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Preface 

The first international cold-water coral (CWC) workshop arranged on behalf of the 

Norwegian Oil Industry Association (Oljeindustriens Landsforening; OLF) is held at 

IRIS-Biomiljø May 31. - June 1. 2010. The oil and gas companies meet national and 

international coral researchers, Norwegian authorities and non-governmental 

organizations (NGOs) to discuss their activities in areas with unique CWC ecosystems. 

IRIS-Biomiljø is grateful to OLF for this initiative. 

This mini-review covers some general aspects of CWC biology and ecology and the 

regular framework and legislation in relation to oil and gas activities and vulnerable 

ecosystems. Observed stress effects/responses in corals caused by these activities are 

reviewed. 

 

Introduction 

CWC reefs form remarkably and valuable ecosystems along our coasts. They support a 

high biological diversity and are vulnerable to all kinds of demersal fishing gear and a 

number of human activities including oil and gas exploration and/or exploitation. 

Overfishing and pollution are likely to lower the resistance and resilience of marine 

ecosystems, and the additional stress from climate change and ocean acidification are 

expected to further threat and weaken CWC communities on the longer term (DN, 2008; 

Gardner, 2008; Forsgren et al., 2009).  

The “ trend”  in the management of natural resources is that it should be ecosystem based 

(ecosystem based management; EBM). This implies a holistic approach to management, 

which should not be restricted to selected species or separate human activities, but 

account for the cumulative biological effects of different anthropogenic and natural 

stressors on whole ecosystems (de la Mare, 2005). Conservation and management 

procedures, targeted on single species or habitats, or larger marine areas should be 

integrated. National and international policy and legal frameworks will help adapt the 

management of anthropogenic activities to the complex and dynamic nature of marine 
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ecosystems. The EBM concept embraces concepts like risk assessment and the 

application of the precautionary principle where limited knowledge of risk and 

ecosystem processes exists. Area-based management, resulting from the evaluation of 

particularly valuable and vulnerable areas, is also important and can result in restrictions 

for different activities and the establishment of marine protected areas (MPA) (OSPAR, 

2010a). 

The importance of preserving, managing and increasing our knowledge on CWC 

ecosystems has been recognised by several international forums/bodies and agreements. 

OSPAR has listed Lophelia pertusa reefs as a habitat in urgent need of protection. At 

their meeting in June 2010, OSPAR Biodiversity Committee will be given some 

recommendations by WWF on furthering the protection and restoration of L. pertusa 

reefs. In the document it is noted that “ the habitat is sensitive to the localised effects of 

oil and gas drilling” , and also recommended that the title “Lophelia pertusa”  of the 

habitat in the initial list should be replaced with “Cold Water Coral Reefs” , to reflect the 

inclusion of other corals (WWF, 2010). OSPAR has also listed “coral gardens”  

(dominated by gorgonian octocorals) as endangered and in decline (OSPAR, 2010b). 

The EU Habitats Directive (EU, 1992) lists reefs, encompassing important CWC, as a 

habitat type requiring protection by means of establishing Special Areas of 

Conservation (SACs) as part of a network of protected areas, known as the Natura 2000 

network. EU Mar ine Strategy Framework Directive (EU, 2008) aims to achieve good 

environmental status of the EU's marine waters by 2020 through the establishment of 

clear environmental targets and monitoring programmes, including separate quality 

descriptors for e.g. the maintenance of biological diversity, sea-floor integrity and 

concentrations of contaminants not giving rise to pollution effects. The Convention for  

Biological Diversity (UN, 1992) aims to achieve by 2010 “a significant reduction in the 

current rate of biodiversity loss”  and at the Wor ld Summit for  Sustainable 

Development (UN, 2002), there was an agreement to establish global networks of 

MPAs by 2012 and to implement the Ecosystem based management (EBM) of the 

marine environment by 2010.  
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Selected aspects of cold-water coral biology and 
ecology 

Although their existence has been known for centuries, the observation and study of 

CWC habitats in their natural surroundings is a relatively new scientific topic raised 

from the improved technology to access these sites. The advances in mapping methods 

for submarine habitats and biodiversity have been aided by high-resolution non-invasive 

tools such as remotely operated vehicles (ROVs), video and still camera systems and 

acoustic techniques. In combination with global positioning systems (GPS) this has 

allowed for mapping of large seabed areas within a reasonably short time (Freiwald et 

al., 2004). In Norway, the oil companies have played a major role in this work, and with 

the on-going MAREANO work (Mareano, 2010), our knowledge of these ecosystems 

have increased extensively. 

The fragility and the basic lifestyle of CWC make them particularly vulnerable to 

physical disturbances. The inflexible coral structure is so brittle that it is easily 

destroyed by almost any physical contact, and as surface attached animals they have no 

possibility to escape. L. pertusa reefs along the Norwegian coast have been dated to be 

as old as approximately 9000 years (Hovland et al., 1998). Coral reefs are the most 

referred to of the CWC habitats, but there are also seabed communities dominated by 

gorgonian octocorals. These form distinct habitats either within or adjacent to the reefs 

and are often referred to as “coral gardens”  (Freiwald et al., 2004).  

This mini-review is most concerned with CWC which build reefs and provide habitat 

for a diverse associated fauna. They predominantly include colonial stony corals 

(Scleractinia), but also true soft corals (Octocorallia), black corals (Antipatharia) and 

calcifying lace corals (Hydrozoa) (Freiwald et al., 2004). CWC reefs can act as 

important feeding areas and nurseries for fish and larvae, provide a heterogenous habitat 

for benthic invertebrate species and host en enormous diversity of microbial life. Over 

1300 species have been identified in association with CWC reefs in the North East 

Atlantic (Roberts et al., 2006) and their preservation is thus of economic as well as 

environmental concern.  
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Growth and feeding  

As most CWCs grow slowly, recovery from damage may take decades to centuries. 

Gass and Roberts (2006) estimated minimum annual in situ growth rates of L. pertusa 

between 26 and 33 mm from colonies found on oil platforms, which is higher than what 

was estimated from skeletal carbon and oxygen stable isotopes (5-25 mm) (Mortensen 

and Rapp, 1998; Spiro et al., 2000).  

