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Approaches to assessing the impact of 

Marine Renewable Energy Converters 

(MRECs) on coastal marine environments. 

ABSTRACT 
Australia currently produces more than 18,600 petajoules of energy annually. Only 2% of this energy 

is produced via renewable means of energy production with the remaining 98% produced by non-

renewable means such as fossil fuels and natural gas. With the 2020 October budget announcement 

by the Australian Government that the Australian Renewable Energy Agency (ARENA) will continue 

to be funded for a further 10 years, there is financial incentive and capacity to continue the 

development of marine renewable energy technologies in Australian coastal waters. The ecological 

impacts of these technologies, however, are not well understood. Marine Renewable Energy 

Converters (MRECs) are typically situated in volatile, dynamic environments which creates 

challenges for conducting robust ecological research to determine impact. Furthermore, these 

ecosystems usually contain many species with conservation and/or commercial value. Given studies 

into the impact of MRECs are very limited, developing a more robust framework to determine 

impact is timely. 

This research investigated the potential impacts of the introduction of MRECs on coastal marine 

ecosystems. Specifically, it assessed the current state of MREC technologies, the sources of impact of 

MRECs and the component within a marine ecosystem susceptible to those impacts and undertook 

robust quantitative and qualitative studies for assessing these impacts. 
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There are four fundamental types of MRECs – wave, tide, current and ocean thermal. With over 350 

MREC designs and developers worldwide, many of these designs have reached the environmental 

approval stage in their respective regions with little identification of the environmental impacts of 

these devices. Chapter 2 highlighted that the main sources of impact were those that occur during 

installation and assembly of the MREC, caused by the presence of the MREC structure itself, and the 

resultant artificial light and noise associated with the functioning of MRECs. Marine mammals, 

seabirds and migratory shorebirds, fishes, large invertebrates such as crustaceans and benthic 

communities are all likely to be impacted by these sources. Impacts recorded can be both positive, 

for example providing haul-out sites for pinnipeds and negative, for example through the potential 

for seabirds to collide with turbines. 

In Chapter 3 I identify and describe a rigorous identification framework for assessing the impacts of 

an MREC on components of a coastal system. The framework involves the use of both quantitative 

and qualitative research designs. Two examples of these research designs provided are a modified 

Before-After-Control-Impact (BACI) design for quantitative analysis of ecosystem response and Loop 

Analysis, a technique of qualitative modelling of socio-economic and functional group response to a 

perturbation in a model system. 

In Chapter 4 I used a modified BACI design and characterised fish and crustacean assemblages at 

control sites and the proposed site of a wave-energy converter (i.e., impact site) utilising baited 

underwater video. Sampling was undertaken twice before the installation and revealed the impact 

site had a higher relative abundance of species but there was no statistical difference in number of 

individuals, number of species and species diversity among the control/impact sites. Unfortunately, 

due to a shipping accident the MREC was not installed at the site and no ‘after’ sampling was 

possible. Nonetheless, the sampling before installation highlighted the natural ecological variation 

likely at many sites of proposed MRECs and the importance of a rigorous approach to determining 

impact. 
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In Chapter 5 I used qualitative modelling (Loop Analysis) to make predictions of the impact of the 

introduction of an MREC into the Western Bass Strait Shelf Transition, southern Australia, a region of 

high potential for marine renewable energy production but also a region with a large commercial 

fishery and high marine conservation value. Models included socio-economic and biological 

components and focussed on the effects of an MREC on five components of the model ecosystem: 

macroalgae, carnivorous and herbivorous fish species, large commercially harvested crustaceans, 

migratory shorebirds and seabirds. Both positive and negative effects of the MREC on the different 

components of the ecosystem were revealed by the models. However, the models showed that 

impact will be dependent on that component first impacted and an overall model of the whole 

system indicated that while the majority of components have the potential to be positively 

impacted, there is a high level of uncertainty in the level of confidence in this result. 

This research provides a framework for assessing the impact of MRECs on coastal marine 

environments. An increasing number of MRECs are being developed, with the potential for broad 

impacts on marine ecosystems. The research required to fully understand these impacts will take 

significant time and resources and is likely to vary depending on the ecosystem itself, the type of 

MREC being installed and the regulatory requirements of the country.  
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 : INTRODUCTION 
The need to reduce reliance on non-renewable means of energy generation has motivated the 

development of an array of technologies designed to generate renewable energy. On land, 

technologies are well established and include solar and wind (Arshad and O'Kelly, 2019, Boretti et 

al., 2019). In the ocean, renewable technologies include wave and tidal energy converters and ocean 

thermal energy converters. Although these marine technologies are in their infancy in Australia and 

many other countries, converters such as barrages have been in use in some locations for several 

decades (Neill et al., 2018). Despite this, the impact of marine renewable energy technologies on the 

environment is still not well known. The terms effect and impact are used within this thesis. I have 

used the term effect to describe the outcome or consequence of an action or the change which 

occurs as a result of an action (i.e., a causal relationship). The term impact is used to describe the 

strong, usually perceived to be a negative effect that is influenced by an outcome. The work 

presented in this thesis attempts to give some insight into the impacts of marine renewable 

technologies on coastal marine ecosystems.  

THE RATIONALE FOR RENEWABLE ENERGY 

Australia’s annual energy production (2017-2018) is approximately 18,603 petajoules (PJ) with 

electricity generation in the same period increasing to 261 terawatt hours or 940 petajoules 

(Department of the Environment and Energy, 2019). Annual energy production is defined as the total 

amount of primary energy produced in the Australian economy before consumption or 

transformation. Non-renewable means of energy production accounted for 97.9% of total 

production, consisting of black and brown coal (69%), natural gas (25.4%), oil and natural gas liquids 

(3.1%), and liquid petroleum gas (0.4%). The remaining 2.1% of energy production was derived from 

renewable sources. Energy consumption (2017-2018) rests at approximately 6,172 PJ per annum, 

with 95.7% of this energy sourced from non-renewable means, i.e., coal, oil and gas. The remaining 

renewably sourced 4.3% is generated via biomass (wood, wood waste, sulphite lyes and bagasse), 
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hydro, wind, solar photovoltaic (PV) systems, and solar hot water (Department of the Environment 

and Energy, 2019) . The Australian government had made a commitment to increase Australia’s 

energy requirements sourced from renewable energy sources by 2020, with future targets 

established to reflect the country’s evolving energy requirements (Commonwealth of Australia 

(Clean Energy Regulator), 2019). This commitment was legislated through the Renewable Energy 

(Electricity) Amendment Act 2015 and regulated through the Renewable Energy (Electricity) 

Regulations 2001. This legislation mandated that energy generation targets reached 33,000 GWh yr-1 

by the year 2020 and continued at this level till 2030 (Renewable Energy (Electricity) Amendment Act 

2015 (Cth). As of May 2021, these targets had not been reached. Several renewable energy sources 

were proposed to meet this requirement including solar, wind, geothermal, bioenergy, hydropower, 

hybrid, ocean energy, and wood waste (Commonwealth of Australia (Clean Energy Regulator), 2019). 

Electricity production harnessed from ocean energy is produced by a suite of energy converters. 

These converters encompass three main forms: wave, tide, and ocean energy. As the number of 

private companies involved in the development and deployment of converters and the types of 

different converter designs increases, the potential environmental impacts of these devices have 

been identified as an area in need of further research. These potential impacts include but are not 

limited to marine habitat loss and degradation; collision and entanglement with marine mammals, 

reptiles and birds; the effects of electromagnetic fields and noise on marine species; and an increase 

in hard structures capable of supporting biofouling and colonisation by indigenous and non-

indigenous species (Boehlert and Gill, 2010, Dannheim et al. 2020, Inger et al., 2009, Martínez et al. 

2021). 

Companies involved in marine energy conversion place an emphasis on and are legally obligated to 

provide a measure of environmental stewardship, with many companies suggesting that their 

structures are environmentally benign or beneficial. While this is true to the extent that many do not 

produce CO2 emissions or significant amounts of pollution such as noise, thermal, heavy metals and 
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other particulate matter, the effects of these structures on the ecology and physical processes of the 

surrounding environment are an area of ongoing research potential. 

In Australia, of the various methods of marine renewable energy generation, wave energy extraction 

and conversion represent what could be considered one of the most viable. The Australian coastline, 

specifically the Southern Australian margin from Perth to Hobart, is recognised as a region with high 

wave energy extraction potential. Harnessing just 10% of this potential energy could result in the 

production of approximately half of Australia’s energy requirements (Hemer and Griffin, 2010, 

Hemer et al., 2017). The wave and tidal resources of Tasmania alone are extensive, according to 

research led by the University of Tasmania’s Australian Maritime College (AMC) (Penesis et al., 

2017). The energy generation potential of Banks Strait, south of Flinders Island and the west coast of 

Tasmania have the potential to deliver all of Tasmania’s energy demands (Day et al., 2015a, Penesis 

et al., 2017). 

The last amended Renewable Energy (Electricity) Act 2000 (amended 29th December 2018) has been 

implemented to encourage the reduction of emissions associated with the electricity sector, while 

encouraging an increase in electricity generated from ecologically sustainable renewable sources 

(Commonwealth of Australia, 2000). To this end, the Australian government has implemented a 

collection of legislative and financial instruments to encourage the take up of the renewable energy 

agenda. Recent funding schemes supported by the Australian government include the Advancing 

Renewables Program (ARP), a fund designed to support the development, demonstration and pre-

commercial deployment of renewable energy projects valued between $100,000 and $50 million per 

project (ARENA, 2020), and the Clean Energy Innovation Fund, a $200 million fund jointly supported 

by government and commercial interests designed to concentrate on investments in commercially 

viable renewable energy companies. 
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MARINE RENEWABLE ENERGY CONVERTER RESEARCH 

Marine Renewable Energy Converters utilise natural ocean processes to generate electricity from 

the marine environment. The diversity of MREC designs is continually evolving, with research 

facilities now operational to assess the operational capability of prototypes (Day et al., 2015a, 

Penesis et al., 2017). These research facilities include the grid connected European Marine Energy 

Centre Ltd (EMEC) located off the Orkney Islands, Scotland, the Fundy Ocean Research Centre for 

Energy (FORCE), in the Bay of Fundy, Canada, the Wave Hub off the North Coast of Cornwall and the 

South West Energy Park (SW MEP) both of which are supported by the Peninsula Research Institute 

for Marine Renewable Energy PRIMaRE, the Pacific Marine Energy Center in Newport Oregon 

(affiliated with the Northwest National Marine Renewable Energy Center (NNMREC) based at 

Oregon State University) and the Wave Energy Research Centre (WERC) located in Albany, Western 

Australia. 

At present there are several primary forms of MRECs being designed and implemented worldwide, 

these being Wave Energy Converters and Tidal Energy Converters. Other forms of marine renewable 

energy conversion utilise mechanisms such as salinity differences within river mouths, floating solar 

photovoltaic deployments or ocean thermal energy conversion; these forms will not be addressed in 

this research. Devices that use currents are included within the tidal section as this is the most 

common form. 

WAVE ENERGY CONVERTERS (WECS) 

Wave energy converters utilise mechanical means to extract energy from ocean waves. Waves are 

generated at sea by wind, with the magnitude determined by factors such as wind speed, direction, 

and the distance or area of water over which the wind blows in a constant direction (fetch). As of 

2020, there are up to 200 WEC prototypes in various stages of design and deployment worldwide 

(Aderinto and Li, 2018, Hayward and Osman, 2011). Many of these prototypes are in development 

or have been deployed in an operational capacity in research facilities. The designs of these 
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prototypes fall into five main categories depending on the method in which they extract energy. 

These categories are point absorbers, linear absorbers or attenuators, overtoppers, oscillating water 

columns and compression devices. 

POINT ABSORBERS 

Point absorbers consist of buoys or blades that float on or just below the ocean surface connected 

via a tether to a foundation attached to the sea floor (Figure 1-1). The movement of the waves drive 

a piston in a linear generator  which pumps high pressure fluid ashore via a subsea pipeline to 

generate electricity. 

Examples of this form of MREC include the Lysekil Project operated by the STandUP for Energy 

Research Centre (previously the Centre for Renewable Electric Energy Conversion) at the Uppsala 

University in Sweden (Stand Up For Energy, 2020), the CETO system developed by Carnegie Wave 

Energy (Carnegie Clean Energy, 2020b) and the bioWAVE developed by BioPower (BioPower 

Systems, 2020). Carnegie have undertaken environmental monitoring and assessment of a 

succession of CETO units, environmental assessment has suggested that the devices will have no 

significant environmental impacts (Carnegie Clean Energy, 2020a). BioPower’s Environmental 

Management Plan outlines their requirements for ensuring impacts associated with the structure are 

‘eliminated’ or ‘insignificant’. These impacts have been identified as: the translocation of abalone 

viral ganglioneuritis (AVG); the introduction of marine pests; interaction with cetaceans and 

pinnipeds; and interaction with bull kelp forests (BioPower Systems, 2016). 
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Figure 1-1: The Carnegie designed CETO wave buoy. The buoy is designed to sit below the waterline to reduce the impact of 

storms and remain invisible from the shore. Source: http://www.carnegiece.com/wave/what-is-ceto/ 

LINEAR ABSORBERS OR ATTENUATORS 

Linear absorbers or attenuators are tube sections that float semi-submerged on the water’s surface 

(Figure 1-2 & Figure 1-3). These sections are allowed to float slack moored (i.e., not under tension) 

so that they face the incoming waves. The movement of waves causes the sections to move 

producing electricity via hydraulic power take-off systems located at the joints between the sections. 

Generated electricity is then fed back to the onshore electricity grid via subsea cables. 

 

Figure 1-2: Design concept of a linear absorber. This design is based on the Pelamis linear absorber as per 

http://www.pelamiswave.com/pelamis-technology. 
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Examples of this type of generator are the Pelamis range of products (EMEC 2020a). Pelamis had 

identified characteristics of their structure that may impact the local environment including the 

mooring system and noise associated with the operation of the structure. The company suggested 

that previous decommissioning of the structures have produced limited detrimental impact on the 

surroundings. A comparative analysis of the impact of the Pelamis Wave Energy device suggests that 

there is the potential for significant environmental harm from the device from a number of fields 

including electromagnetic cabling, mooring systems and noise generated by the device (Quinn, 2011, 

Thomson et al., 2018). Another device which has a similar operational profile but does not conform 

to the traditional tethered approach is the WaveRoller designed and located in Finland. This panel 

style device has the capacity to prduce more energy than traditional wind turbines and has been 

suggested to have minimal impact on marine environments (AW-Energy oy, 2021). 

 

Figure 1-3: Concept design of an attenuator. Source: (Aqua-RET, 2012) 
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OVERTOPPERS 

This form of device collects energy from waves by facing the waves directly, allowing wide channels 

on the wave facing edge of the device to focus the flow of water over a section into a reservoir. The 

water is then returned to the ocean beneath the device through a turbine housed within a smaller 

opening (Figure 1-4). This turbine generates electricity that is then transmitted to the onshore 

electricity grid via subsea cables. These structures can be fixed to the ocean floor or free-floating. 

An example of this type of device is the Wave Dragon. Environmental considerations of the 

installation of this form of device have identified several effects on marine life and the environment 

during construction, operation, and decommissioning phases (Wave Dragon, 2017). These effects 

include direct influence on larger fish and marine species that become trapped within the reservoir 

and are injured or killed by the turbines; interference with routes of migratory species by free 

floating structures, effects of noise and electromagnetic fields, and the ability of mooring systems to 

create habitat, entangle debris or mobile species, and damage to the seafloor (Wave Dragon, 2017). 
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Figure 1-4: Concept diagram of an overtopping device. Source: (Aqua-RET, 2012) 

OSCILLATING WATER COLUMNS – OWC 

Oscillating water columns are designed as large, fixed foundations with a turbine situated at the top 

of the structure and out of the water. The foundation itself is a cavity-like structure designed to 

allow the movement of water in and out of the cavity. This horizontal movement of the water 

column and the resultant change in pressure drives the turbine. A bi-directional turbine allows for 

the constant generation of energy (Figure 1-5). 
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Figure 1-5: Concept diagram of an oscillating water column. Source: (Aqua-RET, 2012) 

Examples of this form of MREC are the Wave Swell Energy (WSE) designed Uniwave® device to be 

deployed on King Island, Tasmania (Wave Swell Energy, 2020) and two wave power stations 

designed by Voith Hydro’s Wavegen: the ‘Limpet’ at Islay, Scotland and the Mutriku based 

breakwater wave power station located in the Basque region of Spain. Quantification of the impacts 

of OWCs would require study of existing structures, and existing effects are suggested to include 

noise pollution, visual pollution, hydrological changes, and chemical inputs (Copping and Hemery, 

2020). 

COMPRESSION DEVICE 

The compression device utilises a unique system whereby a fluid filled membrane rests on the sea 

floor. This membrane is filled with individual diaphragm cells that utilise the pressure differential 
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created to generate flow (Figure 1-6). The Western Australian designed Bombora mWave™ device is 

an example of this form of wave energy conversion (Bombora Wave Power, 2019a). Two projects are 

underway off the coast of Wales (1.5 MW Pembroke project) and the Spanish Canary Islands (3 MW 

Lanzarote project), both of which have been delayed due to the COVID-19 pandemic. Further 

projects are slated for Japan, Ireland and Australia (Bombora Wave Power, 2019b). To date no data 

is available regarding the perceived environmental impacts of this type of device however the design 

covers a footprint of approx. 80 m width. Alteration to substrate and fluid flows need to be 

considered when identifying environmental impacts (Bombora Wave Power, 2019b). 

 

Figure 1-6: The Bombora designed mWave™ device. https://www.bomborawave.com/mwave/ 
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TIDAL ENERGY CONVERTERS (TECS) 

Tidal energy converters produce electricity from tidal movement. Tides occur as a result of the 

rotation of the earth and gravitational effect of the moon and sun, on large bodies of water, causing 

tidal movements to occur once or twice per day. Tidal energy is best generated in regions where the 

tidal range is large enough to install and economically generate energy from an installation. The 

exact region will vary dependant on the converter installed and the ability of the underwater 

topography to cause currents to increase in speed producing high tidal current velocities (e.g., Neill 

et al 2018, Ross et al. 2021). As of 2020, there are 97 tidal devices in varying stages of development 

worldwide (EMEC 2020b), the most common of these being the tidal turbine system (horizontal and 

vertical), tidal barrages and reciprocating devices (oscillating hydrofoils). 

TIDAL TURBINES 

Tidal turbines consist of free-standing turbines that oscillate in response to the movement of water 

over blades, similar to wind turbines. These devices tend to be large structures, some of which have 

6-8 m blades extending 12-23 m through the water column with substantial footings (Figure 1-7). 

These turbines are capable of being positioned in arrays to maximise energy extraction (Figure 1-8). 

Turbines can be positioned horizontally or vertically depending on the water depth, substrate type, 

and tidal flows in which they are to be deployed. Tidal turbines are considered to be a relatively 

environmentally benign form of tidal energy conversion, dependent on the risk, designed to allow 

relatively uninhibited movement of animals, water and sediment (see risk analysis in Copping et al. 

2012). Other forms of tidal energy converters, i.e., tidal barrages, have the capacity to impact marine 

ecosystems by inhibiting these natural processes (Pelc and Fujita, 2002). 

There have been a number of tidal projects established worldwide including, but not limited to, the 

MAKO Energy demonstration projects established in Gladstone, Qld and at Saratoga Island, 

Singapore; the Minesto Deep-Green low-flow tidal stream and ocean current kites deployed in 

Northern Ireland, Wales, the Faroe Islands and Taiwan, the PLAT-I tidal energy converter array 
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installed in the Grand Passage, Nova Scotia, the ORPC turbines built and operate in Lubec, Maine,  

and four tidal turbines deployed for the MeyGen project in Pentland Firth, UK. The MeyGen project 

has been through stringent environmental assessment taking into consideration: physical 

environments and seabed dynamics; benthic habitats and ecology; marine mammals; ornithology; 

fish ecology; commercial fisheries; shipping and navigation; marine cultural heritage; geology 

hydrology and hydrogeology; and landscape seascape and visual impacts. A survey, deploy, and 

monitor strategy will be implemented to inform mitigation of any identified concerns. A full 

decommissioning programme is in place for the life of the project (MeyGen Plc, 2020, OES 2019). 

 

Figure 1-7: An AR1500 tidal turbine designed by Atlantis Resources, https://simecatlantis.com/wp-

content/uploads/2016/08/AR1500-Brochure-Final-1.pdf 
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Figure 1-8: Image of a proposed tidal turbine array by Atlantis Resources, source https://inhabitat.com/atlantis-announces-

funding-for-the-worlds-largest-tidal-energy-project-in-scotland/ 

TIDAL BARRAGES 

Tidal barrages work by restricting the flow of a waterway utilising a dam-like structure (Figure 1-9). 

As the tides ebb and flow, the kinetic energy generated by water forced through an opening in the 

dam drives in-built turbines. The spinning of these turbines results in the generation of energy. 

Structures of this design include La Rance, France, in operation since the 1960s, the Sihwa tidal 

power station in South Korea built in 2011, and the Kislaya Guba tidal power station, Russia, built in 

1968 and re-opened in 2004 following major redevelopment. A tidal power station had been 

planned for construction and operation across the mouth of Doctor’s Creek, WA, however 

construction was never progressed (Environmental Protection Authority, 2002). 
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Figure 1-9: Concept diagram of a tidal barrage. Source: (Aqua-RET, 2012) 

Environmental impacts of tidal barrages have been studied primarily from a post-installation 

perspective. The majority of tidal barrages are located in sensitive estuarine locations which are of 

ecological and economic benefit. Tidal barrages have the capacity to alter the flow of seawater; 

impact the hydrology and salinity of aquatic environments; alter the habitat of both marine flora and 

fauna; and increase turbidity (Environmental Protection Authority, 2002, Pelc and Fujita, 2002). 

OSCILLATING HYDROFOILS 

Oscillating hydrofoils are typically fin-like structures attached to an oscillating arm. The hydrofoil 

rises and falls or sweeps side-to-side with the movement of the tidal stream (Figure 1-10). This 

movement in turn forces fluid through a hydraulic system and converts movement to energy. There 

have been several oscillating hydrofoils designed and tested worldwide with the Leading Edge 

Oscillating Wings one such example developed in the US (Figure 1-11). Oscillating hydrofoils are still 
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in their infancy but some potential impacts on the environment have already been identified: 

localised impacts to the seabed habitat and species both pre and post installation; interaction with 

motile fish and mammals; underwater noise; electro-magnetic interference with elasmobranchs; 

and chemical and oil pollution (Aqua-RET 2008). 

 

Figure 1-10: Concept design of an oscillating hydrofoil. Source: (Aqua-RET, 2012) 
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Figure 1-11: The Leading Edge Oscillating Wings. Source: https://leadingedge.engin.brown.edu/wordpress/?page_id=353 

A range of MRECs are in the design and implementation stage and a number of prototypes are 

already deployed. MRECs are positioned at different water depths, distances to shore, substrates 

and consequently affect different species and ecosystems. In previous trials, MRECs have been 

placed into environments and left for periods of time ranging from a few months (in the case of the 

Carnegie buoys) to several years (P2 Pelamis was operational from 2010 to 2014). Given these 

operational systems are planned to be in place for extended periods of time (years), initial disruption 

to an ecosystem and its resident biota will give way to long term and possibly cumulative impacts 

(positive or negative). 

These potential effects including the source of the impacts e.g., the introduction of a novel structure 

into the marine environment and an increase of operational noise, and the organisms and 

communities affected will be discussed in the next chapter. 

THIS PROJECT 

This thesis aims to assess the impact of the introduction of Marine Renewable Energy Converters 

(MRECs) on coastal marine ecosystems. Analyses will be conducted at multiple taxonomic levels 

including species, functional groups, and communities.  
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• This first chapter introduced the types of MRECs that have been developed or that are under 

construction at time of submission or have been deployed and tested in the marine 

environment. This chapter introduced the environmental concerns that each type of MREC 

may present. 

• Chapter two introduces the organisms, functional groups and communities that may be 

impacted by the introduction of an MREC. It provides an overview of the types of impacts 

that may occur e.g., noise, sedimentation, and artificial light and identifies how coastal 

marine organisms may be impacted by their introduction. 

• Chapter three provides a review of appropriate experimental designs for robust ecological 

analysis of the impact of MRECs, including designs for quantitative research and qualitative 

modelling of aforementioned impacts. 

• Chapter four uses the methods described in chapter 3 to provide an example of a 

quantitative study to determine the impact of an MREC structure on the species 

composition and abundance of fish and commercial crustacean species using baited remote 

underwater video (BRUVS). 

• Chapter five also builds upon the methods described in chapter 3 to provide an example of a 

qualitative study to determine the impact of an MREC structure on biological and 

anthropogenic components of a region using loop analysis. 
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 : POTENTIAL IMPACTS OF MARINE RENEWABLE ENERGY 

CONVERTERS 
Any structure placed in the environment has the capacity to impact its surrounding environment in a 

variety of ways (Halpern et al., 2015, Heery et al., 2017). Although there is recognition that Marine 

Renewable Energy Converters are likely to affect the environment, and these effects have been 

suggested during commercial environmental planning, there is limited research describing the form, 

strength and magnitude of their impact. This lack of research, coupled with many of the installations 

only being in-situ and operational for a short amount of time (< 20 years), makes it difficult to gauge 

the long term and cumulative effects of these structures. Additionally, in some instances singular or 

a small number of MRECs are installed as a prototype to test the energy generation capacity of 

larger installations. These generators have the potential to provide some background data but are 

not necessarily indicative of the impact of larger arrays. Those operational extractors such as SeaGen 

and Minesto are leading the way in providing data on the environmental effects of the operation of 

MRECs (Minesto, 2021, Royal Haskoning, 2011). 

In this chapter I examine the potential impacts of MRECs in Australia from two perspectives: the 

source of the impact, and the marine organisms or communities impacted.  

SOURCES OF IMPACT 

Although there are many potential sources of impact associated with MRECs, this section will 

concentrate on those that fall under the following broad categories: the installation and assembly 

process; the introduction of artificial structures into a marine environment; the impact of the 

introduction of artificial light; and noise pollution on components in the marine environment. These 

categories were selected as they are illustrative of the literature available to date. 

INSTALLATION AND ASSEMBLY 

The installation of any offshore marine structure, including MRECs, will cause changes to the marine 

environment. While strong quantitative evidence is lacking as to the potential impacts caused by the 
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installation and assembly of MRECs, it is possible to anticipate some of these impacts based on 

research associated with other marine structures, for example offshore wind farms and natural 

resource extraction platforms. Predictions of the magnitude of such changes however are less 

robust. The installation and assembly of an offshore structure can be time intensive and involves 

interaction with the entire water column profile, from the seafloor through to the adjacent 

atmosphere. 

The main stressor during the installation and assembly phase involves the installation of the 

foundations required to support the structures. MRECs require large footings or foundations to 

account for the inherently strong ocean processes required to generate energy. Several different 

designs of foundation are currently in use or development. For offshore wind farms, the two most 

common are the monopile form (which is transported via a jack-up barge and installed through 

drilling or driving operations) and the gravity base foundation (which is towed to the region of 

interest and installed with little seabed preparation using the weight of the foundation to anchor it 

to the seafloor) (Byrne and Houlsby, 2003, Oh et al., 2018). These two forms may impact the marine 

environment in differing ways as they use different transportation and installation techniques. Other 

foundation designs for offshore wind turbines include: the monopod caisson style foundation which 

is designed like an upturned chamber that can be floated to a site and settled to the seafloor by the 

removal of air from the chamber which firmly anchors it to the seafloor; the multiple caisson 

foundation which deploys a tripod or tetrapod structure with individual caisson footings; and tripod 

or tetrapod multiple footings for monopiles (Oh et al., 2018). 

The in-situ installation and assembly of MRECs may cause the following: 

● an increase in shipping or transport activity in the region of the installation and in locations 

associated with services that supply this activity e.g., fuel supply and other resources; 

transport of the equipment itself via jack-up barge or similar; or activities associated with 

resource extraction. This transport activity has the potential to translocate species from one 
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region to another; disturb substrates; change the acoustic landscape; and be a source of ship 

borne pollution (Sandstrom et al., 2005); 

● increased noise and vibration associated with installation activities such as pile driving, the 

primary method of construction for installations (e.g., offshore wind farms), or trench digging 

operations (e.g., dredging vessel noise); and 

● disruption to the natural transport of sediment during activities such as cable laying 

operations or the installation of large foundations or footings. This disruption to sediments of 

the seafloor could lead to an increase in turbidity and re-suspension of sediments. Smothering 

due to sediment transport can cause habitat loss directly on site or further afield as the 

sediment is suspended and moves horizontally through the water column (Davis et al., 1982). 

ARTIFICIAL STRUCTURES 

The introduction of an artificial structure into the marine environment can have significant and 

long-term impacts. Artificial structures are defined as any structures that do not occur naturally in 

the marine environment and that have been created or manufactured by human action (Airoldi et 

al., 2005, Bulleri and Chapman, 2010, Cruz et al., 2007, Stachowitsch et al., 2002). In the case of 

offshore marine structures, these include those used in transportation (bridge pylons, commercial 

ports and wharves) (Andersson et al., 2009, Bulleri and Chapman, 2010), resource extraction (oil and 

gas platforms, offshore wind farms) (Andersson et al., 2009, Andersson and Öhman, 2010, 

Stachowitsch et al., 2002), recreation (floating hotels, fishing piers) (Kelaher et al., 1998) for 

commercial industries (aquaculture floating pens and facilities) (Kirk et al., 2007), as well as shoreline 

structures (marinas, groynes, breakwaters) (Bertasi et al., 2007, Bulleri and Chapman, 2010, 

Wehkamp and Fischer, 2013). 

MRECs structures are often large; for example, one OWC designed by Oceanlinx Ltd (Australia) had a 

foundation approximately 21 m x 24 m, with the vertical component of the structure extending 

though the water column and rising approximately 10 m above sea level. As with other large artificial 
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structures, this OWC would potentially impact benthic, pelagic, and airborne communities, and 

physical processes. 

The introduction of an operational artificial structure may cause the following: 

● changes to physical processes. Artificial structures change fluid flow patterns leading to 

interference with wave fields, scour around the structure and a change to the sediment 

transport regimes (Davis et al., 1982, Miles et al., 2017, Sumer et al., 2001). These changes 

can be either a reduction in flow as a result of an increase in protective structures and shelters 

(e.g. Bertasi et al., 2007, Lin et al., 2016) or an increase in turbulence through changes in flow 

(Bulleri and Chapman, 2010, Sumer et al., 2001); 

● changes in community structure of marine fauna influenced by changes in hydrodynamics 

around the structures. The presence and operational parameters required for functional tidal 

turbines has been shown to increase the occurrence and aggregation of fish species 

(Williamson et al., 2019), whilst marine mammals are less likely to be sighted in areas in which 

the turbines will be operational (Lieber et al., 2018). 

● shading effects influencing the amount of sunlight penetrating the water column and the 

water temperature. Shading effects can result from shade cast by the structure itself or as a 

result of increased sediment suspension (Bannister et al., 2012, Schläppy et al., 2014); 

● an increase in the amount of hard substrate available for colonisation by marine flora and 

fauna, or the addition of platforms for animals such as seals and migratory birds to utilise. The 

addition of novel habitat/substrate to an environment provides a valuable source of space in 

a resource limited environment (Bulleri and Chapman, 2010); and 

● the introduction of an artificial substrate provides novel habitat for invasive marine organisms 

and increases the likelihood of further spread. MRECs can create new distribution pathways 

and allow for further dispersal (Airoldi et al., 2015, Nall et al., 2017, Want et al., 2018). 
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ARTIFICIAL LIGHT 

The use of artificial lighting is essential on many offshore structures such as oil and gas platforms and 

navigational buoys, and it is also a feature in many MRECs. Light is required for a variety of reasons. 

For example, lights can be used as an aid to navigation (AtoN) to assist mariners to determine 

position and course and warn of danger and obstructions (International Association of Marine Aids 

to Navigation and Lighthouse Authorities (IALA), 2013). Lights enable the continual operation of 

equipment on offshore structures during and outside daylight hours, for example, offshore 

helicopter landing sites are required to have a range of lighting structures including landing guidance 

and visual warning lights (Civil Aviation Safety Authority (CASA), 2013). Offshore structures such as 

oil and gas platforms are equipped with external lighting systems as well as extraction devices such 

as gas burners, which produce substantial amounts of light and heat (Bourne, 1979, Muirhead and 

Cracknell, 1984). Lights in the marine environment are known to attract a range of marine mammal 

and fish species (Cremer et al., 2009, Klima and Wickham, 1971, Orr, 2013). Although this attraction 

may be indirect where species respond to an increase in prey which are attracted to the light 

(Cremer et al., 2009, Orr, 2013, Wolfson et al., 1979) or an increase in seabird migratory routes 

which may lead to decreased survival rates (Masden et al., 2009), it is more often direct. Migratory 

seabirds (Adams et al., 2019, Day et al., 2015b, Montevecchi, 2006, Rebke et al., 2019), and insects 

are known to be attracted to light sources (Adams et al., 2019, Bourne, 1979). This can have negative 

effects where there are collisions with both above water and underwater turbines, but also positive 

effects via the use of landing platforms for some seabirds. The potential for lights to affect marine 

species is dependent on several variables including the visual acuity of the organism, distance from 

the shore and other lighted environment, the type of light (colour, and spectral range), the intensity 

of the light source and whether the light is continuous or intermittent (Lechner and Arns, 2013, Orr, 

2013). 

