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The biological and ecological impacts of hypoxia on coastal benthic 

communities  

Ruth N Calder -Potts  

ABSTRACT  

Traditionally, hypoxia has been defined as the situation where DO levels have fallen below 

2.0 mg O2 L
-1, but increasing evidence suggests that this low level of DO is inadequate to 

describe the onset of hypoxia impacts for many organisms. Consequently, there is a need 

�I�R�U���D���J�U�H�D�W�H�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���K�R�Z���µ�P�R�G�H�U�D�W�H�¶���D�O�W�H�U�D�W�Lons in DO levels will affect ecosystem 

processes and functionality, specifically through behavioural and physiological alterations at 

the organism and community level. This thesis reports on mesocosm experiments which 

were conducted to examine the effects of moderate (> 3.0 mg O2 L
-1) hypoxia on firstly, a 

key ecosystem engineer, the brittlestar Amphiura filiformis, and secondly, on the Station L4 

infaunal macrobenthic community. Station L4 is a longstanding marine biodiversity and 

MSFD reference site and forms part of the Western Channel Observatory. At the organism 

level, short-term (14 d) exposure to moderate hypoxia significantly reduced oxygen uptake 

rates, oocyte diameter and oocyte development in A. filiformis. However, these 

physiological affects occurred irrespective of brittlestar population density. Additionally, 

moderate hypoxia reduced brittlestar activity, in terms of bioturbation behaviour, 

consequentially having an effect on ammonium and silicate fluxes. These observations 

were only detected when brittlestar population density was high. It was concluded that 

denser populations of A. filiformis may therefore exhibit the greatest changes in behaviour 

and shifts in ecosystem function as competition for resources and oxygen heightens. The 

benthic community at Station L4, displayed considerable tolerance to medium-term (6 wk.) 

exposure to moderate hypoxia, in terms of structure, diversity and bioturbatory behaviour, 

but these results may be different if exposure was longer or more severe. Alterations in 

nutrient fluxes were detected, but there was little evidence to suggest these changes were 

due to macrofaunal behavioural alterations. Additionally, results from this study revealed 
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that bringing complex natural communities into the mesocosm caused a substantial loss of 

individuals and species, mainly due to translocation and disturbance effects. This important 

insight into the effects of bringing community assemblages into the mesocosm confirms that 

even with a loss of diversity, the L4 community maintained functionality and was resilient to 

alterations in DO. This suggests that the L4 benthic community does not depend on any 

one specific species for the provision of important ecosystem processes, resulting in 

considerable functional resilience within the L4 system. However, vulnerability to benthic 

systems may increase if functionality is dominated by species such as A. filiformis. 

Consequently, moderate hypoxia may not immediately affect benthic communities in terms 

of structure and diversity, but the physiological effects on individuals, especially to 

reproductive development, may cause alterations in the quality and quantity of planktonic 

propagules supplied by benthic species to the pelagic environment. This could affect 

benthic community diversity and functionality in the long term if repeated hypoxic events 

occur.  
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1.1. INTRODUCTION 

Oxygen is a fundamental requirement to all aerobic organisms for survival and 

normal physiological function. Thus, it is considered by some, as the most 

important environmental variable that supports life on Earth (Diaz 2001). Within 

the oceans, dissolved oxygen (DO) concentrations vary considerably. Seawater 

is oxygenated by the influx of oxygen gas across the air-sea surface 

(ventilation) and also through the process of photosynthesis. Physical mixing 

and biological processes draw oxygenated water down through the water 

column to create a hospitable oxygenated environment for pelagic and benthic 

organisms. However, regions with extreme oxygen deficit are not uncommon 

and have occurred throughout geological time (Chen et al. 2007, Zhang et al. 