The polyps of reef building CWC are only living in the outer 10-20 cm of the colonies, 

whereas the remaining reef structures consist of dead coral skeletons (DN, 2008). Like 

shallow water corals, CWCs are formed of a calcareous skeleton built up by a polyp 

community living within. However, CWCs lack the algal symbionts (zooxanthellae) 

which provide food input for shallow water corals (Dodds, 2007). This also means that 

CWCs are not restricted to the euphotic zone and is thus often found at greater depths. 

CWCs rely wholly on organic material (detritus from surface waters and zooplankton) 

for their energy supply, and appear to be opportunistic feeders capable of utilizing a 

variety of zooplankton prey (Dodds et al., 2009).  

 

 

Branch of Coral Lophelia pertusa under exposure to DM and fed with 1-day Artemia salina (photo by 

Anette C. Elde) 

Distribution 

CWC reefs are generally found in areas where the seasonal storm wave base does not 

affect the seabed, where strong topographically guided bottom currents prevent 

Artemia 
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deposition of sediments creating a harder substrate that facilitates the colonization of 

corals. The water flow is funnelled through narrow straits, channels, fjord troughs, 

canyons and gullies and nearby nutrient-rich waters stimulate the phyto- and 

zooplankton production, providing a major food source for the coral communities 

(Freiwald et al., 2004). L. pertusa is the most common reef building CWC found in 

Norwegian waters and some of the worlds’  largest aggregations of L. pertusa have been 

revealed on the continental slope, off the coast and in the fjords of Norway.  

CWCs are frequently referred to as deep-water corals, as most observations are made at 

great depths, e.g. with the main depth distribution of L. pertusa between 200 and 1000 

m (Fosså et al., 2002 and references therein). This is, however, a somewhat misleading 

term as L. pertusa is found in Norwegian fjords as shallow as 39 m, and other cold 

water coral groups have been observed in waters shallower than 200 m (Freiwald et al., 

2004). L. pertusa is distributed throughout the world oceans, with exception of the polar 

regions (Cairns, 1994). Their temperature and salinity tolerance are between 4-13°C, 

and 32- ca 39‰, respectively (Fosså et al., 2002; Freiwald et al., 2004 and references 

therein). Although the species’  temperature and salinity tolerance is wide, they are less 

tolerant to change at the individual level. At the depths these organisms are normally 

found, temperature and salinity are usually stable (Forsgren et al., 2009).  

Norway hosts the northernmost known CWC reef close to Sørøya (approx  70°36’N, 

22°45’E), the largest known (35 km long, 3 km wide, at 300-400 m depth) at Røst  and 

the most shallow one, the Tautrareef (at 39 m), in the Trondheimsfjord (DN, 2008). 

Although L. pertusa dominate, Madrepora oculata is also abundant (DN, 2008). 

Reproduction and genetic diversity 

Polyps of L. pertusa have separate sexes and all polyps within a colony have the same 

sex. Reproduction is both asexual and sexual.  The asexual reproduction results from the 

breaking off of coral polyps that establishes new colonies (DN, 2008). The sexual 

reproduction of L. pertusa is largely unknown, and no larvae have ever been sampled 

from field. The findings of L. pertusa on oil-producing platforms in the North Sea, 

where no natural occurrences are recorded, suggest that these are recruits resulting from 

the transport of larvae from the north Atlantic (Gass and Roberts, 2006). There are 
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currently ongoing projects on culturing L. pertusa larvae under laboratory conditions 

(Ann Larsson and Johanna Järngren, personal communication).  

L. pertusa show relatively high morphological plasticity, and have distinct morphs. In 

the Gulf of Mexico there are two distinct growth forms, the heavily calcified 

“Brachycephala”  and the more fragile “gracilis”  (Brooke et al., 2009). There are also 

color varieties, and in Norwegian waters there are white and red forms (Neulinger et al., 

2008). The different morphs are likely to be connected to different biotic and abiotic 

conditions, and they may also exhibit different tolerances towards anthropogenic stress 

such as the oil and gas activity. 

Evolutionary and developmental processes are key issues for CWC in relation to how to 

cope with environmental change.  That CWC live in places that have rarely been subject 

to sudden environmental change means that they have not had the need to develop 

responses to fast-occurring changes which in their environment. Further, as genetic 

diversity is normally advantageous for survival of a population when the environment 

change, the asexual formation of corals may also be a disadvantage since large local 

assemblages may actually be identical individuals (DN, 2008). 

Anatomy 

L. pertusa is composed of numerous interconnected polyps. In between the polyps there 

is a tubular network of gastrovascular canals that connect the gastrovascular cavity of 

neighbouring polyps. The polyp is composed of three cell layers; the gastrodermis, 

mesoglea and epidermis (Galloway et al., 2007). Lining the gastrovascular cavity and 

gastrovascular canals is the gastodermis which contains cells that digest food particles, 

absorb nutrients and release waste products. Inside the gastrovascular cavity there are 

mesenteries which increase the surface area of the gastrodermis to improve nutrient 

absorption. Development of oocytes and spermacysts take place within the mesenteries. 

The epidermis and gastrodermis contain cells which synthesize and secrete mucus 

(mucocytes) and these cell layers are separated by the mesoglea, which consists of 

collagenous fibers that provides structural support in the water. Each polyp is 

surrounded by a calciodermis, whose primary function is building the exoskeleton. 
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Cross-section of a L. pertusa polyp. HES staining. 

 

 

 

Oocytes and spermacysts in L.pertusa. HES staining. 

 

Mucus 

The corals mucus has a complex role and aid in a number of important physiological 

and ecological processes involving ciliary feeding, sediment removal, protection against 

fouling,  injury and a multitude of environmental stresses (Brown and Bythell, 2005; 

Cooper et al., 2009; Naumann et al., 2009). Mucus also facilitates microbial 

associations (Neulinger et al., 2009).  

Microbial communities 

Coral reefs harbour an enormous diversity of microbial life, including bacteria, archae 

and protists (Roberts and Hirshfield, 2004). The microbial diversity in CWC 

Mesentery  

Calciodermis 
Mucocytes 
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communities includes Proteobacteria, Verrucomicrobia, Actinobacteria, Plantomycetes, 

Acidobacterium, Nitrospira and Crenarchaeota (Jensen et al., 2008 and references 

therein ).  