The introduction of artificial light in the environment during operation may cause the following: 
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● attractant or repellent behaviours exhibited by marine organisms. This attraction or repulsion  

can lead to direct and indirect impacts on surrounding species (Madsen et al., 2006). 

● an increase in overall light conditions day and night as a result of installation and assembly 

processes. The construction process requires strict lighting regimes in order to maintain safe 

construction practices, including task, access and emergency lighting requirements 

(International Association of Marine Aids to Navigation and Lighthouse Authorities (IALA), 

2013). 

NOISE 

The level of noise in the marine environment has increased with the upsurge in anthropogenic 

inputs and activities (Hildebrand, 2004, Weilgart, 2007). These activities include increasing shipping 

traffic, artificial structure construction and operation, mining (gas, oil, and other resources) 

exploration and operation, and the use of seismic methods in mining and military operations 

(Hildebrand, 2009, Wright and Kyhn, 2014). Consequently, the acoustic landscape of the ocean has 

changed dramatically, with the impact of anthropogenic noise on marine ecosystems a cause for 

concern. 

Noise travels five times faster in water than air (approx. 1,500 m/s). Noise propagation can be 

dependent on such factors as the level of noise generated at the source, the dominant frequency, 

water depth, sediment type and composition, water characteristics (salinity, temperature etc.) and 

the level of ambient noise present (Fahy and Walker, 1998). The capacity for noise to travel readily 

through water may lead to higher levels of noise throughout the water column compared to if the 

device was located above water (Harrison, 2011). 

The effects of noise on surrounding marine ecosystems and their communities have been the focus 

of several studies and reports (e.g., Polagye and Bassett, 2020), focused primarily on impacts of 

increased shipping noise (Macgillivray et al., 2014, Wale et al., 2013) and seismic surveys (Di Franco 

et al., 2020, Løkkeborg et al., 2012, Pidcock et al., 2003). The impact of noise generated by offshore 
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structures is now the focus of research and studies are centered on the noise emitted by the device 

itself (Hafla et al. 2018, Schmitt et al. 2018), effects such as noise from offshore wind farms on 

marine mammals (Koschinski et al., 2003, Pine et al., 2014, Skeate et al., 2012, Verfuss et al., 2016), 

or tidal turbines on marine fauna (Lossent et al. 2018). 

 The introduction of anthropogenic noise in the environment may cause the following: 

● an increase in noise and vibration associated with installation activities such as pile driving, 

the primary method of construction for installations including offshore wind farms, and trench 

digging operations for the laying of cables to the mainland e.g., dredging vessel noise. 

Installation activities are predicted to disrupt behaviour of several taxa including marine 

mammals and fish (Madsen et al., 2006, Nedwell and Howell, 2004 Wright and Kyhn, 2014). 

● the noise originating from the structure itself during operation. This noise can be audible e.g., 

generated by the turbines themselves and the motion of waves against the structure, or 

inaudible e.g., infrasound generated by the structures when operational. This noise profile 

changes according to variables including wind speed, wind direction, substrate type and the 

number of structures present (Hafla et al. 2018, Madsen et al., 2006, Schmitt et al. 2018, 

Wahlberg and Westerberg, 2005). 

● an increase in vessel derived noise occurring as a result of installation, routine or emergency 

maintenance of the structure including the removal of fouling organisms or detrital build-up 

and recreational use of the structure for activities such as fishing due to a potential increase 

in fish and invertebrates attracted to the structure. Vessel noise is known to have increased 

substantially (Hildebrand, 2009), affecting a range of marine taxa (Williams, 2015). 
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ORGANISMS AND COMMUNITIES AFFECTED 

The organisms and communities affected by MRECs is extensive, ranging from large migratory 

marine mammals to diverse benthic communities. These groups have a range of responses to the 

introduction of MRECs. 

MARINE MAMMALS 

Marine mammals comprise pinnipeds (seals, sea lions and walruses), cetaceans (whales, porpoises, 

and dolphins), sirenians (dugongs and manatees), mustelids (weasels, martens, otters and badgers) 

and one species of ursid (polar bears). Each group possess differing physiological characteristics. For 

example: pinnipeds breed and rest on land; cetaceans are solely aquatic and navigate using sonar; 

sirenians live in tropical waters and are herbivores while mustelids (except for sea otters) and polar 

bears are largely terrestrial but use the ocean for feeding and migration. The most likely groups of 

marine species that will be affected by the construction and installation of MRECs are pinnipeds and 

cetaceans (Gomez et al., 2016). 

Pinnipeds are highly mobile animals, capable of spending extensive periods of time at sea in search 

of food. The group aggregate during breeding season, with the males staking out territory at 

seasonal ‘haul outs’ to breed shortly after the females have given birth to pups (Renouf, 1991). 

Pinnipeds such as the New Zealand and Australian fur seals use artificial marine structures as rest 

platforms to recuperate and as refuge from predators (Gales et al., 2003). 

Cetaceans are highly migratory animals and travel vast distances to fulfil crucial components of their 

life cycles. The migratory routes of many cetaceans are driven primarily by the basic physiological 

need to feed and reproduce. While food for most species of baleen whale is abundant in colder 

regions, the warmer coastal waters of many continents are ideal areas for mating and the birthing 

and care of calves (Evans and Raga, 2001, Gales et al., 2003). 
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The requirement of both pinnipeds and cetaceans to utilise shallow coastal waters brings many of 

these animals into contact with anthropogenic activities such as shipping and military exercises and 

artificial structures such as oil and gas platforms, navigation aids and aquaculture facilities (Wright 

and Kyhn, 2014). The number of individuals disturbed or injured as a result of this interaction, for 

example through changes to food supply, exposure to marine pollutants and as a result of an 

increase in anthropogenic noise is of concern (Airoldi et al., 2008, Balcomb and Claridge, 2001). This 

concern is well founded with a study by Russell et al. (2014) suggesting that individual harbour seals 

(Phoca vitulina and Halichoerus grypus) are attracted to offshore wind farm structures as a means of 

increasing foraging potential. Further studies into the interaction between marine mammals and 

turbine turbines do suggest that pinnipeds have a preference for foraging or pursuing prey species in 

areas that do not impose a metabolic cost i.e., areas outside high-speed currents. This may limit the 

interaction between individuals and turbines which are located in areas of high current flow (Lieber 

et al. 2018). 

Three species of marine mammals (Neophocaena asiaeorientalis, N. phocaenoides and Sousa 

sahulensis) are listed under the IUCN Red List as being susceptible under the IUCN Threat 

Classification Scheme of ‘energy production & mining – renewable energy’ (IUCN 2020a) (Appendix 

A – Marine mammals). The IUCN Threat Classification Scheme describes those human activities or 

processes that impact taxon listed and described by the IUCN (IUCN 2020b). All three marine 

mammals are classified as Endangered or Vulnerable. However, when we consider other threats 

relevant to installation of offshore structures i.e. ‘residential and commercial development – 

commercial and industrial areas’, ‘transportation and service corridors – utility & service lines and 

shipping lanes’, ‘human intrusions & disturbance – work & other activities’, ‘natural system 

modifications – other ecosystem modifications’, ‘invasive & other problematic species, genes and 

diseases – all sub-threat categories’ ‘pollution – garbage & solid waste; excess energy including light, 

thermal noise and other’, the number increases to 108, with 33 listed as Extinct, Critically 
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Endangered, Endangered or Vulnerable and 75 listed as Near Threatened, Least Concern or Data 

Deficient (IUCN 2020a) (Appendix A – Marine mammals). 

Few studies have examined the impact of construction, installation, and operation of MRECs on 

marine mammals. Monitoring programs to ascertain the level of interaction between MRECs and 

marine mammals are still being developed. It has been proposed that several issues are relevant 

when considering the impact of construction and installation of offshore structures on marine 

mammals, including the effects of electromagnetic fields, as well as noise, artificial light, and the 

introduction of artificial structures (OES 2019). 

Marine mammals are often inquisitive and capable of extensive interaction with humans. Due to 

their inquisitive nature however, marine mammals are potentially susceptible to adverse effects 

from MRECs either as a result of attraction to noise associated with the structures (Koschinski et al., 

2003) or as a result of increased prey abundance around the structure (Arnould et al., 2015, Brickhill 

et al., 2005). This attraction can in turn lead to higher risk of collision, resulting in injury and 

mortality. While there is limited evidence of marine mammals colliding with MRECs such as the 

SeaGen tidal turbine (Royal Haskoning, 2011), the known incidence of collision with moving vessels 

and fishing gear (Wilson et al., 2006) suggests that it is an area that requires further attention. 

It is also possible for MRECs to pose a concern for some marine mammals that exhibit behavioural 

changes because of the introduction of these structures. Those taxa that actively avoid areas in 

which these structures are located can lead to avoidance behaviour. Avoidance of structures will 

impact on migratory routes as well as potentially interfering with resting, breeding, and transiting to 

nursery grounds (Pidcock et al., 2003). This avoidance behaviour could eventually have an adverse 

impact on the health and survival of juveniles and possibly impact future reproductive success 

(Ellison et al., 2012, Wilson et al., 2006). 

Artificial light also has the ability to impact marine mammals by attracting or deterring them directly 

or indirectly if they are attracted to aggregations of prey that have been attracted to a light source. 
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However, the capacity of certain marine mammals to detect a light is still open to question. It has 

been determined that several species of toothed whales (odontocetes) and dolphins lack S-cones, 

the photoreceptors responsible for the distinction of blue or short-wave light (Peichl et al., 2001). 

These receptors allow the retina to determine colour and suggest that dolphins and toothed whales 

are only capable of seeing well in strong light. The ability of light to repel some species has been 

suggested anecdotally with Atem and Monteiro-Filho (2006) finding that artificial light sources 

emitting red light initiated a flight reaction on estuarine dolphins Sotalia guianensis. 

The capacity for artificial lighting to indirectly influence mammal behaviour has been recorded, with 

studies indicating that light radiated from offshore oil rigs attract large quantities of fish, which in 

turn attracts marine mammals. Cremer et al. (2009) discovered that bottlenose dolphins Tursiops 

truncates and dwarf minke whales Balaenoptera acutorostrata were enticed by fish attracted by the 

burner light of the oil rig Petrobrás in offshore Brazilian waters. This attraction resulted in aggressive 

interactions between species and could result in incidental capture or collision with structures. 

 As many marine mammals use acoustic communication, several issues are relevant when 

considering the impact of MREC generated noise on these animals. These issues include the possible 

disruption of migratory processes and habitat use as a result of avoidance behaviour instigated by an 

increase in disturbance (Carstensen et al., 2006); possible dislocation of populations and individuals 

within those populations due to changes in foraging behaviour and avoidance (Tyack et al., 2011); 

the potential for injury associated with noise due to damage to internal organs (Linley et al., 2007); 

and attraction to the source of noise increasing likelihood of interaction and injury (Skeate et al., 

2012). The behaviour of marine mammals can change as a result of these issues including avoidance, 

displacement, desensitisation, habituation or increased exploratory behaviour. 

Hearing desensitisation (a shift in hearing sensitivity that may be permanent or temporary) and 

habituation (a process that occurs where an organism’s response to a stimulus decreases with 

continued exposure) has been reported around aquaculture facilities where acoustic deterrents 
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have resulted in seals developing response mechanisms as simple as lifting their heads out of the 

water to avoid harassment (Quick et al., 2004). This form of habituation can lead to a reward for 

these individuals e.g., easy access to food. When researching the effect of a simulated windfarm 

turbine on harbour porpoises Phocoena phocoena and harbour seals Phoca vitulis, Koschinski et al. 

(2003) speculated that weak avoidance reactions and the lack of an exclusion zone around the 

simulated noise could be attributed to habituation or eventual desensitisation to the stimulus. This 

study is at odds with that conducted by Cremer et al. (2009) on harbour porpoises near the Nysted 

Offshore Wind Farm (Denmark). In that instance there were significant increases in ‘waiting times’ 

between echolocation activities of harbour porpoises recorded during construction noise. This result 

was premised on the assumption that echolocation activity is an indicator of porpoise density 

(Cremer et al., 2009). While the behavioural modifications of desensitisation and habituation are 

difficult to quantify, Russell et al. (2014) found that some individuals of two seal species (Phoca 

vitulina and Halichoerus grypus) displayed an attraction to offshore wind farms, probably due to the 

increased prey associated with offshore structures. This attraction itself indicates a potential for 

further complications when considering other forms of MREC, for example, collision with 

construction and maintenance vessels, and entanglement in mooring lines. 

Avoidance behaviours associated with anthropogenic noise, in particular noise from sources such as 

offshore natural oil and gas extraction, shipping, dredging and marine construction, have been 

reported for some species of cetaceans and pinnipeds. For example, cetaceans showed increased 

diving behaviour or swimming avoidance from the source of the noise while pinnipeds exhibited 

rapid movement from haul out areas into the water (Richardson, 1995). The potential for avoidance 

behaviour to occur during construction of an offshore wind farm has been recorded at Scroby Sands 

Wind Farm (North Sea UK). A five-year study into the impact of construction on species composition 

and the abundance of pinnipeds suggested that an increase in noise levels led to a decrease in seal 

numbers. These numbers subsequently failed to recover fully, possibly as a result of the increase of 
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other pinniped species in the region or because of an increase in maintenance and vessel movement 

(Skeate et al., 2012). 

SEABIRDS AND MIGRATORY SHOREBIRDS 

Seabirds and migratory shorebirds have adapted to live in or near a marine environment. These 

organisms have evolved a range of adaptations, including dull-coloured waterproof plumage, 

webbed feet to aid mobility, and salt glands for the excretion of excess saltwater. The majority of 

seabirds and migratory shorebirds are classified as Procellariiformes (albatross, petrels and 

shearwaters, storm petrels and diving petrels), Pelecaniformes (pelicans, shoebills, hamerkops, 

ibises and spoonbills, and herons, egrets and bitterns), Sphenisciformes (penguins), Suliformes 

(frigate birds, boobys and gannets, and cormorants and shags),and Charadriiformes (gulls and auks, 

waders, buttonquails, thick-knees, and plover-like waders). Other birds connected to the marine 

environment, either to fulfil a vital life cycle phase or access resources, e.g., food include the 

Accipitriformes, Anseriformes, Falconiformes, Podicipediformes, and the Gaviiformes. 

As of 2020, 35 species of birds are listed under the IUCN Red List as being susceptible under the 

IUCN Threat Classification Scheme by ‘energy production & mining – renewable energy’ (IUCN 

2020a). It is difficult to determine those species that are threatened primarily by marine renewables 

and at this stage this data needs to be considered in context. Of these 35 species, 13 are considered 

Critically Endangered, Endangered, or Vulnerable and 22 are listed as Near Threatened, Least 

Concern or Data Deficient (IUCN 2020a) (Appendix B – Seabirds and migratory shorebirds). When 

further threats are taken into consideration (as per marine mammals), this number increases to 395, 

with 168 listed as Extinct, Critically Endangered, Endangered or Vulnerable and 227 listed as Near 

Threatened or Least Concern (IUCN 2020a) (Appendix B – Seabirds and migratory shorebirds). 

Understanding the effect of the introduction of an MREC into the marine environment on seabirds 

and migratory shorebirds is complex. Impacts are likely to be influenced by numerous variables 

including the species in question, their migratory habits, their chosen prey species, unique 
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behaviours, and the life-cycle stage of individuals. Coupled with factors such as oceanographic 

processes, the lunar phase, seasonal changes, and sources of ambient light, the influence of such an 

MREC introduction is complex. 

Studies into the effect of the construction and operation of MRECs on birds are increasing, and it is 

possible to suggest the proposed impacts of the introduction of MRECs from studies of other 

structures (Isaksson et al., 2020, Wade, 2015). The recorded impact of both terrestrial and offshore 

wind farms and offshore oil and gas platforms on birds highlight the high risk of interactions such as 

direct collision, habitat loss, displacement from habitat and migratory routes, exposure to pollutants 

such as oil and heat, and avoidance behaviour (Desholm and Kahlert, 2005, Drewitt and Langston, 

2006, Isaksson et al., 2020, Ronconi et al., 2015, Russell et al., 2014, Sparling et al., 2020). 

Interaction between birds and wind farms occur when birds are attracted to the structure or when 

structures are built in territories or flight pathways. These interactions sometimes result in collisions 

between birds and the turbines. The factors that influence the prevalence of these collisions can 

include: the age of the birds (Witt et al., 2012), with more juveniles recorded at impact zones; 

migratory patterns (structures placed within breeding zones or migratory paths may have more 

impact than those that are not); the turbine height and elevation above sea level; and seasonal 

changes in abundance of birds in the region (De Lucas et al., 2008, Sparling et al., 2020). 

Species which use migratory corridors in which these structures are placed can adjust their flight 

path to avoid the structures. For example, common eiders which pass through the region containing 

Danish offshore wind generators display changes in post-installation migration trajectories, 

suggesting offshore wind farms may alter the migratory routes of some seabirds (Desholm and 

Kahlert, 2005, Goodale et al., 2019, Masden and Cook, 2016). 

Concerns regarding MRECs such as wave energy converters and tidal energy converters differ from 

those associated with wind turbines. MRECs have a much lower profile with a large portion of the 
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structure located below the waterline, which may result in less impact on migratory routes of many 

seabirds and migratory shorebirds. 

The attractant capacity of MRECs is not well known but some birds are attracted to other offshore 

structures for a variety of reasons. Offshore gas and oil platforms act as resting and roosting 

platforms, either as a result of interaction with the structure during migration, as a means of 

facilitating feeding opportunities, or due to attraction to light emitted by the structure (Ronconi et 

al., 2015, Russell et al., 2014). The capacity for birds to rest/roost on offshore structures can have 

both positive and negative repercussions for some species; with some able to regain strength after 

the energy expenditure associated with migration or feeding, and others becoming exhausted due to 

energy use associated with circling around light sources and being unable to return to land 

(Ronconi et al., 2015, Russell et al., 2014, Wiese et al., 2001). 

The primary concern of MRECs attracting birds would be the risk of collision with the structure. 

Collisions could occur both above and below the water line and would be dependent on factors 

including the type of structure, the array of moving parts below the surface, the species of bird and 

their prey species, the migratory route of the species and oceanographic processes such as tides, 

waves and currents (Sparling et al., 2020). 

The attractant capacity of the structure would determine the potential for bird/structure 

interactions. With offshore structures known to act as aggregation devices for a range of fish species 

(Brickhill et al., 2005), the capacity for interaction with diving birds that prey on fish underwater 

(e.g., cormorants and gannets) would be increased. This attraction may result in the entanglement 

or collision of birds with underwater turbines and other components attached to or associated with 

the MREC. The likelihood of collision with underwater turbines is considered to be low for most 

species (e.g. Fraenkel, 2006, Witt et al., 2012). Additionally, some structures will have additional 

components located in the water column that may interact with diving birds, for examples intake 

pipes and protective grates. The effect of these components has not been assessed yet. 
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The avoidance of MRECs by seabirds and migratory shorebirds would be difficult to determine and 

no studies are available which focus on this. The impact of the placement of MRECs in regions in 

which birds are known to forage needs to be further considered. 

Light conditions (intensity, duration etc.) play a major influence on the life cycle of many organisms. 

Many species of seabirds and shorebirds are migratory and rely on lunar phases to time their 

migratory routes. The presence of light in an otherwise dark environment can: attract seabird 

species (Montevecchi, 2006); disrupt their activities leading to starvation through interruption of 

normal migratory or foraging behaviours (Montevecchi, 2006, Wiese et al., 2001); or increase the 

likelihood of predation by other bird species (Evans Ogden, 1996). 

Studies into the attractant capacity of structures that emit light in the marine environment such as 

lighthouses and offshore oil and gas platforms have shown they can strongly attract various marine 

species (Jones and Francis, 2003). However, these findings are tempered by several factors, for 

example changes associated with weather patterns, seasonal variation, quality of recorded data, 

impact of scavengers on the number of birds recorded, and declines in migratory bird numbers not 

associated with light interaction (Jones and Francis, 2003). The impact of other elements such as 

light phases, e.g., low light, or cloud cover, have been shown to increase the incidence of collision 

with structures or attraction (Evans Ogden, 1996, Montevecchi, 2006). It has been established that 

some forms of light emission have less of an attractant capacity, for example strobe lights on 

lighthouses result in fewer collisions of birds with lighthouse structures (Jones and Francis, 2003). 

The effect of MREC generated noise on sea and shorebirds is unknown. Studies of the responses of 

several terrestrial bird species to increase in anthropogenic noise have reported physical damage to 

the hearing structures of birds, avoidance of noisy areas and changes in “flight or fight” behaviour, 

foraging behaviour, reproductive success and communication (Ortega, 2012, Slabbekoorn et al., 

2010). These responses can be used as a basis to understand the possible effect of MREC generated 

noise on bird species. 
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Noise pollution from anthropogenic sources in the marine environment is difficult to quantify but is 

known to be increasing (Slabbekoorn et al., 2010), and influencing coastal environments (Bittencourt 

et al. 2020). The noise produced by offshore structures will vary based on a range of factors 

including distance from shore; depth of water; weather conditions, use of seismic equipment and 

the size and construction material of the vessel and its associated operating noises e.g., engine 

noise, on-board equipment. 

An impact of MREC generated noise on seabirds and migratory shorebirds could occur in the water 

during diving and would depend on the frequency and magnitude of the noise emitted. It is known 

that pressure changes associated with noise underwater have the capacity to cause damage to bird 

pulmonary organs (Linley et al., 2007). 

DEMERSAL, BENTHIC AND PELAGIC FISHES 

The ability of offshore structures to act as fish aggregation devices is well documented. The 

structures of offshore wind farms, similar to oil rigs, and bridge pylons, can have a positive or 

negative effect on fish assemblages (Andersson and Öhman, 2010, Forward, 2005, Hoffmann et al., 

2000). While some species of fish may be attracted to noise of fish aggregation devices, (Ghazali et 

al., 2013), the impact of construction and operation of MRECs is not yet known. Artificial structures 

in the marine environment are often termed as Fish Aggregation Devices (FADs) and this is likely to 

be the case for marine renewable energy structures. Offshore wind farms act as FADs, with average 

abundances of fish recorded at two shallow water windfarms located in the Strait of Kalmar (Baltic 

Sea, Sweden) reported as more than twice as high at the turbine than 20 m away (Wilhelmsson et 

al., 2006). Species composition however was significantly lower at the turbines than on the seabed 

suggesting that the turbines may be affecting certain species (Wilhelmsson et al., 2006). Further 

studies suggest that changes in species occurrence and composition can be influenced by the visual 

or hydrodynamic perceptions of structures in the environment with changes in species 
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characteristics occurring at both a diel and tidal scale when considering two environments, one with 

an artificial structure and one without (Williamson et al. 2019). 

The IUCN Red List considers only three fish species to be susceptible to the threat of renewable 

energy generators. These include two eel species listed as Critically Endangered and Near 

Threatened, and one pipefish species considered to be of Least Concern (IUCN 2020a) (Appendix C – 

Demersal, benthic and pelagic fishes). This number increases to over 860 when taking into 

consideration the other possible threats (as per marine mammals and seabirds) (IUCN 2020a) 

(Appendix C – Demersal, benthic and pelagic fishes). This list does include benthic fish species which 

will be considered under the benthic community section of this Chapter. 

The impact of the introduction of artificial structures on community composition and diversity of fish 

species can be significant. For example, the epibiotic assemblages found on pilings in Sydney 

harbour have a positive influence on the abundance and diversity of fish species recorded, with a 

simulated increase in epibiota leading to an increase in food available for common small-bodied 

species (Clynick et al., 2007). The capacity for epibiota such as foliose algae and mussels to act as 

shelter for multiple species is also documented with more complex habitat able to aid in the 

reduction of predation (e.g. Connell and Jones, 1991, Wilson et al., 2017, Ushiama et al., 2019). 

Several studies have investigated the effect of differing forms of energy production in the ocean 

(including MRECs) on fish communities (e.g., Andersson et al 2009, Andersson and Öhman, 2010, 

Bergström et al., 2013). The authors suggest that these structures, like other artificial structures in 

the ocean (bridge pylons, wharves etc.), have the potential to act as fish aggregation devices. 

Artificial structures have the capacity to interact with demersal and pelagic fishes through the 

creation of new habitat; create noise, thermal and chemical pollution; limit commercial and 

recreational fishing activities in the region; and change benthic and pelagic communities surrounding 

the structure either through attraction or production (Brickhill et al., 2005). 
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Offshore wind farms can provide habitat for fish species leading to an increase in abundance and 

species diversity surrounding the installations compared to nearby soft bottom and vertical rock wall 

(Andersson et al., 2009, Andersson and Öhman, 2010). However, their effect on community 

composition is unclear. Some species were recorded as displaying a thigmotactic response to 

offshore wind farm structures within hours of installation (Andersson et al., 2009), with some 

organisms moving towards the structure as a result of a mechanical stimulus. This finding suggests 

that negative responses are not immediately evident or attributable to the structures themselves. 

This increase in abundance of fish species at foundations compared to natural sites was also 

recorded by Langhamer et al., 2009b, when researching the effect of wave energy buoys at the 

Lysekil Wave Power Project in Sweden. However, these increases were not statistically significant 

and were hypothesised to be attributed to wind and wave exposure. Light has long been used as a 

mechanism for attraction of fish in commercial and recreational fishing and in research (O'Connor et 

al., 2019). Light pollution from man-made sources e.g., oil rigs, marina lighting, or street lighting also 

has implications for marine environmental management and are especially pertinent in areas under 

environmental legislative protection (Gaston et al., 2012, O'Connor et al., 2019, Orr, 2013). 

Lights have been used in a variety of fishing practices including purse seining, dip-netting and pole 

and line fishing (Ben-Yami and Pichovich, 1988, Deudero, 2002) . The attraction of fish to lights may 

be the result of several factors, including the aggregation of zooplankton, which in turn attracts 

larval or juvenile fish and possibly squid (Deudero, 2002). Lights can be both species and size 

selective while providing an inexpensive and powerful attractant (Doherty, 1987). This selectivity 

makes the technique a potent tool in research as light traps are considered a selective device in 

sampling of larval pelagic fishes (Doherty, 1987, Hickford and Schiel, 1999). Some wavelengths, for 

example blue light, are more attractive to fish than others (Cha et al., 2012). Similarly, anchovy 

(Engraulis japonica) responded most to blue, green, and white light respectively, and least to yellow 

LED sources when displaying ‘herding’ behaviour (Bae et al., 2011). The use of light in fishing 



2-38 
 

practices has provided a wealth of research to further understand the effect of light pollution from 

offshore structures. 

The reaction of demersal and pelagic fishes to noise may ultimately affect their survival and fitness 

These reactions may be due to: the masking of acoustic communication (reproductive or territorial 

displays, communication predator avoidance, navigation, localisation of food), consistent triggering 

of alarm reactions (stress implications, desensitisation, threat to communication) and temporal or 

permanent hearing damage (has serious implications if species use acoustic communication for the 

above mentioned processes) (Di Franco et al., 2020, Mills et al., 2020, Velasquez Jimenez et al., 

2020, Wahlberg and Westerberg, 2005). 

An increase in ambient noise has the capacity to mask natural communication systems of some 

species. Fish produce sounds in several ways: drumming, the fast contraction of sonic muscles 

surrounding the swim bladder that causes it to contract and expand rapidly; stridulation, the rubbing 

together of teeth or other hard skeleton components to produce a gnashing or grating sound 

(Kasumyan, 2008); and hydrodynamically through low frequency sounds produced when the fish 

rapidly changes direction or speed (Kasumyan, 2008). Vocalisations have various uses including in 

the attraction of mates and during spawning activities (Andersson and Öhman, 2010). Sound along 

coastlines is also used by many species as a means of discriminating abiotic processes such as 

coastline currents and as an aid to navigation. For example, some species of reef fish larvae use 

sound as a settlement cue (Tolimieri et al., 2000). 

Fish have various behavioural responses to noise which often tend to be a startle or escape 

response. These include sudden bursts of forwards or backwards swimming; the vocalisation of 

alarm calls; changes to colouration and twitching or freezing actions (Andersson et al., 2007). Alarm 

reactions to recorded noises generated by offshore wind farms have been reported in laboratory 

experiments with three-spined sticklebacks Gasterosteus aculeatus and roach Rutilus rutilus 

(Andersson et al., 2007). These alarm reactions, in particular increased swimming activity, may 
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account for the increased number of redfish Sebastes norvegicus and Greenland halibut Reinhardtius 

hippoglossoides captured during seismic shootings (Løkkeborg et al., 2002). Noise generated during 

the construction (ramming of the jack up rig and increased shipping activity) and operation of 

offshore windmills in Horns Rev area, Denmark, can have localised impacts but these impacts do not 

appear excessive with some fish species remaining abundant despite the continued production of 

noise from the windmills themselves and helicopter traffic (Hoffmann et al., 2000, Wahlberg and 

Westerberg, 2005). 

LARGE INVERTEBRATES – CRUSTACEANS AND MOLLUSCS 

The commercial and recreational value of large invertebrate species such as crustacean and molluscs 

in many coastal regions is substantial (Deloitte Access Economics, 2017). The impact of MRECs on 

specific species is not documented but may be similar to those effects recorded for other forms of 

energy generators. The IUCN does not document any species under threat as a result of the impact 

of renewable energy (IUCN 2020a). A review of literature on renewable energy structures suggests 

that there is insufficient data gathered to suggest that the foundations of wave energy buoys have 

any impact on the abundance of lobsters (Langhamer et al., 2009a). Similarly, evidence of the impact 

of offshore wind farms is lacking. It is possible that the presence of a structure will influence the 

recruitment of larger invertebrate species (Gates et al. 2018, Herrnkind and Butler IV, 1997, Susick et 

al. 2020). This can be attributed to the presence of conspecifics or macroalgae increasing the rate of 

settlement, with experiments of the behavioural response of the lobster Homarus americanus 

indicating post larval stages are attracted to chemical cues of both adult H. americanus and 

macroalgae (Boudreau et al., 1993). Artificial structures and their associated communities can also 

act as nursery sites by decreasing predation on  for example small juvenile lobsters (Panulirus argus), 

with the abundance of larger juveniles unaffected (e.g., do Nascimento Filho et al. 2021, Herrnkind 

and Butler IV, 1997). 
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The impact of artificial light on large invertebrates such as crustaceans (e.g., lobster and crabs) and 

molluscs (e.g., squid and octopods) is unclear. The attractant capacity of artificial light in commercial 

squid fisheries is well utilised and many commercially valuable species show positive taxis toward 

light (Ben-Yami and Pichovich, 1988). This may reflect prey availability with squid preferring to stay 

on the periphery of light sources to monopolise a readily available food source of smaller taxa 

attracted to the light (Martins and Perez, 2006). 

The impact of artificial light on crustaceans is not well studied. Reaction to light may depend on life 

cycle stage, with larval stages more attracted to light. A positive taxis to light in larvae has been 

utilised to attract larvae and postlarvae of Western rock lobster Panulivus longipes (Phillips, 1975, 

Phillips, 1972) but the reaction of mature lobster to artificial light is not well researched. Mature 

lobster respond to photoperiod and are less active during daylight, with most lobster species 

foraging and migrating primarily at night (Council Marine Stewardship, 2012, Jernakoff, 1987). 

Research using a red-light source to monitor other behaviours (e.g., feeding) has reported that this 

light neither repels nor attracts lobsters. However, predatory species such as triggerfish, octopus, 

snapper, and moray eel used the light source in an opportunistic manner and predate upon the 

lobster (Weiss et al., 2006). 

Most research into the effect of noise on large invertebrates centres on the impact of seismic 

surveys as they have the capacity to interfere with commercial fishing. The effect of seismic surveys 

on catch rates of rock lobsters in western Victoria was researched by Parry and Gason (2006) who 

reported no correlation between the occurrence of seismic surveys and catch rate. The impact of 

marine seismic surveys on marine fishes and invertebrates is difficult to quantify with many studies 

producing mixed results (Carroll et al., 2017). 

When considering the effect of low frequency, high intensity noise on cephalopods, André et al., 

(2011) showed that noise associated with seismic surveys cause “massive acoustic trauma, not 

compatible with life”. This research conducted using 200 – 2000 litre test tanks at a profile of 50-400 
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Hz at 157 ± 5 dB produced physiological damage to sensory hair cells of the statocycts (organs 

responsible for the balance and position) in four cephalopod species (André et al., 2011). 

BENTHIC COMMUNITIES 

Benthic communities are typically a diverse group of organisms found on or near the seabed or as 

fouling organisms that attach themselves to a structure. These organisms include filter and deposit 

feeders such as sponges, bivalves, polychaetes, sea stars, snails, macroalgal species, and benthic fish 

species such as flatfish (flounder, sole, skates and rays) and bottom dwellers (blennies, sculpins, and 

gobies). 

Research on the impact of construction and installation of MRECs on benthic communities is 

continuing to increase. The IUCN does not list any benthic organisms threatened by the impact of 

renewable energy (IUCN 2020a) other than the benthic fish species in Appendix C. However, the 

effect of other anthropogenic structures such as pilings, offshore windfarms and oil and gas 

platforms on benthic communities suggest the following are likely to occur: the destruction and 

removal of benthic habitats because of disturbance during construction and installation (Gill, 2005, 

Krivtsov and Linfoot, 2012, MarineSpace 2016); the smothering of organisms by sediment disturbed 

during installation (Gill and Kimber, 2005); a change in resources such as available food sources, light 

and changes in biogeochemical cycling due to disturbance (Andersson and Öhman, 2010, Krivtsov 

and Linfoot, 2012); stress associated with construction activities including disruption to reproductive 

capabilities through masking of mating calls - as suggested by Koschinski et al., (2003) - changes in 

the diversity and abundance of benthic species surrounding a structure (Andersson and Öhman, 

2010, Davis et al., 1982); and the transport of invasive or opportunistic species into the novel 

environment via increased vessel movements and equipment transport (Airoldi et al., 2015, Pajuelo 

et al., 2016, Wanless et al., 2010). 