2010). These �K�\�S�R�[�L�F�� �R�U�� �D�Q�R�[�L�F�� �D�U�H�D�V�� �D�U�H�� �R�I�W�H�Q�� �W�H�U�P�H�G�� �µ�R�[�\�J�H�Q�� �P�L�Q�L�P�X�P��

�]�R�Q�H�V�¶���R�U���µ�G�H�D�G���]�R�Q�H�V�¶���D�Q�G���D�U�H���I�R�U�P�D�O�O�\���F�O�D�V�V�L�I�L�H�G���D�V���V�X�F�K�����Z�K�H�Q���'�2���O�H�Y�H�O�V���D�U�H��

between 0.0 mg O2 L-1 (anoxia) and 2.0 mg O2 L-1 (hypoxia) (Diaz 2001, 

Rabalais et al. 2002) . Naturally occurring hypoxia has long been found in the 

bottom waters of silled basins and fjords, areas with restricted water circulation 

or in regions where upwelling of oxygen-depleted sub-surface water occurs 

(Middelburg & Levin 2009). In addition to these bathymetric and physical 

influences, DO concentrations are also governed by several biological and 

biogeochemical processes, (Zhang et al. 2010) making DO within the marine 

realm a topic of considerable interest (Diaz & Rosenberg 2011).  

 

1.2. HYPOXIA IN RECENT DECADES 

Hypoxia in the coastal oceans has spread exponentially since the 1960s (Diaz 

& Rosenberg 2008). Over 400 systems, affecting more than 245,000 km2 are 

reported to be affected by hypoxia with the majority situated in coastal zones 
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(Fig. 1.1) (Diaz & Rosenberg 2008, Rabalais et al. 2010). Whilst there have 

always been naturally occurring marine hypoxic habitats, the recent global 

increase in the frequency and severity of coastal hypoxia is causing alarm, most 

notably because it can be attributed to specific anthropogenic activities (Diaz & 

Rosenberg 2008, Rabalais et al. 2010, Zhang et al. 2010). Marine hypoxia is 

now recognised as a global threat to ecosystem health due to its capacity to 

alter key ecological, biological and physiological functions (Nilsson 2000, 

Nilsson & Rosenberg 2000, Cheung et al. 2008, Weissberger et al. 2009).  

 

�,�Q�������������D�Q���D�U�W�L�F�O�H���W�L�W�O�H�G�����³�(�X�W�U�R�S�K�L�F�D�W�L�R�Q���± �W�K�H���)�X�W�X�U�H���0�D�U�L�Q�H���&�R�D�V�W�D�O���1�X�L�V�D�Q�F�H�"�´��

(Rosenberg 1985) was one of the first to suggest that atmospheric deposition 

and nutrient enriched riverine outflows were causing the onset of eutrophication 

in the Baltic and Kattegat Seas which, as a result, were severely affected by low 

DO levels. Rosenberg (1985) stated that there was enough evidence to suggest 

that the continued use of fertilizers and the venting of nitrogen oxides from fossil 

fuels will, in the near future, cause widespread eutrophication that will become a 

common hazard in marine coastal areas across the world (Rosenberg 1985). 

Unfortunately, this remarkably accurate prediction is now reflected in global 

�G�D�W�D�� �V�H�W�V�� �F�R�P�S�L�O�H�G�� �R�Y�H�U�� �W�K�H�� ������ �\�H�D�U�V�� �V�L�Q�F�H�� �5�R�V�H�Q�E�H�U�J�¶�V�� �L�Q�L�W�L�D�O�� �U�H�S�R�U�W�� �Z�D�V��

published (Diaz et al. 2011).  

 

It is now recognised that human activities such as the application of fertilizer, 

land clearing, discharge of human waste, animal production and fossil fuel 

combustion, supplement surface and ground waters with the nutrient elements 

nitrogen (N) and phosphorous (P) (Nixon 1995, Cloern 2001, Gray et al. 2002). 

