and
and Coastal Affairs Environment

Fig. 3.1: Simplified illustration of management structure relating to marine resources. In green,
the three ministries that manage human activities at sea, including department/institutions that
also monitor the marine environment under each respective ministry. In red, the three integrated
management plans that each ministry and sector must follow, including own sector laws, where
the Nature Diversity act serve as a guideline for the public authorities.
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3.3 Norwegian integrated management plans

The first integrated management plan with an ecosystem approach - the Barents

Sea and Lofoten - was initiated in 2002 and implemented in 2006 and later

updated in 2011 and 2015 (Ministry of the Environment, 2011 and 2015) (Fig.

3.2). Next step covered the Norwegian Sea (implemented in 2009 and update

planned for 2017), and finally the North Sea and Skagerrak that was

implemented in 2013 (Olsen et al., 2016; Ministry of the Environment, 2013)

(Fig. 3.3). Naturally the updates (every fourth year) will follow the original order

of the plans, aiming for adaptive updates according to specific needs and

knowledge, whereas the revisions are more comprehensive, accounting for a

longer period where all objectives are revised.

Protecting the
Riches of the
Seas

Integrated
management
plans

2002

D

The Barents

Sea and the The The North
Norwegian Sea and
Lofoten Sea Sk "
areas agerra
J y J
|| 2002 - || 2008 - 2012 -
2006 2009 2013
2010 - o )
2011 anne
| Eggzgii revision in
2017 22003500_
2014 -
2015
Planned Planned
revision in | | revision in
2020 - 2025 -
2040 2040

Fig. 3.2: Illustrating the development of the integrated management plans initiated from the
Protecting the Riches of the Seas in 2002. Updates and planned revision are shown for each

individual plan.
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]

Fig. 3.3: Illustrating the three integrated management plans: the North Sea - Skagerrak; the
Norwegian Sea and the Barents Sea. Each plan covers the sea areas from 1 nautical mile beyond
the coastal baselines to the limit 200 nautical mile limit of national jurisdiction (Buhl-Mortensen
etal, 2012).

The integrated management plans share strategic objectives:

il.

iil.

iv.

Promote economic development by allowing sustainable use, and at the
same time ensure healthy ecosystems

Clarify overall framework and encourage closer coordination and
priorities

Provide direct regulations to industries utilizing area of interest

Increase predictability and facilitate coexistence between sectors and
natural resources

Simplify and improve the system for involving parties to ensure
engagement from stakeholders

(Ministry of the Environment, 2006, 2009, 2013)
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3.3.1 Implementation steps

Through this process integrated management went beyond the traditional
sectoral environmental and resource management, which allow cooperation
across sectors and government institutes, thus focus on the cumulative impact
(Olsen et al., 2007; Buhl-Mortensen et al., 2012). Each plan has been adapted for
the ecosystem in question and the planning process is centralized with low local
involvement where decisions are made by the government and approved by the
parliament (Olsen et al, 2014). Still, implementation of cross-sectoral
management plans requires supervision and control in order for all sections to
comply. Ministry of Environment was set to coordinate the implementation (and
development) of the integrated management plans and an inter-ministerial
steering group was formed (Olsen et al., 2014) (Fig. 3.4). The steering group
tasked each institutions and directorates under each ministry to contribute to
implementation (and development) (Olsen et al.,, 2015). Three advisory groups;
1) Management Forum 2) Risk Forum and 3) Monitoring Group where created to
report back to the inter-ministerial steering group. Government directorates and
research institutes constitute the Management Forum that is chaired by the
Norwegian Environment Agency, and they are responsible of background
reports for the integrated management plans. The Risk Forum is headed by the
Coastal administration and constitutes the Norwegian Petroleum Directorate.
The Risk forum is responsible for monitoring potential risks to the ecosystem and
ensure dissemination of information. The Monitoring Group is led by the Institute
of Marine research (IMR), and coordinates the monitoring and mapping
programs SEAPOP (Seabird Populations Monitoring and Mapping) and
MAREANO (Marine Areal Database for Norwegian Coasts and Sea Areas) that
was developed to increase the knowledge base in the Barents Sea (Buhl-

Mortensen et al,, 2012).
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Fig. 3.4: Illustrating the organisational and governance structure of the integrated management
plans. The Ministries leading the process (in blue) and the government forums/group following
up the process and developed programs are shown in the middle (in red), plus stakeholder
reference group (in dark green). Institute and directorates that participate in each group/forum
are shown last (in green). In addition, a stakeholder reference group where created, including
the fisheries, petroleum industries, shipping and recreational users. Supporting ministries also
contributes to the implementation: Finance, Justice, Local and regional Government, Labor and
inclusion, Foreign affairs and Defence (Modified from Olsen et al., 2015).
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Further, in the development process, both local and regional authorities have
had important roles, in addition to the petroleum industry, fishing sector and
environmental NGOs that have impacted the process both directly and indirectly

through research, mapping, inputs and lobbying (Olsen et al,, 2016) (Fig. 3.5).