The introduction of an MREC into a region will have a direct physical impact through interference 

with the natural hydrodynamic processes surrounding the structure (Shields et al. 2011, Sumer et al., 
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2001). These hydrodynamic changes can have immediate and abrupt consequences on the transport 

of sediment around a structure with an increase in bed shear stress leading to scour in areas where 

sediment transport is normally minimal (Sumer et al., 2001). These effects (e.g., pressure 

differentials occurring in the sediment leading to liquefaction; the formation of vortices in front and 

behind the structure; an increase in turbulent flows; and interference with natural wave processes) 

are the direct result of the introduction of a structure into the marine environment (Sumer et al., 

2001) and can lead to an increase in suspended particulate matter. 

A change in the transport regimes and the quantity of organic and inorganic suspended particulate 

matter can affect benthic communities. Suspended particulate matter provides primary producers 

with biogeochemical requirements - carbon, nitrogen, calcium, oxygen and phosphorous (Snelgrove, 

1997). An increase in the re-suspension of particulate matter can reduce the penetrative capacity of 

light, thus adversely affecting biogeochemical cycling regimes (Krivtsov et al., 2008, Tett et al., 1993, 

van der Molen, 2015). A negative relationship tends to exist between sediment size and primary 

productivity of shallow water benthic communities (i.e., finer sediment size is associated with lower 

percentages of Chlorophyll a) suggesting that a build-up of finer sediments around an MREC can 

have a detrimental effect on benthic health (Cahoon et al., 1999). The movement of sediment can 

also suffocate neighbouring habitat (e.g. Gill, 2005). Results of biogeochemical modelling of large 

scale marine renewable energy generators suggests that effects may be observed a substantial 

distance away from the site of introduction (van der Molen et al. 2015). However, given the usually 

high flow environments in which structures will be deployed and the existing communities there is 

potential that those species already in the environment may not be adversely influenced by the 

introduction of the structure (Kregting et al. 2016). 

Fluid movement plays an essential role in the life cycle of both meroplanktonic (planktonic for a part 

of their life cycle) and holoplanktonic (planktonic for their whole life cycle) organisms with many 

relying on currents and the flow of waters to fulfil vital roles e.g., transportation to regions for the 

uptake of nutrients, reproduction and settlement. Benthic species which rely on hydrodynamics for 
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larval dispersal are susceptible to interference from artificial structures which may impact dispersal 

and ultimately recruitment by entraining organisms that would normally not settle in these regions 

(Abelson and Denny, 1997, Havenhand and Svane, 1991, Manríquez and Castilla, 2007). 

The effects of artificial structures are not always negative with studies into the effect of a WEC 

foundation at the Lysekil project research site in Sweden determining that parameters of soft 

bottom macrofaunal assemblages (density, species richness, species diversity and biomass) are 

greater surrounding the structure than at reference sites further away. Various reasons for this were 

proposed including the legacy of commercial fisheries changing trophic interactions and the 

influence of a single taxa i.e., polychaetes, on the results (Langhamer, 2010). 

Artificial structures host fouling communities including bivalves, bryozoans, barnacles, sponges, and 

tunicates. These communities build up successionally and may be taxonomically different to 

surrounding areas and substrates (Connell and Glasby, 1999). Fouling communities on offshore wind 

farms that have structures that rise through the water column have a positive impact on both 

benthic and fish communities through the creation of new habitat and the deposition of marine 

debris surrounding a structure (Andersson and Öhman, 2010, Nall et al., 2017). 

Offshore structures provide an attachment surface for a range of fouling organisms and can lead to 

modification of species abundance and diversity in that region (Macleod et al., 2016, Want et al., 

2018). The fouling communities attached to the surface of offshore wind farms, turbines and wave 

energy buoys can have consequences. Fouling attached to the structures may have the potential to 

affect the operation and capabilities of offshore structures such as underwater turbines and wave 

energy buoys in certain circumstances (Macleod et al., 2016, Thomson et al., 2015). The 

maintenance of these structures and the removal of fouling is an expensive and time-consuming 

operation (e.g. Yebra et al., 2010). While some research indicates that there are no significant 

effects, for example on the energy absorption capacity of wave energy buoys (Langhamer et al., 

2009b), more research is required as to the effect fouling may have on other structures, for example 
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tidal turbines and other floating energy generators (Langhamer et al., 2010). It has also been 

proposed that the hard surfaces of offshore wind farms in German coastal waters could be utilised 

as a multipurpose site, for example as a site of mussel farming (Buck et al., 2010). 

The impacts of the foundation are not just a result of the physical installation but are also 

attributable to such factors as shadow effects influencing the availability of nutrients and changing 

the amount of natural light and temperature of surrounding waters. A nutrient- shadow effect may 

be a result of the benthic communities found on the structures themselves acting as a biofilter 

(Klunder et al., 2020) with a proposed reduction in the nutrient levels downstream of offshore wind 

farms. A reduction in light as a result of shading from structures can impact benthic community 

structure by influencing primary production and respiration. Similarly, a change in water 

temperature due to increased shading can influence benthic community structure. For example, 

growth rates of the mussel Mytilus edulis were higher in closer proximity to shaded sides of 

small/medium reefs, where temperatures were lower (Guichard et al., 2001). 

CONCLUSION 

Marine renewable energy generators come in a multitude of forms and have the capacity to impact 

marine ecosystems during the installation and assembly of structures themselves and as a result of 

the introduction of artificial structure, light and noise. These sources of impact have the capacity to 

impact multiple marine organisms and communities, including marine mammals, seabirds and 

migratory shorebirds, demersal and pelagic fishes, large invertebrates, and benthic communities. 

A range of MRECs are being designed and installed worldwide. These installations are situated in a 

variety of regions and environments and as such it is imperative that their impact on these 

environments is understood. To facilitate this understanding of impact, well designed experiments 

need to be developed and implemented (Chapter three). 



3-45 
 

 : EXPERIMENTAL DESIGNS FOR ECOLOGICAL ASSESSMENT OF 

MARINE RENEWABLE ENERGY CONVERTER IMPACTS 

INTRODUCTION 

Although the marine renewable energy industry in Australia is still in its infancy it holds great 

potential for expansion and growth. Marine renewable energy converters (MRECs) are likely to 

become a presence in many offshore and coastal ecosystems with an increasing number of MREC 

devices and research facilities under development. As of 2020, there are over 350 MREC designs and 

developers worldwide (EMEC 2020b, EMEC 2020c). Examples of these developments include the 

CETO wave buoys - Australia (Carnegie Clean Energy, 2020a), the CCell oscillating wave surge 

converter - United Kingdom (Wave Energy Scotland, 2018), the Minesto DeepGreen kite - Northern 

Ireland (Minesto, 2021) and the suite of SIMEC Atlantis Energy developments located in the United 

Kingdom (SIMEC Atlantis Energy, 2021). The number of research facilities continues to grow and 

includes the Fundy Ocean Center for Energy (FORCE) - Canada (Fundy Ocean Research Centre for 

Energy, 2020) and the European Marine Energy Centre - Scotland (EMEC 2021). Understanding of 

the social, economic, and environmental impacts of these devices on the marine environment, and 

those who possess a connection to place, or in this instance an environment, is continuing to 

increase (e.g., Bartel, 2020). Evaluating these impacts requires the design and development of a 

framework for identifying, quantifying, and evaluating such impacts. 

Knowledge of the impacts of terrestrial renewable energy devices, such as onshore wind turbines, is 

increasing and provides a useful starting point to develop rigorous experimental designs to predict 

and/or quantify the impact of MRECs. As is likely with MRECs, experimental designs to determine 

impacts of onshore wind turbines were developed in conjunction with the development and 

increasing number of these devices. To date, various studies, including literature reviews, long term 

field research, and desk top studies into the impact of onshore windfarms have focused on potential 

and existing impacts on human health (National Health and Medical Research Council, 2015) and on 
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avian and chiropteran (bats) species through collision (Horn et al., 2008, Kaldellis et al., 2016, Kunz 

et al., 2007), barrier effects (Drewitt and Langston, 2006), displacement due to disturbance (Balotari-

Chiebao et al., 2016a, Balotari-Chiebao et al., 2016b, Larsen and Guillemette, 2007, Larsen and 

Madsen, 2000), and habitat loss (Drewitt and Langston, 2006).   

Publications of the impact of marine renewable energy converters were previously focused on 

reviewing the literature and documenting perceived or potential impacts (Bailey et al., 2014, 

Boehlert and Gill, 2010). Recent papers have focused on components of the environment that may 

be susceptible to the effects associated with the installation of MRECs (e.g., Kregting et al. 2016, 

Lossent et al. 2018, Polagye and Bassett, 2020). Several components of marine and coastal 

ecosystems are considered to be receptive to these impacts and have been identified as being 

relevant. For example, Annex IV of IEC Ocean Energy Systems suggests that marine mammals, 

seabirds, turtles, fish, sharks, commercial fisheries, and benthic communities could be vulnerable to 

the introduction of an MREC (Battey and Copping, 2011, Copping and Hemery, 2020). 

The social and economic impacts of the introduction of MRECs are also being considered, as the 

introduction of an MREC has the potential to lead to conflict with traditional users and other 

commercial enterprises. These studies have highlighted the need for stakeholder engagement to 

identify and minimize any potential conflict (de Groot et al., 2014, Johnson et al., 2015, Reilly et al., 

2016). 

The necessity to develop robust experimental designs is paramount to understanding short and 

long-term impacts of MRECs. This chapter aims to develop an identification framework which can be 

used to propose qualitative and quantitative experimental designs that will allow impacts of the 

introduction of an MREC to a marine environment and those who possess a connection to the 

environment to be identified. This framework requires knowledge of the variables that will change 

and being able to unambiguously detect change and identify the drivers of change. Other impacts 

such as changes to habitats, genetic and evolutionary variations and geophysical changes will not be 
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discussed in this section. While these changes are important, they require alternative experimental 

designs, some of which will need to assess the role climate change will play in perturbations in the 

marine environment. 

IDENTIFICATION FRAMEWORK 

Identifying the impact of MRECs on the surrounding environment is requisite to understanding and 

managing these impacts. A robust, well-designed assessment that produces rigorous and meaningful 

data is essential. While it is possible to gain an understanding of some of these impacts from studies 

of other marine installations such as offshore extraction platforms and aquaculture infrastructure, 

MRECs are unique and novel structures that have the potential to cause distinctive impacts. A 

framework made of three key components to understand the impact of MRECs is proposed: 

1. Knowledge of the variables that will change in response to the introduction of an MREC. 

These variables include the biotic and abiotic components that may be present in the region 

of interest such as species distribution, population size and condition; the distribution, 

extent, and condition of important habitats; overall community structure; and the human 

groups who possess a connection to the environment. Other variables may include the 

introduction of invasive or non-indigenous species; the impact on commercially valuable 

living marine resources e.g., algae, finfish, and crustaceans; and changes to food webs. 

These variables are in part similar to those developed under the Marine Strategy Framework 

Directive (European Commission, 2017), and established in the Australian State of the 

Environment (SoE) 2016 (Department of the Environment and Energy, 2017).  

2. The capacity to detect a change in these variables given the natural spatial and temporal 

variation in the system, with clear guidelines on what is considered to be a “change” in 

ecological conditions, i.e., the acceptable limits of change and the direction of any such 

change. 
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3. An understanding of the drivers of change. For example, if fish assemblages vary around an 

MREC, what is the driver of this change, e. g. is the artificial structure acting as a fish 

aggregation device (FAD) or is there a decrease or increase in predation due to an increase 

of attraction to the noise produced by the device (Di Franco et al., 2020, Wale et al., 2013). 

Drivers can be direct or indirect and need to be differentiated from natural variation. 

VARIABLES THAT RESPOND TO CHANGE 

The impact of the introduction of an MREC structure into the marine environment will be influenced 

by the location of the structure; proximity to the shore; abiotic factors such as substrate type and 

composition, current or tidal regimes, flow velocities around the structure, shipping activities, and 

the presence of other infrastructure; and biotic factors such as the species and communities present 

and their status (i.e., if they are considered endangered, migratory, commercially or recreationally 

important). 

There are many environmental components (i.e., species and communities) that will respond to the 

introduction of an MREC into the environment (Copping and Hemery, 2020). Many of these 

components have been discussed in Chapter two and include but are not limited to: 

• Benthic communities such as those interstitial organisms that occur in substrate, benthic 

encrusting species of sponges, annelid worms, barnacles, and other species known to foul 

offshore structures and mobile benthic fish and invertebrate species. 

• Large invertebrates (lobster, cephalopods) that possibly use the structure for shelter and as 

breeding sites.  

• Planktonic species including both phytoplanktonic and zooplanktonic species that live out 

their entire life cycle in the plankton (holoplankton) and those that live out the larval stage 

of their development in the plankton (meroplankton). 
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• Demersal and pelagic fish species, including those species that are commercially valuable or 

are the basis of a commercial fishery, or those species that are threatened, endangered, or 

protected. 

• Shark and ray species, including those species that are commercially valuable or are the 

basis of a commercial fishery, or those species that are threatened, endangered, or 

protected. 

• Seabirds and migratory shorebirds that could interact with the structure, including birds that 

are attracted to the structure, use the structure as a rest platform or have habitat changed 

by the introduction of the structure. 

• Marine mammals including cetaceans and pinnipeds which can interact with the structure, 

including those that are attracted to the structure, use the structure as a rest platform or are 

impacted by the noise and electromagnetic emissions produced by the structure. 

• Marine reptiles that are endemic to the region of introduction or those that migrate through 

the region. 

• Algal species both macro and micro, including those that may grow on or around the 

structure or which have a planktonic life history stage. 

Some of the anticipated responses include physiological, behavioural, population, community, 

landscape, and ecosystem changes (Table 3:1). 

Table 3:1: Categories of potential change in variables and indicators of these changes 

Categories of Change Indicators  

Physiological The short and long term changes an organism must undergo in 

response to a changing environment. These changes could include a 

decrease in body size, changes in hearing and pulmonary structures of 
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Categories of Change Indicators  

some species, reduced reproductive activity, or reduced nurturing 

activity (e.g. O'Connor et al., 2019, Linley et al., 2007, Slabbekoorn et 

al., 2010). 

Behavioural Changes in behaviour as a direct or indirect result of proximity to a 

source of impact. These changes may include the reaction or response 

to stimulus in the environment for example, changes in acoustic or 

electromagnetic profiles (e.g. Horn et al., 2008, O'Connor et al., 2019). 

Population Population changes to a group of inter-breeding individuals of the same 

species inhabiting the same area. These changes may include variations 

in population size and density (e.g. Edren et al., 2010, Pidcock et al., 

2003, Tyack et al., 2011).  

Community Factors that affect two or more populations of species inhabiting the 

same area. These changes may include variations in community 

structure, diversity, distribution, and abundance (e.g. Cremer et al., 

2009, Edren et al., 2010, Wilhelmsson et al., 2006). 

Landscape Changes to patterns and processes of species assemblages and their 

interactions within landscapes. These changes will include variations in 

the physical landscape and the resultant interactions with resident 

species assemblages (e.g. Edren et al., 2010, Sparling et al., 2020).  

Ecosystem Changes in processes that link biotic and abiotic components at the 

ecosystem level. These changes may be diverse and include variations 

in trophic interactions (e.g. Krivtsov and Linfoot, 2012, Willsteed et al., 

2017).  

 



3-51 
 

Changes in all categories may be difficult to evaluate and will be dependent on temporal and spatial 

scales of variation. To understand changes in these variables due to an MREC, we need to be able to 

quantify the impact taking into account natural variability in processes that have the capacity to 

mask anthropogenic influences (e.g. Bilbao et al., 2019, Martel et al., 2018). 

DETECTION OF CHANGE 

Determining ecological impacts requires rigorous collection of data using experimental designs that 

can detect and measure change. Numerous studies and reviews emphasise the importance of robust 

experimental design in ecological sampling (Benedetti-Cecchi, 2001, Benedetti-Cecchi and Osio, 

2007, Underwood, 1991, Underwood, 1994, Underwood, 2000). To determine the impact of 

anthropological inputs on the marine environment a Before/After/Control/Impact (BACI) design is 

recommended (Smith et al., 1993, Underwood, 1991, Underwood, 1992, Underwood, 1994). This 

experimental design considers both spatial and temporal variation in the variable of change being 

measured. Spatial variation is determined by sampling at impact and control sites, while temporal 

variation is determined by sampling before and after the impact (i.e., the installation or construction 

of the MREC). Ideally, an experimental design with replicate, randomly selected times before and 

after the impact at replicate impact and control sites is recommended to take into account natural 

spatial and temporal variation in the parameters being measured (Underwood, 1991, Underwood, 

1992, Underwood, 1994, Underwood, 2003). This optimal design can be modified in a number of 

ways to ensure sufficient long-term data sets are accrued at both impact and control sites and to 

take into account unforeseen or unavoidable situations that occur during the design and 

implementation phase of experimental design. Several modified BACI designs have been developed 

to overcome issues relating to collecting sufficient quantity and quality of data to detect 

environmental perturbations. These include situations where only one impact site is available for 

study; when it is not possible to monitor the impact site at an adequate temporal scale before the 

introduction of the structure; when a lack of resources either time, funds or personnel make it 
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difficult to sample; or when the disturbance is gradual e.g., the laying of foundation structures and 

pipelines over an extended temporal scale (Methratta, 2020, Underwood, 1994). 

BACI based experimental designs have been used for over 30 years to determine the impact of a 

diverse range of stimuli on marine ecosystems including: dredging (McCabe et al., 1998), the 

introduction of invasive species (Forrest and Taylor, 2002, Forrest et al., 2009), marine protected 

areas (MPAs) (Lincoln-Smith et al., 2006), and beach nourishment (Jones et al., 2008). BACI 

experimental designs have also been widely adopted to determine the impact of the introduction of 

anthropogenic structures into the ocean. These structures include sewage outfall pipes (Roberts, 

1996), aquaculture infrastructure (Aguado-Gimenez et al., 2012), marinas (Webb and Keough, 2000), 

harbours (Roca et al., 2014), desalination plants (Naser, 2013), and offshore wind farms (Garthe and 

Huppop, 2004, Teilmann and Carstensen, 2012, van Deurs et al., 2012). 

The necessity for adequate assessment of short and long-term changes brought about by the 

introduction of anthropogenic structures has been highlighted in multiple studies (e.g. Aguado-

Gimenez et al., 2012, Lattemann and Amy, 2013). Numerous studies have applied BACI analysis to 

the design of their experiments. For example, a study into the effect of increased noise from an 

offshore wind farm on the abundance and behaviour of harbour porpoises (Phocoena phocoena) 

showed that porpoise activity inside the Nysted Offshore Wind Farm had originally decreased and 

was slowly returning (Teilmann and Carstensen, 2012), while research into the effect of offshore 

wind farms on three species of ecologically important sand eels established positive short term 

density increases while long term impacts were driven by species composition (van Deurs et al., 

2012). These studies highlight the importance of having a clear understanding of the indicators of 

change whilst being cognisant of the possible distinctions brought about by natural differences in 

study sites. 

The use of BACI based studies will enable identification of a range of impacts deemed of interest to 

many stakeholder groups or organisations. Industry partners, scientists, investors, environmental 
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groups, regulators (local, state and federal), commercial and recreational fisheries, and local 

residents have already expressed interest in the impact MRECs will have on particular functional 

groups, e.g., macroalgal communities, fish and crustacean communities, marine mammals, and 

seabirds (Coleby, 2010, Johnson et al., 2015). With increased interest in marine renewable energy 

conversion, the likely impacts of MRECs on these functional groups have been the subject of several 

reviews (Andersson and Öhman, 2010, Boehlert and Gill, 2010, Frid et al., 2012, Shields et al., 2011, 

Larsen and Guillemette, 2007, Uihlein and Magagna, 2016, Borthwick, 2016). It is necessary to have 

a clear idea of the source of impact to develop experimental designs capable of assessing changes in 

indicators of interest. Previous studies into single sources, for example the noise produced by an 

offshore wind farm structure or tidal turbines, have been assessed (Carstensen et al., 2006, 

Teilmann and Carstensen, 2012, Lossent et al. 2018). The possible impacts associated with extracting 

energy from the marine environment have been summarised and provide direction for further 

research (Boehlert and Gill, 2010, Gill, 2005, Polagye and Bassett, 2020). 

Given the understanding of the impacts of other anthropogenic structures in the marine 

environment, the requirement to develop experimental protocols that clearly identify these drivers 

of change are necessary. However, identifying a driver of a discrete change in a dynamic 

environment can be difficult. 

IDENTIFYING THE DRIVERS OF CHANGE 

There are many recognised anthropogenic drivers of change in the marine environment, and it is 

widely acknowledged these are both pervasive and increasing (Halpern et al., 2008, Halpern et al., 

2015, Halpern et al., 2019). All marine ecosystems are considered to be under pressure from 

anthropogenic influences, with nearly half considered to be under pressure from multiple drivers of 

change (Halpern et al., 2008, Halpern et al., 2015, Halpern et al., 2019). These drivers of change 

include such large-scale stressors as an increase in commercial activity (e.g. shipping traffic), 

increases in organic and non-organic pollutants (e.g. microplastics, chemical contaminants, sewage 
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inputs), commercial and recreational fishing activities (e.g. demersal or pelagic fishing) and the wide-

ranging impacts associated with human induced climate change (Alimba and Faggio, 2019, Cramer et 

al., 2014, Edgar et al., 2019, Halpern et al., 2019, Tornero and Hanke, 2016). Issues arise however 

when trying to link specific drivers of change with discrete impacts. When a change has been 

detected in the environment it is not always possible to draw conclusions regarding the drivers of 

such change, and whether the observed change can categorically be attributed to external factors 

such as the introduction of an MREC or to natural processes e.g., ecological succession, the process 

of change in an ecological community over time or stochastic natural events such as extreme 

weather events. Some responses to change, such as those experienced at a land-sea interface, can 

be directly attributed to such drivers e.g., the introduction of non-native species as discussed in 

Cloern and Jassby (2012), led to fundamental changes in the food web of San Francisco Bay and the 

eventual collapse of some fish populations. Causality, however, is a fundamentally complex concept, 

with patterns of causality not usually a linear construct. Causality can be direct, i.e., be a domino 

effect, indirect i.e., one component influences a second which in turn can affect a third or be a two-

way system of cause and effect. 

It is possible to identify the drivers of change through a range of experimental approaches. These 

include field-based research such as using a BACI based framework for research to identify the 

variables and changes as per point 1 and 2 of the Identification framework; lab-based experiments 

based on the relevant variables; or through the use of modelling techniques. Applying a range of 

approaches can prove valuable in developing hypotheses to drive further research and enable the 

determination of the potential impact of MRECs on the species groups and communities described in 

Chapter two. This range of approaches can be considered independently or as a means of 

augmenting or further developing field-based research (Metcalf, 2010). 

As a guideline, in order to understand or develop a base line for field-based research it is necessary 

to include long-term data collection protocols and long-term data sets (Cloern and Jassby, 2012, 

Coletti et al., 2016) . A field-research based approach to data collection, as discussed previously, is 
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not always achievable or the most practical, ethical, or robust method of accumulating data or aiding 

in management decision making. The benefits of robust long-term data cannot be overstated 

(Magurran et al., 2010, Schwerdtner Manez et al., 2014) but it is also prudent to be aware of the 

limitations of this type of data. For example, data collected over longer temporal scales may not 

have been consistently collected or recorded, may have sampling constraints or may not be of 

sufficient quantity to enable robust analysis (Magurran et al., 2010). Alternative data sources e.g., 

collection of commercial fishing data, biodiversity sampling from mining surveys and observer data 

will have the same limitations (Magurran et al., 2010). 

Using laboratory-based research to further aid in understanding of impacts relies on data collected 

under well controlled conditions. This data, while extremely valuable in identifying discrete 

responses to a stimulus, needs to be taken in context. While experimental studies into responses 

such as the attractive properties of light to fish (Marchesan et al., 2005) and marine mammals 

(Cremer et al., 2009) and the disruption of shoaling behaviour in juvenile seabass (Dicentrachus 

labrax) exposed to recorded pile-driving noises (Herbert-Read et al., 2017) provide evidence to 

support hypotheses, it is appropriate to be mindful that these highly controlled and somewhat 

sterile environments are different to those found in highly dynamic natural marine ecosystems. Still, 

the use of laboratory-based research is of intrinsic value when attempting to determine effects while 

taking into account factors such as access to the site and the environment in which field-based 

research is to be conducted. 

Another approach to identifying drivers of change is using ecosystem models. These models are 

varied in complexity and use a range of data inputs. Models can range in complexity from basic 

analytical models through to computational models. Models can be quantitative (using 

mathematical data and calculations, usually showing the movement of nutrients or other resources 

through the system), qualitative (a conceptual model which shows the interconnectedness of the 

components within the model, models can illustrate complex systems) or a combination of both. 
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Models can explore and illustrate causal relationships between components in a system and can be 

as simple or as complex as required. 

There are a multitude of models available that may aid in the determination of the drivers of change 

in an ecological context. Some of these models use techniques such as Loop analysis, Models of 

Intermediate Complexity (MICE), and Bayesian networks. The number of programs available to 

construct and illustrate these ecosystems is also increasing. Programs such as Ecopath with Ecosim, 

STELLa®, Vensim® or GeNie® allow for effective construction of complex ecosystem models 

(BayesFusion, 2020, Christensen and Walters, 2004, isee systems, 2019, Ventana Systems, 2015). 

Ecosystem models have been used to illustrate effects on complex ecological communities 

attributable to identified sources of disturbance, changes in pressure near submerged structures 

(Touboul and Rey, 2012) and the effect of the introduction of a structure on benthic habitats 

(Krivtsov and Linfoot, 2012).  

It has been suggested that effective models should comprise the following characteristics: the 

inclusion of stakeholder consultation, a formulation of the main objectives of the model, 

conceptualisation of the models, identification of the most appropriate model approach, 

identification of the most appropriate level of complexity of the model, the use of multiple models 

to the same problem, the capacity to parameterise the model sufficiently, verification of the results, 

sensitivity analysis, determination of the uncertainties of the model, validation through comparison 

if possible, peer review of the approach, and thorough documentation (Schmolke et al., 2010). 

CONCLUSION 

The identification framework developed can inform qualitative and quantitative experimental 

designs and allow impacts of the introduction of an MREC to a marine environment, and those who 

possess a connection to the environment, to be identified. This framework i.e., identifying those 

components or variables within the system that will respond to change, detecting the change in 
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question and identifying the drivers of that change, is an integral stage in what ultimately should 

become a more robust approvals process for the environmental assessment of MREC developments. 

Chapters four and five will provide examples of two of the methods identified here that could 

potentially evaluate the impact of the introduction of an MREC into a marine ecosystem. Chapter 

four was a preliminary study of the possible impact of the introduction of an MREC on fish 

community structure at a proposed Australian development site. This study will explore BACI 

research protocols to determine if there are identifiable differences in the biodiversity of fish 

communities between the proposed impact site and multiple control sites in the same vicinity. This 

chapter has been published as per the requirement of funding arrangements (Lirabenda Endowment 

Fund, Field Naturalists Society of South Australia). 

Chapter five will use a qualitative method to determine the possible impacts of the introduction of 

the MREC on the coastal marine environment. These models will include socio-economic and 

environmental components of a model ecosystem based on the Western Bass Strait Shelf Transition, 

southern Australia (Commonwealth of Australia, 2006). 
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 : IDENTIFYING THE IMPACT OF A MARINE RENEWABLE 

ENERGY CONVERTER ON COASTAL MARINE ECOSYSTEMS: A QUALITATIVE 

APPROACH 

INTRODUCTION 

Australia’s energy production during 2017-2018 was approximately 18,603 petajoules (PJ) per 

annum, with 97.9% of this energy sourced from non-renewable means. The remaining 2.1% was 

generated via renewable means: hydropower, wind, bioenergy and solar systems (Department of 

the Environment and Energy, 2019). The Australian government had made a commitment to 

increase Australia’s energy requirements sourced from renewable sources by 2020, with future 

targets established to reflect the country’s evolving energy requirements (Commonwealth of 

Australia (Clean Energy Regulator), 2019). Several renewable energy sources have been proposed to 

meet this requirement including solar, wind, geothermal, bioenergy, hydropower, hybrid, and ocean 

energy (ARENA, 2018). 

Wave energy is considered the most viable methods of marine energy extraction in Australia. The 

Australian coastline, specifically the Southern Australian margin, from Perth to Hobart, has been 

identified as a suitable region for wave energy extraction. Harnessing just 10% of this potential 

energy could result in Australia reaching its renewable energy target (Hemer and Griffin, 2010, 

Hemer et al., 2017). 

Ocean energy is extracted by a suite of converters which fall under three main categories: tidal, 

current, and wave energy. As the number of companies involved in the development and 

deployment of marine renewable energy converters (MRECs) and the number of different designs of 

converters increases, understanding the environmental impacts becomes increasingly important. 

Companies involved in marine energy conversion place an emphasis on and are legally obligated to 

provide a measure of environmental stewardship, with many suggesting that their structures are 

environmentally benign or even beneficial.  



5-71 
 

The potential impacts of MRECs include direct effects of the physical structure itself, the noise 

generated by the converter (Schmitt et al. 2018) or physical changes to ocean currents, water flow 

or sedimentation caused by the structure (van der Molen et al. 2015). The structure has the 

potential to impact marine animals (including mammals, reptiles, birds, fishes and invertebrates) by 

causing collision or entanglement; impede migratory routes of mammals and sea- and shorebirds; 

act as an artificial substratum for fouling species (native and invasive); or can directly cause habitat 

loss (or gain e.g., Wilson and Elliott (2009)) and degradation (e.g. Boehlert and Gill, 2010, Inger et al., 

2009). The noise generated by MRECs can affect acoustic regimes of marine animals (including fish, 

invertebrates and mammals), adversely affecting their behaviour (Bailey et al., 2010, Tougaard et al., 

2015). Additionally, changes to currents, water flow or sedimentation may interact with the 

dispersal, recruitment and performance of sessile and mobile marine species (e.g. Martin et al., 

2005). 

Large-scale, long-term collection of quantitative data regarding the impacts of MREC on marine 

environments require significant resources and can be both time intensive and expensive. This in 

turn has to potential to place limitations on data collection, resulting in inadequate sampling design 

and replication (e.g. Underwood, 1991, Underwood, 1992, Underwood, 1994, Underwood, 2000). 

One approach that overcomes limitations regarding the availability and quality of quantitative data 

is qualitative modelling. Whilst quantitative research provides a more robust numerical 

understanding of impact on which to base further decisions, qualitative modelling can be used to 

focus research questions. As marine systems are large, multi-faceted, and complex, qualitative 

modelling has the capacity to understand the interconnectedness of a system where 

experimentation is not possible, or observations of the system are impractical and can incorporate 

ecological, social and economic data to provide relevant information for stakeholders. 

Qualitative modelling taking a triple-bottom line approach has proven beneficial in a range of 

contexts including: the design and implementation of ecosystem based fisheries management 

(Metcalf, 2010, Metcalf et al., 2014, Ortiz and Wolff, 2002), to support decision making processes 
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and engage stakeholders in the management of natural resources (Nash et al., 2017), to aid in 

species conservation (Arkoosh et al., 2004), and in the development of mitigation systems in the 

event of disease outbreak (Collineau et al., 2013). Using both qualitative and quantitative forms of 

modelling in a complementary approach has also proven beneficial when quantitative data is 

available to substantiate qualitative modelling predictions (Metcalf, 2010). 

In particular, a qualitative modelling approach can be used to model systems that are large, poorly 

understood, or as in the case of this study, lacking in sufficient published and/or publicly available 

data. This study uses qualitative modelling to make predictions on the impact of a marine renewable 

energy converter (i.e., a press perturbation; defined as a continuous disturbance causing continued 

or short-term responses by a range of ecological variables) on aspects of the surrounding marine 

ecosystem. These predictions will contribute to understanding the possible long-term impacts of 

MRECs, act as the basis for future quantitative studies and ultimately support management 

decisions, the development of mitigation measures and the appeasement of public concerns 

regarding the placement of these novel structures into the marine environment. Specifically, I will 

determine the impact of MRECs on five components of a model system that are recognised as being 

socio-economically or environmentally significant: carnivorous and herbivorous fish species, crustose 

and foliose algae, large commercially harvested crustaceans, and migratory shorebirds and seabirds. 