This increase in flux of N and P into the hydrological system, which eventually 
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�I�O�R�Z�V�� �L�Q�W�R�� �F�R�D�V�W�D�O�� �Z�D�W�H�U�V���� �D�F�W�V�� �D�V�� �D�� �µ�P�D�U�L�Q�H�� �I�H�U�W�L�O�L�]�H�U�¶���� �V�W�L�P�X�O�D�W�L�Q�J�� �S�O�D�Q�W�� �J�U�R�Z�W�K��

and disrupting the balance between production and metabolism of organic 

matter in the coastal zone (Cloern 2001). As a result, there is a clear causal link 

between anthropogenic sources of nutrients and the presence of eutrophic 

indicators in coastal waters (McQuatters-Gollop et al. 2009). Moreover, with an 

ever increasing global population, the demand for food and resources is 

expected to heighten. This will increase the need for intensive anthropogenic 

practices to meet the demands of a growing 21st century population and 

inevitably, nutrient enrichment and eutrophication in coastal areas is predicted 

to worsen. 
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Figure 1.1. Global development of coastal hypoxia over recent decades, �” = 

documented hypoxic event,    = upwelling areas, modified from Rabalais et al. 

(2010). 
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1.3. FROM EUTROPHICATION TO HYPOXIA 

The excessive supply of nutrients to a coastal system triggers an increased 

growth of algae and plants, i.e. primary production (Dugdale & Goering 1967, 

Rosenberg 1985, Gray et al. 2002). During the preliminary stages of intensified 

primary production, DO levels within the water column may increase due to the 

upturn in production of photosynthetic organisms. However, as the yield from 

this primary production accumulates, it exceeds the amount consumed by 

grazers, and begins to sediment out and decomposes. At this point, the DO 

levels can rapidly decrease as the biological oxygen demand (BOD) within the 

water column and at the benthos increases due to microbial decomposition 

(Bishop et al. 2006, Zhang et al. 2010). Benthic organisms are particularly 

vulnerable to a surge in BOD and the consequential decrease in DO, because 

the large majority of the excess organic matter produced settles out and can 

smother the benthos. 

 

Bottom water oxygen depletion is often exacerbated or prolonged when the 

water column in question is stratified or when renewal of oxygenated water is 

limited (Diaz & Rosenberg 2008, Levin et al. 2009). Stratification can result from 

strong thermal or saline gradients, particularly where freshwater run off is 

excessive, or where strong seasonal cycles in rainfall and temperature occur 

(Levin et al. 2009). In addition, tidal cycles and local currents may limit the 

amount of oxygenated seawater that is reintroduced within a given space and 

time. These common physical characteristics of coastal areas, together with the 

aforementioned anthropogenic pressures, make coastal regions prime 
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candidates for the onset of eutrophication and a concomitant decrease in DO, 

particularly at the benthos. 

 

Although the causal link between nutrient enrichment and eutrophication is 

widely accepted, the cause-effect relationships are far more complex because 

coastal ecosystems respond to nutrient loading in many different ways 

(McQuatters-Gollop et al. 2009). For example, some of the most productive 

fisheries in the world are associated with nutrient inputs either from land or 

upwelling (Diaz & Rosenberg 2011), hence there is a delicate balance and a 

strong economic interest into the monitoring and management of nutrient 

loadings in coastal areas. Despite this interest, hypoxia is now prominent on a 

global scale. Over the last three decades, reports indicate an annual increase of 

5.5 % in the number of coastal sites suffering from hypoxia (Vaquer-Sunyer & 

Duarte 2008) and there is sufficient evidence to propose that this worldwide 

increase in extent and frequency of hypoxia is linked to anthropogenic activities 

(Cloern 2001, Gray et al. 2002, Rabalais et al. 2002, Diaz & Rosenberg 2008, 

Howarth et al. 2011). Consequently, the most serious threat resulting from 

excess nutrients and the subsequent onset of the eutrophication process in 

coastal zones is the unseen decrease in DO levels in bottom waters (Diaz & 

Rosenberg 2008). 