Bacterial communities within L. pertusa are associated with tissue, mucus and gastric 

fluids (Neulinger et al., 2009).  The bacteria seem to exhibit a habitat specific 

community structure with distinct communities on/in skeleton surface, mucus, reef 

sediments, in ambient seawater (Schotter et al., 2009) and the colour variety of the host 

(Neulinger et al., 2008). The presence of two Lophelia specific bacterial groups in 

corals from both the Gulf of Mexico and Norway, indicate that in spite of the 

geographic heterogeneity observed in Lophelia associated bacterial communities, there 

are Lophelia specific microbes (Kellogg et al., 2009). 

L. pertusa-associated bacteria appear to play a significant role in the nutrition of their 

host by degradation of sulphur compounds, cellulose, chitin and end products of the 

corals anaerobic metabolism (Neulinger et al., 2008), but the role of the associated 

bacteria remains largely obscure.  

 

 

Can changes in the coral-associated microbial community be used to indicate drilling mud exposure ? 

Picture of Denaturing Gradient Gel Electrophoresis (DGGE) for microbial community analysis. In 

principle every band represents a different bacterial species.  
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Cold-water corals in Norway – why so urgent to discuss 
in relation to oil and gas operations 

With most CWC reefs in Norway located on the shelf and at the shelf edges, this 

“ interferes”  with areas of increasing interest to oil and gas companies.  

Ecological indicators 

One of the strategies of the Norwegian maritime management plans for the Barents Sea 

and Lofoten (Miljøverndepartementet, 2006) (referred later as BSLMP) and the 

Norwegian Sea (Miljøverndepartementet, 2009a) (referred later as NSMP) is to develop 

an indicator based monitoring system. This system is based on the assumption that 

changes in the indicators, e.g. the distribution of coral reefs, reflect changes in the 

ecosystem or the external factors influencing it. At present, there are no fully developed 

monitoring of this indicator (Faglig forum, 2010).A preliminary conclusion from the 

work on the BSLMP is that it is likely that several CWC reefs are not yet mapped 

(Faglig forum, 2010). The maritime management plans demonstrate that the government 

will not allow drilling on CWC reefs or emission of drill cuttings in areas where it is 

likely to severely affect coral reefs, and they will require the use of modern technology 

to cope with drill cuttings and drilling mud.  

Marine protected areas 

An MPA is an area designated to protect marine ecosystems, processes, habitats and 

species and can help restore ecosystem structure and function (Keller et al., 2009 and 

references therein). MPAs can contribute to the restoration and replenishment of natural 

resources for social, economic and cultural enrichment. 

In Norway MPAs can be established following the “Naturmangfoldloven”  

(Miljøverndepartementet, 2009b) or the “Havressursloven”  (Fiskeri- og 

kystdepartementet, 2008.)Both the sea floor and the whole/parts of the water column 

can be protected, and the MPA may also comprise the intertidal zone. Designating 

specific areas closed to detrimental activities may be the most appropriate management 

tool available for coral conservation. L. pertusa is listed as Near Threatened (NT) at the 

Norwegian red list. This implies that although the criteria for being defined as critically 
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endangered, endangered or vulnerable are not met, this is likely to happen in the near 

future (Kålås et al., 2006). Tools such as MPAs must be used in combination with other 

management techniques to reduce threats and destruction of corals outside the 

boundaries of such areas. MPA networks are generally accepted as an improvement 

over individual MPAs to address multiple threats to the marine environment (Keller et 

al., 2009). The first marine National Park of Norway, Ytre Hvaler, was established in 

2009 and includes Europe’s largest inshore CWC reef, the Tisler-reef, which is 1,2 km 

long and the Selligrunnen (in Trondheimsfjorden) is protected as a nature reserve. 

The largest and most immediate threat to CWC ecosystems in Norway have, so far, 

been the expansion of fishing industry into deeper areas, and it has been estimated that 

between 30 and 50% of reef areas in Norway have been impacted or damaged by 

trawling (Fosså et al., 2002; Faglig forum, 2010). The use of bottom trawlers are 

prohibited in specified areas with large reefs, and intentional destruction of reefs are in 

any case prohibited (Fiskeri- og kystdepartementet, 2005).  

In autumn 2009, the process of establishing marine protection plans was started for 17 

areas of which one (Lopphavet) include the CWC reef “Korallen”  (DN, 2008; Faglig 

forum, 2010). There will likely be differential restrictions for a protected area, and in 

larger areas the allowed activities may be site-specific. This implies that petroleum 

activity may be permitted although the area is protected. The marine protection plans 

must be co-ordinated with the relevant maritime management plans (BSLMP, NSMP) 

and the ongoing planning work on the North Sea.  

Regulations and requirements for oil and gas activities in 
Norway, with relevance to cold-water coral ecosystems 

 

As part of the permits for drilling and producing on the Norwegian continental shelf 

environmental impacts of the activities need to be assessed. The “Forurensingsloven”  

(pollution act) (Miljøverndepartementet, 1981) states that all discharges of importance 

should be given a special permit, and that discharges of pollutants should not cause any 

damage or inconvenience. Acute discharges should be prevented, detected, stopped, 

eliminated or reduced. The use of best available techniques (BAT) is normally required.  
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“Aktivitetsforskriften”  (activity instructions) (Miljøverndepartementet, 2010) states that 

the oil and gas operators should carry out regular monitoring surveys of the water 

column and the sea bottom sediments. This monitoring involves, among others, 

mapping of the potential pollution and assessment of biological effects 

(Oljedirektoratet, 2008). Data from the sediment monitoring programme of the 

deposition of mud and cuttings/chemicals can also serve to verify numerical models 

(Rye et al., 2006). As an example, in connection to coral reefs a ParTrack model (with 

ambient currents and densities, chemical and physical properties of the effluent and 

details from the release scenario as inputs) is used to predict and simulate the deposition 

of drill cuttings and mud on the seafloor, as well as the concentrations of drilling mud 

and chemicals in the free water-masses (Rye et al., 2006).  

Oil and gas companies are obliged to map coral reefs in intended drill areas as part of 

their application procedure for new licenses. This should be included in their obligatory 

environmental impact assessment, and pipelines and cables should be placed so to avoid 

CWC areas as far as possible (Freiwald et al., 2004).  