METHODS 

STUDY LOCATION 

The southern coastline of Australia is an area of high wave energy generation potential (Hemer and 

Griffin, 2010, Hemer et al., 2017). Several regions within that larger area have been recognised as 

providing favourable conditions for the extraction of energy from waves including the coastlines of 

Western Australia (WA), South Australia (SA), Victoria (Vic) and Tasmania (Tas). Wave energy 

converter developments have been proposed for areas of the Limestone Coast near Port 

MacDonnell, SA, Port Fairy, Victoria and King Island, Tasmania. 
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This study will consider the implications of the introduction of an MREC, specifically a WEC, on the 

Western Bass Strait Shelf Transition in southern Australia (Figure 5-1) a region of high potential 

marine renewable energy production (Hemer and Griffin, 2010, Hemer et al., 2017). The number of 

marine species recorded in this region since 2000 is in the realm of 1,921 (Atlas of Living Australia, 

2020). These include birds, fish, crustacean, mollusc, mammal, fungi and plants (Atlas of Living 

Australia, 2020). This region is home to multiple commonwealth and state commercial fisheries 

including the Southern and Eastern Scalefish and Shark Fishery (multiple spp.), the Bass Strait Central 

Zone Scallop Fishery (commercial and doughboy scallops, Pecten fumatus and Chlamys asperrimus), 

and multiple other commercial fisheries e.g. blue crab, Portunus armatus, and southern rock lobster, 

Jasus edwardsii, as well as charter boat and recreational fisheries (multiple spp.) and aquaculture 

farms (abalone, Haliotis spp.). These industries are important to the South Australian, Victorian and 

Tasmanian economies with the commercial fisheries contributing in excess of $521 million per 

annum while the aquaculture industry contributes $1,127.5 billion per annum (ABARES, 2020). These 

figures do not take into account the income derived from tourism-based activities in the region, such 

as whale watching, bird watching, boating and recreational fishing. 
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Figure 5-1: Map showing the Western Bass Strait Shelf Transition Basin (uncoloured/white) in southern Australia (North 

West Atlas, 2020) 

SIGNED DIGRAPHS AND LOOP ANALYSIS 

Interactions between components in a system can be represented diagrammatically when analysing 

ecosystem dynamics (Puccia and Levins, 1991). Ecosystem interactions are denoted using a 

topological model which characterises the components of the ecosystem and their relationships e.g., 

the flow of energy from prey to predator; flow of biogeochemical materials; or causes of 

interference/inhibition (Dambacher et al., 2002). These diagrams are referred to as signed digraphs. 

The signed digraph contains a series of nodes representing the components within the model and 

links or edges that indicate relationships between the components. 
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Relationships between components are represented by joining lines with either a direct positive 

interaction ( ) or a direct negative interaction ( ). If no direct relationship exists between 

two components, links will be absent. These relationships therefore carry a weighting: positive (+), 

negative (-) or null (0). These weightings have a value of 1 by default but can be changed to add 

more weighting to certain interactions. It is possible to represent several basic and fundamental 

relationships between components: the predator/prey relationship (+/-); mutualism (+/+); 

commensalism (0/+); amensalism (0/-); and interference (-/-). 

Signed digraphs that represent the system analysed here were constructed using the programme 

PowerPlay Digraph Editor (Westfahl et al., 2002). An interaction square matrix representing the 

interactions between system components is produced based on this digraph. This data frame of 

interactions was then analysed using the Maple script for qualitative and symbolic analysis of the 

community matrix as developed by Dambacher et al. (2002). The ability of a system to respond to a 

perturbation within the system is analysed using Hurwitz criterion I and II (as per Dambacher et al 

2002, Dambacher et al. 2003), which identifies the stability of the system. Class I models – those that 

fail Hurwitz criteria I – are dominated by positive feedback at one or all levels of the system, while 

Class II models – those that fail Hurwitz criteria II – tend to have feedback at higher levels in the 

system dominating that of the lower levels (Dambacher et al. 2003). An Adjoint Matrix (Adj(-A)) is 

then calculated which provides an indication of how a perturbation attributable to one component 

in the system will have an effect on the other components and to what degree. The adjoint matrix 

provides a mathematical means of predicting the changes in equilibrium abundance when impacted 

by a negative or positive stimulus. The matrix of weighted prediction (W) is then used to determine 

the level of confidence in the results, this level of confidence ranges from unambiguous (a maximum 

value of 1) through to ambiguous (a minimum value of 0). A level of confidence closer to 1 suggests 

that the results of the model have a stronger likelihood of representing the model ecosystem.   

Using loop theory it is possible to determine the stability within the system and the impact of a 

perturbation based on the feedback within the system (Dambacher et al., 2003). Feedback loops 
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occur throughout the system when the flow leaves one component, passes through other 

components in the system and then returns back to the original. This feedback occur within the 

system and can be positive (an increase in one component will promote or enhance an increase in all 

adjacent components – also defined as when a system responds to a perturbation in the same 

direction as the perturbation) or negative (when an increase in one component counteracts that 

change i.e. an increase in one component leads to a decrease in following components or vice 

versa - also defined as when a system responds to a perturbation in the opposite direction to the 

perturbation) (Puccia and Levins, 1985). Negative feedback loops tend to increase stability in the 

system whilst positive feedback loops promote instability. 

Links between components can take the form of a path, which is a link through a series of nodes 

(species or another specified construct) from node i to j, with no single node being passed through 

twice; and a loop which occurs when the link is from the component back to itself. Length of both 

paths and loops are the number of nodes they pass through. 

An example of this form of analysis can be illustrated using a simple system in which the relationship 

between snapper (Pagrus auratus), small motile invertebrates (crabs, sea urchins, scallops, clams 

and mussels) and humans are analysed (Figure 5-2). 

 

Figure 5-2: Signed digraph of a sample system. Positive interactions are represented by arrows and negative interactions 
are represented by circles. 
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Snapper consume small invertebrates and this predator-prey relationship shows a positive effect in 

the direction of the snapper, the predator ( ) and a negative effect in the direction of the 

invertebrates, the prey ( ). Humans interact directly with the snapper and the invertebrates in 

a similar manner with humans benefitting positively from both. All components of the system are 

self-limiting as the number of snapper that humans can take is governed by commercial and 

recreational fishing restrictions. Snapper and small invertebrates are also self-limiting or self-

regulating as they are assumed to be limited by resources (food, space) and thus density dependent 

(Figure 5-2). 

This system produces a 3*3 matrix (A) displaying the interactions between each component with 

column one, row one representing snapper (Table 5:1). 

Table 5:1: An example of a simple 3 x 3 matrix showing interactions between snapper, invertebrates and humans. 

A Snapper Invertebrates Humans 

Snapper -1 1 -1 

Invertebrates -1 -1 -1 

Humans 1 1 -1 

 

The matrix can be described as “n:=3:A:=array(1..n,1..n,[[-1,1,-1],[-1,-1,-1],[1,1,-1]]); [Snapper, 

Invertebrates, Humans]”. This matrix is then entered into the Maple program script developed by 

Dambacher et al. (2002) to calculate the inherent system stability, adjoint matrix (adj (-A) , and press 

perturbation predications (W). Stability in the system is analysed using the Hurwitz Criterion and if 

the system passes both criterion I and II the system is considered stable (Dambacher et al., 2002, 

Dambacher et al. 2003). It is then possible to predict changes in the system, for example an increase 

in the rate of recreational snapper catch by humans will have a negative impact on snapper in the 

region, a positive impact on the number of human fishers and an ambiguous impact on the 
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invertebrates in the region (Table 5:2). The table of weighted predications (W) identifies the level of 

confidence in each outcome. Values of 1 suggest that there is little ambiguity in the result, i.e., it is 

almost certain, while a value of 0 suggests that this result is ambiguous and there is little confidence 

in the result (Table 5:3). The outcomes can then be represented graphically using size proportionate 

nodes (Figure 5-3). 

 

Table 5:2: Adjoint matric Adj (-A) – change in abundance from positive input  

Adj (-A) Snapper Invertebrates Humans 

Snapper 2 0 -2 

Invertebrates -2 2 0 

Humans 0 2 2 

 

Table 5:3: Weighted predications (W)  

W Snapper Invertebrates Humans 

Snapper 1 0 1 

Invertebrates 1 1 0 

Humans 0 1 1 
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Figure 5-3: Prediction of interactions between components of the model system. Larger (green) nodes denote an increase, 
smaller (orange) nodes denote a decrease, and the white node denotes no change. Positive interactions are represented by 
arrows and negative interactions are represented by circles. 

KEY INDICATORS 

To address the impact of the introduction of an MREC on this target marine ecosystem it is 

necessary to develop a conceptual model of the target marine ecosystem (Figure 5-4). This model 

considers the socio-economic and ecological elements of the Western Bass Strait shelf transition 

basin with a specific interest in five components found therein: fish communities (such as those 

identified in Chapter 4); macroalgal communities; large commercially harvested crustaceans; and 

seabirds and migratory shorebirds. These five components have been selected based on ecological 

and socio-economic importance and review of the available literature. The qualitative modelling will 

then consider the impact of the introduction of an MREC on the system components. 
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Figure 5-4: Conceptual model of the Western Bass Strait Shelf Transition basin including socio-economic(hexagons) and 
ecological (oval) components. The impact of an MREC on this system will focus on five functional groups (red ovals). 

Socio-economic 

The region is the location of a number of commercial fisheries, charter boat operations, aquaculture 

leases and recreational fishing. These components of the Western Bass Strait Transition model 

system are well regulated with extensive licencing requirements such as federal and state fishing 

permits, which attempt to restrict the impact of such activities in the region. All components in this 

model are considered self-regulating and have negative feedback loops to themselves, representing 

this regulation. Flow on effects of commercial, charter and recreational fishing and aquaculture 

activities are far-reaching and include post-harvest processing, sales of recreational fishing 

equipment, whale watching, and other water-based tourism ventures which combined are a vital 

component of the regional economy of the three states which border this region. 

Ecological 

The five components chosen for analysis form a small part of the larger, more complex network 

structure in this ecosystem. Each of these components interact with each other to some extent 

either directly via predator-prey interactions or indirectly through connections such as the provision 
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of habitat. These components also interact with other components of the model system either 

directly or indirectly. 

Macroalgal communities in the region could be affected by the MREC through changes to water 

movement, vertebrate and invertebrate communities (Want et al. 2017), the introduction of 

pollution (including siltation, nutrient, chemical, and thermal pollution) and the removal or creation 

of habitat (Gates et al. 2018). The Atlas of Living Australia (2020) records 470 algal species in the 

region. Macroalgae provide habitat, nutrition, and refuge to herbivorous and carnivorous fish, 

crustaceans, molluscs, and a range of other invertebrates. Macroalgae are dependent on sunlight for 

photosynthesis, hard substrate for attachment and currents for propagation and reproduction. 

Macroalgae likely benefit from increases in nutrients and may be indictors of overfishing of 

herbivorous species. In this analysis macroalgae will be considered self-regulating and have a 

negative feedback loop, representing a density dependant effect on growth. 

Fish communities in this region are diverse and data suggests that approximately 197 species have 

been recorded in the area (Atlas of Living Australia, 2020). Factors that may affect fish community 

structure include a change in habitat associated with the introduction of an artificial structure, 

pollution, changes to the acoustic profiles of the region affecting reproductive success, and 

attraction to the structure. Fish are a crucial component of the ecosystem and consume macroalgae 

(herbivorous species), other fish species, and a range of other invertebrates. Fish are also an 

important component of the commercial and recreational fisheries in the region. In this analysis, all 

fish species will be separated into two functional groups: herbivorous and carnivorous fish. This 

component of the network will be considered self-regulating and have a negative feedback loop, 

representing a density dependent effect on growth and the impact of fishing. 

Large crustaceans in the region include a range of crab and lobster species. The Atlas of Living 

Australia (2020) records 35 crab and lobster species in the area, including several recreationally and 

commercially valuable species such as Jasus edwardsii, rock lobster, Pseudocarcinus gigas, giant or 
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queen crab, and Nectocarcinus tuberculosus, velvet crab. Large crustaceans may be affected by 

MRECs in a similar manner to fish through the introduction of an artificial structure, and changes in 

invertebrate, fish, or algal communities. Large crustaceans consume small invertebrates such as 

molluscs, echinoderms, and other crustaceans, and are in turn consumed by octopus, elasmobranch, 

and large fish species. This component of the network will be considered self- regulating and have a 

negative feedback loop, associated with a density dependent effect on growth and the impact of 

fishing. 

Seabirds and migratory shorebirds in the region include at least 67 species of waders and gulls, 12 

species of large waterbirds, and 57 species of petrels and fulmars (Atlas of Living Australia, 2020). 

Seabirds can be affected by the introduction of an MREC through attraction to the structure either 

as a result of light or as a resting platform, they may also be attracted by food availability or as a 

result of adverse weather conditions and migratory timing (Ronconi et al., 2015). Seabirds and 

migratory shorebirds primarily consume invertebrates and fish and are a source of food for other 

large marine predators such as mammals, elasmobranch, and fish species. This component of the 

network will be self-regulating and have a negative feedback loop, associated with density 

dependence and the capacity of the animals to move in and out of the region. 

DATA ANALYSIS 

Signed digraphs were designed for the Western Bass Strait shelf transition ecosystem based on 

knowledge of species and stakeholders in the region (Atlas of Living Australia, 2020), prior 

knowledge of general ecosystem interactions and the anticipated function of each taxonomic, 

functional or commercial group (Table 5:4). This analysis will be composed of three parts. The first 

will comprise of an initial model of the system to which no MREC has been introduced. Second, five 

models of the system will be done with the MREC (i.e., perturbation) included, with each model 

separately describing the effect of the introduction of the MREC on one of the five specified 

components of the system i.e., crustose and foliose algae, carnivorous fish, herbivorous fish, large 



5-83 
 

crustaceans, and birds (seabirds and migratory shorebirds). The third part will then examine the 

introduction of an MREC when considering all five specified components in the system at once. This 

analysis will be representative of the proposed impacts associated with an MREC as per Chapter 2. 

Models and their associated Maple analysis are contained in Appendix D. 

In all models where the MREC was included, the interaction between the MREC and the component 

was considered to be a positive input. This positive interaction represents the physical introduction 

of the structure and its associated impacts into the coastal environment. Positive interactions could 

be the introduction of novel substrate, the addition of noise into the environment or the potential 

for the structure to attract species in the local area. Assigning a negative input to these interactions 

would produce the opposite results to those suggested here. 

Table 5:4: Each component of the model is identified by its unique code, a brief description of the component and species 
examples found in the region.  

Node Description Examples 

ALG Algal communities – crustose and 

foliose species 

Kelp Durvillaea potatorum 

Japanese kelp Undaria pinnatifida (invasive) 

FSHC Carnivorous fish species Bluethroat wrasse Notolabrus tetricus 

Common stargazer Kathetostoma laeve 

Tiger flathead Platycephalus richardsoni 

CB Charter boat operators includes charter fishing, whale watching 

activities, 

FSHH Herbivorous fish species Silver drummer, Kyphosus sydneyanus 

MCI Macroinvertebrates Little craylet Phylladiorhynchus pusillus 

Honeycomb barnacle Chamaesipho tasmanica 

Annelid worms/polychaetes Nereis 

maxillodentata 

Erect tusk-shell Laevidentalium erectum 

MM Marine mammals – pinniped and 

cetacean 

Blue whale Balaenoptera musculus 

Australian fur seal Arctocephalus pusillus 

Southern right whale Eubalaena australis 

Pygmy sperm whale Kogia breviceps 
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Node Description Examples 

PLK Planktonic species – 

phytoplanktonic, meroplanktonic 

and zooplanktonic species  

Assorted Centropages and Clausocalanus 

species, Penilia avirostris, Pseudevadne 

tergestina etc.  

REC Recreational fishers Recreational fishing species are controlled under 

licencing regulations in most states.  

BIR Seabirds and migratory shorebirds Sooty shearwaters Ardenna tenuirostris 

Fairy prion Pachyptila turtur 

Silver gull Chroicocephalus novaehollandiae 

Arctic skua Stercorarius parasiticus 

CRUS Large crustaceans  Southern rock lobster Jasus edwardsii 

SRLF Southern rock lobster fishery South Australian, Victorian, and Tasmanian 

commercial fisheries 

SRLJ Southern rock lobster juvenile Southern rock lobster Jasus edwardsii  

PRED Southern rock lobster juvenile 

predators 

Blue wrasse Notolabrus fucicola 

Bluethroat wrasse Notolabrus tetricus 

Senator wrasse Pictilabrus laticlavius 

Southern red scorpionfish Scorpaena 

ergastulorum 

Johnston’s weedfish Heteroclinus johnstoni  

MREC Marine renewable energy 

converters 

e.g., BPS (BioPower Systems) – now defunct. 

Potential sites in Tasmanian waters 

 

Qualitative modelling and loop analysis will be conducted to examine the effect of the introduction 

of an MREC on components of the model system. Models will be developed to represent a simplified 

version of the ecosystem in question. Relationships between each node is represented in Table 5:5. 

Table 5:5: Each node in the model and the relationship with other nodes in the model system. Node abbreviations as in 
Table 5:4. 

Node 1 Edge relationship Node 2 Description 

ALG 

 

ALG Self-regulating effect – algae are dependent on 

species composition, access to space and nutrients 

and propagation potential. 
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Node 1 Edge relationship Node 2 Description 

ALG 

 

FSHH 

MCI 

PLK 

Predator-prey effect – algae are a food resource 

for several species of herbivorous fish, 

macroinvertebrates, molluscs, and planktonic 

species. 

CRUS 

 

CR Self-regulating effect – crustaceans are dependent 

on resources (space, reproductive potential, and 

food). 

CRUS 

 

REC 

CB 

SRLF 

Predator-prey effect – large crustacean species 

e.g., southern rock lobster are important 

commercial and recreational fishing species, they 

are also prey to large fish species, sharks, and 

molluscs. 

CRUS 

 

SRLJ 

MCI 

Predator-prey effect – southern rock lobster 

consume macroinvertebrates 

FSHC 

 

FSHC Self-regulating effect – all functional groups are 

dependent on available resources, substrate, and 

tidal regimes.  

FSHC 

 

MM 

BIR 

REC 

CB 

Predator-prey effect – some larger carnivorous fish 

are important commercial and recreational fishing 

species, they are also preyed upon by sharks and 

rays, marine mammals, and seabirds. 

FSHC 

 

SRLJ 

PRED 

MCI 

FSHH 

Predator-prey effect – some larger carnivorous fish 

are important commercial and recreational fishing 

species; they prey upon juvenile southern rock 

lobster and a range of other species. 

FSHH 

 

FSHH Self-regulating effect – herbivorous fish are 

dependent on available resources, substrate, and 

tidal regimes. 

FSHH 

 

BIR 

MM 

FSHC 

Predator-prey effect – some larger fish species are 

important commercial and recreational fishing 

species, they are also preyed upon by sharks and 

rays, marine mammals, and seabirds. 
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Node 1 Edge relationship Node 2 Description 

FSHH 

 

ALG Predator-prey effect – algal species are a resource 

for herbivorous fish  

BIR 

 

BIR Self-regulating effect – seabirds and migratory 

shorebirds enter the region of the MREC through 

their migratory pathways. 

BIR 

 

FSHC 

FSHH 

PLK 

Predator-prey effect – birds’ prey upon fish, 

macroinvertebrates, large molluscs, and 

crustaceans. 

MM 

 

MM Self-regulating effect – marine mammals can travel 

in and out of the region.  

MM 

 

FSH 

CM 

CR 

BIR 

Predator-prey effect – marine mammals predate 

on fish, large molluscs, and crustaceans. 

MCI 

 

MCI Self-regulating effect – macroinvertebrates can 

begin their life cycle in a planktonic form.  

MCI 

 

ALG 

PLK 

Predator-prey – macroinvertebrates use algal 

species as a nutrient resource, and as a habitat. 

MCI 

 

CRUS 

PRED 

FSHC 

Predator-prey effect – macroinvertebrates are a 

food source for other species. 

PLK 

 

PLK Self-regulating effect – planktonic species are 

regulated through their nature as a planktonic 

species, dependent on tidal and current regimes to 

transverse the region. 

PLK 

 

BIR 

MCI 

MM 

Predator-prey effect – plankton is a resource for 

other species such as some fish, 

macroinvertebrate, and marine mammal species. 

PLK 

 

ALG Predator-prey effect – algal species provide 

resources for planktonic species through shelter, 

nutrients. 
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Node 1 Edge relationship Node 2 Description 

SRLF 

 

SRLF Self-regulating effect – commercial fishers are 

managed through a suite of regulatory 

frameworks.  

SRLF 

 

CRUS Predator-prey effect – commercial fishers are 

licenced to harvest multiple species.  

CB 

 

CB Self-regulating effect – charter boat operators are 

stringently controlled through a range of fishing 

regulations and licences. 

CB 

 

FSHC 

CRUS 

Predator-prey effect – charter boat operators have 

the capacity to remove multiple species from the 

environment.  

REC 

 

REC Self-regulating effect – recreational fishers are 

stringently controlled through a range of fishing 

regulations and licences 

REC 

 

FSHC 

CRUS 

Predator-prey effect – recreational fishers have the 

capacity to remove multiple species from the 

environment. 

SRLJ 

 

SRLJ Self-regulating effect – crustaceans are dependent 

on resources (space, reproductive potential, and 

food). 

SRLJ 

 

CRUS 

FSHC 

PRED 

Predator-prey effect – southern rock lobster 

juveniles are a resource for other species such as 

large crustaceans and carnivorous fish. 

PRED 

 

PRED Self-regulating effect – crustaceans are dependent 

on resources (space, reproductive potential, and 

food). 

PRED 

 

FSHC Predator-prey effects – crustaceans are a resource 

for carnivorous fish 

PRED 

 

SRLJ 

MCI 

Predator-prey effect – predatory species are 

dependent on juvenile southern rock lobster and 

macroinvertebrates 
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Node 1 Edge relationship Node 2 Description 

MREC 

Varied 

ALG 

FSHC 

HSHH 

CR 

BIR 

The impact of MRECs in this research will be 

focused on the effect on four components.  

RESULTS 

INTRODUCTION OF A MARINE RENEWABLE ENERGY CONVERTER 

The signed digraph representing the original system detailed the interactions between all 

components on the model system (Figure 5-5). The interactions between these components were 

weighted identically and all had an original weighting of 1. The resultant community matrix indicates 

the direct links between components in the model system. Analysis of system stability for the initial 

system indicates that the model passes both Hurwitz Criterion I and II and is therefore stable, i.e., 

the model does not have an abundance of positive feedback and the feedback is similar between the 

lower and higher levels of the system. This analysis indicates that the system prior to the 

introduction of an MREC is a Class I model, therefore it was stable and resilient to perturbations 

(Dambacher et al., 2002). 
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Figure 5-5: The initial system to which an MREC will be introduced. As well as direct links between nodes, all nodes have 
self-regulating feedback loops (not shown). Abbreviations as in Table 5.4. 

CRUSTOSE AND FOLIOSE ALGAE 

Analysis of the system using loop analysis as described in (Dambacher et al., 2002) suggests that the 

introduction of an MREC that has a positive effect on algal species in the region will have a flow-on 

positive impact on herbivorous fish and macroinvertebrates. Potential negative impacts may be 

identified to juvenile southern rock lobster. It was not possible to robustly identify impacts to the 

remaining components in the system (Figure 5-6). 
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Figure 5-6: Consequences of positive effects from the introduction of an MREC on algae on other components within the 
model system. Positive impacts on other components are denoted by larger (green) nodes, negative impacts are denoted by 
smaller (orange) nodes and indeterminate impacts remain the original size (white). Abbreviations as in Table 5.4 and 5.5. 

CARNIVOROUS AND HERBIVOROUS FISH SPECIES 

A positive impact from the introduction of an MREC on the carnivorous fish in the region will have a 

positive flow-on effects on algal species, macro-invertebrates, recreational fishers, charter boat 

operators and the southern rock lobster fishery. Negative impacts may be felt by large crustaceans, 

herbivorous fish species and those species that predate upon juvenile southern rock lobster (Figure 

5-7). 

A positive impact from the introduction of an MREC on herbivorous fish resulted in different effects 

with positive flow-on effects for marine mammals and negative effects on algae and 

macroinvertebrates (Figure 5-8). 
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Figure 5-7: Consequences of positive effects from the introduction of an MREC on carnivorous fish on other components 
within the model system. Positive impacts on other components are denoted by larger (green) nodes, negative impacts are 
denoted by smaller (orange) nodes and indeterminate impacts remain the original size (white). Abbreviations as in Table 5.4 
and 5.5. 

 

Figure 5-8: Consequences of positive effects from the introduction of an MREC on herbivorous fish on other components 
within the model system. Positive impacts on other components are denoted by larger (green) nodes, negative impacts are 
denoted by smaller (orange) nodes and indeterminate impacts remain the original size (white). Abbreviations as in Table 5.4 
and 5.5. 
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LARGE CRUSTACEANS (PREDOMINANTLY SOUTHERN ROCK LOBSTER ADULTS) 

 A positive impact on large crustaceans from the introduction of the MREC may have a positive flow 

on effects to the associated fishery and herbivorous fish species in the region but negative impacts 

for carnivorous fish and macroinvertebrates (Figure 5-9). 

 

Figure 5-9: Consequences of positive effects from the introduction of an MREC on crustaceans on other components within 
the model system. Positive impacts on other components are denoted by larger (green) nodes, negative impacts are 
denoted by smaller (orange) nodes and indeterminate impacts remain the original size (white). Abbreviations as in Table 5.4 
and 5.5. 

SEABIRDS AND MIGRATORY SHOREBIRDS 

The positive effect of the introduction of an MREC on seabirds will have a positive effect on large 

crustaceans and the associated fishery, fish species that consume juvenile lobster and algae. 

Negative impacts may be evident to recreational fishers, charter boat operators, and carnivorous 

fish species (Figure 5-10) 
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Figure 5-10: Consequences of positive effects from the introduction of an MREC on birds on other components within the 
model system. Positive impacts on other components are denoted by larger (green) nodes, negative impacts are denoted by 
smaller (orange) nodes and indeterminate impacts remain the original size (white). Abbreviations as in Table 5.4 and 5.5. 

FIVE NODE ECOSYSTEM EFFECTS 

When the introduction of an MREC is considered to have positive effects on all five components 

together, it has the potential to have a positive effect on recreational fishers, charter boat operators, 

the southern rock lobster fishery, predators of southern rock lobster juveniles, macroinvertebrates, 

marine mammals and planktonic species. There is a potential for carnivorous fish species and 

juvenile southern rock lobster to be negatively impacted. The potential for these impacts is not 

certain as the level of confidence in these impacts are not as high as the other models (Table 5:6). 
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Figure 5-11: Consequences of positive effects from the introduction of an MREC on components within the model system. 
Positive impacts on other components are denoted by larger (green) nodes, negative impacts are denoted by smaller 
(orange) nodes and indeterminate impacts remain the original size (white). Abbreviations as in Table 5.4 and 5.5. 

Table 5:6: Consequences of positive effects from the introduction of an MREC on components within the model system. 
Showing the level of ambiguity in each of the results. 

Component Positive Negative Level of ambiguity  

Crustose and foliose 

algae 

ALG 

FSHH 

MCI 

SRLJ 0.14 – 0.21 

Carnivorous fish REC 

CB 

SRLF 

FSHC 

MCI 

ALG 

CRUS 

PRED 

FSHH 

0.13 – 0.44 

Herbivorous fish FSHH 

MM 

MCI 

ALG 

0.13 – 0.21 

Crustaceans CRUS 

SRLF 

FSHH 

FSHC 

MCI 

0.14 – 0.36 

Seabirds and 

migratory shorebirds 

CRUS 

SRLF 

REC 

CB 

0.11 – 0.30 
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PRED 

ALG 

SB 

FSHC 

 

 

5 components CRUS 

REC 

CB 

SRLF 

PRED 

MCI 

FSHH 

ALG 

SB 

MM 

PLK 

SRLJ 

FSHC 

All below 0.10 

 

DISCUSSION 

Identifying the possible impacts of an MREC on various components of the marine environment will 

prove beneficial when considering how best to address further research needs associated with those 

impacts, or how best to engage stakeholders. Qualitative modelling is an efficient and effective 

means of increasing this understanding (Dambacher et al., 2003). This form of analysis enables the 

development of strong direct and indirect causal relationships between components in the model. 

Some of these relationships can then be quantified through extensive and long-term field-based 

research while others are more difficult to ascertain using quantitative approaches. The possibility of 

undertaking research in such a dynamic environment in the necessary temporal scales can be cost 

and time prohibitive. 

When considering the impact of an MREC on specified components in the model we have the 

capacity to understand the flow-on effects within the system. In this research, the positive direct 

effect of an MREC on algal species, fish communities, large crustaceans, seabirds and migratory 

shorebirds and the resultant flow-on effects to other components of the model can be identified. 
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The results of these models however showed a high degree of ambiguity (Table 5:6). It is also 

possible to develop further models that will consider components such as social factors, and further 

biotic and abiotic factors not considered at this time. 

When considering the outcomes of the model some conjecture is required to identify and 

understand how these have occurred. Algal species could be positively impacted by the introduction 

of an MREC through the provision of substrate and by interruption to hydrodynamics that allow for 

species to recruit (Zhang et al. 2014). There is the potential for the addition of an MREC to facilitate 

the removal of native algae through the addition of substrate or disturbance. Studies have indicated 

that disturbance, such as the introduction of a novel structure, can lead to colonisation by invasive 

algae (Zhang et al., 2014). The increase of abundance of algae will inevitably lead to an increase in 

herbivorous fish and the macroinvertebrates that use the resource. It is possible for the increase in 

macroinvertebrates may eventually lead to a decrease in southern rock lobster juveniles through 

this same disturbance, as different communities have been noted in regions of habitat 

fragmentation (Roberts and Poore, 2006). 

Offshore structures such as MRECs are known to act as fish aggregation devices (FADs), modifying 

the abundance, species composition and diversity of surrounding communities (Andersson and 

Öhman, 2010, Wilhelmsson et al., 2006). This alteration to the surrounding ecosystem will lead to 

the creation of novel ecosystems, changing the trophic regimes (van Elden et al., 2019). An increase 

in the abundance of fish will have alternative outcomes depending on the functional group, e.g., an 

increase in carnivorous fish is suggested to lead to an increase in macroinvertebrates and algae, 

whilst an increase in herbivorous fish may benefit marine mammals. The socio-economic groups 

associated with carnivorous fish i.e., recreational fishers, charter operators and rock lobster 

fisheries, will inevitably be positively influenced by this potential increase. However, there are 

multiple levels of regulatory structures in place to govern these operations. 
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When considering the effects of the introduction of an MREC on large crustacean species it could be 

suggested that the capacity for adult southern rock lobster to utilise an artificial substrate as a 

means of finding resources i.e., food and shelter, can be positively influenced by the introduction of 

an MREC. This positive influence will lead to direct positive impact on the Southern rock lobster 

fishery (a long-term consideration as this fishery is heavily regulated), although all other direct 

linkages e.g., recreational fishers, charter boat operators, and juvenile southern rock lobster would 

be potentially unaffected. This ambiguous result could be the result of the adults becoming less 

susceptible to catch for recreational fishers and charter boat operators through added shelter, while 

the increased number of SRL adults may also provide a greater opportunity for catch and 

recruitment. This result is at odds with studies into the effect of artificial shelter on juvenile and 

early settlement stages of spiny lobsters (Panulirus argus) in Cuban waters which indicate that an 

increase in shelter leads to greater survival (Cruz et al., 2007). Another aspect to consider in 

translating the results of this model to a real-world situation is that areas under renewable energy 

regulations would be subject to exclusion zones and therefore unlikely to allow recreational or 

commercial fishing operations. 

The impact of an MREC on seabirds is primarily reported to be as an attractant. MRECs, in particular 

those that extend above the waterline, have the capacity to act as a resting platform during feeding 

or migration, or attract birds through light and noise (Ronconi et al., 2015, Russell et al., 2014). The 

results of the model suggest that a positive effect on seabirds would not have a significant negative 

or positive effect on planktonic species, marine mammals, or herbivorous fish species. There is 

potential for an increase in seabird abundance or attraction to lead to a decrease in carnivorous fish 

species, possibly as a result or direct predation or due to the changes in abundance and species 

complexity associated with offshore structures (Love, et al 2019, Todd et al . 2018). 

The results of the five-component model suggest that there is potential for the majority of 

components in the model ecosystem to be positively impacted by the introduction of an MREC and 

only two components, Southern rock lobster juveniles and carnivorous fish species, displaying a 
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negative effect. This result is encouraging as there are few overwhelmingly negative impacts. The 

positive effects conferred on the other components of the system are multifaceted and would 

include an increase in substrate and resources for colonisation and protection (Bulleri and Chapman, 

2010, Martínez et al. 2021, Zhang et al. 2014), changes in species assemblages in areas of offshore 

structures, with larger and younger individuals found around platforms compared to natural habitats 

(Love et al. 2019), and the attractant capacity of structures to marine mammals and seabirds (Gales 

et al. 2003, Ronconi et al. 2015, Russell et al. 2014). 

There are several benefits to undertaking this type of analysis including: the ability to draw 

conclusions and present hypotheses without the need for extensive and resource intensive studies; 

the capacity to adjust the model quickly and easily as new data or components are identified; the 

ability to contribute to decision making processes and stakeholder engagement (Fulton et al. 2015, 

Haraldsson et al. 2020); and to aid in further understanding of complex and dynamic ecosystems 

(Raoux et al. 2018). 

Assessing the impact of an MREC using qualitative modelling however is not without its limitations. 

These limitations do not decrease the validity of the model but must be taken into consideration. 

Limitations include: the identical weighting of interactions between model components; the 

difficulty in ascertaining changes if the press perturbations (in this case the introduction of an MREC) 

will have a catastrophic impact that we are unable to assess; a lack of understanding of temporal 

differences in the system e.g. summer vs winter and the inherent changes associated with 

ontogenetic cycles; the dynamic marine environment; and the natural changes inherent in the 

environment that are not connected to the introduction of an MREC. 

While the model presented in this analysis is not sophisticated, it is possible to use this as the basis 

for further model development. Further models could be developed that encompass both abiotic 

(biogeochemical components, acoustic profiles, sediment transport, substrate changes, wave 

energy, water temperature, seasonal adjustments) and biotic (at a functional level - primary 
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producers (macroalgae), herbivores, carnivores, ominvores, detritivores, or at a greater level of 

complexity – invasive species, cephalapods, biofouling organisms), as well as socio-economic drivers. 