 

1.3.1. The importance of coastal zones  

Coastal ecosystems are among the most productive and diverse areas on Earth 

(Mann 1988, Struyf et al. 2004, Meadows et al. 2012). They are 

characteristically complex, both ecologically and physically. They encompass a 

broad range of habitat types and harbour a unique wealth of biodiversity, 
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providing resources and services that are vital for human health and survival 

(Burke et al. 2001).  

 

It is estimated that these marine habitats, from the intertidal zone out to the 

continental shelf break, provide over US$ 14 trillion worth of ecosystem goods 

(e.g. food and raw materials) and services (e.g. disturbance regulation and 

nutrient cycling) per year (Costanza et al. 1997, Harley et al. 2006) making 

them regions of considerable economic and ecological interest.  As a result, 

healthy and productive coastal ecosystems signify a unique life support system 

for marine life and humans alike, where any degradation in environmental 

status is recognised to hold far reaching effects (IPCC 2007). However, over 

recent decades, human actions have profoundly changed the extent, condition 

and capacity of most major ecosystem types across the world (Barbier et al. 

2008). Subsequently, the impacts of anthropogenic activities on coastal 

ecosystems, both direct (e.g. nutrient enrichment, pollution, fishing) and indirect 

(e.g. increasing temperatures and climate change) is a pressing issue that 

requires considerable attention (Harley et al. 2006).  

 

1.4. THE ROLE OF BENTHIC COMMUNITIES 

Given the importance of coastal ecosystems and the vulnerability of benthic 

habitats to hypoxia, the effects of decreasing DO on benthic organisms and 

communities is of major concern, particularly because benthic communities 

contribute to a number of vital processes that can influence the provision of 

ecosystem goods and services, in addition to maintaining ecosystem function. 
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Soft sediments dominate coasts and estuaries (Thrush et al. 2006) and harbour 

vast amounts of biological diversity, both within (infauna) and on (epifauna) the 

benthos. The species residing in these communities are particularly vulnerable 

to changes in environmental conditions due to their sessile nature. Previous 

work has concluded that meiofauna tend to be less affected by hypoxia than 

macrofauna and megafauna (Josefson & Widbom 1988, Diaz & Rosenberg 

1995), however, it is not surprising that some benthic species can exhibit a 

degree of tolerance to reduced oxygen concentrations, as the very nature of 

their life-mode requires them to burrow and reside within sediments that often 

become anoxic beneath the superficial layers. Meiofauna tend to have a lower 

oxygen demand, a greater surface area to volume ratio with some species able 

to undergo anaerobic metabolism. They are also exposed to the surrounding 

sediment pore-water, low in free oxygen which enables some meiofauna 

species to survive hypoxia / anoxia for extended periods of time (Wetzel et al. 

2001). However, not all meiobenthic communities respond uniformly to hypoxia. 

Data from the Gulf of Mexico shows that meiobenthic nematodes emigrate into 

the water column in high numbers where they survive hypoxic events until 

normoxia is re-established (Wetzel et al. 2001). Benthic macrofauna that reside 

in burrows or tubes facilitate the transport of more oxygenated water into their 

burrow systems, via bioirrigation processes. For certain species, the initial 

response to hypoxia involves behavioural adaptions such as raising respiratory 

structures above the sediment-water interface and increasing ventilation of 

burrow structures by peristaltic pumping or beating of appendages, to access 

faster moving water with more oxygen (Levin 2003). However, if hypoxia is 

severe or persistent, these survival mechanisms may not prevail. 
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It is estimated that benthic habitats can supply approximately 50 - 80 % of the 

nutrients required for primary production in coastal seas, with nitrogen 

availability being a critical factor (Herbert 1999, Dale & Prego 2002, Lohrer et al. 

2004). This process is tightly linked to the transport of materials mediated by 

fauna living in, or on, the seabed, via the biogenic mixing of the sediment, a 

process known as bioturbation (Canfield & Farquhar 2009, Shull 2009). 