WHO HOW

Central Ministerial
_—> Government / \ steering group
/ \ + Development group

Institutions and > *  Management forum

Directorates +  Monitoring group
+ Risk forum
\ ﬁ

Stakeholders, , / \ * Public meetings
NGOs, < > Hearings
Local & regional + Stakeholder forum

External

Shipping Fisheries Petroleum | i iuences

Fig. 3.5: The institutional, government and stakeholder integration in Norway. All respected
participants related to the development and implementation of the integrated management plans
are shown (Olsen etal., 2014).

All three management plans were developed in a stepwise process starting with
a scoping phase to assess the state of the ecosystem and the different activities
affecting the ecosystem (Table 3.2). In the next phase, the ecological impacts
from human activities were assessed with sectoral Environmental Impact
Assessments (EIAs), (fisheries, petroleum, maritime transport and external
pressures) (Ottersen et al.,, 2011). In the final phase EIA results were brought
together and cumulative impacts on the ecosystem were assessed and analysed
in detail. In particular the valuable and biological vulnerable areas were assessed
and gaps in knowledge and management objectives were stated (Olsen, 2008;

Von Quillfeldt et al., 2009).
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Table 3.2: Illustrating the development steps of the management plans and different phases
(Von Quillfeldt et al., 2009)

Scoping - status Environmental Impact | Assessing the EIAs
reports Assessments (EIAs) and accounting the
cumulative impacts

Development of Ecological Quality Objectives

3.3.2 The Barents Sea and the Lofoten areas management plan (BSMP)

The Barents Sea and Lofoten integrated management plan was adopted by the
parliament in 2006 and an update was published in 2015 (Fig. 3.2). A
comprehensive revision is in progress and will be completed in 2020, and stay
effective until 2040. The area of the management plan covers the Barents Sea,
until the Russian border and the Lofoten areas. Cumulative impacts (Fig. 3.7)
affecting the marine environment in the Barents Sea are evident and expected to
increase in the future (shipping, oil and gas, fisheries) and in particular, the
expected climate change that will most likely pressure ecosystems further
(Ministry of the Environment, 2006). Internationally, the Barents Sea has been
identified as a Large Marine Ecosystem (LME) and the plan encourages close
cooperation with Russia to ensure an integrated management regime for the

entire Barents Sea (Ministry of the Environment, 2006).
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Fig. 3.6: Identified vulnerable and valuable habitats in the Lofoten - Barents Sea areas (left
photo). Illustration of human activities in the Lofoten - Barents Sea areas where fishing activities
are high (in red) in the dominating sponge communities at Tromsgflaket (right photo). Modified
from Von Quellfeldt et al., (2009).

Seven particularly valuable and vulnerable areas (Fig. 3.6) were identified, in the
Lofoten - Vesterdlen coastal area, Tromsgflaket area, Eggakanten edge of the
continental shelf, (all three areas with dense sponge communities) a 50 km
coastal zone from Troms to the border with Russia, a 50 km zone around Bear
[sland, the polar front and the iced edge (Ministry of the Environment, 2006). In
the most vulnerable parts, in Lofoten - Vesterdlen and along the coast, new
petroleum activities have been banned, shipping traffic has moved offshore using
mandatory routing, and a series of MPAs along the coast were planned to protect

cold-water reefs (Ministry of the Environment, 2006; Von Quillfeldt et al., 2009).

3.3.3 The Norwegian Sea management plan

The Norwegian Sea integrated management plan was adopted by the parliament
in 2009 and an update will be ready in 2017. A comprehensive revision of the
Norwegian Sea plan is planned to be ready in 2025 and account for a 15-year
timeframe (Fig. 3.2). The area includes waters west of Spitsbergen in the north,

Jan Mayen and the 62°N latitude towards south. The jurisdiction area share
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border with Greenland, Iceland, Denmark (Faroese Islands) and Great Britain
(Ministry of the Environment, 2009). Ten ecologically valuable and vulnerable
areas were identified in the Norwegian Sea, in the Mgre bank area, Remman kelp
forest, Froan and Sula archipelago and coral reef, Halten bank, Sklinna bank,
Iverryggen coral reef, coastal zone, Eggakanten edge of the continental shelf
(sponge grounds), the Arctic front and the area around Jan Mayen (Ministry of

the Environment, 2009; Ottersen and Auran 2007) (Fig. 3.7).

Particularly valuable areas in the Norwegian Sea | S 0
0 50 100 200 300 400 500

Cod, main spawning grounds
7 VestfiordeniVes
Seabirds and marine

Fig. 3.7: Particular valuable and vulnerable areas identified in the Norwegian
management plan (Ottersen etal., 2011).