The models developed in this chapter identified the MREC as having a positive impact on the 

component within the system. This ‘positive’ concept is more about the physical introduction of the 

structure into the environment than beneficial impacts to each of the components. Further models 

could be developed that have both positive impacts on some components and negative impacts on 

others or that would access the impact of an MREC array in comparison to a single MREC.
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 : DISCUSSION 
The purpose of this research was to investigate the potential impacts of the introduction of marine 

renewable energy converters (MREC) on coastal marine environments. This chapter provides a 

discussion and synthesis of the results gained from the five main research questions (below) as well 

as a discussion of the limitations of the research and recommendations for further research. 

Research question 1 – What is the current state of MREC technologies worldwide? What forms of 

MREC technology are currently in development or operation and of these what are the perceived 

impacts? 

Research question 2 – What are the main sources of impact associated with the introduction of a 

MREC and what functional groups within ecosystems will be impacted by these sources? This 

question is primarily focused on the Western Bass Strait Transition region of Australia. 

Research question 3 – What framework can be developed to robustly identify these impacts and 

what research designs can be identified to assess this framework? 

Research question 4 – Using a quantitative research design, how do species assemblages differ 

between an impact site and control sites in an area of interest? This research was conducted at a site 

chosen to host an MREC, specifically a WEC, in the Western Bass Strait Transition region of South 

Australia. 

Research question 5 – Using qualitative modelling which components of a system will be most 

susceptible to impact from the introduction of a MREC, for example a WEC? 

KEY FINDINGS 

CURRENT STATE OF MARINE RENEWABLE ENERGY CONVERTER TECHNOLOGIES 

This research indicates that there are a large number of MREC developments worldwide. Current 

estimates suggest that there are approximately 350 different MREC designs, in stages of 
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development ranging from concept design through to operation (EMEC 2020b, EMEC 2020c). Several 

of these developments have unique designs that do not conform to the traditional wave, tidal and 

current generators in operation. This range of different developments suggests that the mechanisms 

through which these structures will interact with the environment are going to vary depending on 

the type of MREC (wave, tidal, current, ocean thermal energy or other), the technology design 

applied, the location where the MREC is situated (deep or shallow water, often close to the coast to 

allow for transmission of energy) and the constituent environment into which they are being placed 

(soft-sediment or rocky reef, commercial fishing zones, or regions with threatened, endangered or 

protected species). 

The development of different MRECs appears to be advancing slowly. This mirrors the slow pace of 

technological advancements seen in other forms of renewable energy development, for example 

onshore wind development. Although one of the first wind turbines was constructed in Scotland in 

1887 (Price, 2005) it was not until the 1970s that the first wind farm was established and now 6% of 

the world’s energy comes from wind turbines with a relatively similar design used globally (Wind 

Energy International, 2020). The impact of wind turbines is dependent on the environment in which 

the structures are placed, and species present in those environments. For example, wind turbines 

have the potential to impact birds, bats and insects (Horn et al., 2008, Kunz et al., 2007) and the 

placement of wind turbines ideally should take into account the distribution of certain species. In the 

marine context, the likely installation of a range of different MRECs or MREC arrays in different 

environments will result in varied impacts that are technology and environment dependent. 

IMPACTS OF MARINE RENEWABLE ENERGY CONVERTERS 

The different types of MRECs range from overtoppers (which lay on the sea floor and cover the 

substratum), barrages (which are situated across waterways) and attenuators (which sit on or within 

the water column). Previous and proposed environmental impacts caused by MRECs include animals 

becoming trapped in reservoirs of overtoppers, and interference with migratory routes of birds, fish 
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and mammals (e.g. Frid et al. 2012, Forward, 2005, Martínez et al, 2021). Potential mitigation 

measures are available, for example monitoring was in place to shut down underwater turbines 

when marine mammals were in proximity to the MREC (e.g., Sparling et al., 2013) and modeling has 

been undertaken to understand the effect of blade impacts on marine mammal body tissue (Copping 

et al. 2017). 

MRECs will potentially impact the environment over their entire life cycle, from the initial surveys to 

assess the potential site (hydrodynamic or acoustic surveys) through to the construction, installation 

and assembly of the MRECs (with associated noise, shipping activities, and substrate disruption), 

operation (with resultant noise, light, and presence of an artificial structure), and eventual 

retirement. These activities have the capacity to impact a range of species and community groups 

(marine mammals, birds, fish, large invertebrates and benthic communities). This of course is 

predicated on the structure following a normal life cycle and not failing at any stage in the cycle as 

has occurred with the Pelamis Wave Dragon and the two Oceanlinx structures off NSW and SA. 

These MRECs failed either during installation, as the result of extreme weather events or through 

the commercial failure of the development company (KordaMentha 2021). 

The potential impacts of MRECs are wide ranging and have the capacity to indirectly affect a range of 

components including commercial and recreational activities in the area, with flow on effects to 

other regions. Moreover, these impacts may not be as obvious as a reduction in species abundance 

or diversity but may cause more subtle impacts such as modification to auditory or pulmonary 

structures in fish (Wahlberg and Westerberg, 2005). Knowing the sources of impact is crucial but 

often they are not fully understood. For example, some forms of MRECs produce noise pollution, 

which has been shown to cause a range of impacts such as damage to pulmonary organs in birds 

(Linley et al. 2007), or barotrauma to fish swim bladders (De Becker et al. 2018). In Australia, 

regulations used to assess the impacts on coastal species focus on species covered under the 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) which may not capture 

the full suite of species or functional groups at risk. 
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This research indicates that both positive and negative impacts are associated with the introduction 

of MREC structures into the environment although this distinction is not always easy to make. For 

example, although marine mammals may find resting places on offshore structures (a positive effect, 

(Russell et al., 2014), this may lead to increased interactions with vessels, collisions with turbines, 

and aggressive interactions between species if they compete for space (Cremer et al., 2009). There is 

the potential to design structures so that these positive and negative impacts can be augmented and 

also for them to be utilised by other stakeholders, for example, MREC structures could be used as 

aquaculture platforms or as the site of research activities.   

IDENTIFICATION FRAMEWORK TO ASSESS THE IMPACTS OF MRECS 

Analysis of the current state of marine renewable energy research resulted in the development of a 

rigorous identification framework for assessing the impacts of an MREC on components of a coastal 

system. This framework enabled the impacts of an MREC on different components of marine 

ecosystems and multiple stakeholders with a connection to the environment to be identified. 

The functional groups and species identified in this research are susceptible to a hierarchical range 

of effects. The current apparatus by which environmental assessments are undertaken, developed 

and approved by state governments within Australian waters may not determine how all 

ecologically, commercially, culturally or recreationally valuable species change at the physiological, 

behavioural, populations, community, landscape or ecosystem levels. 

The framework proposed here identifies those components or variables within the ecological and/or 

human system that will respond to change, detecting the change in question and identifying the 

drivers of that change. This approach should be an integral part of a robust approvals process for the 

environmental assessment of MREC developments. The framework I developed is not mutually 

exclusive with other available impact assessment techniques and can be used in conjunction with 

these. Other impact assessment frameworks (e.g., The Environmental Impact Assessments (EIA) 

conducted by state regulators, or the Best Practice Framework and Principles for Monitoring the 



6-104 
 

Effect of Coastal Development on Marine Mammals) focus on single species or multiple large, easily 

identifiable functional groups – seabirds or migratory whales (Hawkins et al., 2017). 

DETECTING AN IMPACT OF AN MREC USING A QUANTITATIVE APPROACH 

The framework I have developed has been designed to include either quantitative or qualitative 

research and/or a combination of both to determine the impacts on the system. Detection of the 

spatial and temporal variation within the system and the resultant changes wrought by a 

perturbation to that system requires knowledge of the system before and after the disturbance. As 

per the identification framework, a Before/After/Control/Impact study was designed and partially 

implemented to determine the impact of an MREC structure, in this instance a Wave Energy 

Converter (WEC), on the species composition and abundance of fish and commercial crustacean 

species using baited underwater video stations (BUVS). 

This modified BACI design was used to characterise the fish and crustacean assemblages at two 

control sites and the proposed site of a wave-energy converter (i.e., impact site) in coastal waters 

adjacent to Port Macdonnell, South Australia. Sampling undertaken twice before the installation, in 

Autumn and Spring, revealed the impact site had a higher relative abundance of species although 

there was no statistical difference in number of individuals, number of species and species diversity 

among the control and impact sites. Although sampling was only done prior to the proposed 

installation, it highlighted the natural ecological variation (spatial and temporal) likely to occur at 

many sites of proposed MRECs and the importance of a rigorous approach to determining impact. 

This study also demonstrated that environments into which MREC structures are placed can be 

dynamic and species rich and that passive surveillance techniques, such as baited video stations, are 

a safe and functional option for data collection in dynamic environments and a useful mechanism for 

characterising change in species assemblages. 

I was able to sample at multiple control sites, however as discussed in (Stewart-Oaten et al., 1986), 

these control sites were chosen more for their suitability for sampling (the region is dynamic and the 
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vessel owner would only stop in locations an appropriate distance from the Impact site, which were 

of similar depth and substrate that he considered ‘safe’). Some studies which use passive sampling 

e.g., BUVS make the assumption that all fish and crustacean species will react the same way to the 

introduction of an MREC at the site or even in this case, the presence of a BUVS (Methratta, 2020). It 

is possible to assess the response of individual species as evidenced in this study. 

Other experimental designs, e.g., the Before/After/Gradient (BAG) (Methratta, 2020) may also be 

useful for assessing the impact of MRECs on marine environments. A BAG design would involve 

sampling along a gradient in increasing distances from the source of a perturbation before and after 

the installation of the MREC. It is useful because it removes some of the limitations of BACI sampling 

i.e., the requirement to find suitable control sites, takes spatial variations into consideration and not 

knowing exactly where the MREC will be placed (Methratta, 2020, Schweiger et al., 2016). BAG 

designs have been found to be more powerful than traditional BACI designs when assessing 

environmental impacts on finfish off offshore oil platforms in the North Sea (Ellis and Schneider, 

1997) and offshore wind farms (Abbaspour et al., 2005). 

DETECTING AN IMPACT OF AN MREC USING A QUALITATIVE MODELLING APPROACH 

A qualitative modelling approach, Loop Analysis, enabled the potential identification of both 

ecological and socio-economic responses to a perturbation in a model system. Whilst the original 

identification framework did not specifically focus on socio-economic impacts, it was possible to add 

these components in the Loop Analysis to make predictions of the likely impacts of the introduction 

of an MREC into the Western Bass Strait Shelf Transition region, southern Australia, which has a high 

potential for marine renewable energy production but also has a large commercial fishery and high 

marine conservation value. Models including socio-economic and biological components focussed on 

the effects of an MREC on five components of the model ecosystem: macroalgae, carnivorous fish, 

herbivorous fish, large commercially harvested crustaceans, and migratory shorebirds and seabirds. 

Both positive and negative effects of the MREC on the different components of the ecosystem were 
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revealed by the models. However, the models showed that impact will be dependent on the 

component impacted first and an overall model of the whole system indicated that while the 

majority of components have the potential to be positively impacted, there is a high level of 

uncertainty in the level of confidence in this result. 

The capacity to identify the socio-economic or functional groups at risk from the introduction of an 

MREC using qualitative analysis has many potential benefits. Stakeholder engagement is considered 

integral in the development process, with local community groups, fishers, scientists and regulators 

an important component in any discussion (e.g. Coleby, 2010, Johnson et al., 2015) and having a 

simple but rigorous mechanism for providing information will inevitably lead to better engagement 

and research outcomes. The capacity to use the results of these models to develop hypotheses and 

directions for further research is also a major benefit of this approach. 

These models, however, have recognised limitations (Collineau et al., 2013). Here, each component 

of the system was weighted equally, i.e., the relationship between each node was weighted as 

having a value of 1 in the model, and therefore did not take into consideration how valuable each 

component was to the others. For example, the southern rock lobster fishery would not exist 

without rock lobsters, and therefore this relationship would realistically be weighted higher than for 

example the relationship between migratory shorebirds and seabirds and herbivorous fish, which 

contain many species capable of finding resources elsewhere. The weighting of interactions between 

the MREC and the five components in the models I designed are based on the introduction of a 

single structure. An MREC array would have significantly more of an impact and would therefore 

carry more weight in the modelling inputs. 

The ambiguity in predicted responses of some components of my model is similar to that found for 

offshore wind farms in Europe (Raoux et al., 2018), whose models suggested that the abundance of 

top predators in the study area would not remain unchanged but would either increase or decrease 

depending on the model scenario. Refinement of the models e.g., increasing or decreasing the 
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complexity (Collineau et al., 2013), or adjusting the weighting between components (Ferrarini, 2011) 

may lead to different results, however there may be a trade-off between complexity and a less 

ambiguous result, i.e., less complexity will result in less ambiguity but may not represent the 

ecosystem adequately (Dambacher et al., 2003). Whether the qualitative models produce more 

rigorous outcomes than environmental assessments which assess species against the EPBC Act, 

would be a useful area of further research. 

LIMITATIONS 

The original scope of this research was focussed on the installation of a wave energy converter 

(WEC) scheduled to be installed off the coast adjacent to Port Macdonnell, South Australia. The 

quantitative field-based research program was developed with this focus and preliminary research in 

the area was undertaken based on the proposed installation location of the WEC structure. When 

the WEC sank while being towed to the site from Adelaide the original scope of the research had to 

change, and it was not possible to fully implement the proposed BACI study and a complete picture 

of potential impacts could not be determined. 

There have now been several MRECs designed and installed which have not reached their full 

operational potential through damage, design limitations or the collapse of the company (e.g., the 

Pelamis wave dragon, Biopower systems). While not an ideal outcome, these can ultimately lead to 

better stakeholder engagement, experimental design and enable review of the processes when we 

are looking at end of life or retirement of the structures (Copping and Hemery, 2020). An example of 

enhanced stakeholder engagement is occurring in the Orkney Islands where the council purchased a 

waver energy converter from the now defunct Pelamis Wave Power and plan to add it to their 

already successful and resident-supported renewable energy production revolution (McKie, 2019). 

Whilst an extensive analysis of the current state of the technology was undertaken, the sheer 

number and technological variety now available mean that it is inevitable that some types of 

converters and their anticipated impacts have been overlooked. The diversity of MRECs being 



6-108 
 

proposed also implies that valuable resources, including financial, expertise or other resources are 

being spread across this range of technologies, perhaps constraining their potential development. 

RECOMMENDATIONS 

Several areas for further study would complement this research. The addition of socio-economic 

components to research programs would enable greater stakeholder engagement and lead to a 

broader understanding and greater acceptance of marine renewable energy. An integral component 

of this would be to involve cultural connections in the research narrative, which are missing in the 

current focus on environmental assessment. The regions into which these structures will be placed 

are likely to be areas of importance not only to renewable energy developers but also to a range of 

other stakeholders including recreational users, commercial fisheries and local communities. 

Artificial structures in the marine environment have the potential to act as habitat for a range of 

species. Whilst the region focussed on in this research has several lucrative commercial fisheries (fin 

fish, shark, bivalves, crustaceans, algae), there is potential for invasive species to utilise the 

structures as habitat and for an array of MRECs to act as steppingstones to invasion. Further 

research into this invasion potential would provide another key part to the picture and provide 

valuable research into invasion potential. 

CONCLUSION 

The emerging field of marine renewable energy provides an opportunity to make inroads into 

reducing human impact on the environment. Non-renewable energies are a finite resource, and 

their use is still the most widely recognised form of energy generation, but long-term use of fossil 

fuels has been recognised as having negative environmental impacts. It is vital that a better 

mechanism for generating energy that does not cause serious long term ecological impacts or side 

effects is developed (Covert et al., 2016, Martins et al., 2019). The potential to decrease our reliance 

on fossil fuels is already evident. For example, the Orkney islands now produce more renewable 

energy through wind, solar, wave and tidal energy generation than they use (Orkney.com, 2020). 
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Similarly, South Australia has at times been powered entirely by renewable energy from wind and 

solar generation (AEMO, 2020). The technological developments required to bring MRECs into 

permanent energy generation at times appear to move slowly and are driven by an ever-increasing 

need for resources (e.g., funds, expertise, and time). Perhaps taking the approach of hedonistic 

sustainability – something rooted in sustainability can also be fun, such as Amager Bakke, the waste 

incineration plant in Copenhagen which doubles as a downhill ski run and climbing wall facility for 

residents, or the Singaporean supertrees which collect rainwater, vent exhaust from nearby factories 

and produce solar energy – could provide a direction for MREC development that ensures they are 

fully supported financially, culturally and socially.
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APPENDIX A – MARINE MAMMALS 
Appendix Table A: 1: Scientific and common names of marine mammals (Class: mammalia) susceptible to energy production and mining – renewable energy. Results indicate the IUCN Red List 
status, year of assessment and the trend in population and have been refined to only include marine systems and marine neritic, marine oceanic, marine intertidal, and marine 
coastal/supratidal species. All species listed under Version 3.1 of the IUCN Red List. Those species listed more than once are indicative of infraorders or subspecies etc. Sourced 9 September 
2020 

Genus Species Common names (English) Red List status Year assessed Population trend 
Neophocaena asiaeorientalis Finless Porpoise, Narrow-ridged Finless Porpoise Endangered 2017 Decreasing 

Neophocaena phocaenoides Indo-Pacific Finless Porpoise Vulnerable 2017 Decreasing 

Sousa sahulensis Australian Humpback Dolphin Vulnerable 2015 Decreasing 

 

Appendix Table A: 2: Scientific and common names of marine mammals (Class: mammalia) susceptible to energy production and mining – marine renewable, residential and commercial 
development – commercial and industrial areas, transportation and service corridors – utility & service lines and shipping lanes, human intrusions & disturbance – work & other activities, 
natural system modifications – other ecosystem modifications, invasive & other problematic species, genes and diseases – all sub-threat categories, pollution – garbage & solid waste; excess 
energy including light, thermal noise and other. Results indicate the IUCN Red List status, year of assessment and the trend in population and have been refined to only include marine systems 
and marine neritic, marine oceanic, marine intertidal, and marine coastal/supratidal species. All species listed under Version 3.1 of the IUCN Red List. Those species listed more than once are 
indicative of infraorders etc. Sourced 9 September 2020  

Genus Species Common names (English) Red List Status Year 
assessed 

Population trend 

Aonyx capensis African Clawless Otter Near Threatened 2014 Decreasing 

Aonyx cinereus Asian Small-clawed Otter Vulnerable 2014 Decreasing 

Arctocephalus australis South American Fur Seal Least Concern 2016 Increasing 

Arctocephalus Forsteri New Zealand Fur Seal, Antipodean Fur Seal, 
Australasian Fur Seal, Black Fur Seal, Long-nosed Fur 
Seal, South Australian Fur Seal 

Least Concern 2014 Increasing 

Arctocephalus galapagoensis Galápagos Fur Seal, Galapagos Islands Fur Seal Endangered 2014 Decreasing 

Arctocephalus Gazella Antarctic Fur Seal, Kerguelen Fur Seal Least Concern 2014 Decreasing 

Arctocephalus philippii Juan Fernández Fur Seal Least Concern 2014 Increasing 

Arctocephalus pusillus Afro-Australian Fur Seal, Australian Fur Seal, Brown 
Fur Seal, Cape Fur Seal, South African Fur Seal 

Least Concern 2015 Increasing 
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Genus Species Common names (English) Red List Status Year 
assessed 

Population trend 

Arctocephalus pusillus ssp. doriferus Australian fur seal, tasmanian fur seal Least Concern 2014 Increasing 

Arctocephalus pusillus ssp. pusillus Cape Fur Seal, Brown Fur Seal, South African Fur Seal Least Concern 2014 Increasing 

Arctocephalus townsendi Guadalupe Fur Seal Least Concern 2014 Increasing 

Arctocephalus tropicalis Subantarctic Fur Seal, Amsterdam Island Fur Seal Least Concern 2014 Stable 

Balaena mysticetus Bowhead Whale, Bowhead, Greenland Right Whale Least Concern 2018 Increasing 

Balaenoptera borealis Sei Whale Endangered 2018 Increasing 

Balaenoptera Edeni Gulf of Mexico Whale Critically 
Endangered 

2017 Decreasing 

Balaenoptera physalus Fin Whale Vulnerable 2018 Increasing 

Berardius Arnuxii Arnoux's Bearded Whale Data Deficient 2008 Unknown 

Berardius Bairdii Baird's Beaked Whale Data Deficient 2008 Unknown 

Caperea marginata Pygmy Right Whale Least Concern 2018 Unknown 

Cephalorhynchus heavisidii Heaviside's Dolphin Near Threatened 2017 Unknown 

Cephalorhynchus Hectori Maui's Dolphin, North Island Hector's Dolphin Endangered 2008 Decreasing 

Cystophora cristata Hooded Seal Vulnerable 2015 Unknown 

Delphinapterus Leucas Beluga, White Whale Least Concern 2017 Unknown 

Delphinus Delphis Short-beaked Common Dolphin, Atlantic Dolphin, 
Pacific Dolphin, Saddle-backed Dolphin, Short-beaked 
Saddleback Dolphin 

Least Concern 2008 Unknown 

Dugong Dugon Dugong Vulnerable 2015 Decreasing 

Enhydra Lutris Sea otter Endangered 2013 Decreasing 

Erignathus barbatus Bearded Seal Least Concern 2016 Unknown 

Erignathus barbatus ssp. nauticus Pacific bearded seal Least Concern 2014 Unknown 

Erignathus barbatus ssp. barbatus Atlantic bearded seal Least Concern 2015 Unknown 

Eschrichtius robustus Gray Whale Least Concern 2017 Stable 

Eubalaena australis Southern Right Whale Least Concern 2017 Unknown 

Eubalaena glacialis North Atlantic Right Whale, Black Right Whale Critically 
Endangered 

2020 Decreasing 



130 
 

Genus Species Common names (English) Red List Status Year 
assessed 

Population trend 

Eubalaena japonica North Pacific Right Whale Endangered 2017 Unknown 

Eumetopias jubatus Western Steller Sea Lion, Northern Sea Lion, Steller 
Sea Lion, Steller's Sea Lion 

Near Threatened 2016 Increasing 

Feresa attenuata Pygmy Killer Whale, Slender Blackfish Least Concern 2017 Unknown 

Globicephala macrorhynchus Short-finned Pilot Whale, Pacific Pilot Whale Least Concern 2018 Unknown 

Globicephala Melas Long-finned Pilot Whale Least Concern 2018 Unknown 

Grampus Griseus Risso's Dolphin, Grey Dolphin Least Concern 2018 Unknown 

Hydrodamalis Gigas Steller's sea cow Extinct 2016  

Hydrurga leptonyx Leopard Seal Least Concern 2015 Unknown 

Hyperoodon ampullatus Northern bottlenose whale Data Deficient 2008 Unknown 

Hyperoodon planifrons Southern bottlenose whale Least Concern 2008 Unknown 

Indopacetus pacificus Indo-pacific beaked whale Data Deficient 2008 Unknown 

Kogia breviceps Pygmy Sperm Whale Least Concern 2019 Unknown 

Kogia Sima Dwarf Sperm Whale Least Concern 2020 Unknown 

Lagenorhynchus Acutus Atlantic white-sided dolphin Least Concern 2019 Unknown 

Lobodon carcinophaga Crabeater Seal Least Concern 2014 Unknown 

Lontra Feline Marine otter Endangered 2014 Decreasing 

Lutra Lutra Eurasian otter Near Threatened 2014 Decreasing 

Megaptera novaeangliae Humpback Whale, Bunch, Hump Whale, Hunchbacked 
Whale 

Least Concern 2018 Increasing 

Mesoplodon Bidens Sowerby's beaked whale Data Deficient 2008 Unknown 

Mesoplodon bowdoini Andrew's beaked whale Data Deficient 2008 Unknown 

Mesoplodon carlhubbsi Hubb's beaked whale Data Deficient 2008 Unknown 

Mesoplodon densirostris Blainsville's beaked whale Data Deficient 2008 Unknown 

Mesoplodon europaeus Gervais' beaked whale Data Deficient 2008 Unknown 

Mesoplodon ginkgodens Gingko-toothed beaked whale Data Deficient 2008 Unknown 

Mesoplodon Grayi Gray's beaked whale Data Deficient 2008 Unknown 



131 
 

Genus Species Common names (English) Red List Status Year 
assessed 

Population trend 

Mesoplodon Hectori Hector's beaked whale Data Deficient 2008 Unknown 

Mesoplodon hotaula Deraniyagala's beaked whale Data Deficient 2018 Unknown 

Mesoplodon layardii Strap-toothed whale Data Deficient 2008 Unknown 

Mesoplodon Mirus True's beaked whale Data Deficient 2008 Unknown 

Mesoplodon Perrini Perrin's beaked whale Data Deficient 2008 Unknown 

Mesoplodon peruvianus Pygmy beaked whale Data Deficient 2008 Unknown 

Mesoplodon traversii Spade-toothed whale Data Deficient 2008 Unknown 

Mirounga angustirostris Northern Elephant Seal Least Concern 2014 Increasing 

Mirounga Leonine Southern Elephant Seal, South Atlantic Elephant-seal, 
Southern Elephant-seal 

Least Concern 2014 Stable 

Monachus monachus Mediterranean Monk Seal Endangered 2015 Increasing 

Monodon monoceros Narwhal, Unicorn Whale Least Concern 2017 Unknown 

Neomonachus schauinslandi Hawaiian Monk Seal Endangered 2014 Decreasing 

Neophoca Cinerea Australian Sea Lion, Australian Sealion Endangered 2014 Decreasing 

Neophocaena asiaeorientalis Finless Porpoise, Narrow-ridged Finless Porpoise Endangered 2017 Decreasing 

Neophocaena phocaenoides Indo-Pacific Finless Porpoise Vulnerable 2017 Decreasing 

Odobenus rosmarus Walrus Vulnerable 2016 Unknown 

Ommatophoca Rossii Ross seal Least Concern 2014 Unknown 

Orcaella brevirostris Irrawaddy Dolphin Endangered 2017 Decreasing 

Orcaella heinsohni Australian snubfin dolphin Vulnerable 2017 Decreasing 

Orcinus Orca Killer whale Data Deficient 2017 Unknown 

Pagophilus groenlandicus Harp Seal, Greenland Seal Least Concern 2015 Increasing 

Peponocephala Electra Melon-headed Whale Least Concern 2019 Unknown 

Phoca Largha Spotted Seal, Larga Seal Least Concern 2015 Unknown 

Phoca Vitulina Harbor Seal, Common Seal, Harbour Seal Least Concern 2016 Unknown 

Phoca vitulina ssp. concolor Western Atlantic Harbor Seal Least Concern 2015 Unknown 

Phoca vitulina ssp. richardii North Pacific Harbor Seal, Eastern Pacific Harbor Seal Least Concern 2014 Increasing 
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Genus Species Common names (English) Red List Status Year 
assessed 

Population trend 

Phoca vitulina ssp. Stejnegeri Kuril Seal, Insular Seal, Western Pacific Harbor Seal Data Deficient 2015 Unknown 

Phoca vitulina ssp. Vitulina Eastern Atlantic Harbour Seal, Eastern Atlantic Harbor 
Seal 

Least Concern 2015 Unknown 

Phocarctos hookeri New Zealand Sea Lion, Hooker's Sealion, Hooker's Sea 
Lion, New Zealand Sealion 

Endangered 2014 Decreasing 

Phocoena phocoena Black Sea Harbour Porpoise, Harbour Porpoise Least Concern 2020 Unknown 

Phocoena Sinus Vaquita, Cochito, Gulf of California Harbour Porpoise, 
Gulf of California Porpoise, Gulf Porpoise 

Critically 
Endangered 

2017 Decreasing 

Physeter macrocephalus Sperm Whale, Cachelot, Pot Whale, Spermacet Whale Vulnerable 2008 Unknown 

Pontoporia blainvillei La Planta River Dolphin Vulnerable 2017 Decreasing 

Pseudorca crassidens False Killer Whale Near Threatened 2018 Unknown 

Pusa Hispida Ringed Seal, Fjord Seal, Jar Seal Least Concern 2016 Unknown 

Pusa hispida ssp. Botnica Baltic Ringed Seal, Baltic Seal Least Concern 2015 Increasing 

Pusa hispida ssp. ochotensis Okhotsk Sea Ringed Seal Least Concern 2016 Unknown 

Sousa chinensis Indo-pacific Hump-backed Dolphin, Indo-Pacific 
Humpbacked Dolphin, Chinese White Dolphin, Indo-
pacific Humpback Dolphin 

Vulnerable 2015 Decreasing 

Sousa plumbea Indian Ocean humpback dolphin Endangered 2015 Decreasing 

Sousa sahulensis Australian Humpback dolphin Vulnerable 2015 Decreasing 

Sousa Teuszii Atlantic humpback dolphin Critically 
Endangered 

2017 Decreasing 

Stenella coeruleoalba Striped Dolphin, Euphrosyne Dolphin Least Concern 2018 Unknown 

Tasmacetus shepherdi Shepherd's beaked whale Data Deficient 2018 Unknown 

Trichechus manatus American manatee Vulnerable 2008 Decreasing 

Trichechus senegalensis African manatee Vulnerable 2015 Unknown 

Tursiops aduncus Indo-Pacific Bottlenose Dolphin, Indian Ocean 
Bottlenose Dolphin 

Near Threatened 2019 Unknown 

Tursiops truncatus Common Bottlenose Dolphin, Bottle-nosed Dolphin, 
Bottlenosed Dolphin, Bottlenose Dolphin 

Least Concern 2018 Unknown 

Ursus maritimus Polar bear Vulnerable 2015 Unknown 
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Genus Species Common names (English) Red List Status Year 
assessed 

Population trend 

Zalophus californianus Californian Sea Lion Least Concern 2014 Increasing 

Zalophus wollebaeki Galápagos Sea Lion Endangered 2014 Decreasing 

Ziphius cavirostris Cuvier's beaked whale Least Concern 2008 Unknown 

 

APPENDIX B – SEABIRDS AND MIGRATORY SHOREBIRDS 
Appendix Table B: 1: Scientific and common names of seabirds and migratory shorebird species (Class: Aves) susceptible to energy production and mining renewable energy. Results indicate 
the IUCN Red List status, year of assessment and the trend in population and have been refined to only include marine systems and marine neritic, marine oceanic, marine intertidal, and 
marine coastal/supratidal species. All species listed under Version 3.1 of the IUCN Red List. Those species listed more than once are indicative of infraorders or subspecies etc. Sourced 9 
September 2020 

Genus Species Common names (English) Red List status Year assessed Population trend 
Alca Torda Razorbill Near Threatened 2018 Decreasing 

Anarhynchus Frontalis Wrybill Vulnerable 2018 Decreasing 

Aythya Marila Greater Scaup Least Concern 2018 Decreasing 

Branta Ruficollis Red-breasted goose Vulnerable 2016 Decreasing 

Calidris Pygmaea Spoon-billed sandpiper Critically 
Endangered 

2018 Decreasing 

Calidris Tenuirostris Great Knot Endangered 2016 Decreasing 

Clangula Hyemalis Long-tailed duck Vulnerable 2018 Decreasing 

Falco columbarius Merlin Least Concern 2016 Stable 

Falco Peregrinus Peregrine falcon Least Concern 2016 Stable 

Fratercula Arctica Atlantic Puffin, Puffin Vulnerable 2018 Decreasing 

Gavia Stellate Red-throated loon Least Concern 2018 Decreasing 

Haematopus Finschi South Island oystercatcher Least Concern 2019 Decreasing 

Haematopus Ostralegus Eurasian Oystercatcher, Pied Oystercatcher Near Threatened 2019 Decreasing 

Haliaeetus Albicilla White-tailed sea-eagle Least Concern 2016 Increasing 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Haliaeetus Pelagicus Steller's Sea-eagle Vulnerable 2016 Decreasing 

Hydrobates Hornbyi Ringed Storm-petrel Near Threatened 2019 Decreasing 

Hydrobates markhami Markham's Storm-petrel Near Threatened 2019 Decreasing 

Larus argentatus European Herring Gull Least Concern 2018 Decreasing 

Larus smithsonianus Audouin's Gull, Audouin's Gull Least Concern 2018 Decreasing 

Limosa limosa Black-tailed Godwit Near Threatened 2016 Decreasing 

Melanitta Fusca Velvet Scoter Vulnerable 2018 Decreasing 

Melanitta Nigra Common Scoter Least Concern 2018 Unknown 

Melanitta stejnegeri Siberian Scoter Least Concern 2018 Decreasing 

Milvus migrans Black Kite Least Concern 2016 Unknown 

Morus bassanus Northern gannet Least Concern 2018 Increasing 

Numenius arquata Eurasian Curlew Near Threatened 2017 Decreasing 

Pandion haliaetus Osprey Least Concern 2016 Increasing 

Pelecanus crispus Dalmatian Pelican Near Threatened 2017 Decreasing 

Pelecanus philippensis Spot-billed Pelican, Grey Pelican Near Threatened 2017 Decreasing 

Podiceps gallardoi Hooded Grebe Critically 
Endangered 

2019 Stable 

Podiceps grisegena Red-necked Grebe Least Concern 2018 Decreasing 

Pterodroma arminjoniana Hawaiian Petrel Vulnerable 2018 Stable 

Pterodroma sandwichensis Trindade Petrel, Herald Petrel Endangered 2018 Decreasing 

Puffinus newelli Yelkouan Shearwater Critically 
Endangered 

2019 Decreasing 

Puffinus yelkouan Newell's Shearwater Vulnerable 2018 Decreasing 

 