Through the creation of pits, mounds and burrows, sediment ingestion and 

excretion, in addition to the bio-irrigation of sub-surface burrow structures, 

benthic infauna play an important role in mediating many chemical and physical 

reactions. Bioturbation can enhance nutrient fluxes across the sediment-water 

interface, leading to increased rates of primary production, alter pH and redox 

gradients, affect sediment geochemistry, and help structure sediment porosity 

and permeability through counteracting the effects of sediment compaction 

(Herbert 1999, Shull 2009). Furthermore, bioturbation activities extend the oxic 

sediment-water interface, increasing the surface area available for sediment-

water exchange processes and influencing the creation of chemically important 

micro-niches for a diverse array of microbes (Rosenberg 2001, Rosenberg & 

Ringdahl 2005).  

 

1.4.1. Influence of bioturbation on nutrient fluxes and microbial 

communities  

Microbial communities within sediments play a key role in the oxidation of 

organic compounds and the regeneration of nutrients, and are essential for 

sustaining primary production (Herbert 1999). Shallow coastal sediments are 

responsible for up to 90 % of sedimentary remineralisation of organic matter 

with the transformations principally mediated by bacteria (Gattuso et al. 1998). 
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However, as mentioned earlier, through the processes of bioturbation and 

bioirrigation, infaunal invertebrates have significant influence over many 

physical and chemical sedimentary processes in addition to affecting the 

structure and diversity of microbial communities (Laverock et al. 2010, Queir—s 

et al. 2013). 

 

Specialised groups of microorganisms play a key role in the specific 

transformations of nutrient elements that lead to their regeneration. Bacterial 

communities within sediment burrow structures can be significantly different to 

the bacterial community inhabiting surface sediments (Laverock et al. 2010). In 

addition, bacterial abundance and activity has been shown to be 10-fold higher 

in burrow walls compared to the surrounding sediment (Papaspyrou et al. 

2005). These microbial processes are often governed by oxygen and the 

subsequent redox potential of the sediment (Herbert 1999, Dale & Prego 2002). 

For example, the marine nitrogen cycle involves several steps of oxidation / 

reduction reactions that take place both within the oxic and anoxic sediment 

layers (Herbert 1999). Within the oxic layers ammonium is oxidised to nitrite and 

nitrate via nitrification, and within the anoxic environment reduction reactions 

take place such as denitrification and anammox. Products of these 

transformations can either be released into the overlying water or adsorbed and 

buried into the sediment layers (Herbert 1999). Generally, in oxic environments, 

nutrient cycling is considered to be more efficient due to populations of 

enzymatically mediated microbes undertaking aerobic respiration (Dale & Prego 

2002). During low levels of DO, remineralisation processes can be reduced 

(Kemp et al. 1990) especially if anaerobic digestion becomes the dominant 

pathway (Bianchi et al. 2000) and alternative e- acceptors, if present, have to be 
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used. Consequently, benthic areas that host abundant infaunal communities, 

with a larger number of burrow or sediment structures and high bioturbation 

potential, are likely to have a greater role in the recycling and remineralisation of 

nutrients, affecting fundamental processes that contribute to the overall 

functioning of the ecosystem (Naeem et al. 1994, Cardinale et al. 2000).  

 

1.5.  RESPONSES TO HYPOXIA 

1.5.1. Individual level responses  

The responses of marine organisms to hypoxia at the individual level have been 

studied in greater detail than community level responses, with the wealth of our 

knowledge about physiological adaptations to hypoxia originating from studies 

conducted on intertidal organisms, which are regularly subjected to hypoxia 

during isolation from the water column at low tides (Diaz & Rosenberg 1995). 

Organism response to hypoxia is species-specific and dependent on the 

duration and severity of the hypoxic event. A report in 2008 conveyed that the 

majority of investigations referred to a value of 2.0 mg O2 L
-1 or lower to define 

hypoxia, but organisms tend to exhibit several sub-lethal physiological and 

behavioural modifications to hypoxia before reaching this value (Gray et al. 