3.3.4 The North Sea and Skagerrak management plan

The North Sea and Skagerrak integrated management plan was adopted by the
parliament in 2013 (Table 3.8). A new version is planned to be ready in 2030
(Fig. 3.2). The area covers both the North Sea and the Skagerrak Sea bordering

Sweden, Denmark and Great Britain (Minsitry of the Environment, 2013). In
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comparison to the Norwegian Sea and the Barents Sea, the North Sea has been
heavily exploited and experienced major human impacts for several decades
(EEA, 2015). As a result of intense fishing effort, especially bottom trawling, the
benthic community has suffered a reduction in diversity (EEA, 2015). The North
Sea has experienced cumulative pressures longer, compared to the Barents Sea
and the Norwegian Sea and the North Sea and Skagerrak, hence requires a
different management approach in close collaboration with the EU (EEA, 2015;
Ministry of the Environment, 2013; Knol, 2013). Due to more severe impacts
from human activities the management approach must focus on mitigation,
recovery and sustainable exploitation (EEA, 2015). There have been no records
of sponge communities in the open waters of the North Sea, only located in the

coastal waters, and this plan will therefore not be further discussed in this thesis.

Fig. 3.8: Vulnerable and valuable areas in the North Sea and Skagerrak management plan,
including human activities (Minsitry of the Environment, 2013).
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3.3.5 Stakeholder conflicts
Beside cumulative impacts on the environment, conflicting interests between
stakeholders has been an important driver for the first integrated management

plan in the Barents Sea and Lofoten areas (Olsen et al.,, 2015) (Fig. 3.9).
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Fig. 3.9: lllustrating conflict at regional/industry/sector level in Norway (Olsen et al,,
2016).

Conflicts of interest can be between 1) industries, 2) between industry and
conservation, 3) between conservation and local communities (including local
governments), 4) between industry and local communities, 5) between NGOs
and industries and even 6) between NGOs and local communities. In some
controversial cases like e.g. oil exploration in the Lofoten area there will be
overlapping conflicts of interests where several stakeholders are involved (Olsen
et al, 2015). One example of cross sectoral conflict, is the conflict between
petroleum and fisheries because of seismic exploration (noise and space) and
establishing of new production sites for oil and gas in the Barents Sea (space)
(Olsen et al., 2015). Additionally, conservation may be in conflict with both
industries since the consequences of conservation may affect several natural
recourses. Regardless of several potential conflicts of interests, Norway has been
successful in improving cross-sectoral collaboration. Still, the bottom line is that

the industries will always want to increase and maximize their profit and
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disagreement on acceptable risk and definition of sustainability will also be a

source of conflicts in the future.

3.4 National steps towards increased benthic knowledge base

3.4.1 MAREANO - Norwegian database of the seabed

Due to limited benthic knowledge the MAREANO program (Marine Areal
Database for Norwegian Coasts and Sea Areas) was initiated as a part of the
implementation of the BSMP and developed in 2005 (Buhl-Mortensen et al,,
2012). The aim and mandate of the MAREANO program is to map and investigate
the seabed and increase the knowledge base of ecosystems, impacts, habitats and
biodiversity on the seafloor (Fig. 3.10). MAREANO publishes images, videos,

reports and news regularly on their website (www.mareano.no) and provides

decision makers with knowledge that can be used in the implementation of the
management plans (Buhl-Mortensen et al,, 2012). The MAREANO program has
mapped the impact from trawling in the vulnerable and valuable areas in Lofoten
and Tromsgflaket, same area where dense communities of sponge grounds are
located (Jgrgensen et al., 2014). Damage to vulnerable sponge grounds has been
documented and the limitation of further impacts will be linked to the
strengthening of mapping and dissemination of knowledge (Buhl-Mortensen et

al,, 2012a).
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Fig. 3.10: MAREANO mapping areas between 2005-2010. BSMP valuable and vulnerable areas
are shown in upper left corner (Buhl-Mortensen et al., 2012).

3.4.2 Joint Norwegian — Russian Barents Sea Ecosystem Survey (BEES)

The joint Norwegian - Russian Barents Sea Ecosystem Survey has been
conducted annually since 1954 and is a collaboration between PINRO (Knipovich
Polar Institute of Marine Fisheries and Oceanography, Russia) and IMR (Institute
of Marine Research, Norway). The ecosystem survey was developed to provide
data for annual fish stock assessments and provides long time series of status
and changes in the marine environment (Anisimova et al.,, 2010). In 2003 the
first attempts were made to investigate the entire demersal catch and a wide
range of megabenthic fauna was analysed, and in 2006 the institutes presented
the first overview of benthic fauna caught with scientific survey trawl covering

the entire Barents Sea (Rice et al.,, 2012).
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3.4.3 Other research projects

In addition to MAREANO and BEES that address benthic communities as a whole,
a number of projects addressing the distribution, biology and ecology of sponges
have been developed in recent years in Norway. Two projects on “Taxonomy and
distribution of sponges in Norwegian waters (I and II)”, coordinated by the
University of Bergen (Hans Tore Rapp) were funded by the Norwegian
Biodiversity Information Centre (Artsdatabanken). Through these, a thorough
taxonomic inventory was conducted and species descriptions and lists with
accompanying data on distributions and identification keys, were produced. It
further contributed to the development of a high standard sponge collection in
Bergen Museum with reference material of all species encountered in the

project, and training of a new generation of sponge taxonomists.