Appendix Table B: 2: Scientific and common names of seabirds and migratory shorebird species (Class: Aves) susceptible to energy production and mining renewable energy, residential and 
commercial development – commercial and industrial areas, transportation and service corridors – utility & service lines and shipping lanes, human intrusions & disturbance – work & other 
activities, natural system modifications – other ecosystem modifications, invasive & other problematic species, genes and diseases – all sub-threat categories, pollution – garbage & solid 
waste; excess energy including light, thermal noise and other. Results indicate the IUCN Red List status, year of assessment and the trend in population and have been refined to only include 
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marine systems and marine neritic, marine oceanic, marine intertidal, and marine coastal/supratidal species. All species listed under Version 3.1 of the IUCN Red List. Those species listed more 
than once are indicative of infraorders or subspecies etc. Sourced 9 September 2020 

Genus  Species Common names (English) Red List status Year assessed Population trend 
Aethia pusilla Least Auklet Least Concern 2018 Decreasing 

Alca torda Razorbill Near Threatened 2018 Decreasing 

Anarhynchus frontalis Wrybill Vulnerable 2018 Decreasing 

Anas bernieri Madagascar Teal Endangered 2016 Decreasing 

Anas capensis Cape Teal Least Concern 2016 Increasing 

Anas chlorotis Brown Teal Near Threatened 2016 Increasing 

Anas eatoni Southern Pintail Vulnerable 2016 Decreasing 

Anas laysanensis Laysan Duck Critically Endangered 2016 Increasing 

Anas sparsa African Black Duck Least Concern 2016 Decreasing 

Anas undulata Yellow-Billed Duck Least Concern 2018 Stable 

Anas wyvilliana Hawaiian Duck Endangered 2016 Decreasing 

Anhinga melanogaster Oriental Darter Near Threatened 2016 Decreasing 

Anhinga rufa African Darter Least Concern 2016 Decreasing 

Anous minutus Black Noddy Least Concern 2018 Stable 

Anous stolidus Brown Noddy Least Concern 2018 Stable 

Anser cygnoid Swan Goose Vulnerable 2018 Stable 

Anthus antarcticus South Georgia Pipit Near Threatened 2016 Decreasing 

Anthus antarcticus South Georgia Pipit Near Threatened 2016 Stable 

Aphrodroma brevirostris Kerguelen Petrel Least Concern 2018 Decreasing 

Aptenodytes forsteri Emperor Penguin Near Threatened 2018 Unknown 

Aptenodytes patagonicus King Penguin Least Concern 2018 Increasing 

Ardea brachyrhyncha Yellow-Billed Egret Least Concern 2016 Decreasing 

Ardea cinerea Grey Heron Least Concern 2019 Unknown 

Ardea humbloti Madagascar Heron Endangered 2016 Decreasing 

Ardea intermedia Intermediate Egret Least Concern 2016 Decreasing 

Ardea plumifera Plumed Egret Least Concern 2016 Decreasing 
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Genus  Species Common names (English) Red List status Year assessed Population trend 
Ardenna bulleri Buller's Shearwater Vulnerable 2018 Stable 

Ardenna carneipes Flesh-Footed Shearwater Near Threatened 2019 Decreasing 

Ardenna creatopus Pink-Footed Shearwater Vulnerable 2018 Unknown 

Ardenna grisea Sooty Shearwater Near Threatened 2018 Decreasing 

Ardenna pacifica Wedge-Tailed Shearwater Least Concern 2018 Decreasing 

Ardenna tenuirostris Short-Tailed Shearwater Least Concern 2018 Decreasing 

Ardeola idae Madagascar Pond-Heron Endangered 2016 Decreasing 

Arenaria interpres Ruddy Turnstone Least Concern 2019 Decreasing 

Asio capensis Marsh Owl Least Concern 2016 Stable 

Aythya ferina Common Pochard Vulnerable 2018 Decreasing 

Aythya marila Greater Scaup Least Concern 2016 Decreasing 

Aythya nyroca Ferruginous Duck Near Threatened 2019 Decreasing 

Botaurus poiciloptilus Australasian Bittern Endangered 2016 Decreasing 

Brachyramphus brevirostris Kittlitz's Murrelet Near Threatened 2018 Decreasing 

Brachyramphus marmoratus Marbled Murrelet Endangered 2018 Decreasing 

Branta ruficollis Red-Breasted Goose Vulnerable 2016 Decreasing 

Bucephala clangula Common Goldeneye Least Concern 2018 Stable 

Bucephala islandica Barrow's Goldeneye Least Concern 2018 Increasing 

Bulweria bifax Small St Helena Petrel Extinct 2018 
 

Bulweria bulwerii Bulwer's Petrel Least Concern 2016 Stable 

Bulweria fallax Jouanin's Petrel Near Threatened 2018 Unknown 

Buteo galapagoensis Galapagos Hawk Vulnerable 2016 Stable 

Calidris alpina Dunlin Least Concern 2016 Decreasing 

Calidris canutus Red Knot Near Threatened 2016 Decreasing 

Calidris falcinellus Broad-Billed Sandpiper Least Concern 2018 Decreasing 

Calidris ferruginea Curlew Sandpiper Near Threatened 2018 Decreasing 

Calidris minuta Little Stint Least Concern 2016 Increasing 

Calidris pusilla Semipalmated Sandpiper Near Threatened 2018 Decreasing 
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Genus  Species Common names (English) Red List status Year assessed Population trend 
Calidris pygmaea Spoon-Billed Sandpiper Critically Endangered 2016 Decreasing 

Calidris ruficollis Red-Necked Stint Near Threatened 2016 Decreasing 

Calidris temminckii Temminck's Stint Least Concern 2018 Unknown 

Calidris tenuirostris Great Knot Endangered 2016 Decreasing 

Calonectris borealis Cory's Shearwater Least Concern 2018 Unknown 

Calonectris diomedea Scopoli's Shearwater Least Concern 2018 Decreasing 

Calonectris edwardsii Cape Verde Shearwater Near Threatened 2018 Decreasing 

Calonectris leucomelas Streaked Shearwater Near Threatened 2018 Decreasing 

Catharacta antarctica Brown Skua Least Concern 2018 Decreasing 

Cepphus carbo Spectacled Guillemot Least Concern 2018 Decreasing 

Cepphus columba Pigeon Guillemot Least Concern 2018 Stable 

Cepphus grylle Black Guillemot Least Concern 2018 Unknown 

Cerorhinca monoerata Rhinoceros Auklet Least Concern 2018 Decreasing 

Charadrius alexandrinus Kentish Plover Least Concern 2016 Decreasing 

Charadrius aquilonius Northern Red-Breasted Plover Near Threatened 2017 Increasing 

Charadrius dealbatus White-Faced Plover Data Deficient 2016 Unknown 

Charadrius dubius Little Ringed Plover Least Concern 2016 Stable 

Charadrius javanicus Javan Plover Near Threatened 2017 Decreasing 

Charadrius leschenaultii Greater Sandplover Least Concern 2016 Decreasing 

Charadrius marginatus White-Fronted Plover Least Concern 2016 Decreasing 

Charadrius melodus Piping Plover Near Threatened 2016 Increasing 

Charadrius mongolus Lesser Sandplover Least Concern 2016 Unknown 

Charadrius nivosus Snowy Plover Near Threatened 2018 Decreasing 

Charadrius obscurus Southern Red-Breasted Plover Critically Endangered 2016 Decreasing 

Charadrius pallidus Chestnut-Banded Plover Near Threatened 2016 Stable 

Charadrius pecuarius Kittlitz's Plover Least Concern 2016 Unknown 

Charadrius peronii Malay Plover Near Threatened 2019 Decreasing 

Charadrius thoracicus Black-Banded Plover Vulnerable 2016 Decreasing 
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Genus  Species Common names (English) Red List status Year assessed Population trend 
Chlidonias albostriatus Black-Fronted Tern Endangered 2016 Decreasing 

Chlidonias niger Black Tern Least Concern 2018 Decreasing 

Ciconia boyciana Oriental Stork Endangered 2018 Decreasing 

Cinclodes antarcticus Blackish Cinclodes Near Threatened 2016 Decreasing 

Cinclodes maculirostris Black Cinclodes Near Threatened 2016 Decreasing 

Circus macrosceles Madagascar Marsh-Harrier Endangered 2016 Decreasing 

Clangula hyemalis Long-Tailed Duck Vulnerable 2018 Decreasing 

Cyanecula svecica Bluethroat Least Concern 2018 Stable 

Dendrocygna arborea West Indian Whistling-Duck Near Threatened 2019 Decreasing 

Diomedea amsterdamensis Amsterdam Albatross Endangered 2018 Increasing 

Diomedea antipodensis Antipodean Albatross Endangered 2018 Decreasing 

Diomedea dabbenena Tristan Albatross Critically Endangered 2018 Decreasing 

Diomedea epomophora Southern Royal Albatross Vulnerable 2018 Stable 

Diomedea exulans Wandering Albatross Vulnerable 2018 Decreasing 

Diomedea sanfordi Northern Royal Albatross Endangered 2018 Decreasing 

Egretta ardesiaca Black Heron Least Concern 2016 Stable 

Egretta eulophotes Chinese Egret Vulnerable 2016 Decreasing 

Egretta rufescens Reddish Egret Near Threatened 2016 Increasing 

Emberiza yessoensis Ochre-Rumped Bunting Near Threatened 2018 Decreasing 

Ephippiorhynchus asiaticus Black-Necked Stork Near Threatened 2016 Decreasing 

Eremophila alpestris Horned Lark Least Concern 2018 Decreasing 

Esacus magnirostris Beach Thick-Knee Near Threatened 2016 Decreasing 

Esacus recurvirostris Great Thick-Knee Near Threatened 2017 Decreasing 

Eudyptes chrysocome Southern Rockhopper Penguin Vulnerable 2018 Decreasing 

Eudyptes chrysolophus Macaroni Penguin Vulnerable 2018 Decreasing 

Eudyptes moseleyi Northern Rockhopper Penguin Endangered 2018 Decreasing 

Eudyptes pachyrhynchus Fiordland Penguin Vulnerable 2018 Decreasing 

Eudyptes robustus Snares Penguin Vulnerable 2018 Stable 
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Genus  Species Common names (English) Red List status Year assessed Population trend 
Eudyptes schlegeli Royal Penguin Near Threatened 2018 Stable 

Eudyptula minor Little Penguin Least Concern 2018 Stable 

Eulipoa wallacei Moluccan Scrubfowl Vulnerable 2016 Decreasing 

Eurostopodus nigripennis Solomons Nightjar Vulnerable 2016 Decreasing 

Falco cherrug Saker Falcon Endangered 2016 Decreasing 

Falco columbarius Merlin Least Concern 2016 Stable 

Falco peregrinus Peregrine Falcon Least Concern 2016 Stable 

Fratercula arctica Atlantic Puffin Vulnerable 2018 Decreasing 

Fratercula corniculata Horned Puffin Least Concern 2018 Decreasing 

Fratercula cirrhata Tufted Puffin Least Concern 2018 Decreasing 

Fregata andrewsi Christmas Frigatebird Critically Endangered 2018 Decreasing 

Fregata aquila Ascension Frigatebird Vulnerable 2018 Stable 

Fregata ariel Lesser Frigatebird Least Concern 2018 Decreasing 

Fregata magnificens Magnificent Frigatebird Least Concern 2018 Increasing 

Fregetta grallaria White-Bellied Storm-Petrel Least Concern 2018 Decreasing 

Fregetta maoriana New Zealand Storm-Petrel Critically Endangered 2018 Unknown 

Fregetta tropica Black-Bellied Storm-Petrel Least Concern 2018 Decreasing 

Fulica alai Hawaiian Coot Vulnerable 2019 Stable 

Fulica atra Common Coot Least Concern 2016 Increasing 

Fulica cristata Red-Knobbed Coot Least Concern 2016 Decreasing 

Fulmarus glacialis Northern Fulmar Least Concern 2018 Increasing 

Gallinago nigripennis African Snipe Least Concern 2016 Unknown 

Gallirallus australis Weka Vulnerable 2018 Decreasing 

Garrodia nereis Grey-Backed Storm-Petrel Least Concern 2018 Decreasing 

Gavia arctica Arctic Loon Least Concern 2018 Decreasing 

Gavia stellata Red-Throated Loon Least Concern 2018 Decreasing 

Gelochelidon nilotica Common Gull-Billed Tern Least Concern 2019 Decreasing 

Glareola cinerea Grey Pratincole Least Concern 2016 Unknown 
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Genus  Species Common names (English) Red List status Year assessed Population trend 
Glareola ocularis Madagascar Pratincole Vulnerable 2016 Decreasing 

Grus americana Whooping Crane Endangered 2016 Increasing 

Grus grus Common Crane Least Concern 2018 Increasing 

Grus japonensis Red-Crowned Crane Endangered 2016 Decreasing 

Grus monacha Hooded Crane Vulnerable 2016 Increasing 

Grus vipio White-Naped Crane Vulnerable 2016 Decreasing 

Gulosus aristotelis European Shag Least Concern 2018 Decreasing 

Gygis alba Common White Tern Least Concern 2018 Stable 

Gygis microrhyncha Little White Tern Least Concern 2018 Stable 

Haematopus chathamensis Chatham Oystercatcher Endangered 2019 Decreasing 

Haematopus finschi South Island Oystercatcher Least Concern 2019 Decreasing 

Haematopus meadewaldoi Canarian Oystercatcher Extinct 2016 
 

Haematopus moquini African Oystercatcher Least Concern 2017 Increasing 

Haematopus ostralegus Eurasian Oystercatcher Near Threatened 2016 Decreasing 

Haliaeetus albicilla White-Tailed Sea-Eagle Least Concern 2016 Increasing 

Haliaeetus pelagicus Steller's Sea-Eagle Vulnerable 2016 Decreasing 

Haliaeetus vociferoides Madagascar Fish-Eagle Critically Endangered 2016 Decreasing 

Halobaena caerulea Blue Petrel Least Concern 2018 Stable 

Himantopus novaezelandiae Black Stilt Critically Endangered 2016 Increasing 

Hydrobates castro Band-Rumped Storm-Petrel Least Concern 2018 Decreasing 

Hydrobates cheimomnestes Ainley's Storm-Petrel Vulnerable 2018 Stable 

Hydrobates furcatus Fork-Tailed Storm-Petrel Least Concern 2018 Increasing 

Hydrobates homochroa Ashy Storm-Petrel Endangered 2018 Decreasing 

Hydrobates hornbyi Ringed Storm-Petrel Near Threatened 2018 Decreasing 

Hydrobates jabejabe Cape Verde Storm-Petrel Least Concern 2019 Decreasing 

Hydrobates leucorhous Leach's Storm-Petrel Vulnerable 2018 Decreasing 

Hydrobates macrodactylus Guadalupe Storm-Petrel Critically Endangered 2019 Unknown 

Hydrobates markhami Markham's Storm-Petrel Near Threatened 2019 Decreasing 
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Hydrobates matsudairae Matsudaira's Storm-Petrel Vulnerable 2018 Unknown 

Hydrobates melania Black Storm-Petrel Least Concern 2018 Decreasing 

Hydrobates microsoma Least Storm-Petrel Least Concern 2018 Stable 

Hydrobates monorhis Swinhoe's Storm-Petrel Near Threatened 2018 Stable 

Hydrobates monteiroi Monteiro's Storm-Petrel Vulnerable 2018 Stable 

Hydrobates pelagicus European Storm-Petrel Least Concern 2018 Unknown 

Hydrobates socorroensis Townsend's Storm-Petrel Endangered 2018 Decreasing 

Hydrobates tethys Wedge-Rumped Storm-Petrel Least Concern 2018 Decreasing 

Hydrobates tristrami Tristram's Storm-Petrel Least Concern 2018 Stable 

Larosterna inca Inca Tern Near Threatened 2018 Decreasing 

Larus argentatus European Herring Gull Least Concern 2018 Decreasing 

Larus armenicus Armenian Gull Near Threatened 2018 Decreasing 

Larus atlanticus Olrog's Gull Near Threatened 2018 Stable 

Larus belcheri Belcher's Gull Least Concern 2018 Increasing 

Larus bulleri Black-Billed Gull Endangered 2018 Decreasing 

Larus fuliginosus Lava Gull Vulnerable 2018 Stable 

Larus heermanni Heermann's Gull Near Threatened 2017 Unknown 

Larus ichthyaetus Pallas's Gull Least Concern 2016 Increasing 

Larus leucophthalmus White-Eyed Gull Least Concern 2018 Stable 

Larus modestus Grey Gull Least Concern 2018 Decreasing 

Larus novaehollandiae Silver Gull Least Concern 2018 Increasing 

Larus pacificus Pacific Gull Least Concern 2018 Stable 

Larus relictus Relict Gull Vulnerable 2016 Decreasing 

Larus smithsonianus Arctic Herring Gull Least Concern 2018 Decreasing 

Leptoptilos javanicus Lesser Adjutant Vulnerable 2016 Decreasing 

Leucocarbo atriceps Imperial Shag Least Concern 2018 Unknown 

Leucocarbo bougainvilliorum Guanay Cormorant Near Threatened 2018 Decreasing 

Leucocarbo campbelli Campbell Shag Vulnerable 2018 Stable 
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Leucocarbo colensoi Auckland Shag Vulnerable 2018 Stable 

Leucocarbo onslowi Chatham Shag Critically Endangered 2018 Decreasing 

Leucocarbo ranfurlyi Bounty Shag Vulnerable 2018 Stable 

Limnodromus semipalmatus Asian Dowitcher Near Threatened 2016 Decreasing 

Limosa lapponica Bar-Tailed Godwit Near Threatened 2016 Decreasing 

Limosa limosa Black-Tailed Godwit Near Threatened 2016 Decreasing 

Macrocephalon maleo Maleo Endangered 2016 Decreasing 

Mareca penelope Eurasian Wigeon Least Concern 2016 Decreasing 

Megadyptes antipodes Yellow-Eyed Penguin Endangered 2018 Decreasing 

Megapodius laperouse Micronesian Scrubfowl Endangered 2016 Decreasing 

Melanitta americana Black Scoter Near Threatened 2018 Decreasing 

Melanitta fusca Velvet Scoter Vulnerable 2018 Decreasing 

Melanitta nigra Common Scoter Least Concern 2018 Unknown 

Melanitta stejnegeri Siberian Scoter Least Concern 2018 Decreasing 

Mergus australis Auckland Merganser Extinct 2016 
 

Microcarbo coronatus Crowned Cormorant Near Threatened 2018 Stable 

Milvus migrans Black Kite Least Concern 2016 Unknown 

Morus bassanus Northern Gannet Least Concern 2018 Increasing 

Morus capensis Cape Gannet Endangered 2018 Decreasing 

Mycteria cinerea Milky Stork Endangered 2016 Decreasing 

Mycteria leucocephala Painted Stork Near Threatened 2016 Decreasing 

Nannopterum harrisi Flightless Cormorant Vulnerable 2018 Stable 

Nesofregetta fuliginosa Polynesian Storm-Petrel Endangered 2018 Decreasing 

Numenius arquata Eurasian Curlew Near Threatened 2016 Decreasing 

Numenius madagascariensis Far Eastern Curlew Endangered 2018 Decreasing 

Numenius tahitiensis Bristle-Thighed Curlew Vulnerable 2016 Decreasing 

Numenius tenuirostris Slender-Billed Curlew Critically Endangered 2017 Decreasing 

Oceanites gracilis White-Vented Storm-Petrel Data Deficient 2018 Unknown 
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Oceanites oceanicus Wilson's Storm-Petrel Least Concern 2018 Stable 

Oceanites pincoyae Pincoya Storm-Petrel Data Deficient 2018 Unknown 

Onychoprion aleuticus Aleutian Tern Vulnerable 2018 Decreasing 

Onychoprion fuscatus Sooty Tern Least Concern 2018 Unknown 

Onychoprion lunatus Grey-Backed Tern Least Concern 2018 Decreasing 

Pachyptila belcheri Slender-Billed Prion Least Concern 2018 Stable 

Pachyptila crassirostris Fulmar Prion Least Concern 2018 Stable 

Pachyptila desolata Antarctic Prion Least Concern 2018 Decreasing 

Pachyptila macgillivrayi Macgillivray's Prion Endangered 2018 Decreasing 

Pachyptila salvini Salvin's Prion Least Concern 2018 Stable 

Pachyptila turtur Fairy Prion Least Concern 2018 Stable 

Pachyptila vittata Broad-Billed Prion Least Concern 2018 Decreasing 

Pandion haliaetus Osprey Least Concern 2016 Increasing 

Papasula abbotti Abbott's Booby Endangered 2019 Stable 

Pelagodroma marina White-Faced Storm-Petrel Least Concern 2018 Decreasing 

Pelecanoides garnotii Peruvian Diving-Petrel Endangered 2019 Decreasing 

Pelecanoides georgicus South Georgia Diving-Petrel Least Concern 2019 Decreasing 

Pelecanoides magellani Magellanic Diving-Petrel Least Concern 2018 Decreasing 

Pelecanoides urinatrix Common Diving-Petrel Least Concern 2018 Decreasing 

Pelecanoides whenuahouensis Whenua Hou Diving-Petrel Critically Endangered 2019 Increasing 

Pelecanus crispus Dalmatian Pelican Near Threatened 2017 Decreasing 

Pelecanus philippensis Spot-Billed Pelican Near Threatened 2017 Decreasing 

Pelecanus rufescens Pink-Backed Pelican Least Concern 2016 Stable 

Phaethon aethereus aethereus Red-Billed Tropicbird Least Concern 2019 Decreasing 

Phaethon rubricauda rubricauda Red-Tailed Tropicbird Least Concern 2018 Stable 

Phalacrocorax capensis Cape Cormorant Endangered 2018 Decreasing 

Phalacrocorax featherstoni Pitt Shag Endangered 2018 Decreasing 

Phalacrocorax neglectus Bank Cormorant Endangered 2018 Decreasing 
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Phalacrocorax nigrogularis Socotra Cormorant Vulnerable 2018 Decreasing 

Phoebastria immutabilis Laysan Albatross Near Threatened 2018 Stable 

Phoebastria irrorata Waved Albatross Critically Endangered 2018 Decreasing 

Phoebastria nigripes Black-Footed Albatross Near Threatened 2018 Increasing 

Phoebetria fusca Sooty Albatross Endangered 2018 Decreasing 

Phoebetria palpebrata Light-Mantled Albatross Near Threatened 2018 Decreasing 

Phoeniconaias minor Lesser Flamingo Near Threatened 2018 Decreasing 

Platalea minor Black-Faced Spoonbill Endangered 2017 Increasing 

Plectrophenax hyperboreus Mckay's Bunting Least Concern 2016 Increasing 

Pluvialis squatarola Grey Plover Least Concern 2019 Decreasing 

Pluvianellus socialis Magellanic Plover Near Threatened 2016 Stable 

Podiceps auritus Horned Grebe Vulnerable 2019 Decreasing 

Podiceps cristatus Great Crested Grebe Least Concern 2018 Unknown 

Podiceps gallardoi Hooded Grebe Critically Endangered 2018 Stable 

Podiceps grisegena Red-Necked Grebe Least Concern 2019 Decreasing 

Poikilocarbo gaimardi Red-Legged Cormorant Near Threatened 2018 Decreasing 

Polysticta stelleri Steller's Eider Vulnerable 2018 Decreasing 

Poodytes caudatus Snares Fernbird Vulnerable 2016 Stable 

Procellaria aequinoctialis White-Chinned Petrel Vulnerable 2018 Decreasing 

Procellaria cinerea Grey Petrel Near Threatened 2018 Decreasing 

Procellaria conspicillata Spectacled Petrel Vulnerable 2018 Increasing 

Procellaria parkinsoni Black Petrel Vulnerable 2018 Stable 

Procellaria westlandica Westland Petrel Endangered 2018 Unknown 

Prosobonia cancellata Christmas Sandpiper Extinct 2016 
 

Prosobonia parvirostris Tuamotu Sandpiper Endangered 2016 Decreasing 

Pseudobulweria aterrima Mascarene Petrel Critically Endangered 2018 Decreasing 

Pseudobulweria becki Beck's Petrel Critically Endangered 2018 Decreasing 

Pseudobulweria macgillivrayi Fiji Petrel Critically Endangered 2018 Decreasing 
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Pseudobulweria rostrata Tahiti Petrel Near Threatened 2018 Decreasing 

Pterodroma alba Phoenix Petrel Endangered 2018 Decreasing 

Pterodroma arminjoniana Trindade Petrel Vulnerable 2018 Stable 

Pterodroma atrata Henderson Petrel Endangered 2018 Decreasing 

Pterodroma axillaris Chatham Petrel Vulnerable 2018 Increasing 

Pterodroma baraui Barau's Petrel Endangered 2018 Decreasing 

Pterodroma brevipes Collared Petrel Vulnerable 2018 Decreasing 

Pterodroma cahow Bermuda Petrel Endangered 2018 Increasing 

Pterodroma caribbaea Jamaican Petrel Critically Endangered 2018 Unknown 

Pterodroma cervicalis White-Necked Petrel Vulnerable 2018 Increasing 

Pterodroma cookii Cook's Petrel Vulnerable 2018 Increasing 

Pterodroma defilippiana Masatierra Petrel Vulnerable 2018 Stable 

Pterodroma deserta Desertas Petrel Vulnerable 2019 Stable 

Pterodroma externa Juan Fernandez Petrel Vulnerable 2018 Stable 

Pterodroma feae Cape Verde Petrel Near Threatened 2018 Unknown 

Pterodroma gouldi Grey-Faced Petrel Least Concern 2019 Decreasing 

Pterodroma hasitata Black-Capped Petrel Endangered 2018 Decreasing 

Pterodroma heraldica Herald Petrel Least Concern 2018 Decreasing 

Pterodroma hypoleuca Bonin Petrel Least Concern 2018 Decreasing 

Pterodroma incerta Atlantic Petrel Endangered 2018 Decreasing 

Pterodroma inexpectata Mottled Petrel Near Threatened 2018 Decreasing 

Pterodroma lessonii White-Headed Petrel Least Concern 2019 Decreasing 

Pterodroma leucoptera White-Winged Petrel Vulnerable 2018 Decreasing 

Pterodroma longirostris Stejneger's Petrel Vulnerable 2018 Decreasing 

Pterodroma macroptera Great-Winged Petrel Least Concern 2018 Decreasing 

Pterodroma madeira Zino's Petrel Endangered 2018 Stable 

Pterodroma magentae Magenta Petrel Critically Endangered 2018 Increasing 

Pterodroma mollis Soft-Plumaged Petrel Least Concern 2018 Stable 
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Pterodroma neglecta Kermadec Petrel Least Concern 2016 Decreasing 

Pterodroma nigripennis Black-Winged Petrel Least Concern 2018 Decreasing 

Pterodroma phaeopygia Galapagos Petrel Critically Endangered 2018 Decreasing 

Pterodroma pycrofti Pycroft's Petrel Vulnerable 2018 Increasing 

Pterodroma rupinarum Large St Helena Petrel Extinct 2018 
 

Pterodroma sandwichensis Hawaiian Petrel Endangered 2018 Decreasing 

Pterodroma solandri Providence Petrel Vulnerable 2018 Increasing 

Pterodroma ultima Murphy's Petrel Least Concern 2019 Unknown 

Ptychoramphus aleuticus Cassin's Auklet Near Threatened 2018 Decreasing 

Puffinus assimilis Little Shearwater Least Concern 2019 Decreasing 

Puffinus auricularis Townsend's Shearwater Critically Endangered 2018 Decreasing 

Puffinus bailloni Tropical Shearwater Least Concern 2018 Stable 

Puffinus bannermani Bannerman's Shearwater Endangered 2018 Decreasing 

Puffinus bryani Bryan's Shearwater Critically Endangered 2016 Decreasing 

Puffinus elegans Subantarctic Shearwater Least Concern 2019 Decreasing 

Puffinus gavia Fluttering Shearwater Least Concern 2018 Decreasing 

Puffinus heinrothi Heinroth's Shearwater Vulnerable 2018 Stable 

Puffinus huttoni Hutton's Shearwater Endangered 2018 Stable 

Puffinus lherminieri Audubon's Shearwater Least Concern 2018 Decreasing 

Puffinus mauretanicus Balearic Shearwater Critically Endangered 2018 Decreasing 

Puffinus myrtae Rapa Shearwater Critically Endangered 2018 Decreasing 

Puffinus newelli Newell's Shearwater Critically Endangered 2018 Decreasing 

Puffinus opisthomelas Black-Vented Shearwater Near Threatened 2018 Unknown 

Puffinus puffinus Manx Shearwater Least Concern 2018 Unknown 

Puffinus yelkouan Yelkouan Shearwater Vulnerable 2018 Decreasing 

Pygoscelis adeliae Adelie Penguin Least Concern 2018 Increasing 

Pygoscelis papua Gentoo Penguin Least Concern 2018 Stable 

Rallus obsoletus Ridgway's Rail Near Threatened 2016 Decreasing 
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Rissa brevirostris Red-Legged Kittiwake Vulnerable 2018 Decreasing 

Rissa tridactyla Black-Legged Kittiwake Vulnerable 2018 Decreasing 

Rostratula australis Australian Painted-Snipe Endangered 2016 Decreasing 

Rostratula australis Australian Painted-Snipe Endangered 2016 Decreasing 

Rynchops flavirostris African Skimmer Near Threatened 2018 Decreasing 

Saundersilarus saundersi Saunders's Gull Vulnerable 2018 Decreasing 

Somateria fischeri Spectacled Eider Near Threatened 2019 Unknown 

Somateria mollissima Common Eider Near Threatened 2018 Decreasing 

Somateria spectabilis King Eider Least Concern 2018 Decreasing 

Spatula clypeata Northern Shoveler Least Concern 2016 Decreasing 

Spatula querquedula Garganey Least Concern 2016 Increasing 

Spatula smithii Cape Shoveler Least Concern 2018 Decreasing 

Spheniscus demersus African Penguin Endangered 2018 Decreasing 

Spheniscus humboldti Humboldt Penguin Vulnerable 2016 Decreasing 

Spheniscus magellanicus Magellanic Penguin Near Threatened 2018 Decreasing 

Spheniscus mendiculus Galapagos Penguin Endangered 2018 Decreasing 

Sterna aurantia River Tern Near Threatened 2018 Decreasing 

Sterna paradisaea Arctic Tern Least Concern 2018 Decreasing 

Sterna striata White-Fronted Tern Near Threatened 2018 Unknown 

Sterna sumatrana Black-Naped Tern Least Concern 2018 Stable 

Sterna virgata Kerguelen Tern Near Threatened 2018 Unknown 

Sterna vittata Antarctic Tern Least Concern 2018 Decreasing 

Sternula albifrons Little Tern Least Concern 2018 Decreasing 

Sternula balaenarum Damara Tern Vulnerable 2018 Decreasing 

Sternula lorata Peruvian Tern Endangered 2018 Decreasing 

Sula dactylatra Masked Booby Least Concern 2018 Decreasing 

Sula leucogaster Brown Booby Least Concern 2018 Decreasing 

Synthliboramphus antiquus Ancient Murrelet Least Concern 2018 Decreasing 
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Synthliboramphus craveri Craveri's Murrelet Vulnerable 2018 Decreasing 

Synthliboramphus hypoleucus Guadalupe Murrelet Endangered 2018 Decreasing 

Synthliboramphus scrippsi Scripps's Murrelet Vulnerable 2018 Decreasing 

Synthliboramphus wumizusume Japanese Murrelet Vulnerable 2018 Decreasing 

Tachybaptus pelzelnii Madagascar Grebe Endangered 2018 Decreasing 

Tachyeres leucocephalus White-Headed Steamerduck Vulnerable 2018 Decreasing 

Tadorna cristata Crested Shelduck Critically Endangered 2018 Unknown 

Telespiza ultima Nihoa Finch Critically Endangered 2018 Stable 

Thalassarche carteri Indian Yellow-Nosed Albatross Endangered 2018 Decreasing 

Thalassarche cauta Shy Albatross Near Threatened 2018 Unknown 

Thalassarche chlororhynchos Atlantic Yellow-Nosed Albatross Endangered 2018 Decreasing 

Thalassarche chrysostoma Grey-Headed Albatross Endangered 2018 Decreasing 

Thalassarche melanophris Black-Browed Albatross Least Concern 2018 Increasing 

Thalassarche steadi White-Capped Albatross Near Threatened 2018 Decreasing 

Thalasseus bernsteini Chinese Crested Tern Critically Endangered 2018 Decreasing 

Thalasseus elegans Elegant Tern Near Threatened 2018 Stable 

Thinornis cucullatus Hooded Plover Vulnerable 2016 Decreasing 

Thinornis novaeseelandiae Shore Plover Endangered 2016 Stable 

Threskiornis bernieri Madagascar Sacred Ibis Endangered 2016 Decreasing 

Threskiornis melanocephalus Black-Headed Ibis Near Threatened 2016 Decreasing 

Tringa brevipes Grey-Tailed Tattler Near Threatened 2016 Decreasing 

Tringa erythropus Spotted Redshank Least Concern 2016 Stable 

Tringa guttifer Spotted Greenshank Endangered 2016 Decreasing 

Tringa nebularia Common Greenshank Least Concern 2016 Stable 

Tringa stagnatilis Marsh Sandpiper Least Concern 2016 Decreasing 

Urile pelagicus Pelagic Cormorant Least Concern 2018 Decreasing 

Urile urile Red-Faced Cormorant Least Concern 2018 Decreasing 

Vanellus albiceps White-Headed Lapwing Least Concern 2016 Stable 
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Vanellus vanellus Northern Lapwing Near Threatened 2016 Decreasing 