2002, Vaquer-Sunyer & Duarte 2008). For example, previous research has 

documented that growth rates could be affected at oxygen concentrations 

between 6.0 and 4.5 mg O2 L
-1 (Chabot & Dutil 1999, Gray et al. 2002), whilst 

other aspects of metabolism can be affected between 4.0 and 2.0 mg O2 L-1 

���1�L�O�V�V�R�Q�� �	�� �6�N	:�O�G�� ������������ �1�L�O�V�V�R�Q�� ������������ �5�R�V�D�V�� �H�W�� �D�O���� ������������ �&�D�O�G�H�U-Potts et al. 

2015), with mortality not occurring until oxygen concentrations are below 2.0 mg 

O2 L
-1 (Wang & Widdows 1991, Baker & Mann 1992, Vistisen & Vismann 1997). 

Behavioural alterations also occur when oxygen concentrations are reduced, 
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and act as an important link between individual responses and population 

change (Boyd et al. 2002). For example, behavioural responses such as 

shallower burrow depths and elongated siphons may alter predator-prey 

relationships (Sturdivant et al. 2012), whilst altered locomotion may affect food 

finding behaviour (Boyd et al. 2002). Subsequently, behavioural changes at the 

individual level can hold direct and indirect consequences to individual fitness, 

with cascading responses across several levels of biological organisation, 

including effects to community composition and ecosystem function (Fig. 1.2) 

(Solan et al. 2004a, Zhang et al. 2010, Riedel et al. 2014).  
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Figure 1.2. Potential effects of hypoxia at different organisational levels. 

 

1.5.2. Community level responses  

The effects of hypoxia at the individual level can be nested within and complexly 

related to the effects occurring at the community level, (Fig. 1.2) that may 

impact organism abundance, community structure, functional diversity, energy 

flows, food web dynamics and intra-specific competition. These modifications 

within benthic communities have the potential to disturb the day-to-day 
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processes that modulate ecosystem function (Breitburg et al. 2009). VillnŠs et 

al. (2012) found that in natural communities exposed to hypoxia, the 

disturbance mediated change in community composition was an important 

explanatory variable for changes in sediment oxygen and nutrient fluxes, with 

variability in ecosystem function also being directly related to the duration of 

hypoxia as well as the benthic community. The number of species within a 

community and their identities are an important factor in assessing the 

consequences of disturbance for ecosystem functioning (VillnŠs et al. 2012), 

however, other factors, such as functional diversity and the non-random order of 

species loss, also has a significant role on ecosystem functioning (Solan et al. 

2004a, VillnŠs et al. 2012). Species extinction within a community is generally 

considered a non-random process (Srivastava 2002) with risk determined by 

life-history traits such as rarity, body-size, consumer pressure and sensitivity to 

disturbance (Solan et al. 2004a). Consequently, some species may eventually 

become locally extinct with the onset of hypoxia, while others may be 

opportunistic and thrive (Vaquer-Sunyer & Duarte 2008). This extreme variance 

in tolerance to decreasing DO, partially explained by life-history traits, holds 

interesting consequences for population dynamics and community structure, 

both during and after a hypoxic event (Lim et al. 2006).  

 

Consequently, the community level responses observed during hypoxia are 

difficult to predict as they depend on many different compounding aspects that 

are often specific to a particular habitat or site, and related directly to the 

population exposed. For example, reproductive state, the amount of food 

availability or population density of a particular species may influence the 

survivorship of that species during hypoxia, offering it considerable advantages 
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(or disadvantages) over competing species. For example, Llans— (1991) found 

that the timing of hypoxia relative to recruitment was critical to survivorship, and 

documented a decline in summer recruitment peaks for two species of 

polychaete with the onset of a hypoxic event.  