Drilling muds are water- or oil based, or synthetic. Norwegian authorities allow 

discharges of the water based mud, whereas the oil based and synthetic need special 

treatment. Drill cuttings with water based drilling mud attached are normally allowed to 

discharge, however in the Barents Sea this is only allowed for the top-section 

(Oljedirektoratet, 2008). There are several options for handling of drill cuttings; 

collection and landing; collection, slurrification and re-injection or recycling for usage 

as drilling mud and collection in Sub Sea Bigbags (SSB) (Oljedirektoratet, 2008; SFT, 

2009). In areas with valuable ecosystems such as CWC reefs, there is likely to be a 

zero-discharge requirement also for drill cuttings. When maintaining Klif’s permission 

to test drilling close to Sularevet the Ministry of the Environment (2009) stressed that 

operational drilling would generate considerably larger quanta of drill cuttings and that 

the technology to prevent discharge and spreading of drill cuttings is under development 

also for the top section.  

In the Morvin case, Statoil is obliged to a more extensive monitoring programme 

because of the occurrence of corals in the area. This includes continuous analyses of 

monitoring data from a communication platform, camera at down-current coral reefs, 

continuous current measurements and data analyses (Statoil, 2009). This has been 
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supplemented with daily observations by ROV and the positioning of sediment traps at 

down-current corals. 

For produced water, the selection of methods for treatment, rinsing and/or re-injection 

will be based on field-specific risk assessments, and different requirements will be 

imposed (Oljedirektoratet, 2008). Following the “zero-discharge”  goal, discharge of 

produced water is not allowed in the Barents Sea. The possible biological effects of 

produced water discharges on CWC ecosystems are not considered in this mini- review. 

Impacts of drill cuttings and drilling mud on cold-water coral 
ecosystems 

 

Oil and gas exploration has been identified as one of the possible threats for CWC reefs 

because of the discharges of drill cuttings, drilling mud and chemicals, and the 

placement of infrastructure, cables and pipelines in coral areas. These activities could 

smother, stress or physically damage the corals and their inhabitants (Freiwald et al., 

2004; Lophelia, 2010).  

Several observations of CWC on oil platforms/installations may implicate that the 

influence from normal activities are limited. Reports of apparently healthy L. pertusa 

colonies growing on the oil platforms in the North Sea and on the Brent-Spar oil-storage 

buoy are argued as not affected by regular discharges (Bell and Smith, 1999). Although 

analysis of footage from oil platforms in the North Sea have shown that colonies of L. 

pertusa do not survive in close proximity to oil discharges; many colonies survive and 

grow on the legs and risers of platforms and it is feasible that this position precludes 

exposure (Roberts, 2000; Gass and Roberts, 2006).  

Any drill cutting and drilling mud released near CWC reefs is a potential threat, either 

resulting from the complete burial or smothering of corals or of increased level of 

suspended sediments in the waters surrounding a drilling site. Relatively coarse-grained 

sediments and barite crystals trapped in coral polyps ca 500 m down-current from a 

drilling site in the Træna Deep have been observed (Lepland and Mortensen, 2008). 

Corals use a number of mechanisms to remove sediments; ciliary movements, mucus 

production, tissue expansion and movements of tentacles and sediment ingestion 

(Stafford-Smith and Ormond, 1992; Riegl, 1995). These are all energetically costly 
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mechanisms and the energy investment may affect processes such as growth, 

reproduction and resistance to disease (Krone and Biggs, 1980; Dallmeyer et al., 1982; 

Riegl and Branch, 1995). In extreme circumstances, this may lead to increased mortality 

caused by starvation and suffocation. L. pertusa can tolerate fairly heavy sediment 

conditions, but survival seems to decrease in steps rather than showing a continuous 

linear decline. This implies that the corals have physiological thresholds beyond which 

they cannot compensate, and mortality may occur (Brooke et al., 2009).  

Several field and laboratory studies on possible effects of sedimentation and drilling 

mud in corals have been conducted. The majority of these studies are concerning 

sediment exposure and most of the studies species are different tropical corals. 

Relatively few studies have been published on CWCs, such as L. pertusa (Gass, 2006; 

Gass and Roberts, 2006; Lepland and Mortensen, 2008; Brooke et al., 2009). Polyp 

mortality and increased mucus production/secretion seem to be the most reported 

effects/responses. However, exposure concentration and duration, in addition to drilling 

mud and sediment type (size, chemical properties etc.) are of great importance. 

Although there are biological and ecological differences between CWCs and tropical 

corals, and between different coral species, some effects are likely to be general stress 

responses. An important issue is then whether it is possible to transfer knowledge from 

exposure studies on tropical corals to CWC. Table 1 summarizes the type of effects 

reported on corals both from sediment and drilling mud exposures in selected literature. 
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Table 1. Effects on corals caused by drilling mud and sediment exposures in some selected studies. It is 

indicated if the results are from field or laboratory studies. 

Stress 
factor  

Coral 
species 

Lab./ 
field Area Observed response / effect 

(exposure concentration) Reference 

Montastrea 
annularis 

Lab. Florida Decreased growth rate. Increased 
mortality. (100 ppm) 

(Dodge, 1982) 

Diploria 
strigosa 

Montastrea 
annularis 

Montastrea 
cavernosa 

Lab.  No corals were able to remove the 
drilling mud. Mortality.  

(Thompson and Bright, 
1977) 

Madracis 
decactis 

Lab. Florida 

Increased oxygen consumption and 
ammonium excretion. Reduced polyp 
expansion behaviour.  (100 ppm + 
0/3/10ppm ferrochrome lignosulfonate) 

(Krone and Biggs, 1980) 

Paracyathus 
stearnsii 

Haliotis 
rufescens 

Lab. California 

Paracyathus stearnsii: Increased tissue 
mortality. Decreased viability. 

Haliotis rufescens: No effect on 
fertilization or early larvae development. 
Settlement of larvae disturbed. 

(Raimondi et al., 1997) 

Lophelia pertusa Field North sea Polyp and whole colony mortality. (Gass and Roberts, 2006) 

Acropora 
cervicornis 

Porites 
divaricata 

Agaricia 
agaricites 

Porites furcata 

Porites 
astreoides 

Montastrea 
annularis 

Dichocoenia 
stokesii 

Lab.& 
field Florida Keys 

Mortality in three species of corals 
within 65 hours (1000 µl/l) 

Increase in polyp retraction for five 
species (100 µl/l). 