The SedExSponge on “Vulnerable habitats and species in petroleum resource
management: impact of sediment exposure on sponge grounds” funded by
Norwegian Research Council ran between 2013 and 2015. It was coordinated by
the Institute of Marine Research (Raymond Bannister) with the collaboration of
partners from other Norwegian (UiB) and international universities/institutes.
The main goal of this project was to elucidate the effects of increased sediment

exposure (due to oil drilling activities) on sponge grounds in Arctic regions.

More recently, a large international project entitled “SponGES - Deep-sea Sponge
Grounds Ecosystems of the North Atlantic: an integrated approach towards their
preservation and sustainable exploitation” was funded by the European
Commission through their Horizon 2020 Blue Growth programme
(www.deepseasponges.org). This project that is led by Norway (Hans Tore Rapp,
University of Bergen) in collaboration with Canada (Fisheries and Oceans
Canada) and USA (Florida Atlantic University), will run from March 2016 until
February 2020, and its activities will be performed by a consortium of 19
European, Canadian and American partner institutions. The overarching goals of
the project is to fill-in an enormous knowledge gap regarding the diversity,
distribution, connectivity, functioning, and biotechnological potential of these

ecosystems; and to develop tools for their improved management from regional
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to international levels across the North Atlantic. Of the seven case study areas to
be investigated in the course of the project, two (Schultz massif and Western

Barent Sea) are located in Norwegian waters.

3.5 Integration of sponge grounds in Norwegian marine management
Sponge grounds are identified as an system most likely functioning as a key
ecosystem and vulnerable to bottom trawling, but due to lack of knowledge not
monitored on a yearly basis, however, the advisory groups are suggesting
operative monitoring program to monitor effects from bottom trawling (Ministry
of the Environment, 2006; 2009; Buhl-Mortensen et al., 2012; von H. Quilfeldt,
2010; Risk Forum, 2009; Management Forum, 2005; Gullestad, 2004; Fgyn et al.,
2002). Based on knowledge from mapping of the seafloor and reports conducted
prior to the plans vulnerable areas with dense communities of sponge grounds
have been identified in the northern integrated management plans, covering the
Tromsgflaket area, the Norwegian continental shelf and the Lofoten area

(Ministry of the Environment, 2006, and 2009).

In addition, Environmental Impact Assessments (EIAs) from the fisheries and the
petroleum industry has identified sponge grounds significance for the local
fauna, however, in need of increased knowledge base of species distribution,
biomass, functioning and categorized as extremely valuable and vulnerable to
bottom trawling (Olsen, 2003). Damages to sponge grounds caused by bottom
trawling are confirmed from mapping of the ocean floor, e.g. at the Tromsgflaket
bank, and sponges are often found in trawling paths, covered in sediments (Buhl-
Mortensen et al., 2013) (Chapter 1, Fig. 1.5). Further, impacts scenarios from oil
spill scenarios towards sponges were identified as vulnerable, but to a much
lower extent (Oil and Energy, 2003). More data of damage to sponge grounds,
from e.g. MAREANO, suggests that the impact from trawling may be higher than
first suggested in 2005 (von Quillfeldt, 2010). Therefore, limitation of further
impacts will be of importance and linked to continuous mapping effort and

dissemination of acquired knowledge (Buhl-Mortensen et al., 2012a).
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BSMP (2002-2006) emphasised that within 2010:

“negative impacts on such species as a result of activities in the Barents Sea-
Lofoten area are to be reduced as much as possible”.

“populations of endangered and vulnerable species and species for which Norway
has a special responsibility are to be maintained or restored to viable levels as soon
as possible”.

And more specific towards identified sponge grounds in the Barents Sea:

1. Survey the Tromsgflaket bank area in order to identify sponge communities

2. Compare the sponge communities on Tromsgflaket with similar
communities elsewhere with a view to possible protection

3. Further develop gear that is towed along the seabed in order to reduce
bycatches and destruction of the benthic fauna

Two main objectives were then established, however, with large uncertainties if
the objectives were met in the Tromsgflaket area (Table 3.4). Mainly due to
limited knowledge of impacts from bottom trawling activity and direct effects on
the biodiversity. The monitoring group therefore suggested increased
knowledge base of ecological functions and evaluation of consequences from
trawling. The second objective was not achieved and the large sponge
communities have suffered significant damage and it was therefore suggested
monitoring in the objective area with precautionary actions (von H. Quilfeldt,

2010).
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Table 3.4: The BSMP evaluated objectives towards management of sponge grounds in the
valuable and vulnerable areas after the first update. Sponges are included in correlation with
OSPAR threatened species list (modified from von H. Quilfeldt, 2010).