 

Studies conducted in Cheasapeake Bay, U.S.A., show that higher DO levels 

result in a greater community biomass, until a DO threshold of approximately 

4.5 mg L-1 (Seitz et al. 2009). Community biomass is a parameter that can often 

be positively correlated to primary production, but in Cheasapeake Bay this is 

not always the case (Kemp et al. 2005), giving reason to suggest that the 

benthos has been severely degraded by regular hypoxic events and there has 

been long-term conditioning of the community, which is dominated by 

opportunistic or tolerant species.  

 

Several other factors also influence survivorship during hypoxia, such as the 

cause, length and severity of the event and the possibility of interacting effects 

of other environmental variables that organisms are exposed to, e.g. 

contaminated sediment or pollution. In the York River, U.S.A., periodic hypoxia 

has been found to be less severe than hypoxic events in similar habitat areas, 

due to the level of hypoxia, its short duration and relatively small area covered 

(Diaz & Rosenberg 1995). Consequently, the magnitude of response to a 

hypoxic period is species-specific, but also site-specific, making predictions 

about the ecological and environmental penalties problematic.  
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1.6. BIODIVERSITY AND ECOSYSTEM FUNCTION 

Since the launch of the Convention on Biological Diversity (CBD) at the 1992 

UN Earth Summit, the relationship between biodiversity (the variety of life at 

multiple levels) and ecosystem function has emerged as a central issue within 

ecological and environmental sciences, especially since the recognition that 

species have many important functional roles within ecosystems (Bengtsson 

1998, Loreau 2000). It is now generally accepted that the variety of species 

within ecosystems collectively determine, in part, the occurrence and rates of 

key biogeochemical cycles that help to regulate global scale systems that 

support life on Earth (Loreau 2000). Understanding the role that biodiversity has 

in establishing, driving or maintaining ecological processes will help to identify 

the mechanisms that underpin ecosystem function and consequently enrich our 

knowledge about what secures the provision of goods and services. 

 

It has been identified in terrestrial research that species richness may enhance 

ecosystem productivity and the more connections that are present within a food 

web, the greater the stability of the community (Naeem et al. 1994). However, 

this work fails to distinguish that species have varying levels of functions and 

roles within habitats and ecosystems. Recognition of species functional diversity 

has been an important milestone that has enhanced our understanding about 

the mechanisms behind biodiversity and ecosystem functioning, but has also 

created lively debates about the conservation of biodiversity. For example, is 

species diversity loss acceptable if the presence of certain key functional 

groups can support the continuation of vital ecosystem processes? Many argue 

that even when species diversity is not critical for maintaining ecosystem 
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processes, it may nevertheless, be essential to provide greater resistance to  

changing environmental conditions (Loreau et al. 2001). 

 

Global biodiversity has recently been declining at a rate faster than that 

calculated from historic fossil records (Millennium Ecosystem Assessment, 

2005), and this rapid reduction is thought to be a direct consequence of 

anthropogenic activities, such as harvesting, habitat destruction and pollution, 

but also due to human-induced global climate change (Bulling et al. 2010). This 

alarming loss in biodiversity has motivated scientific enquiry into how 

ecosystem processes will be affected by species loss (Caliman et al. 2007).  

 

1.6.1. Functional diversity and ecosystem performance  

As discussed in section 1.4., the biogenic mixing of benthic sediment exhibits 

significant influence over many sedimentary chemical and physical reactions. 

Benthic infauna mix and move sediment and particulate materials during 

foraging, feeding and burrow maintenance behaviour, but depending on life-

history traits, such as feeding modes, sediment reworking modes, body size 

and mobility, species exhibit different functional traits associated with sediment 

mixing. These functional traits can be combined with biomass and abundance 

data to create a metric known a�V���µ�%�L�R�W�X�U�E�D�W�L�R�Q���3�R�W�H�Q�W�L�D�O�����%�3���¶�����I�L�U�V�W���G�H�V�F�U�L�E�H�G���E�\��

Solan et al (2004a). Although not a direct measure of bioturbation, BP for a 

specific community (BPc) can provide an estimate of the potential of a 

community to bioturbate. Therefore, due to the complex biogeochemical 

interactions between benthic infauna, sediment mixing and processes such as 

nutrient fluxes, ecosystem performance may depend more on the presence of 

key functional types, rather than species richness itself (Lohrer et al. 2004, 
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Thrush et al. 2006). For example, Amphiura filiformis is an active and well-

studied bioturbator that is a dominant species in many coastal and shelf areas 

of the NE Atlantic (Solan & Kennedy 2002, Solan et al. 2004a, Queir—s et al. 

2006)���� �,�Q�� �D�� �µ�U�D�Q�G�R�P�� �H�[�W�L�Q�F�W�L�R�Q�¶�� �H�Y�H�Q�W�� �V�L�P�X�O�D�W�L�R�Q�� �V�W�X�G�\�� �I�R�F�X�V�H�G�� �R�Q�� �W�K�H�� �1�R�U�W�K��

Sea, the biogenic mixing depth (BMD), an indicator of bioturbation, was 

dependent on whether A. filiformis was among the survivors (Solan et al. 

2004a). Additionally, communities exposed to fishing pressure in the Irish Sea 

demonstrated reduced community biomass and production following the loss of 

the dominant A. filiformis (Queir—s et al. 2006). Therefore, although species 

richness within a community is important, contributions to ecosystem function 

are not equal among community members.  

 

Bellwood et al. (2003) described how one species of parrot fish (Bolbometopon 

muricatum) was responsible for almost all of the bio-erosion occurring on 

oceanic tropical reefs. In its absence, reefs displayed marked changes in 

calcification rates, coral growth rates, colony shapes, colony fitness and coral 

distributions, in addition to changes in erosional activity and an enhanced 

potential for echinoid invasions (Bellwood et al. 2003). This one specific species 

had a domineering functional effect, with its potential loss causing major shifts 

in ecosystem dynamics. 

 

The reduction or loss of just one key species within a community can cause 

important ecosystem processes to become vulnerable. Therefore, the need to 

consider both species richness and functional diversity is a necessary 

requirement to ensure functional elements in marine ecosystems are protected 

and conserved (Bellwood et al. 2003), in addition to enhancing our knowledge 
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about the biodiversity-ecosystem-function relationship. In order to fully 

comprehend the ramifications of increasing coastal hypoxic events on 

biodiversity and ecosystem function, information that details how hypoxia 

affects key functional species, population dynamics, community assemblages, 

and ecosystem processes is a high priority. In doing so, knowledge can be 

gained about the biological and ecological mechanisms that cause changes at 

the physiological and behavioural level, that may underpin community and 

ecosystem level responses.  

 

1.7. FUTURE PREDICTIONS FOR MARINE HYPOXIA  

Although management strategies exist to monitor and reduce nutrient loadings 

into coastal areas, it is predicted that marine hypoxia is set to worsen, both 

within coastal regions and in the open oceans (Diaz & Rosenberg 2011).  

 

Within the open oceans, studies show that DO appears to be declining in both 

the central North Pacific Ocean and the tropical oceans worldwide (Whitney et 

al. 2007, Keeling et al. 2010, Falkowski et al. 2011). Evidence suggests that the 

oxygen decline regimes currently being observed in the open oceans could be 

representative of natural cyclical processes or a non-periodic trend related to 

climate change and global warming due to the reduced solubility of oxygen at 

higher temperatures (Matear et al. 2000, Diaz & Rosenberg 2008, Falkowski et 

al. 2011, Gnanadesikan et al. 2011). It is probable that both of these situations 

are occurring, but the proportion attributed to climate change is difficult to 

quantify and is coupled with other key factors such as decreased ventilation, 

increased stratification at high latitudes and changes in biological respiration 

rates (Falkowski et al. 2011). As a result, ocean models have predicted a 














































































































































































































































































































































































































































