Tissue and/or zooxanthellae loss after 41 
hours of exposure (1000 µl/l). 

Increased mucus production after 20 
hours of exposure (316 µl/l). 

(Thompson et al., 1980) 

Montastrea 
annularis 

Acropora 
cervicornis 

Lab.  
Decreased calcification rate, respiration 
rate and nutrient uptake. Mortality. (100 
ppm).  

(Szmant-Froelich, 1983) 

Lophelia pertusa Field Træna Deep, 
Norwegian sea 

Presence of sediments and barite 
crystals in coral polyps. 

(Lepland and Mortensen, 
2008) 

D
ri

lli
ng

 m
ud

 

 

Acropora 
cervicornis 

Field Florida Change in free amino acid pool size.(10-
100 ppm) (Powell et al., 1984) 

42 species of 
Australian 
Scleractinia 
corals 

Lab. & 
field 

Great Barrier 
Reef 

Tissue expansion. Increased mucus 
secretion. (50-1000 mg/cm2 ). 

(Stafford-Smith and 
Ormond, 1992) 

22 Australian 
mid-shelf coral 
species 

Field Great Barrier 
Reef 

Tissue necrosis. Increased mucus 
secretion (200 mg/cm2). 

(Stafford-Smith, 1993) 

Se
di

m
en

ts
 

 

8 scleractinia 

5 alcyonacea 
Lab. South Africa Tissue necrosis. Death of colonies in 

alcyonacea. (200 mg/cm2). 
(Riegl, 1995) 
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Siderastrea 
sidera 

Colpophyllia 
natans 

Field 
St.Lucia, West 
Indies Coral mortality 

(Nugues and Roberts, 
2003a) 

Acropora 
palmata 

Acropora 
cervicornis 

Diploria 
strigosa 

Diploria clivosa 

Montastrea 
annularis 

Field 
San Cristobal 
Reef, Puerto 
Rico 

Tissue necrosis (200-800mg/cm2). (Rogers, 1983) 

Porites 
astreoides 

Siderastrea 
siderea 

Colpophyllia 
natans 

Montastrea 
annularis 

Montastraea 
faveolata 

Field St.Lucia, West 
Indies 

Tissue necrosis. (Nugues and Roberts, 
2003b) 

Montastrea 
annularis 

Acropora 
palmata 

Diploria 
stringosa 

Lab.  Decrease in net production. Increased 
respiration. 

(Abdel-Salam and Porter, 
1988) 

Montastraea 
cavernosa Field Florida 

Changes in size and number of 
mucucytes, attenuation of tissues, 
presence of cellular debris and changes 
in number of zooxanthellae 

(Vargas-Angel et al., 2007) 

Favia favus 

Favites 
pentagona 

Platygyra 
daedalea 

Gyrosmilia 
interrupta 

Lobophytum 
depresum 

Lobophytum 
venustum 

Sinularia dura 

Sinularia 
leptoclados 

Sarcophyton 
glaucum 

Lab. South Africa 
Increased mucus production. Coral 
metabolism affected. (200 mg/cm2) (Riegl and Branch, 1995) 

 

Diploria 
strigosa 

Field Bermuda Up-regulation of 14 of 32 stress-genes. (Morgan et al., 2005) 
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Acropora 
cervicornis Lab. Florida 

Decrease in mucocyte abundance. 
Degenerative histopathological changes 
in tissue. Loss of gonad development. 
(200 mg/cm2). 

(Hodel and Vargas-Angel, 
2007) 

Montastrea 
annularis 

Lab. Jamaica Decrease in net production. Increased 
respiration. (175-525 mg/l) (Dallmeyer et al., 1982) 

Lophelia pertusa Lab. Gulf of Mexico Polyp mortality (50-350 mg/l). (Brooke et al., 2009) 

Acropora 
digitifera 

Lab. & 
field 

Western 
Australia 

Decreased fertilisation. Normal 
embryonic development. Reduced larval 
survival and settlement. (50-100 mg/l). 

(Gilmour, 1999) 

 

Lophelia pertusa Lab. Sea of Hebrides Affected polyp expansion  behaviour (6-
19 mg/ cm2/min) 

(Gass, 2006) 

 

Also, in Appendix, a synthesis of effect parameters measured in sponges exposed to 

suspended particles of drilling mud are provided. Is it possible to also transfer 

knowledge from exposure studies on sponges to CWC? 

Examples of ongoing research programmes focussing on cold-
water coral ecosystems and oil and gas activities 
 

The Coral Risk Assessment, Monitoring and Modelling (CORAMM, 2010) project aim 

to assess the potential impact risk that the elevated sedimentation rates associated with 

petrochemical extraction might have on cold water coral reef communities. The project 

will develop strategies to negate the potential impact of the offshore industry.   

 “ Impact of water-based drilling mud in the Barents Sea: a study using the epibenthic 

coral species Lophelia pertusa”  is an ongoing NFR-funded project at IRIS Biomiljø. 

The aim of this project is to get a better knowledge of the long-term impact of offshore 

drilling activities in ecologically- and commercially-important northern areas. The 

findings will develop our understanding of the sensitivity of the Arctic ecosystem to oil 

and gas activities, the need for “ tools”  to monitor biological effects and more 

specifically the impact of used drilling discharges on Lophelia pertusa. Preliminary 

results indicates that drilling mud affect the corals behaviour, mucus protein 

composition, microbial communities in the mucus and mucocytes area..  
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Workshop issues 

We are beginning to understand how corals function, but there are still large gaps on 

what factors determine their well-being under natural conditions. Recent studies have 

addressed more specifically the impact from oil and gas activities, and it is time to 

define the knowledge gaps and challenges related to these activities in connection to 

CWCs. Do the oil and gas companies, researchers, authorities and NGO’s see the same 

challenges and can we agree on a common strategy to protect these sensitive ecosystems 

from possible impacts caused by oil and gas activities? 

Important topics to be addressed and discussed during the workshop to fully understand 

the impacts of oil and gas activities on CWC ecosystems are listed below. 

Basic biology and ecology: 

�  What are the most important knowledge gaps in basic CWC biology and 

ecology? 

Ecosystems: 

�  Which species and species associations other than L. pertusa are of key concern? 

�  What do we know about these species and their function to the well-being of 

coral reefs? 