Objectives Achieved . Management Forum
Where s Evaluation .
evaluated objectives evaluation
Significant
WA e e 5 Increased knowledge
Activities in damage to
. base of damage
particularly valuable sponge grounds.
towards sponge
and vulnerable areas Sponge grounds N
. . communities is
will be conducted in are damaged as a
. needed.
such a way that the Uncertain | consequence
, Tromsgflaket . ) Necessary to evaluate
ecological (high) from trawling,
s o the consequences of
functioning and but its impacts
. , damage of sponges,
biodiversity of such on local fauna :
but also ecological
areas are not and/or )
” e o functions and
threatened”. biodiversity is . :
biodiversity.
unknown.
Significant .
5 Precautionary
damage to .
actions. Evaluate
sponge grounds trawling activit
p ; due to bottom & y
Damage to marine trawlin where dense
habitats that are Larger & communities of
considered to be communities . sponges occur.
. No No action -
threatened or of sponges in . Develop new fishing
. directly towards
vulnerable will be deep water their gear/methods.

avoided”.

preservation for
limitation of
impacts from
bottom trawling.

Suggest monitoring
of biomass loss from
human activities (e.g.
fishing).

Also in the valuable and vulnerable areas identified in the management plan for

the Norwegian Sea the government stated that: “Damage to marine habitats that

are considered to be threatened or vulnerable will be avoided”. However, the

management forum is uncertain if that has been achieved due to limited

monitoring of sponge grounds in the Norwegian Sea. Nonetheless, some

systematic monitoring of benthic fauna exists (Video/ROV) from the petroleum

industry, but only within a local scale near the platforms (Forum, 2005).

Increased knowledge of distribution of sponges has been established through

MAREANO mapping also in the Norwegian Sea, however, not covering the entire

region and large areas remains unmapped.
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The management plans have set ambitious goals and calls for precaution,
sustainability and monitoring of the marine environment. Few actions have been
made besides mapping. Among those few are Nature Index developed by the
Norwegian Environment Agency and a developed monitoring system functioning
in all three management plans. Additionally, several coral reefs MPAs have been
established, and indirectly protecting sponge grounds as they are located in the

same area such as Traenadjupet (Kutti et al., 2013).

The Nature Index was developed to document trends of major ecosystems and
the species they support and additionally provide an idea of where action is
needed to halt loss of biodiversity and expected values for indicators by 2010,
later adjusted to 2020 as goals were not met (Ministry of the Environment,
2015). A number of indicators were chosen to represent the state of biodiversity
where a reference value has been estimated for each indicator (e.g. Geodia spp.,
only sponge species within the Nature Index list) and reflects the ecological

sustainable value (Fossheim, 2010).

Applying the principles of an EA requires operational tools and in 1992 OSPAR
developed an ecological quality (EcoQ) framework together with input from ICES
(Misund and Skjoldal, 2005). Ecological Quality Objectives (EcoQOs) have been
developed to link a policy for taking action to indicators that are obtained from
monitoring and can provide whether an objective has been met or progress is
being made according to objectives (Heslenfeld and Enserink, 2008). Norway has
adopted to the exercise of indicators, proposed by the Norwegian Polar Institute
(NPI) and Norwegian Marine Research (IMR). It is an adaptive monitoring
framework that adapts and evolves in response to new information, research
and management questions (Knol, 2013) and has been applied to all
management plans (Table 3.5) (Ministry of the Environment, 2006; Heslenfeld
and Enserink, 2008; Knol, 2013). The monitoring system works as a tool for
managing activity in the area and as described in the BSMP: “as well as

maintaining long time series, the monitoring system for marine ecosystems must
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also be dynamic and flexible enough to be changed and updated in the light of new

knowledge”.

Table 3.5: Elements of the monitoring system of the marine environment. Modified from
(Environment, 2006).

Ecological quality

The ecological quality of an ecosystem is an expression of the state of the state of the system,
taking into account the physical, biological and chemical conditions, including the effects of
anthropogenic pressures.

Indicators

An indicator is a variable that in the present context provides specific information about a
particular part of the ecosystem. Indicators will be used to assess how far the management goals
have been reached and whether trends in the ecosystem are favourable.

Reference values

Reference values correspond to the ecological quality expected in a similar but more or less
undisturbed ecosystem, adjusted for natural variation and development trends. Precautionary
reference values are used for harvestable stocks.

Action threshold
The action threshold is the point at which a change in an indicator in relation to the reference
value is so great that new measures must be considered.

