
University of Plymouth

PEARL https://pearl.plymouth.ac.uk

04 University of Plymouth Research Theses 01 Research Theses Main Collection

2010

Effects of oil exposure and oil-related

compounds on the  immune system of

the arctic and temperate scallops,

chlamysislandica and pecten maximus

Lynhannam , Marie Lyn

http://hdl.handle.net/10026.1/811

http://dx.doi.org/10.24382/3354

University of Plymouth

All content in PEARL is protected by copyright law. Author manuscripts are made available in accordance with

publisher policies. Please cite only the published version using the details provided on the item record or

document. In the absence of an open licence (e.g. Creative Commons), permissions for further reuse of content

should be sought from the publisher or author.



EFFECTS OF OIL EXPOSURE AND OIL-RELATED COMPOUNDS ON 

THE IMMUNE SYSTEM OF THE ARCTIC AND TEMPERATE SCALLOPS, 

CHLAMYS ISLANDICA AND PECTEN MAXIMUS 

by 

MARIE LYN HANNAM 

A thesis submitted to the University of Plymouth in 

partial fulfilment for the degree of 

DOCTOR OF PHILOSOPHY 

School of Biomedical and Biological Sciences 

Faculty of Science 

In collaboration with IRIS - Akvamiljo, Norway 

March 2010 



Copyright Statement 

This copy of the thesis has been supplied on the condition that anyone who 

consults it is understood to recognise that its copyright rests with its author 

and that no quotation from the thesis and no information derived from it may 

be published without the author's prior consent. 



EFFECTS OF OIL EXPOSURE AND OIL-RELATED COMPOUNDS ON 

THE IMMUNE SYSTEM OF THE ARCTIC AND TEMPERATE SCALLOPS, 

CHLAMYS ISLANDICA AND PECTEN MAXIMUS 
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Abstract 

With the current expansion of offshore oil activities in Arctic regions, there is 

an urgent need to establish the potential effects of oil-related compounds on 

Arctic organisms. The scallop Chiamys islandica is distributed throughout the 

sub-Arctic and has been proposed as a sentinel species for this region. In 

addition, the temperate scallop Pecten maximus occurs in regions of oil 

activity and, with increasing sea temperatures, the limit of its distribution may 

extend further into sub-Arctic regions. P. maximus also accumulates 

contaminants to a greater extent than the current temperate sentinel Mytilus 

edulis. A hierarchical approach, similar to that adopted to assess vertebrate 

immune function, was used to determine immunocompetence in the Arctic 

scallop C. islandica and the temperate scallop P. maximus following 

exposure to oil and oil-related compounds. The Arctic scallop C. islandica 

demonstrated a reduced immunocompetence following both dispersed and 

acute oil exposure. Immunomodulation in the scallops exposed to low levels 

of dispersed oil appeared to be reversible following removal of the 

contaminant stress (Chapter 3). However, a simulated oil spill resulted in 

mortalities and it remains unclear if the organisms are able to recover from 

the substantial immune suppression observed (Chapter 4). A component of 

crude oil and the most abundant PAH in aquatic ecosystems, phenanthrene 

suppressed immune function in P. maximus. These results indicated a link 

between PAH-induced oxidative stress and the subsequent inhibition in 

haemocyte immune function (Chapter 5). However, the ability of scallop 

haemocytes to recognise and respond to a pathogen-associated molecular 

pattern was not affected by phenanthrene exposure (Chapter 6). The 

immune parameters used in this research were shown to be sensitive, 



reliable markers of immunocompetence that can be directly linked to host 

resistance (Chapter 7). These immune parameters were also used to assess 

the sublethal effects of drilling wastes associated with offshore oil production 

(Chapter 8), indicating their potential as ecotoxicological monitoring tools. 
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I Introduction 

1.1 Marine oil pollution 

The marine environment is a major sink for many potentially hazardous 

contaminants (Woodhead et at., 1999). An estimated 3.27 million t of oil 

enter the marine environment each year and oil is now a ubiquitous 

contaminant of all marine ecosystems. Anthropogenic sources are of major 

importance, accounting for more than 90% of inputs (Preston and Chester, 

2001). As the world's demand for oil grows, the offshore oil industry 

continues to expand, with offshore production, tanker operations and 

accidental spills accounting for some 1.17 Mt y"1 of oil entering the marine 

environment (Preston and Chester, 2001). Recent focus has been directed to 

the expansion of oil exploration in Arctic and sub-Arctic regions, with 

exploration projects in both the Euro-Asian Arctic, notably the Barents Sea, 

and on the Alaskan North Slope (AMAP, 2007). Operational discharges from 

offshore oil activities vary depending upon the phase of production; drill 

cuttings and fluids generally dominate waste throughout exploration and pre- 

production, whilst produced water is the primary discharge during operational 

oil extraction (Carroll et al., 2000). These drilling wastes and produced water 

are a major source of oil discharged into marine ecosystems, with petroleum 

hydrocarbons recorded at concentrations of 150 mg 1.1 in seawater in areas 

of oil exploration and production (ACOPS, 1995). High levels of petroleum 

hydrocarbons, up to 80 mg 1-1, have also been reported at a polluted coastal 

site in the Mediterranean Sea (Khedir-Ghenim et al., 2009). 

1 



Oil can have detrimental impacts on marine organisms with mortalities 

observed in various invertebrate species (Table 1.1). Aside from the acute 

effects of crude oil and its water-accommodated fraction (WAF), sublethal 

effects have also been reported across numerous phyla (Table 1.1). 

Organism behaviour is disrupted following exposure to WAF with reduced 

feeding frequency and duration in the American lobster Homarus americanus 

(Atema et al., 1982) and inhibited prey-detection in the seastar 

Coscinasterias muricata (Georgiades et al., 2003). Reproductive impacts 

have been reported following dispersed oil exposure with larval abnormalities 

and mortalities reported in the Northern Shrimp Pandalus borealis (Larsen, 

2004) and Mytilus edulis (Baussant, 2004). The reproductive toxicity of crude 

oil WAF has also been demonstrated in polychaetes (Lewis et at., 2008) and 

copepods (Bejarano et at., 2006). In addition to crude oil and WAF 

exposures, oil components such as polycyclic aromatic hydrocarbons (PAHs) 

have also been shown to elicit acute and sublethal effects. 

2 
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