Biological effects: 

�  Which effect parameters are most promising in revealing impacts on CWCs? 

�  Do any of the suggested effect parameters need to be further developed? 

�  Do these measurements give useful information that can be used as indicators of 

coral health and decision making during and after drilling operations? 

Monitoring: 

�  Do the current in situ monitoring methods provide the answers needed to assess 

impact from oil and gas activities? 

�  Which in situ methods/techniques are most informative, and do we need to 

further develop any of these to better address the impact? 
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�  Are there other methods/techniques that could be implemented for these 

purposes?  

�  What can we learn from other incidents, like the Gulf of Mexico, in regions 

where CWC are found? 

 

Management: 

�  Are the current mitigating practices by oil and gas industries sufficient to 

document effects from their activities, or is there a need for supplementary 

documentation?  

�  Where should we put future efforts and which research areas do we need to 

highlight to provide the necessary information suitable for a CWC management 

strategy?  

�  Can experiences with tropical corals and management strategies be transferred to 

CWCs?  

�  Which management tools do we need? 
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Appendix 

Preliminary overview of possible effect parameters to use in laboratory tests with sponges exposed to 

suspended particles of drilling mud. 

Parameter  Species Type of study 
Method, exposure Reference 

Cultur ing  sponges  

Growth and regeneration in 
cultivated fragments Geodia barretti Lab 

(Hoffmann et al., 2003b) 
(Hoffmann et al., 2005a) 

Culture of explants Geodia barretti Lab (Hoffmann et al., 2005a) 
Sandwich culture Rhabdocalyptus dawsoni Lab; sandwich culture (Wyeth et al., 1996) 
Sponge cell culture Rhabdocalyptus Lab (Leys, 1997) 
Long-term culture of sponge 
explants Corticium candelabrum Lab (de Caralt et al., 2003) 

Cultivation of sponge larvae 
Dysidea avara,  
Ircinia oros,  
Hippospongia communis 

Lab: Settlement, survival, and 
growth of juveniles (de Caralt et al., 2007b) 

Accumulation of contaminants 

Accumulation of metals ICP-
MS (Finnigan MAT 
ELEMENT) 

Microciona prolifera Cd, Hg, Pb, Cu, Zn, and As 
(Philp et al., 2003)  
 

Accumulation of metals 
Spongia officinalis 
 

Trace metals in field study 
(contaminated site) (Perez et al., 2005) 

Accumulation of metals Crambe crambe 
Field experiment 
Metal contaminated site 

(Cebrian et al., 2003)  
 

Accumulation of metals Chondrosia reniformis 
Field experiment 
Metal contaminated site (Cebrian et al., 2006) 

Accumulation of metals 

Crambe crambe,  
Chondrosia reniformis,  
Phorbas tenacior,  
Dysidea avara 

Field and lab (Cebrian et al., 2007) 

Accumulation of metals Microciona prolifera Field study, Florida, cadmium (Philp, 1999) 

Accumulation of metals Halichondria panicea 
Copper, Zinc, Cadmium and 
Chromium 

(Hansen et al., 1995)  

Accumulation of 
hydrocarbons, PCB, DDT and 
heavy metals 

 state of the art paper / review (Perez, 2000)  

Oxidative stress, DNA damage and apoptosis 

Oxidative stress 
TOSC Petrosia ficiformis 

Field experiment 
light 

(Regoli et al., 2000)  
 

DNA damage 
Fast Micromethod 

Baikalospongia intermedia, 
Lubomirskia fusifera,  
Lubomirskia abietina 

Lead, zinc, copper and 
organochlorines 

(Schroder et al., 2006)  
 

DNA damage 
Fast Micromethod 

Suberites domuncula  PCBs (Schröder et al., 1999) 

DNA damage 
Fast Micromethod 

Suberites domuncula  Gamma rays 
(Jaksic and Batel, 2003)  
 

Apoptosis Suberites domuncula 
Exposure to cadmium and E. 
coli 

(Wagner et al., 1998)  

Heat shock proteins 

Stress protein induction 
Heat shock proteins (HSP) 
HSP54 and HSP72 

Crambe crambe 
Copper exposure 
Lab + field exp. (Agell et al., 2001)  

Heat shock proteins 
Hsp70 

Baikalospongia intermedia, 
Lubomirskia fusifera,  
Lubomirskia abietina 

Lead, zinc, copper and 
organochlorines 

(Schroder et al., 2006) 

Heat shock proteins 
Hsp70  Phylogeny paper (Koziol et al., 1997)  

Heat shock proteins 
Hsp70  state of the art paper / review (Perez, 2000) 

Heat shock proteins Suberites domuncula PCBs (Schröder et al., 1999) 
Heat-shock proteins 
Hsp70, Hsp73, Hsp75 

Chondrosia reniformis 
Field experiment 
Metal contaminated site 

(Cebrian et al., 2006) 
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Metallothionein-like proteins 

Metallothionein-like proteins 
(MTLPs) 

Spongia officinalis  (Berthet et al., 2005)  

Metallothionein-like proteins 
(MTLPs) 

Microciona prolifera Field study, Florida (Philp, 1999) 

Production of  chemical defence = bioactivity 

Production of  chemical 
defence Crambe crambe 

Copper exposure 
Lab + field exp. (Agell et al., 2001) 

Bioactivity of explant in lab Corticium candelabrum explant in lab (de Caralt et al., 2003) 
Chemical defence strategy Crambe crambe  (Becerro et al., 1997) 
Feeding deterrence in  larvae, 
rhagons (functional recruits), 
and adults 

Crambe crambe   
Dysidea avara 

 (Uriz et al., 1996) 

Cell aggregation 

Cell aggregation and cell 
shape 

Scopalina lophyropoda 
In vitro - cell suspensions 
exposed to cadmium, copper 
and mercury 

(Cebrian and Uriz, 2007b) 

Cell aggregation Scopalina lophyropoda 
In vitro Lab experiments 
Cadmium, copper 
 

(Cebrian and Uriz, 2007c) 

Cell aggregation induced by 
Ca2+  Microciona prolifera 

Effects of Barbiturate 
Anesthetics (Philp and Arora, 1992) 

Cell aggregation induced by 
Ca2+  Microciona prolifera 

Lab. Effects of pH and 
oxidant stressors (hydrogen 
peroxide and bleach) 

(Philp, 1997) 

Cell aggregation Microciona prolifera In vitro (Philp, 1999) 
Cell aggregation induced by 
Ca2+ and Cd2+ 
 

Microciona prolifera 
Lab. Effects of experimental 
manipulation of pH and 
salinity on Cd2+ uptake 

(Philp, 2001) 

Feeding / clearance rate / pumping rate 

Clearance rate Chondrosia reniformis 
Field experiment 
Metal contaminated site 

(Cebrian et al., 2006) 
 

In situ feeding and 
metabolism  In situ: “ InEx”  (Yahel et al., 2005) 

In situ feeding and 
metabolism 

Aphrocallistes vastus 
Rhabdocalyptus dawsoni 

In situ exp. in a deep 
temperate fjord with ROV 
+ lab exp. 