Sponges were suggested as an indicator in the development process by the
monitoring group in 2005, but not included in the first BSMP, however, later
included after the first update in 2011 (Ministry of the Environment, 2011;
Quillfeldt and Dommasnes, 2009). In total there are 28 indicators created,
however, 9 are under development, including sponges, and hence no direct
monitoring of sponge grounds has been taking place (Quillfeldt and Dommasnes,
2009; Ministry of the Environment, 2006; Sunnand, 2009; Fossheim 2010).
Additionally, indicators monitoring human activities are lacking (e.g. direct
impacts from bottom trawling) and the monitoring group is engaging such

development, especially in the valuable and vulnerable areas (Fossheim, 2010).
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The Convention on Biological Diversity inspired the development of the
Norwegian Nature Diversity Act (Appendix 1, Table 1) that entered into force in
2009 and provides guidelines for management of the marine environment
together with individual sector legislation to determine framework for activities
and protection of the marine environment (Ministry of the Environment, 2006).
However, it is the Marine Resource Act (Appendix 1, Table 2) that is the most
important environmental law when making guidelines for management of
marine resources as the implementation of both integrated management
governance and sustainable use of marine ecosystems are relevant (Ministry of
the Environment, 2011) According to the Marine Resource Act, the Norwegian
fisheries authorities have adapted regulations for protection of cold-water corals
from commercial fisheries and it is prohibited to damage known coral reefs and
precaution is required when fishing in areas where reefs are present (von H.
Quilfeldt, 2010). However, no sponge grounds have been banned from bottom
trawling in Norway (Rice et al, 2012). However, according to the Marine
Resource Act adopted the “move on rule” and a new regulation entered into force
in September 2011 covering the Norwegian economic zone, fishery zone around
Jan Mayen and the protected area around Svalbard. The regulation was later
updated in 2016 where a new catch threshold limited was applied (Table 3.6). In
addition, the regulation applied banning of new fishing grounds to areas deeper
than 1000m, where only vessels with special permission is allowed, and
protected deep ocean closed for regular bottom trawling in Norway covers

approximately 1 118 000 km2 and 800 000km?2 of deep ocean (Rice et al., 2012).
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Table 3.6: Encounter protocols that apply to deep-sea sponge grounds and corals in Norway
according to the Marine Resource Act.

Norwegian Fishing Act on the protection of vulnerable benthic habitats from
commercial bottom fisheries operating in areas lower than 1000m.

Same actin 2011, section 2 part d)

When encountering with vulnerable benthic fauna, the allowed catches of corals and
sponges are limited to 60kg of corals and/or 800kg of sponges per catch (trawl, line - or
yarn setting) before a vessel must move to a new area at least 2 nautical miles away.

As of 9 March 2016, when encountering with vulnerable benthic fauna in section 2 part
d) 30kg of corals and/or 400kg of sponges per catch before requested to move 2 nautical
miles away and report back to the authorities.

As a result from the act a significant decrease of bottom trawls and hours of
trawling conducted has been observed (Table 3.7). The Barents Sea is a shallow
water basin and the act is not directly affective towards vulnerable sponge
grounds in the area (e.g. Tromsgflakte, Eggakanten and the Norwegian
continental shelf). However, the water basin of the Norwegian Sea contains areas
of deep waters and with the expected move of fishing fleets towards the arctic
and deeper areas the act will apply to the protection of deep-sea sponge grounds.
Nevertheless, the fleets are not banned from the area but required to move to a
new area, potentially harming several untouched areas when permitted to
expand their fishing grounds.

Table 3.7: Reduction of Fishing fleets and conducted trawls in 2006, 2009 and 2012 in the

Norwegian Sea as a result from the Fishing Act, protecting vulnerable benthic habitats (Agency,
2014).

Norwegian fishing fleets 2006 2009 2012
Number of bottom trawls > 24 m 93 60 57
Hours of trawling conducted 44041 42720 24914
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4 Discussion

Through international and national research, sponge grounds have been
identified as deep-sea vulnerable marine ecosystems that serve as habitat for
numerous species, and play major roles in the nutrient cycling and benthic-
pelagic coupling, therefore enhancing biodiversity (e.g. Kutti et al., 2013; Beazley
et al., 2015; Jgrgensen et al,, 2013; Klitgaard and Tendal, 2004; Wassmann et al,,
2006; Murillo et al., 2012; Kenchington et a., 2013; Maldonado et al., 2016).

Improved management action requires scientific knowledge of the respective
ecosystem and as stated under the Nature Diversity Act (section 8) that official
decision affecting the biological diversity shall be based on scientific knowledge.
However, limited knowledge of sponge grounds functioning for the marine
biodiversity and effects from the fisheries makes promoting the conservation
rather difficult to implement. Thus, under section 9, the precautionary principle
should be applied when lacking appropriate knowledge of an ecosystem. Limited
knowledge shall not be used as a reason for postponing or not introducing

management measures for deep-sea sponge grounds.

The Norwegian marine management plans have set ambitious goals and call for
precaution, sustainability and monitoring of the marine environment. When
managing marine resources, Norway has adopted an ecosystem approach.
However, the limited knowledge of the distribution, function and dynamics of
deep-sea ecosystems as well as the impacts from human activities over such
ecosystems, has been hampering full implementation of such approach. Some
recommendations are given below as to how current shortcomings could be
surpassed to better integrate deep-sea sponge grounds into management and

conservation policies at the national level.