Xenus cinereus Terek Sandpiper Least Concern 2016 Decreasing 

Xolmis dominicanus Black-And-White Monjita Vulnerable 2016 Decreasing 

Zapornia monasa Kosrae Crake Extinct 2019 
 

Zapornia pusilla Baillon's Crake Least Concern 2016 Unknown 

 

APPENDIX C – DEMERSAL, BENTHIC AND PELAGIC FISH AND RAYS 
Appendix Table C: 1: Scientific and common names of demersal, benthic and pelagic fish and ray species (Class: Actinopterygii, Cephalaspidomorphi, and Chondrichthyes) susceptible to energy 
production and mining – renewable energy. Results indicate the IUCN Red List status, year of assessment and the trend in population and have been refined to only include marine systems and 
marine neritic, marine oceanic, marine intertidal, and marine coastal/supratidal species. All species listed under Version 3.1 of the IUCN Red List. Those species listed more than once are 
indicative of infraorders or subspecies etc. Sourced 9 September 2020 from https://www.iucnredlist.org/ 

Genus Species Common names (English) Red List status Year assessed Population trend 
Anguilla anguilla European Eel Critically 

Endangered 
2018 Decreasing 

Anguilla bengalensis Indian Mottled Eel, African Mottled Eel, Mottled Eel Near Threatened 2019 Unknown 

Hippichthys heptagonus Reticulated freshwater pipefish Least Concern 2016 Unknown 

 

Appendix Table C: 2: Scientific and common names of demersal, benthic and pelagic fish and ray species (Class: Actinopterygii, Cephalaspidomorphi, and Chondrichthyes) susceptible to energy 
production and mining – renewable energy, residential and commercial development – c commercial and industrial areas, transportation and service corridors – utility & service lines and 
shipping lanes, human intrusions & disturbance – work & other activities, natural system modifications – other ecosystem modifications, invasive & other problematic species, genes and 
diseases – all sub-threat categories, pollution – garbage & solid waste; excess energy including light, thermal noise and other. Results indicate the IUCN Red List status, year of assessment and 
the trend in population and have been refined to only include marine systems and marine neritic, marine oceanic, marine intertidal, and marine coastal/supratidal species. All species listed 
under Version 3.1 of the IUCN Red List. Those species listed more than once are indicative of infraorders or subspecies etc. Sourced 9 September 2020 from https://www.iucnredlist.org/ 

Genus Species Common names (English) Red List status Year assessed Population trend 
Aboma etheostoma 

 
Data Deficient 2007 Unknown 

Abudefduf abdominalis Green Damselfish Least Concern 2010 Stable 

Acanthochromis polyacanthus 
 

Least Concern 2010 Stable 
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Acanthogobius insularis 

 
Endangered 2018 Decreasing 

Acanthopagrus australis Yellowfin Bream Least Concern 2009 Stable 

Acanthopagrus berda Picnic Seabream Least Concern 2016 Unknown 

Acanthopagrus bifasciatus Two-bar Seabream Least Concern 2013 Unknown 

Acanthopagrus butcheri Black Bream Least Concern 2009 Stable 

Acanthopagrus chinshira 
 

Near Threatened 2009 Unknown 

Acanthopagrus palmaris Northwest Black Bream Least Concern 2009 Unknown 

Acanthopagrus schlegelii Blackhead Seabream Least Concern 2009 Stable 

Acanthopagrus taiwanensis 
 

Data Deficient 2009 Unknown 

Acanthopagrus vagus Riverbream Vulnerable 2009 Decreasing 

Acanthurus gahhm Black Surgeonfish Least Concern 2010 Unknown 

Acentrogobius audax 
 

Least Concern 2016 Unknown 

Acentronura australe Southern Little Pipehorse Data Deficient 2016 Unknown 

Acentronura dendritica West Atlantic Pygmy Pipehorse Least Concern 2014 Unknown 

Acentronura tentaculata Shortpouch Pygmy Pipehorse Least Concern 2015 Unknown 

Acipenser brevirostrum Shortnose Sturgeon Vulnerable 2004 Decreasing 

Acipenser medirostris Green Sturgeon Near Threatened 2006 Stable 

Acipenser naccarii Adriatic sturgeon Critically Endangered 2009 Decreasing 

Acipenser nudiventris Ship sturgeon Critically Endangered 2009 Decreasing 

Acipenser oxyrinchus Gulf Sturgeon Near Threatened 2006 Increasing 

Acipenser sinensis Chinese Sturgeon Critically Endangered 2009 Decreasing 

Acipenser stellatus Stellate sturgeon Critically Endangered 2009 Decreasing 

Acipenser sturio Atlantic sturgeon Critically Endangered 2009 Decreasing 

Acipenser transmontanus White Sturgeon Least Concern 2004 Stable 

Acroteriobatus variegatus Stripenose Guitarfish Critically Endangered 2017 Decreasing 

Acyrtus rubiginosus Red Clingfish Least Concern 2011 Unknown 

Aeoliscus punctulatus speckled shrimpfish Data Deficient 2015 Unknown 

Aeoliscus strigatus Coral Shrimpfish Data Deficient 2015 Unknown 
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Agonus cataphractus Hooknose Least Concern 2013 Increasing 

Aioliops brachypterus Shortfin Minidartfish Vulnerable 2009 Unknown 

Akko brevis 
 

Data Deficient 2007 Unknown 

Akko rossi Blackfin Specter Goby Data Deficient 2007 Unknown 

Albula argentea 
 

Data Deficient 2011 Unknown 

Albula glossodonta Shortjaw Bonefish Vulnerable 2011 Decreasing 

Albula koreana 
 

Data Deficient 2012 Unknown 

Albula oligolepis Smallscale Bonefish Data Deficient 2011 Unknown 

Albula virgata Longjaw Bonefish Data Deficient 2011 Unknown 

Albula vulpes Bonefish Near Threatened 2011 Decreasing 

Alcichthys elongatus 
 

Least Concern 2009 Unknown 

Alionematichthys minyomma Shore Brotula Least Concern 2013 Unknown 

Alosa aestivalis Blueback Herring Vulnerable 2011 Decreasing 

Alosa alabamae Alabama Shad Data Deficient 2007 Decreasing 

Altrichthys azurelineatus Azure Damsel Vulnerable 2010 Decreasing 

Altrichthys curatus 
 

Vulnerable 2010 Decreasing 

Amblycirrhitus earnshawi 
 

Endangered 2014 Unknown 

Amblyglyphidodon leucogaster 
 

Least Concern 2010 Stable 

Amblyglyphidodon ternatensis Ternate Damsel Vulnerable 2010 Decreasing 

Ammolabrus dicrus Sand Wrasse Least Concern 2008 Unknown 

Amphiprion akallopisos 
 

Least Concern 2010 Unknown 

Amphiprion ephippium 
 

Least Concern 2010 Unknown 

Amphiprion frenatus 
 

Least Concern 2010 Unknown 

Amphiprion percula 
 

Least Concern 2010 Stable 

Amphiprion perideraion 
 

Least Concern 2010 Stable 

Anarchopterus criniger Fringed Pipefish Least Concern 2014 Unknown 

Anarchopterus tectus Insular Pipefish Least Concern 2014 Unknown 

Anchoa tricolor Piquitinga Anchovy Least Concern 2017 Decreasing 
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Anguilla anguilla European eel Critically Endangered 2018 Decreasing 

Anguilla bicolor Shortfin Eel Near Threatened 2019 Unknown 

Anguilla dieffenbachii New Zealand Longfin Eel Endangered 2018 Unknown 

Anguilla japonica Japanese Eel Endangered 2018 Decreasing 

Anguilla marmorata Marbled Eel Least Concern 2018 Unknown 

Anguilla megastoma Pacific Long-finned Eel Data Deficient 2018 Unknown 

Anguilla mossambica African Longfin Eel Near Threatened 2018 Unknown 

Anguilla obscura Pacific Shortfin Eel Data Deficient 2018 Unknown 

Anguilla rostrata 
 

Endangered 2013 Decreasing 

Anisochromis kenyae 
 

Least Concern 2017 Unknown 

Anisotremus surinamensis Black Margate Data Deficient 2015 Unknown 

Anoxypristis cuspidata Narrow Sawfish Endangered 2012 Decreasing 

Antennablennius adenensis Aden Blenny Least Concern 2009 Stable 

Antennablennius simonyi Simony's Blenny Least Concern 2009 Stable 

Antennablennius variopunctatus Orangedotted Blenny Least Concern 2009 Stable 

Apodocreedia vanderhorsti Longfin Burrower Data Deficient 2009 Decreasing 

Apogon aurolineatus Longfin Burrower Least Concern 2011 Unknown 

Apogon binotatus Bridle Cardinalfish Least Concern 2011 Stable 

Apogon gouldi Barred Cardinalfish Least Concern 2011 Unknown 

Apogon lachneri Deepwater Cardinalfish Least Concern 2011 Stable 

Apogon leptocaulus Whitestar Cardinalfish Least Concern 2011 Unknown 

Apogon maculatus Slendertail Cardinalfish Least Concern 2011 Stable 

Apogon mosavi Spotted Cardinalfish Least Concern 2011 Unknown 

Apogon phenax Dwarf Cardinalfish Least Concern 2011 Unknown 

Apogon pillionatus Mimic Cardinalfish Least Concern 2011 Unknown 

Apogon planifrons Pale Cardinalfish Least Concern 2011 Stable 

Apogon robinsi Roughlip Cardinalfish Least Concern 2010 Unknown 

Apogon townsendi Belted Cardinalfish Least Concern 2010 Stable 
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Apterygocampus epinnulatus Briareum Pipefish Data Deficient 2015 Unknown 

Aptychotrema rostrata Eastern Shovelnose Ray Least Concern 2015 Unknown 

Archosargus rhomboidalis Sea Bream Least Concern 2011 Unknown 

Arcos nudus Padded Clingfish Least Concern 2011 Unknown 

Argyrosomus beccus Beck Meagre Data Deficient 2018 Unknown 

Argyrosomus regius Meagre Least Concern 2020 Unknown 

Ariopsis felis Hardhead Sea Catfish Least Concern 2014 Stable 

Arnoglossus kessleri Scaldback Data Deficient 2014 Unknown 

Arothron caeruleopunctatus Blue-spotted Puffer Least Concern 2011 Unknown 

Arothron carduus 
 

Data Deficient 2011 Unknown 

Arothron diadematus Masked Puffer Least Concern 2011 Unknown 

Arothron firmamentum Starry Toadfish Least Concern 2011 Unknown 

Arothron hispidus White-spotted Puffer Least Concern 2011 Unknown 

Arothron immaculatus Immaculate Puffer Least Concern 2011 Unknown 

Arothron inconditus Bellystriped Blaasop Vulnerable 2011 Unknown 

Arothron manilensis Narrow-lined Puffer Least Concern 2009 Unknown 

Arothron mappa Map Puffer Least Concern 2011 Unknown 

Arothron meleagris Guineafowl Puffer Least Concern 2011 Stable 

Arothron nigropunctatus Blackspotted Puffer Least Concern 2011 Unknown 

Arothron reticularis Reticulated Pufferfish Least Concern 2011 Unknown 

Arothron stellatus Stellate Puffer Least Concern 2011 Unknown 

Artedielloides auriculatus 
 

Near Threatened 2009 Unknown 

Aruma histrio 
 

Least Concern 2007 Unknown 

Atherinella crystallina Blackfin Silverside Least Concern 2018 Stable 

Atractosteus spatula Alligator Gar Least Concern 2018 Unknown 

Auchenionchus crinitus 
 

Least Concern 2011 Unknown 

Auchenionchus microcirrhis 
 

Least Concern 2011 Unknown 

Auchenionchus variolosus 
 

Least Concern 2011 Stable 
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Aulorhynchus flavidus Tube-snout Least Concern 2016 Unknown 

Aulostomus maculatus West Atlantic Trumpetfish Least Concern 2013 Decreasing 

Awaous banana River Goby Least Concern 2018 Stable 

Awaous grammepomus 
 

Least Concern 2018 Unknown 

Balistes vetula Queen Triggerfish Near Threatened 2011 Decreasing 

Barbulifer antennatus Whiskered Goby Least Concern 2011 Unknown 

Barbulifer mexicanus 
 

Data Deficient 2007 Unknown 

Bascanichthys panamensis 
 

Least Concern 2007 Unknown 

Bathygobius geminatus Twin-spotted Frillfin Data Deficient 2011 Unknown 

Bathygobius ostreicola 
 

Data Deficient 2007 Unknown 

Bathymaster derjugini 
 

Data Deficient 2009 Unknown 

Batrachoides boulengeri Boulenger's Toadfish Vulnerable 2007 Unknown 

Bhanotia fasciolata Corrugated Pipefish Least Concern 2016 Unknown 

Bodianus diana 
 

Least Concern 2008 Unknown 

Bodianus dictynna 
 

Least Concern 2008 Unknown 

Bolbometopon muricatum Green Humphead Parrotfish Vulnerable 2007 Decreasing 

Boleophthalmus boddarti Boddart's Goggle-eyed Goby Least Concern 2011 Unknown 

Bollmannia gomezi 
 

Data Deficient 2007 Unknown 

Bothus guibei Guinean Flounder Data Deficient 2014 Unknown 

Brachaelurus colcloughi Colclough's Shark Vulnerable 2015 Decreasing 

Brachionichthys hirsutus Spotted Handfish Critically Endangered 2018 Decreasing 

Brachiopsilus ziebelli Ziebell’s Handfish Critically Endangered 2018 Decreasing 

Brachirus panoides Ilat-ilat Least Concern 2019 Unknown 

Bryx dunckeri American Pugnose Pipefish Least Concern 2014 Unknown 

Bulbonaricus brauni 
 

Least Concern 2016 Decreasing 

Bulbonaricus brucei 
 

Data Deficient 2016 Decreasing 

Bulbonaricus davaoensis Davao Pughead Pipefish Least Concern 2016 Decreasing 

Butis amboinensis Ambon Gudgeon Least Concern 2018 Unknown 
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Calamopteryx goslinei Longarm Brotula Least Concern 2013 Unknown 

Calamopteryx jeb 
 

Least Concern 2009 Unknown 

Calamus bajonado Jolthead Porgy Least Concern 2011 Unknown 

Calamus calamus Saucereye Porgy Least Concern 2011 Unknown 

Calamus campechanus Campeche Porgy Data Deficient 2011 Unknown 

Calliclinus geniguttatus 
 

Least Concern 2014 Stable 

Callionymus comptus Ornamented Dragonet Vulnerable 2009 Unknown 

Callionymus risso Risso’s Dragonet Least Concern 2014 Stable 

Calotomus carolinus Carolines Parrotfish Least Concern 2009 Unknown 

Calumia godeffroyi Tailface Sleeper Least Concern 2009 Unknown 

Campichthys tricarinatus Three-keel Pipefish Data Deficient 2016 Decreasing 

Campichthys tryoni Tryon's Pipefish Data Deficient 2016 Unknown 

Canthigaster amboinensis Spider-eye Puffer Least Concern 2011 Unknown 

Canthigaster axiologus 
 

Least Concern 2011 Unknown 

Canthigaster bennetti Bennett's Sharpnose Puffer Least Concern 2011 Unknown 

Canthigaster capistrata Macaronesian Sharpnose-puffer Least Concern 2011 Unknown 

Canthigaster compressa Compressed Toby Least Concern 2011 Unknown 

Canthigaster coronata Crowned Puffer Least Concern 2011 Unknown 

Canthigaster cyanetron 
 

Endangered 2011 Unknown 

Canthigaster cyanospilota 
 

Least Concern 2011 Unknown 

Canthigaster epilampra Lantern Toby Least Concern 2011 Unknown 

Canthigaster figueiredoi Southern Atlantic Sharpnose-puffer Least Concern 2011 Unknown 

Canthigaster jactator Hawaiian Whitespotted Toby Least Concern 2011 Unknown 

Canthigaster janthinoptera Honeycomb Toby Least Concern 2011 Unknown 

Canthigaster margaritata 
 

Least Concern 2011 Unknown 

Canthigaster natalensis Natal Toby Least Concern 2011 Unknown 

Canthigaster ocellicincta Shy Toby Least Concern 2011 Unknown 

Canthigaster papua Papuan Toby Least Concern 2011 Unknown 
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Canthigaster petersii 

 
Least Concern 2011 Unknown 

Canthigaster pygmaea Pygmy Toby Least Concern 2011 Unknown 

Canthigaster rivulata Brown-lined Puffer Least Concern 2011 Unknown 

Canthigaster rostrata Caribbean Sharpnose-puffer Least Concern 2011 Unknown 

Canthigaster sanctaehelenae St. Helena Sharpnose Pufferfish Endangered 2011 Unknown 

Canthigaster smithae Bicolored Toby Least Concern 2011 Unknown 

Canthigaster solandri Spotted Sharpnose Least Concern 2011 Unknown 

Canthigaster supramacula West African Sharpnose-puffer Least Concern 2011 Unknown 

Canthigaster tyleri Tyler's Toby Least Concern 2011 Unknown 

Canthigaster valentini Valentini's Sharpnose Puffer Least Concern 2011 Decreasing 

Carlarius heudelotii Smoothmouth Sea Catfish Least Concern 2011 Unknown 

Carlarius latiscutatus Rough-head Sea Catfish Least Concern 2019 Unknown 

Cathorops steindachneri 
 

Data Deficient 2007 Unknown 

Cathorops tuyra 
 

Data Deficient 2007 Unknown 

Centriscus cristatus Smooth Razorfish Data Deficient 2015 Unknown 

Centropomus armatus 
 

Least Concern 2019 Unknown 

Centropomus ensiferus Swordspine Snook Least Concern 2019 Unknown 

Centropomus medius 
 

Least Concern 2018 Unknown 

Centropomus nigrescens Black Robalo Least Concern 2018 Unknown 

Centropomus parallelus Fat Snook Least Concern 2018 Unknown 

Centropomus poeyi 
 

Least Concern 2018 Unknown 

Centropomus robalito 
 

Least Concern 2018 Unknown 

Centropomus undecimalis 
 

Least Concern 2019 Unknown 

Centropomus unionensis 
 

Least Concern 2007 Unknown 

Centropomus viridis 
 

Least Concern 2018 Unknown 

Centropristis ocyurus Bank Sea Bass Least Concern 2012 Unknown 

Centropyge fisheri 
 

Least Concern 2009 Stable 

Centropyge loricula 
 

Least Concern 2009 Stable 
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Cerdale ionthas 

 
Data Deficient 2007 Unknown 

Cerdale paludicola 
 

Data Deficient 2007 Unknown 

Cerdale prolata 
 

Data Deficient 2007 Unknown 

Cetorhinus maximus Basking Shark Endangered 2018 Decreasing 

Cetoscarus ocellatus Bicolor Parrotfish Least Concern 2009 Unknown 

Chaetodon argentatus 
 

Least Concern 2009 Stable 

Chanos chanos Milkfish Least Concern 2016 Unknown 

Chasmodes longimaxilla Longjaw Blenny Least Concern 2011 Unknown 

Chaunax pictus Pink Frogmouth Least Concern 2013 Unknown 

Chelonodon laticeps Bluespotted Blaasop Least Concern 2011 Unknown 

Chelonodon patoca Milkspotted Puffer Least Concern 2011 Unknown 

Chiloscyllium arabicum Arabian Carpetshark Near Threatened 2017 Decreasing 

Chlorurus cyanescens Blue Humphead Parrotfish Least Concern 2009 Unknown 

Chlorurus microrhinos Steephead Parrotfish Least Concern 2009 Unknown 

Choerodon cephalotes 
 

Least Concern 2008 Unknown 

Choeroichthys brachysoma Short-bodied Pipefish Least Concern 2015 Unknown 

Choeroichthys cinctus Barred Shortbody Pipefish Least Concern 2016 Decreasing 

Choeroichthys sculptus Barred Short-bodied Pipefish Least Concern 2015 Decreasing 

Choeroichthys suillus 
 

Least Concern 2016 Decreasing 

Chriolepis tagus 
 

Data Deficient 2007 Unknown 

Chromis amboinensis 
 

Least Concern 2010 Stable 

Chromis atripes 
 

Least Concern 2010 Unknown 

Chromis cinerascens 
 

Least Concern 2010 Unknown 

Chromis cyanea Blue Chromis Least Concern 2009 Unknown 

Chromis flavicauda Cobalt Chromis Data Deficient 2009 Unknown 

Cirrhilabrus cyanopleura 
 

Data Deficient 2008 Decreasing 

Cirrhilabrus solorensis 
 

Data Deficient 2009 Unknown 

Cirrhilabrus tonozukai 
 

Data Deficient 2009 Unknown 
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Clarkichthys bilineatus 

 
Data Deficient 2007 Unknown 

Clinus acuminatus Sad Klipfish Least Concern 2010 Unknown 

Clinus latipennis False Bay Klipfish Endangered 2010 Unknown 

Clinus spatulatus Bot River Klipfish Endangered 2010 Decreasing 

Clupea pallasii Pacific Herring Data Deficient 2019 Unknown 

Clupeonella engrauliformis Anchovy Sprat Endangered 2018 Decreasing 

Coilia mystus Osbeck's Grenadier Anchovy Endangered 2017 Decreasing 

Coilia neglecta Neglected Grenadier Anchovy Least Concern 2019 Unknown 

Colomesus psittacus Banded Puffer Least Concern 2011 Unknown 

Colpichthys hubbsi 
 

Endangered 2007 Unknown 

Congrogadus hierichthys 
 

Least Concern 2009 Unknown 

Contusus brevicaudus Prickly Toadfish Least Concern 2011 Unknown 

Corcyrogobius lubbocki 
 

Vulnerable 2014 Unknown 

Coryogalops adamsoni Adamson's Goby Least Concern 2017 Unknown 

Coryogalops anomolus Anomolous Goby Least Concern 2017 Unknown 

Coryogalops monospilus Onespot Goby Data Deficient 2013 Unknown 

Coryogalops tessellatus Tessellated Goby Least Concern 2017 Unknown 

Coryphopterus curasub Yellow-spotted Sand Goby Data Deficient 2018 Unknown 

Coryphopterus dicrus Colon Goby Least Concern 2010 Unknown 

Coryphopterus eidolon Pallid Goby Vulnerable 2010 Unknown 

Coryphopterus glaucofraenum Bridled Goby Least Concern 2010 Unknown 

Coryphopterus hyalinus Glass Goby Vulnerable 2011 Unknown 

Coryphopterus kuna Kuna Goby Data Deficient 2011 Unknown 

Coryphopterus lipernes Peppermint Goby Vulnerable 2011 Unknown 

Coryphopterus punctipectophorus Spotted Goby Least Concern 2011 Unknown 

Coryphopterus thrix Bartail Goby Vulnerable 2010 Unknown 

Coryphopterus venezuelae Sand-canyon Goby Vulnerable 2011 Unknown 

Corythoichthys amplexus Brown-banded Pipefish Least Concern 2016 Decreasing 
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Corythoichthys flavofasciatus Network Pipefish Least Concern 2016 Decreasing 

Corythoichthys haematopterus Bloodspot pipefish Least Concern 2015 Unknown 

Corythoichthys insularis 
 

Least Concern 2015 Unknown 

Corythoichthys intestinalis Banded Pipefish Least Concern 2015 Decreasing 

Corythoichthys nigripectus Black-breasted Pipefish Least Concern 2015 Decreasing 

Corythoichthys ocellatus Ocellated pipefish Least Concern 2016 Decreasing 

Corythoichthys polynotatus Many-spotted pipefish Least Concern 2016 Unknown 

Corythoichthys schultzi Schultz's Pipefish Least Concern 2016 Decreasing 

Cosmocampus albirostris White-nose Pipefish Least Concern 2014 Unknown 

Cosmocampus balli Ball's Pipefish Vulnerable 2015 Unknown 

Cosmocampus banneri Banner's Pipefish Least Concern 2016 Decreasing 

Cosmocampus darrosanus D’Arros Pipefish Least Concern 2016 Decreasing 

Cosmocampus hildebrandi American Dwarf Pipefish Least Concern 2014 Unknown 

Cosmocampus maxweberi Maxweber's pipefish Least Concern 2015 Decreasing 

Cosmocampus profundus Deepwater Pipefish Data Deficient 2015 Unknown 

Cottus aleuticus Coastrange Sculpin Least Concern 2011 Stable 

Crenidens crenidens Karenteen Seabream Least Concern 2009 Unknown 

Ctenogobius claytonii Mexican Goby Vulnerable 2019 Unknown 

Ctenogobius manglicola 
 

Least Concern 2007 Unknown 

Ctenogobius pseudofasciatus Slashcheek Goby Least Concern 2011 Unknown 

Ctenogobius sagittula Longtail Goby Least Concern 2007 Unknown 

Ctenogobius smaragdus Emerald Goby Least Concern 2010 Unknown 

Ctenogobius stigmaticus Marked Goby Least Concern 2010 Unknown 

Ctenogobius stigmaturus Spottail Goby Least Concern 2010 Unknown 

Cynoglossus browni Nigerian Tonguesole Data Deficient 2013 Unknown 

Cynoglossus cadenati Ghanian tonguesole Data Deficient 2013 Unknown 

Cynoglossus canariensis Canary Tonguesole Near Threatened 2014 Stable 

Cynoglossus monodi Guinean tonguesole Near Threatened 2013 Unknown 
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Cynoglossus senegalensis Senegalese Tonguesole Near Threatened 2012 Stable 

Cynoscion arenarius Sand Seatrout Least Concern 2020 Stable 

Cynoscion nebulosus Speckled Seatrout Least Concern 2019 Increasing 

Dactylagnus parvus Panamic Stargazer Least Concern 2007 Unknown 

Dactyloscopus amnis Riverine Stargazer Least Concern 2018 Unknown 

Dactyloscopus byersi Notchtail Stargazer Least Concern 2007 Unknown 

Dactyloscopus fimbriatus Fringed Stargazer Least Concern 2007 Unknown 

Dactyloscopus minutus Tiny Stargazer Least Concern 2007 Unknown 

Daector reticulata Reticulated Toadfish Vulnerable 2007 Unknown 

Daector schmitti Schmitt's toadfish Vulnerable 2007 Unknown 

Diapterus peruvianus 
 

Least Concern 2007 Unknown 

Didogobius amicuscaridis 
 

Vulnerable 2015 Unknown 

Diplodus argenteus South-American Silver Porgy Least Concern 2011 Unknown 

Diplodus bellottii Senegal Seabream Least Concern 2011 Unknown 

Diplodus holbrookii Spottail Pinfish Least Concern 2011 Unknown 

Diplodus puntazzo Sharpsnout Seabream Least Concern 2009 Unknown 

Diplodus vulgaris Common Two-banded Seabream Least Concern 2009 Unknown 

Dipulus norfolkanus 
 

Vulnerable 2019 Unknown 

Doratonotus megalepis Dwarf Wrasse Least Concern 2009 Unknown 

Dormitator maculatus Fat Sleeper Least Concern 2019 Stable 

Dorosoma petenense Threadfin Shad Least Concern 2018 Stable 

Doryichthys boaja Long-snouted Pipefish Data Deficient 2018 Unknown 

Doryrhamphus excisus Bluestripe Pipefish Least Concern 2015 Unknown 

Doryrhamphus janssi Janss' Pipefish Least Concern 2016 Unknown 

Doryrhamphus japonicus Honshu Pipefish Least Concern 2016 Unknown 

Doryrhamphus negrosensis Negros Pipefish Least Concern 2016 Unknown 

Dunckerocampus baldwini Redstripe Pipefish Least Concern 2016 Unknown 

Dunckerocampus dactyliophorus Banded Pipefish Data Deficient 2016 Decreasing 
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Dunckerocampus multiannulatus Many-banded Pipefish Least Concern 2016 Decreasing 

Dunckerocampus naia Naia Pipefish Least Concern 2016 Unknown 

Dunckerocampus pessuliferus Yellowbanded Pipefish Least Concern 2015 Unknown 

Ecsenius pulcher Gulf Blenny Least Concern 2009 Stable 

Elacatinus atronasus Exuma Goby Endangered 2011 Decreasing 

Elacatinus centralis Cayman Sponge Goby Endangered 2015 Decreasing 

Elacatinus evelynae Sharknose Goby Least Concern 2011 Unknown 

Elacatinus genie Cleaner Goby Least Concern 2011 Unknown 

Elacatinus jarocho Jarocho Goby Endangered 2014 Unknown 

Elacatinus lobeli Caribbean Neon Goby Near Threatened 2011 Unknown 

Elacatinus panamensis Panamanian Greenbanded Goby Data Deficient 2014 Unknown 

Elacatinus prochilos Broadstripe Goby Vulnerable 2010 Unknown 

Elacatinus xanthiprora Yellowprow Goby Least Concern 2010 Unknown 

Electrolux addisoni Ornate Sleeper Ray Least Concern 2018 Unknown 

Eleotris pellegrini 
 

Least Concern 2016 Unknown 

Eleotris pisonis Spinycheek Sleeper Least Concern 2011 Stable 

Elops hawaiensis Giant Herring Data Deficient 2011 Unknown 

Elops machnata 
 

Least Concern 2016 Unknown 

Elops saurus Northern Ladyfish Least Concern 2011 Stable 

Elops smithi Southern Ladyfish Data Deficient 2011 Unknown 

Emblemariopsis arawak Arawak Blenny Data Deficient 2011 Unknown 

Emblemariopsis diaphana Glass Blenny Least Concern 2011 Stable 

Engraulis encrasicolus European Anchovy Least Concern 2013 Decreasing 

Enneanectes smithi 
 

Vulnerable 2014 Unknown 

Enneapterygius leucopunctatus 
 

Near Threatened 2014 Unknown 

Enneapterygius pusillus Highcrest Triplefin Least Concern 2010 Stable 

Enneapterygius sheni 
 

Data Deficient 2010 Unknown 

Enneapterygius ventermaculus Pakistan Triplefin Least Concern 2010 Stable 
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Entelurus aequoreus Snake Pipefish Least Concern 2013 Stable 

Enypnias seminudus 
 

Least Concern 2007 Unknown 

Epinephelus coioides Orange-spotted Grouper Least Concern 2016 Decreasing 

Epinephelus itajara Atlantic Goliath Grouper Vulnerable 2016 Decreasing 

Epinephelus polyphekadion Camouflage Grouper Vulnerable 2016 Decreasing 

Epinephelus striatus Nassau Grouper Critically Endangered 2016 Decreasing 

Ethadophis byrnei 
 

Data Deficient 2007 Unknown 

Eucinostomus currani Pacific Flagfin Mojarra Least Concern 2007 Unknown 

Eucinostomus jonesii Slender Mojarra Least Concern 2010 Unknown 

Eucinostomus melanopterus Flagfin Mojarra Least Concern 2010 Unknown 

Evermannia erici 
 

Data Deficient 2007 Unknown 

Evermannia panamensis 
 

Data Deficient 2007 Unknown 

Eviota pardalota Leopard Dwarfgoby Least Concern 2017 Unknown 

Eviota sebreei 
 

Least Concern 2017 Unknown 

Evorthodus minutus Small Goby Least Concern 2019 Unknown 

Festucalex erythraeus Red Pipefish Least Concern 2016 Unknown 

Festucalex rufus Red Pipefish Data Deficient 2016 Unknown 

Festucalex wassi Wass' Pipefish Data Deficient 2016 Decreasing 

Filicampus tigris Tiger pipefish Least Concern 2015 Unknown 

Fistularia commersonii Bluespotted Cornetfish Least Concern 2016 Unknown 

Fistularia tabacaria Blue-spotted Cornetfish Least Concern 2013 Unknown 

Fundulus grandissimus Giant Killifish Vulnerable 2019 Decreasing 

Fundulus jenkinsi Saltmarsh Topminnow Vulnerable 2014 Unknown 

Fundulus persimilis Yucatan Killifish Endangered 2018 Unknown 

Fundulus pulvereus Bayou Killifish Least Concern 2014 Stable 

Fundulus xenica Diamond Killifish Least Concern 2014 Unknown 

Gaidropsarus granti Azores Rockling Data Deficient 2014 Unknown 

Galaxias argenteus Giant Kokopu Vulnerable 2014 Decreasing 
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Galaxias maculatus Common Galaxias Least Concern 2019 Unknown 

Galaxias truttaceus Spotted Galaxias Least Concern 2019 Stable 

Galeoides decadactylus Lesser African Threadfin Near Threatened 2014 Unknown 

Gambusia nicaraguensis Nicaraguan Mosquitofish Least Concern 2019 Unknown 

Gambusia yucatana Yucatan Gambusia Least Concern 2019 Unknown 

Gasterosteus aculeatus Threespined Stickleback Least Concern 2016 Unknown 

Genyatremus cavifrons Torroto Grunt Data Deficient 2015 Unknown 

Geotria australis Pouched Lamprey Data Deficient 2019 Unknown 

Gerres cinereus Yellow Fin Mojarra Least Concern 2010 Unknown 

Gerres limbatus cá móm xiên Least Concern 2013 Unknown 

Gillellus searcheri Searcher Stargazer Least Concern 2007 Unknown 

Gillichthys mirabilis Longjaw mudsucker Least Concern 2019 Unknown 

Gillichthys seta 
 

Vulnerable 2007 Unknown 

Girella freminvillei Chopa Penumbre Least Concern 2007 Stable 

Girella zonata Verdean Nibbler Vulnerable 2014 Unknown 

Glossogobius giuris Bareye Goby Least Concern 2019 Unknown 

Glyphis gangeticus Ganges Shark Critically Endangered 2007 Decreasing 

Gnatholepis anjerensis Eye-bar Goby Least Concern 2017 Stable 

Gnatholepis caudimaculata 
 

Least Concern 2017 Unknown 

Gobiesox barbatulus Lappetlip Clingfish Least Concern 2011 Unknown 

Gobiesox lucayanus Bahama Skilletfish Least Concern 2011 Unknown 

Gobiesox punctulatus Stippled Clingfish Least Concern 2011 Unknown 

Gobiesox strumosus Skilletfish Least Concern 2010 Unknown 

Gobiodon histrio Actor Coral Goby Least Concern 2009 Unknown 

Gobiomorphus cotidianus Common Bully Least Concern 2014 Unknown 

Gobiomorphus gobioides Giant Bully Least Concern 2014 Stable 

Gobiomorphus hubbsi Bluegill Bully Vulnerable 2014 Decreasing 

Gobiomorphus huttoni Redfin Bully Near Threatened 2014 Decreasing 
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Gobiomorus maculatus Pacific Sleeper Least Concern 2018 Unknown 