(Yahel et al., 2007)  
 

Size independent selective 
filtration of ultraplankton 

Rhabdocalyptus dawsoni 
Aphrocallistes vastus Lab exp using flow cytometer (Yahel et al., 2006) 

In situ seawater pumping 
rates Several species Field experiment 

(Weisz et al., 2008)  
 

Oscular flow patterns / 
pumping rate Dysidea avara 

Particle tracking velocimetry 
(PTV) (Schlappy et al., 2007) 

Particle uptake by 
pseudopodia Sycon coactum Lab. Latex microspheres 

(Leys and Eerkes-Medrano, 
2006) 
 

Feeding - primitive nutrient 
transport pathway Aplysina spp 

Sponges were fed fluorescent 
latex beads in situ, Video 
microscopy 

(Leys and Reiswig, 1998) 

Feeding in sandwich cultures Rhabdocalyptus dawsoni 

Lab; sandwich culture, food 
particles (Escherichia coli, 
Isochrysis galbana) and latex 
beads 

(Wyeth et al., 1996) 

Fatty acid analysis,  
Stable isotope concentrations, 
Laboratory-based feeding 

Homaxinella balfourensis, 
Isodictya setifera, 
Kirkpatrickia variolosa, 
Sphaerotylus antarcticus 

Lab (Thurber, 2007) 

Particle uptake Oopsacas minuta 
Experimental particles (latex 
beads and bacteria) (Perez, 1996) 

Filtration rate / pumping rate Halichondria panicea clearance of algal cells 
(Riisgard et al., 1993) 
(Thomassen and Riisgard, 
1995) 

Pumping rate Glass sponge  (Leys and Yahel, 2006) 
Pumping rate Aplysina aerophoba Lab (Hoffmann et al., 2008) 

Clearance rate 
 

Crambe crambe  
Dysidea avara 

filtration experiment with 
fluorescent latex 
microspheres, 
flow cytometry, confocal  

(Turon et al., 1997) 
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microscopy 

Oxygen consumption / respiration / metabolism 

Oxygen consumption rates 
and oscular flow 
patterns/pumping rate 

Dysidea avara 

Lab. Oxygen profiles / Clark-
type micro-electrode + 
particle tracking velocimetry 
(PTV) 

(Schlappy et al., 2007) 
 

Oxygen consumption rates 
Aplysina aerophoba 
 

Lab. Oxygen profiles / Clark-
type micro-electrode (Hoffmann et al., 2008) 

Metabolic activity 
… of associated 
microorganisms of Geodia 
barretti 

Lab (Hoffmann et al., 2005b) 

Oxygen consumption rates Geodia barretti Clark-type micro-electrode (Hoffmann et al., 2005a) 

Growth of juvenile and adult sponge / regeneration  

Growth rate Halichondria panicea  
(Thomassen and Riisgard, 
1995) 

Growth Chondrosia reniformis 
Field experiment 
Metal contaminated site (Cebrian et al., 2006) 

Growth rate Crambe crambe 
Field experiment 
Metal contaminated site (Cebrian et al., 2003) 

 
Growth of sponge explants 

Crambe crambe 
Disidea avara Hemimycale 
columella. 

Growth model 
(Camacho et al., 2006)  
 
 

Growth rate 
 

Corticium candelabrum Explant in lab (de Caralt et al., 2003) 

Growth and regeneration in 
cultivated fragments 

Geodia barretti 
Cortex reconstruction + 
development of egg cells  

(Hoffmann et al., 2003b) 

Growth and regeneration in 
the field 

Rhabdocalyptus dawsoni Field study (Leys and Lauzon, 1998) 

Growth rates (in situ),  
recovery processes (ex situ) 

Rhopaloeides odorabile 
Coscinoderma sp. 

 (Louden et al., 2007) 

Regeneration in the field Many species Field study (Wulff, 2006) 

Growth rate Freshwater sponge 
Lab. Toxicity of endocrine 
disrupters 

(Hill et al., 2002) 
 

Juvenile growth 

Dysidea avara,  
Ircinia oros,  
Hippospongia communis 
Crambe crambe 

Lab and field 
(transplantation) 
Culture of sponge juveniles 
from larvae 
 

(de Caralt et al., 2007b) 

Behaviour  of adult sponge  

Contractions / coughing 
freshwater sponge, 
Ephydatia muelleri 
 

 
(Elliott and Leys, 2003; 
Elliott and Leys, 2007) 
(Leys and Meech, 2006) 

Movement pattern of 
encrusting sponge Scopalina lophyropoda Lab (Maldonado and Uriz, 1999) 

Structural changes in adult sponge  

Sponge morphology 

Microciona sp.,  
Spirastrella decumbens, 
Cliona,  
Haliclona caerulea,  
Mycale sp.,  
Callyspongia californica m.fl. 

Field study  
Effects of sediment 
deposition and resuspension 
of particles 

(Carballo, 2006)  
 

Sponge morphology Haliclona caerulea 
Caging experiment 
Effect of predation (Carballo et al., 2006) 

Sponge morphology, sponge 
irregularity / sponge fission Crambe crambe 

Field experiment 
Metal contaminated site (Cebrian et al., 2003) 

Shape + the collagen/cell rate  Chondrosia reniformis 
Field experiment 
Metal contaminated site 

(Cebrian et al., 2006) 
 

Histological methods  
Siliceous and calcareous 
sponges  (Hoffmann et al., 2003a) 

Histology  
– reproductive status 
 

Geodia cydonium 
 

Non-destructive field 
sampling technique 

(Mercurio et al., 2007)  
 
 

Percentage of specimens with 
embryos Crambe crambe 

Field experiment 
Metal contaminated site (Cebrian et al., 2003) 

The process of silica 
deposition Crambe crambe 

Transmission electron-
microscopy images coupled 
with dispersive X-ray analysis 

(Uriz et al., 2000) 

Histology of the canal system Scopalina lophyropoda Histology (Maldonado and Uriz, 1999) 
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for water pumping and the 
skeleton 
Changes in shape and 
ultrastructure during the 
formation of explants.  