1. Strengthen the knowledge base on sponge grounds

In recent years considerable advances have been made in terms of mapping the

distributions of sponge species and habitats in Norwegian waters (e.g.
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MAREANO, Artsdatabanken projects). However, this still only account for a
rather small portion of the more coastal and vulnerable shelf areas (e.g. the
Tromsgflaket and the Lofoten Area). A lot still needs to be done in terms of the
deeper areas and in the Arctic grounds where different activities play a role.
However, a closer collaboration between sectors and initiatives, promoting the
sharing and integration of currently available data could potentially advance this
mapping process and serve as a baseline for future monitoring efforts. For
instance, the IMR-PINOR joint surveys have data dating back to 2003 on
distribution of benthic taxa in the Western Barents Sea. Furthermore, species
distribution data produced in the course of Artsdatabanken projects and
mapping made by MAREANO could be integrated, alongside with data on
diversity and abundance of sponges produced in the course of EIAs conducted by

the petroleum industry.

But the largest gap in our current understanding of sponge grounds is how such
ecosystems function and which goods and services are they providing to national
waters and us society? Also, how are they impacted by the various human
activities and what is their dynamics through time and space? In addition,
important knowledge regarding the genetic diversity, structure and connectivity
at various spatial scales, is still lacking. An integrated cross disciplinary study
addressing such issues is clearly needed to assess the relevance, vulnerability

and potential of these ecosystems.

1. Develop monitoring and identification tools

Long-term monitoring provides ecological information that is needed to gain
insight into changes of ecosystem structure, ecological processes and services
(Thrush et al, 2015). No direct long-term monitoring of deep-sea sponge
grounds in Norway exists at present and this would be crucial to identify shifts
and to predict and avoid significant adverse impacts in these benthic

communities (Jgrgensen et al., 2015).
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And as identified by Knol (2013) “EBM can only be made operational through a
monitoring system if changes in indicators results lead to response at the level of

governance”.

Further, sponges described on the Nature Index list for long-term monitoring are
in many case based on inadequate data and do not provide an accurate picture of
species trends (Fossheim, 2010). New and improved monitoring programs have
been suggested to provide better data for the Nature Index and suggested to be

further integrated in the management plans (van der Meeren et al.,, 2010).

The joint effort between Norway and Russia are at present the only research
effort currently surveying, through time, sponge grounds in the Barents Sea
(Jorgensen et al., 2014). And as identified through the western Barents Sea case
study, large amounts of total catch is not identified down to species level which
hampers the identification of trends in species composition and abundance
(Chapter 1, Table 1.3). A species compendium has been developed for the BEES
but it could be further modified and improved to assist the identification and to
get more accurate analyses of the benthic catch. Through discussions with Lis
Lindal Jgrgensen, it seems that the identification skills have improved over time
and have been beneficial for BEES efforts towards an integrated ecosystem
approach and potential long-term monitoring of sponge grounds (J@rgensen et
al, 2015). However, supporting such approach economically has been a
challenge as the survey design is a compromise between available economic
resources and sufficient data quality required for assessments, while

maintaining a long-term monitoring (Michalsen et al., 2013).

2. Minimize trawling impacts

In Norway, when fishing fleets are given the permission to trawl in new areas
they must provide a detailed protocol including for collection of by-catch data,
plan for avoiding vulnerable marine ecosystems and a plan for logging data of
vulnerable benthic ecosystems. Here, species and habitats distribution models

and suitability maps could greatly assist in avoiding areas where sponge grounds
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are likely to occur. These models and maps would be iterative and dynamic as
new data is produced and reported. Further, the logging of sponges as by-catch
could be better implemented and used as a tool for mapping of sponge grounds
and quantifying fishing pressure in Norwegian waters. Induced to both new and
existing fishing grounds as fishing fleets are required to report back to the
authorities (Fisheries Directorates) when encountering vulnerable benthic
communities. It would be important to evaluate whether VME encounters are
being reported to the competent authorities. This doesn’t seem to be the case in

NEAFC and NAFO RAs.

Recent research on the reduction of impacts from bottom trawling has been
exploring the possibility of using pelagic trawls when targeting demersal fish to
reduce impact on the seabed (von H. Quilfeldt, 2010; Stiansen et al., 2009).
Additionally, non-destructive data collection techniques such as remotely
operated and autonomous underwater vehicles (ROVs and AUVs) could be used

for monitoring purposes to reduce further impact on the benthic fauna.