Corticium candelabrum 
Explants in lab  
TEM images (de Caralt et al., 2003) 

Malformed water vascular 
systems Freshwater sponge 

Lab. Toxicity of endocrine 
disrupters 

(Hill et al., 2002) 
 

Cycle of sexual reproduction  Corticium candelabrum 
Light and electron 
microscopy / non-destructive 
tissue sampling in the field 

(Riesgo et al., 2007) 

Microarchitecture of the 
aquiferous systems  

Crambe crambe  
Dysidea avara 

Confocal  microscopy (Turon et al., 1997) 

Description of  primitive 
nutrient transport pathway Aplysina spp 

Sponges were fed fluorescent 
latex beads in situ, Video 
microscopy 

(Leys and Reiswig, 1998) 

Structural changes in gametes, embryo and larvae 

Structural description of 
gametes and larvae Corticium candelabrum 

Scanning and transmission 
electron microscopy (de Caralt et al., 2007a) 

Ultrastructure and embryonic 
development Sycon coactum  

a combination of microscopy 
techniques 

(Eerkes-Medrano and Leys, 
2006)  

Morphological changes 
during metamorphosis 
 

Dysidea avara, 
Ircinia oros,  
Hippospongia communis 
Crambe crambe 

Lab and field 
(transplantation) 
Culture of sponge juveniles 
from larvae 

(de Caralt et al., 2007b) 

Embryogenesis and 
metamorphosis Sycon sp. cf. S. raphanus Lab (evolution/embryology) 

(Leys and Eerkes-Medrano, 
2005) 
(Leys and Eerkes-Medrano, 
2003)  
 

Morphology of embryo and 
larvae to examine when 
syncytia first form 

Oopsacas minuta 
Serial section transmission 
and high-resolution scanning 
electron microscopy 

(Leys et al., 2006) 

Morphology and 
ultrastructure of the free-
swimming larvae 

Crambe crambe  (Uriz et al., 2001) 

Spicule deposition in embryos 
and larvae  

Reniera sp.  
Oopsacas minuta 

Electron microscopy (Leys, 2003a) 

Early development and 
metamorphosis  

Reniera sp.  
 

Fluorescent labeling (Leys and Degnan, 2002) 

Behaviour  of larvae 
Larval habitat selection / 
larval settlement 
 

Haliclona caerulea 
 Lab + field experiments (Avila and Carballo, 2006) 

Larval settlement  
Crambe crambe  
Scopalina lophyropoda 

Lab experiment 
Copper, cadmium, PAH (Cebrian and Uriz, 2007a) 

Settlement success 

Dysidea avara,  
Ircinia oros,  
Hippospongia communis 
Crambe crambe 

Lab and field 
(transplantation) 
Culture of sponge juveniles 
from larvae 
 

(de Caralt et al., 2007b) 

Photosensitivity of larvae Reniera sp. Lab 
(Leys et al., 2002) 
(Leys and Degnan, 2001) 

Larval settlement  
Juvenile mortality 

Crambe crambe   
Scopalina lophyropoda Field experiment (Maldonado and Uriz, 1998) 

Survival of larvae, juveniles and adult sponge 

Survival Chondrosia reniformis 
Field experiment 
Metal contaminated site 

(Cebrian et al., 2006) 
 

Survival Crambe crambe 
Field experiment 
Metal contaminated site (Cebrian et al., 2003) 

Survival Corticium candelabrum explant in lab (de Caralt et al., 2003) 
Survival (in situ and ex situ),  
 

Rhopaloeides odorabile 
Coscinoderma sp. 

 (Louden et al., 2007) 

Larval survival 
 

Dysidea avara,  
Ircinia oros,  
Hippospongia communis 
Crambe crambe 

Lab and field 
(transplantation) 
Culture of sponge juveniles 
from larvae 
 

(de Caralt et al., 2007b) 

Larval / juvenile survival 
Crambe crambe  
Scopalina lophyropoda 

Lab experiment 
Copper, cadmium, PAH (Cebrian and Uriz, 2007a) 

Juvenile survival 
Dysidea avara,  
Ircinia oros,  
Hippospongia communis 

Lab and field 
(transplantation) 
Culture of sponge juveniles 

(de Caralt et al., 2007b) 
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Crambe crambe from larvae 
 

Species composition of the bacter ia associated with sponge 
qPCR 
 

  (Cassler et al., 2008) 

fluorescence in situ 
hybridization (FISH) 

Geodia barretti Lab exp. 
(Hoffmann et al., 2006) 
(Hoffmann et al., 2005b) 

Other  information 
Other  larvae studies: ecology / evolution / theoretical stuff 
(Mariani et al., 2006), (Maldonado, 2004) 
Sponge as bioindicators:  
(Wagner et al., 1998; Perez, 2000; Schröder et al., 2000; Carballo and Naranjo, 2002; Berthet et al., 2005; Schroder et al., 2006; 
Cebrian et al., 2007) (Carballo et al., 1996) 
Sensitivity to suspended par ticles in the water  
Glass sponges; reef and non-reef forming hexactinellids in fjords of British Columbia. Det er mest av dem der det bl.a. er lite 
suspendert materiale i vannet (Leys et al., 2004). 
High retention efficiency for small particles >0.1 mu m. Halichondria panacea. Lab. (Thomassen and Riisgard, 1995) 
Review   (Leys et al., 2007) + (Leys, 2003b)  
Glass sponges (Hexactinellida): taxonomy, gross morphology, histology, reaggregation of dissociated tissues, particle capture, 
transport of internalised food objects and disposal of indigestible wastes, production and control of the feeding current, 
electrophysiology of the conduction system coordinating flagellar arrests, gametogenesis, embryogenesis, differentiation and larval 
biology  

 

 
 

 