Evaluate new areas for establishment of sponge MPAs

For the last 10-15 years the damage towards corals have been acknowledged
with improved governance and conservation actions (Rice et al, 2012).
Meanwhile, sponge systems have been damaged during the same time period,
and not until recently has there been direct action towards their preservation in
the deep sea, such as the fishing regulation act. As already identified by
Jorgensen et al,, (2015), sponge community degradation from trawling provides
significant reason for conservation in accordance with the Biodiversity
Convention. Additionally, understating the trades-offs associated with spatial
closures can help the cooperation between the fisheries and conservation
objectives. This may lead to conservation outcomes preserving the benthic
communities, and potentially provide spillover effects to the fisheries (Rice et al,,
2012). With the expected move of fisheries further north, the evaluation of

MPAs would be highly beneficial towards their preservation.
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3. Raise awareness and engage stakeholders

Through dialogues and analysis with explicit trade-offs, across stakeholders,
policy advisers and managers, an EA can indicate new possibilities in marine
ecosystems and improve the understanding of ecosystem potentials (e.g. support

blue growth, identify key ecosystems, environmental drivers) (ICES, 2016).

Potential scenarios - visualizing sponges importance

One possibility is cascade scenarios through the ecosystem and in combination
with the complexity of impacts, potentially generates further changes that may
exceed sponge grounds carrying capacity. Imagine a scenario where additional

30 percentages of the sponge grounds in the Barents Sea were removed:

1. What impacts will that have on the sponge systems and what cascade
effects will that lead into?

Will it affect the nutrient cycle and primary production?

If a potential sink of carbon, do the opposite and release carbon?

Make the ocean even more acid and alter water properties?

And if so, at what scale and grade will it affect the marine biodiversity and
marine recourses?

Will healthy commercial fish stocks be affected?

Lead to significant loss in the fisheries?

Economically and ecologically consequences?

A wN

i

4. Advance the science-management-policy interface

The Norwegian Government has limited the three advisory groups to report back
to the steering group without giving advice on management actions. Buhl-
Mortensen and co-workers (2012.), suggest a clearer mandate from the
government, providing the advisory groups to identify relevant management
actions towards sustainability of ecosystems. When identified, made a priority
issues in the relevant departments to develop accurate action plans. Science
should assist in the development of monitoring and management actions by
addressing issues and providing management actions, regardless of the political

orientation of the plan (Buhl-Mortensen et al., 2012).
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5. Communication and dissemination

Lack of scientific knowledge and transparency are challenging and suggestion of
open access of science to create a direct connection to media and the public are
believed to increase engagement of the public and stakeholders (ICES, 2016). As
a suggestion to the solution: ecological, economic and social values that could be
beneficial from the system must be addressed, identified and made obvious.
Further, the use of common language and communication are challenging and
policymakers need clear goals written in a short and clear context making it
understandable for all, regardless of the field of expertise (ICES, 2016).
Brochures, videos and infographics can be created to spread the message. The
government acts upon laws, regulations and policies and have the power to
impose their actions and decision making. Whereas, the civil society through
other acts have the power to influence and shape governmental decisions
through a participatory process voicing ideas and values they find of greatest

priority.

Conclusion

To conclude, by improving ecosystem assessments, creating relationships cross-
sectors and obtaining a deeper understanding of deep-sea ecosystems, including
level of impacts from human activities, sustainability of sponge grounds in
Norwegian waters are achievable. Further, EBM evaluates state and trends of an
ecosystem (long-term perspective) and/or ecological quality that can be
measured and managed sustainably with an adaptive approach that is based on
increased knowledge. The main focus should be developing a shared vision
between different partners, sectors and institutions. EBM strengthens with
successful participations of stakeholders along with an open and transparent
process and improved by creating methods for integrated trade-off analyses of
management options across sectors. Ecological and environmental knowledge is
always in flux and with the already increased knowledge base, sponges
ecological value and existing monitoring programs, only a question of acting

upon the evidence. It is clear that scientific knowledge must be further
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developed, communicated and translated into policies so that the deep-sea
sponge grounds would be fully integrated into management actions and

protected in national waters.
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Appendix 1

Table 1: The Nature Diversity Act

Act of 19 June 2009 No. 100 Relating to the Management of Biological, Geological
and Landscape Diversity (Nature Diversity Act)

The purpose of the Act is to protect biological, geological and landscape diversity and
ecological processes through conservation and sustainable use, and in such a way that
the environment provides a basis for human activity, culture, health and well-being, now

and in the future, including a basis for Sami culture.

Section 5 Management objectives for species

The objective is to maintain species and their genetic diversity for the long term and to
ensure that species occur in viable populations in their natural ranges. To the extent
necessary to achieve this objective, areas with specific ecological functions for different
species and other ecological conditions on which they are dependent are also to be
maintained. The genetic diversity of domesticated species shall be managed in such a

way that it helps to secure the future resource base.

Section 8 Knowledge based

Official decisions that affect biological, geological and landscape diversity shall, as far as
is reasonable, be based on scientific knowledge of the population status of species, the
range and ecological status of habitat types, and the impacts of environmental
pressures. The knowledge required shall be in reasonable proportion to the nature of
the case and the risk of damage to biological, geological and landscape diversity.
Furthermore, the authorities shall attach importance to knowledge that is based on
many generations of experience acquired through the use of and interaction with the
natural environment, including traditional Sami use