Gobionellus microdon Estuary Goby Least Concern 2018 Stable 

Gobiosoma chiquita 
 

Least Concern 2007 Unknown 

Gobiosoma hildebrandi Hildebrand's Goby Vulnerable 2007 Decreasing 

Gobiosoma homochroma 
 

Endangered 2007 Decreasing 

Gobiosoma longipala Twoscale Goby Least Concern 2011 Unknown 

Gobiosoma nudum 
 

Data Deficient 2007 Decreasing 

Gobiosoma spilotum Isthmian Goby Endangered 2011 Decreasing 

Gobius ater Bellotti's Goby Least Concern 2014 Unknown 

Gobius tetrophthalmus 
 

Vulnerable 2014 Unknown 

Gobulus crescentalis 
 

Least Concern 2007 Unknown 

Gobulus hancocki 
 

Least Concern 2007 Unknown 

Gobulus myersi Paleback Goby Least Concern 2010 Unknown 

Gomphosus varius 
 

Least Concern 2008 Unknown 

Gorogobius stevcici 
 

Vulnerable 2014 Unknown 

Guavina micropus 
 

Data Deficient 2007 Unknown 

Gunterichthys longipenis Gold Brotula Least Concern 2011 Unknown 

Gymnapogon melanogaster 
 

Data Deficient 2009 Unknown 

Gymneleotris seminudus 
 

Least Concern 2007 Unknown 

Gymnogobius cylindricus 
 

Near Threatened 2017 Decreasing 

Gymnogobius scrobiculatus 
 

Least Concern 2018 Decreasing 

Gymnogobius uchidai 
 

Least Concern 2018 Decreasing 

Haemulon parra Sailor's Choice Least Concern 2011 Unknown 

Haemulon plumierii White Grunt Least Concern 2015 Decreasing 

Halicampus brocki Brock’s pipefish Least Concern 2015 Unknown 

Halicampus dunckeri Duncker's pipefish Least Concern 2015 Decreasing 

Halicampus mataafae Samoan Pipefish Least Concern 2015 Unknown 

Halicampus nitidus Glittering Pipefish Least Concern 2016 Decreasing 
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Halicampus spinirostris Spinysnout Pipefish Least Concern 2016 Unknown 

Halichoeres aestuaricola 
 

Data Deficient 2007 Unknown 

Halichoeres burekae Mardi Gras Wrasse Endangered 2014 Unknown 

Halichoeres leptotaenia Thinstripe Wrasse Least Concern 2013 Unknown 

Halichoeres socialis Social Wrasse Endangered 2015 Unknown 

Haploblepharus kistnasamyi Natal Shyshark Vulnerable 2018 Decreasing 

Helcogramma kranos Helmet Triplefin Least Concern 2010 Unknown 

Helcogramma larvata 
 

Data Deficient 2010 Unknown 

Helcogramma maldivensis 
 

Data Deficient 2010 Unknown 

Helcogramma randalli 
 

Least Concern 2010 Unknown 

Helcogramma steinitzi Red Triplefin Least Concern 2010 Stable 

Helcogramma striata Tropical Striped Triplefin Least Concern 2009 Unknown 

Hemitrygon navarrae Blackfish Stingray Data Deficient 2007 Unknown 

Heteristius cinctus 
 

Least Concern 2007 Unknown 

Himantura undulata Honeycomb Whipray Vulnerable 2011 Decreasing 

Hippichthys albomaculosus 
 

Data Deficient 2016 Unknown 

Hippichthys heptagonus Reticulated Freshwater Pipefish Least Concern 2016 Unknown 

Hippichthys parvicarinatus Short-keel Pipefish Least Concern 2016 Unknown 

Hippichthys penicillus Beady Pipefish Least Concern 2016 Unknown 

Hippocampus abdominalis Pot-bellied Seahorse Least Concern 2016 Unknown 

Hippocampus algiricus West African Seahorse Vulnerable 2016 Decreasing 

Hippocampus barbouri Barbour's Seahorse Vulnerable 2017 Decreasing 

Hippocampus bargibanti 
 

Data Deficient 2016 Unknown 

Hippocampus breviceps 
 

Least Concern 2016 Unknown 

Hippocampus camelopardalis Giraffe Seahorse Data Deficient 2016 Unknown 

Hippocampus capensis Knysna Seahorse Endangered 2017 Decreasing 

Hippocampus colemani Coleman's Pygmy Seahorse Data Deficient 2016 Unknown 

Hippocampus comes Tiger Tail Seahorse Vulnerable 2013 Decreasing 
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Hippocampus coronatus High-crowned Seahorse Data Deficient 2015 Unknown 

Hippocampus debelius Softcoral Seahorse Data Deficient 2014 Decreasing 

Hippocampus erectus Lined Seahorse Vulnerable 2016 Decreasing 

Hippocampus guttulatus Long-snouted Seahorse Data Deficient 2016 Unknown 

Hippocampus hippocampus Short-snouted Seahorse Data Deficient 2017 Unknown 

Hippocampus histrix Thorny Seahorse Vulnerable 2017 Decreasing 

Hippocampus ingens Giant Seahorse Vulnerable 2016 Decreasing 

Hippocampus jayakari 
 

Least Concern 2016 Unknown 

Hippocampus mohnikei Japanese Seahorse Vulnerable 2016 Decreasing 

Hippocampus patagonicus Patagonian Seahorse Vulnerable 2016 Decreasing 

Hippocampus reidi Long-snout Seahorse Near Threatened 2016 Decreasing 

Hippocampus satomiae Satomi's Pygmy Seahorse Data Deficient 2016 Unknown 

Hippocampus sindonis Sindo's Seahorse Least Concern 2016 Unknown 

Hippocampus subelongatus West Australian Seahorse Data Deficient 2016 Unknown 

Hippocampus tyro 
 

Data Deficient 2016 Unknown 

Hippocampus whitei White's Seahorse Endangered 2016 Decreasing 

Hippocampus zebra Zebra Seahorse Data Deficient 2016 Decreasing 

Hippocampus zosterae Dwarf Seahorse Least Concern 2016 Stable 

Horadandia atukorali Horadandia Vulnerable 2019 Decreasing 

Huso dauricus Kaluga Critically Endangered 2009 Decreasing 

Huso huso Beluga Critically Endangered 2009 Decreasing 

Hypleurochilus caudovittatus Zebratail Blenny Least Concern 2011 Unknown 

Hypoatherina crenolepis Crenulated Silverside Data Deficient 2009 Unknown 

Hypoplectrus castroaguirrei Veracruz White Hamlet Endangered 2014 Unknown 

Hypoplectrus ecosur Contoy Hamlet Data Deficient 2014 Unknown 

Hypoplectrus liberte Striped Hamlet Critically Endangered 2018 Decreasing 

Hypoplectrus maculiferus Bicolored Hamlet Data Deficient 2014 Unknown 

Hypoplectrus maya Maya Hamlet Endangered 2020 Decreasing 
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Hypsoblennius caulopus Tidepool Blenny Data Deficient 2007 Unknown 

Hypsoblennius maculipinna 
 

Data Deficient 2008 Unknown 

Ichthyocampus carce Indian Freshwater Pipefish Least Concern 2016 Unknown 

Ilypnus gilberti 
 

Least Concern 2007 Unknown 

Istiblennius pox Scarface Rockskipper Least Concern 2010 Stable 

Jenkinsia lamprotaenia Dwarf Round Herring Least Concern 2019 Unknown 

Johnius trachycephalus 
 

Least Concern 2016 Unknown 

Johnius weberi 
 

Least Concern 2016 Unknown 

Kaupus costatus Deep-bodied pipefish Least Concern 2015 Decreasing 

Kyonemichthys rumengani Thread Pipefish Least Concern 2015 Unknown 

Labrisomus philippii Chalapo Clinid Least Concern 2011 Unknown 

Labrus merula Brown Wrasse Least Concern 2008 Stable 

Labrus viridis Green Wrasse Vulnerable 2008 Decreasing 

Lagocephalus gloveri Brown-backed Toadfish Data Deficient 2011 Decreasing 

Lagocephalus guentheri Diamondback Puffer Least Concern 2011 Unknown 

Lagocephalus laevigatus Smooth Puffer Least Concern 2011 Unknown 

Lagocephalus lunaris Lunartail Puffer Least Concern 2011 Unknown 

Lagocephalus sceleratus Silver-cheeked Toadfish Least Concern 2011 Unknown 

Lagocephalus spadiceus Half-smooth Golden Pufferfish Least Concern 2011 Decreasing 

Lagocephalus suezensis 
 

Least Concern 2011 Unknown 

Lagodon rhomboides Pinfish Least Concern 2011 Stable 

Lalmohania velutina Velvet Filefish Least Concern 2017 Unknown 

Larimichthys crocea Large Yellow Croaker Critically Endangered 2016 Decreasing 

Lates calcarifer Barramundi Least Concern 2019 Unknown 

Lates japonicus Japanese Lates Vulnerable 2018 Decreasing 

Leptophilypnus fluviatilis Freshwater Sleeper Goby Least Concern 2020 Unknown 

Lethrinus atlanticus Atlantic Emperor Least Concern 2013 Unknown 

Limanda limanda Common Dab Least Concern 2014 Increasing 
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Liopropoma santi Spot-tail Golden Bass Data Deficient 2014 Unknown 

Lipogramma barrettorum Blue-spotted Basslet Data Deficient 2018 Unknown 

Lipogramma flavescens Yellow Basslet Data Deficient 2011 Unknown 

Lipogramma haberorum Yellow-banded Basslet Data Deficient 2018 Unknown 

Lipogramma idabeli Bluebacked Basslet Data Deficient 2018 Unknown 

Lipogramma levinsoni Hourglass Basslet Least Concern 2018 Unknown 

Lipogramma robinsi Yellowbar Basslet Data Deficient 2015 Unknown 

Lipogramma schrieri Maori Basslet Data Deficient 2018 Unknown 

Lipophrys pholis Shanny Least Concern 2011 Unknown 

Lipophrys trigloides Futarra Least Concern 2007 Stable 

Lobotes pacificus 
 

Least Concern 2007 Unknown 

Lophogobius cristulatus 
 

Least Concern 2007 Unknown 

Lovettia sealii Australian Whitebait Least Concern 2019 Unknown 

Luciogobius ryukyuensis 
 

Near Threatened 2018 Decreasing 

Lutjanus analis Mutton Snapper Near Threatened 2015 Decreasing 

Lutjanus apodus Schoolmaster Snapper Least Concern 2015 Decreasing 

Lutjanus argentiventris 
 

Least Concern 2007 Unknown 

Lutjanus cyanopterus Cubera Snapper Vulnerable 2015 Decreasing 

Lutjanus griseus Grey Snapper Least Concern 2015 Unknown 

Lutjanus jocu Dog Snapper Data Deficient 2015 Decreasing 

Lutjanus jordani 
 

Least Concern 2007 Unknown 

Lutjanus novemfasciatus 
 

Least Concern 2007 Unknown 

Lutjanus synagris Lane Snapper Near Threatened 2015 Decreasing 

Lutjanus viridis 
 

Least Concern 2007 Unknown 

Luzonichthys williamsi 
 

Least Concern 2009 Unknown 

Lythrypnus heterochroma Diphasic Goby Least Concern 2011 Unknown 

Lythrypnus okapia Okapi Goby Least Concern 2011 Unknown 

Lythrypnus rhizophora 
 

Data Deficient 2007 Unknown 
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Lythrypnus spilus Bluegold Goby Least Concern 2010 Unknown 

Malacoctenus africanus Senegal Blenny Data Deficient 2011 Unknown 

Malacoctenus costaricanus 
 

Data Deficient 2007 Unknown 

Marilyna darwinii 
 

Least Concern 2011 Unknown 

Marilyna pleurosticta Banded Toadfish Least Concern 2011 Unknown 

Mccoskerichthys sandae 
 

Near Threatened 2007 Unknown 

Megalops atlanticus Tarpon Vulnerable 2018 Decreasing 

Megalops cyprinoides Indo-Pacific Tarpon Data Deficient 2016 Unknown 

Menidia colei Golden Silverside Vulnerable 2018 Unknown 

Menidia conchorum Key Silverside Endangered 2014 Decreasing 

Microdesmus affinis Olivaceous Wormfish Data Deficient 2007 Unknown 

Microdesmus dipus 
 

Data Deficient 2007 Unknown 

Microdesmus hildebrandi 
 

Data Deficient 2007 Unknown 

Microdesmus knappi 
 

Data Deficient 2007 Unknown 

Microdesmus luscus Blind Wormfish Data Deficient 2014 Unknown 

Microdesmus multiradiatus 
 

Data Deficient 2007 Unknown 

Microdesmus retropinnis Rearfin Wormfish Data Deficient 2007 Unknown 

Microdesmus suttkusi 
 

Data Deficient 2007 Unknown 

Micrognathus andersonii Anderson's Pipefish Least Concern 2016 Unknown 

Micrognathus brevicorpus Short-bodied Pipefish Data Deficient 2016 Unknown 

Micrognathus brevirostris Pygmy Pipefish Least Concern 2016 Decreasing 

Micrognathus micronotopterus Tidepool Pipefish Least Concern 2016 Decreasing 

Microgobius crocatus 
 

Least Concern 2007 Unknown 

Microgobius curtus 
 

Least Concern 2007 Unknown 

Microgobius miraflorensis Miraflores goby Least Concern 2019 Unknown 

Microgobius tabogensis Taboga Goby Least Concern 2018 Unknown 

Microlipophrys caboverdensis 
 

Least Concern 2011 Unknown 

Microphis fluviatilis Freshwater Pipefish Data Deficient 2015 Unknown 
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Micropogonias undulatus Atlantic Croaker Least Concern 2020 Unknown 

Mimoblennius cirrosus Fringed Blenny Least Concern 2009 Stable 

Minyichthys myersi Myers' Pipefish Least Concern 2015 Unknown 

Mitotichthys meraculus Western Crested Pipefish Data Deficient 2015 Unknown 

Mitotichthys semistriatus Half-banded Pipefish Least Concern 2016 Unknown 

Mobula birostris Giant Manta Ray Vulnerable 2010 Decreasing 

Mordacia mordax 
 

Least Concern 2019 Stable 

Mugilogobius fasciatus 
 

Data Deficient 2009 Unknown 

Myersina filifer Thread Goby Least Concern 2017 Unknown 

Myripristis formosa 
 

Data Deficient 2009 Unknown 

Myrophis punctatus Speckled Worm Eel Least Concern 2011 Unknown 

Mystus gulio 
 

Least Concern 2019 Stable 

Myxodagnus macrognathus Longjaw Stargazer Least Concern 2007 Unknown 

Myxodagnus opercularis Dart Stargazer Least Concern 2007 Unknown 

Myxodagnus walkeri 
 

Least Concern 2011 Unknown 

Myxus capensis Freshwater Mullet Least Concern 2007 Decreasing 

Nannocampus elegans Elegant Pipefish Least Concern 2016 Unknown 

Nannocampus pictus Reef Pipefish Least Concern 2016 Decreasing 

Nannocampus weberi Reef-flat Pipefish Data Deficient 2016 Decreasing 

Nematalosa come Western Pacific gizzard shad Least Concern 2017 Unknown 

Nematalosa japonica Japanese gizzard shad Data Deficient 2017 Unknown 

Neochanna cleaveri Australian Mudfish Endangered 2019 Unknown 

Neoclinus bryope 
 

Least Concern 2011 Stable 

Neoclinus lacunicola 
 

Least Concern 2011 Unknown 

Neoclinus okazakii 
 

Least Concern 2011 Unknown 

Neoodax balteatus Little Weed Whiting Least Concern 2009 Unknown 

Neopomacentrus aquadulcis Sweetwater Demoiselle Endangered 2010 Decreasing 

Neopomacentrus taeniurus Freshwater Damsel Data Deficient 2010 Unknown 
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Neosalanx reganius Ariake Dwarf Icefish Endangered 2017 Decreasing 

Nerophis lumbriciformis Worm Pipefish Least Concern 2014 Unknown 

Nesogobius hinsbyi Orange-spotted Sand-goby Least Concern 2009 Unknown 

Notarius cookei 
 

Vulnerable 2007 Decreasing 

Notarius kessleri 
 

Least Concern 2007 Unknown 

Notoglanidium akiri 
 

Endangered 2019 Unknown 

Novaculichthys macrolepidotus 
 

Least Concern 2008 Unknown 

Ocyurus chrysurus Yellowtail Snapper Data Deficient 2015 Decreasing 

Ogilbia davidsmithi Large-pored Brotula Least Concern 2008 Unknown 

Ogilbia mccoskeri McCosker's Coralbrotula Data Deficient 2013 Unknown 

Ogilbia suarezae Shy Brotula Least Concern 2013 Unknown 

Ogilbia tyleri Tyler's Coralbrotula Least Concern 2013 Unknown 

Omobranchus mekranensis Mekran Blenny Vulnerable 2009 Unknown 

Omobranchus punctatus Japanese Blenny Least Concern 2009 Stable 

Ophiclinops pardalis Spotted Snakeblenny Data Deficient 2010 Unknown 

Ophiclinops varius Variegated Snake-blenny Least Concern 2010 Unknown 

Ophiclinus antarcticus Dusky Snakeblenny Least Concern 2010 Unknown 

Ophiclinus brevipinnis Shortfin Snakeblenny Least Concern 2010 Unknown 

Ophiclinus gabrieli Frosted Snake-blenny Least Concern 2010 Unknown 

Ophiclinus ningulus Variable Snake-blenny Least Concern 2010 Unknown 

Ophidion fulvum 
 

Near Threatened 2007 Unknown 

Ophidion lagochila Harelip Cusk-eel Least Concern 2013 Unknown 

Ophioscion panamensis Panama Croaker Data Deficient 2020 Unknown 

Ophisternon bengalense Bengal Mud Eel Least Concern 2019 Stable 

Opistognathus aurifrons Yellowhead Jawfish Least Concern 2012 Stable 

Opistognathus whitehursti Dusky Jawfish Least Concern 2012 Stable 

Orthopristis cantharinus 
 

Data Deficient 2007 Unknown 

Orthopristis forbesi 
 

Data Deficient 2007 Unknown 
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Orthopristis lethopristis 

 
Data Deficient 2007 Unknown 

Oryzias haugiangensis 
 

Data Deficient 2011 Unknown 

Otophidium dormitator Sleeper Cusk-eel Least Concern 2013 Unknown 

Oxyurichthys keiensis Kei Goby Least Concern 2009 Unknown 

Oxyzygonectes dovii White-eye Least Concern 2019 Unknown 

Pagrus pagrus Red Porgy Least Concern 2009 Unknown 

Palatogobius grandoculus 
 

Least Concern 2018 Unknown 

Parablennius incognitus Blennie Diabolo Least Concern 2007 Stable 

Parablennius lodosus Mud Blenny Vulnerable 2009 Unknown 

Parablennius opercularis Cheekspot Blenny Least Concern 2009 Stable 

Parablennius parvicornis Rock-pool Blenny Least Concern 2009 Unknown 

Parablennius salensis 
 

Least Concern 2011 Unknown 

Parablennius thysanius Tasseled Blenny Least Concern 2009 Stable 

Parablennius verryckeni 
 

Data Deficient 2011 Unknown 

Paraclinus arcanus 
 

Least Concern 2011 Unknown 

Paraclinus spectator 
 

Least Concern 2011 Unknown 

Paraclinus walkeri 
 

Critically Endangered 2007 Unknown 

Paradiancistrus cuyoensis Cuyo coralbrotula Vulnerable 2009 Unknown 

Paragaleus randalli Slender Weasel Shark Near Threatened 2008 Unknown 

Paralichthys californicus California Flounder Least Concern 2007 Stable 

Parambassis dayi Day's glassy perchlet Least Concern 2010 Stable 

Paranebris bauchotae 
 

Data Deficient 2020 Unknown 

Parasaccogaster melanomycter Black-nosed Brotula Data Deficient 2013 Unknown 

Pareques acuminatus High-hat Least Concern 2020 Unknown 

Pareques umbrosus Cubbyu Least Concern 2020 Unknown 

Paretroplus polyactis 
 

Least Concern 2016 Decreasing 

Pariah scotius Peppered Goby Least Concern 2009 Unknown 

Parioglossus caeruleolineatus 
 

Data Deficient 2018 Decreasing 
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Parkraemeria saltator 

 
Near Threatened 2018 Decreasing 

Parophidion schmidti Dusky Cusk-eel Least Concern 2013 Unknown 

Pateobatis hortlei Hortle's Whipray Vulnerable 2007 Decreasing 

Pempheris schomburgkii Glassy Sweeper Least Concern 2013 Unknown 

Periophthalmus argentilineatus Barred Mudskipper Least Concern 2017 Unknown 

Periophthalmus kalolo Kalolo Mudskipper Least Concern 2017 Unknown 

Periophthalmus novemradiatus 
 

Data Deficient 2017 Unknown 

Peronedys anguillaris Eel Blenny Data Deficient 2010 Unknown 

Petroscirtes ancylodon Arabian Fangblenny Least Concern 2009 Stable 

Petroscirtes mitratus Highfinned Blenny Least Concern 2009 Stable 

Phoxocampus belcheri Rock pipefish Least Concern 2015 Unknown 

Phoxocampus diacanthus Obscure pipefish Least Concern 2015 Unknown 

Phoxocampus tetrophthalmus Trunk-barred pipefish Least Concern 2015 Decreasing 

Phycodurus eques Leafy Seadragon Least Concern 2016 Decreasing 

Phyllopteryx taeniolatus Weedy Seadragon Least Concern 2016 Decreasing 

Pictilabrus brauni 
 

Data Deficient 2008 Unknown 

Pinnichthys prolata Platform Goby Data Deficient 2018 Unknown 

Pisodonophis daspilotus 
 

Near Threatened 2007 Unknown 

Platygillellus brasiliensis Brazilian Sand Stargazer Least Concern 2011 Unknown 

Plectorhinchus macrolepis Biglip Grunt Least Concern 2013 Unknown 

Plectranthias garrupellus Apricot Bass Least Concern 2012 Unknown 

Plesiops multisquamata 
 

Data Deficient 2017 Unknown 

Poeciliopsis elongata 
 

Near Threatened 2008 Unknown 

Poeciliopsis latidens Lowland Livebearer Near Threatened 2018 Unknown 

Poeciliopsis prolifica Blackstripe Livebearer Least Concern 2018 Unknown 

Pogonias cromis Black Drum Least Concern 2019 Decreasing 

Polydactylus quadrifilis 
 

Least Concern 2014 Stable 

Polyspina piosae Orange-barred Pufferfish Least Concern 2011 Unknown 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Pomadasys commersonnii Smith's Damsel Least Concern 2018 Unknown 

Pomadasys schyrii Smalleye Grunt Data Deficient 2007 Unknown 

Porichthys oculellus Smalleye Midshipman Data Deficient 2007 Unknown 

Praealticus natalis Natal Blenny Vulnerable 2009 Stable 

Priolepis ascensionis 
 

Endangered 2014 Unknown 

Priolepis hipoliti Rusty Goby Least Concern 2010 Unknown 

Priolepis robinsi Goby Least Concern 2009 Unknown 

Pristis clavata Dwarf Sawfish Endangered 2012 Decreasing 

Pristis pectinata Smalltooth Sawfish Critically Endangered 2012 Decreasing 

Pristis pristis Largetooth Sawfish Critically Endangered 2013 Decreasing 

Prototroctes maraena Australian Grayling Vulnerable 2019 Decreasing 

Psephurus gladius Chinese Paddlefish Critically Endangered 2009 Unknown 

Psettodes erumei Indian Halibut Data Deficient 2019 Unknown 

Pseudocaranx chilensis Juan Fernandez Mackerel Vulnerable 2017 Decreasing 

Pseudojuloides argyreogaster 
 

Least Concern 2008 Unknown 

Pseudotolithus senegalensis Cassava Croaker Endangered 2009 Decreasing 

Psilotris boehlkei Boehlke's Goby Vulnerable 2011 Unknown 

Psilotris laurae Thin-barred Goby Data Deficient 2018 Unknown 

Pterapogon kauderni 
 

Endangered 2007 Decreasing 

Pterogobius zonoleucus 
 

Least Concern 2009 Unknown 

Pugnaso curtirostris Pug-nosed pipefish Least Concern 2015 Unknown 

Pungitius tymensis Short-spined Ninespine Stickleback Data Deficient 2016 Decreasing 

Pycnomma semisquamatum 
 

Data Deficient 2007 Unknown 

Quietula guaymasiae 
 

Near Threatened 2007 Unknown 

Quietula y-cauda 
 

Least Concern 2007 Unknown 

Redigobius balteatus Girdled Goby Least Concern 2019 Stable 

Retropinna retropinna Common Smelt Least Concern 2014 Stable 

Retropinna tasmanica 
 

Least Concern 2019 Unknown 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Rhabdosargus globiceps White Stumpnose Vulnerable 2009 Decreasing 

Rhabdosargus holubi Cape Stumpnose Least Concern 2009 Unknown 

Rhabdosargus thorpei Bigeye Stumpnose Least Concern 2009 Unknown 

Rhincodon typus Whale Shark Endangered 2016 Decreasing 

Rhizoprionodon lalandii Brazilian Sharpnose Shark Data Deficient 2004 Unknown 

Rhomboplites aurorubens Vermilion Snapper Vulnerable 2015 Decreasing 

Rhombosolea retiaria Black Flounder Data Deficient 2014 Unknown 

Roncador stearnsii 
 

Least Concern 2020 Unknown 

Sanopus reticulatus Reticulated Toadfish Endangered 2014 Unknown 

Sardinella zunasi 
 

Least Concern 2017 Unknown 

Scartella caboverdiana 
 

Least Concern 2011 Unknown 

Scartella springeri Springer's Blenny Vulnerable 2011 Unknown 

Scarus guacamaia Rainbow Parrotfish Near Threatened 2012 Decreasing 

Sciades dowii Brown Sea Catfish Least Concern 2007 Unknown 

Sciaena umbra Brown Meagre Near Threatened 2020 Decreasing 

Scorpaena annobonae Annobon scorpionfish Data Deficient 2014 Unknown 

Scorpaena ascensionis Ascension Scorpionfish Endangered 2014 Unknown 

Sebastapistes taeniophrys 
 

Data Deficient 2009 Unknown 

Sicydium cocoense Gobio de Cocos Data Deficient 2020 Unknown 

Sicydium punctatum Spotted Algae-eating Goby Least Concern 2011 Decreasing 

Sicyopus zosterophorus 
 

Least Concern 2019 Unknown 

Siganus niger Black Foxface Vulnerable 2015 Unknown 

Siganus uspi Bicolored Foxface Near Threatened 2015 Unknown 

Silhouettea dotui 
 

Least Concern 2018 Decreasing 

Sillago argentifasciata Silver-banded Sillago Data Deficient 2009 Unknown 

Sillago parvisquamis Small-scale Sillago Endangered 2017 Decreasing 

Sindoscopus australis 
 

Least Concern 2011 Unknown 

Siokunichthys breviceps Softcoral Pipefish Data Deficient 2015 Decreasing 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Siokunichthys herrei Spotted Xenia-pipefish Data Deficient 2015 Unknown 

Solea solea Dover Sole Data Deficient 2014 Stable 

Solea stanalandi Stanaland's Sole Data Deficient 2014 Unknown 

Solenostomus halimeda Halimeda Ghost Pipefish Data Deficient 2015 Decreasing 

Sphoeroides greeleyi Green Puffer Least Concern 2011 Unknown 

Sphoeroides nephelus Southern Puffer Least Concern 2011 Unknown 

Sphoeroides spengleri Bandtail Puffer Least Concern 2011 Unknown 

Sphoeroides testudineus Checkered Puffer Least Concern 2011 Unknown 

Spicara smaris Picarel Least Concern 2009 Unknown 

Spondyliosoma cantharus Black Seabream Least Concern 2009 Unknown 

Sprattus sprattus European Sprat Least Concern 2018 Unknown 

Springeratus polyporatus 
 

Endangered 2010 Unknown 

Squatina aculeata Sawback Angelshark Critically Endangered 2017 Decreasing 

Squatina oculata Smoothback Angelshark Critically Endangered 2017 Decreasing 

Squatina squatina Angelshark Critically Endangered 2017 Decreasing 

Starksia atlantica Smooth-eye Blenny Least Concern 2011 Stable 

Starksia brasiliensis 
 

Least Concern 2011 Stable 

Starksia fulva Yellow Blenny Least Concern 2007 Unknown 

Starksia guadalupae Guadalupe Blenny Least Concern 2011 Stable 

Starksia langi Blenny Least Concern 2011 Stable 

Starksia lepicoelia Blackcheek Blenny Least Concern 2011 Unknown 

Starksia leucovitta Whitesaddle Blenny Data Deficient 2015 Stable 

Starksia robertsoni Robertson's Blenny Least Concern 2011 Stable 

Starksia sluiteri Chessboard Blenny Least Concern 2011 Stable 

Starksia splendens Splendid Shy Blenny Data Deficient 2018 Unknown 

Starksia springeri Springer's Blenny Data Deficient 2015 Unknown 

Starksia weigti Weigt's Blenny Least Concern 2011 Stable 

Stathmonotus sinuscalifornici California Worm Blenny Least Concern 2007 Unknown 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Stegastes otophorus Freshwater Gregory Data Deficient 2010 Unknown 

Stellifer lanceolatus American Stardrum Least Concern 2020 Unknown 

Stethojulis interrupta 
 

Least Concern 2008 Unknown 

Stethojulis strigiventer 
 

Least Concern 2008 Unknown 

Sticharium dorsale Sand Crawler Least Concern 2010 Unknown 

Stigmatopora narinosa Southern Gulf Pipefish Least Concern 2016 Decreasing 

Stigmatopora nigra Wide-bodied Pipefish Least Concern 2016 Decreasing 

Stipecampus cristatus Ring-backed Pipefish Least Concern 2015 Unknown 

Stiphodon maculidorsalis 
 

Data Deficient 2019 Unknown 

Stiphodon ornatus 
 

Data Deficient 2019 Unknown 

Stiphodon rutilaureus 
 

Least Concern 2019 Unknown 

Stiphodon semoni 
 

Least Concern 2019 Unknown 

Stolephorus ronquilloi Ronquillo's Anchovy Data Deficient 2017 Unknown 

Symphodus cinereus Grey Wrasse Least Concern 2013 Stable 

Symphodus doderleini Rouquié Least Concern 2014 Stable 

Symphodus melanocercus Blacktailed Wrasse Least Concern 2014 Stable 

Symphodus ocellatus Ocellated Wrasse Least Concern 2014 Stable 

Symphodus rostratus 
 

Least Concern 2014 Stable 

Syngnathus acus Longsnout Pipefish Least Concern 2013 Unknown 

Syngnathus auliscus Barred Pipefish Least Concern 2016 Unknown 

Syngnathus carinatus Cortez Pipefish Data Deficient 2016 Unknown 

Syngnathus euchrous Chocolate Pipefish Data Deficient 2015 Unknown 

Syngnathus exilis Barcheek Pipefish Least Concern 2014 Unknown 

Syngnathus fuscus Northern Pipefish Least Concern 2014 Unknown 

Syngnathus louisianae Chain Pipefish Data Deficient 2014 Unknown 

Syngnathus safina Wreck Pipefish Data Deficient 2016 Unknown 

Syngnathus schlegeli Seaweed Pipefish Least Concern 2014 Unknown 

Syngnathus springeri Bull Pipefish Least Concern 2014 Unknown 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Syngnathus taenionotus Darkflank Pipefish Data Deficient 2016 Unknown 

Syngnathus tenuirostris Narrow-snouted Pipefish Data Deficient 2013 Unknown 

Taenioides kentalleni 
 

Data Deficient 2013 Unknown 

Takifugu alboplumbeus 
 

Least Concern 2011 Unknown 

Takifugu basilevskianus 
 

Data Deficient 2011 Decreasing 

Takifugu bimaculatus 
 

Least Concern 2011 Decreasing 

Takifugu chinensis Chinese Puffer Critically Endangered 2011 Decreasing 

Takifugu chrysops 
 

Least Concern 2011 Stable 

Takifugu coronoidus 
 

Least Concern 2011 Decreasing 

Takifugu exascurus 
 

Least Concern 2011 Stable 

Takifugu flavidus Tawny Puffer Near Threatened 2011 Decreasing 

Takifugu niphobles Grass Puffer Least Concern 2011 Decreasing 

Takifugu oblongus Lattice Blaasop Least Concern 2011 Decreasing 

Takifugu obscurus Mefugu Least Concern 2014 Stable 

Takifugu ocellatus Ocellated Puffer Near Threatened 2011 Decreasing 

Takifugu pardalis Panther Puffer Least Concern 2011 Unknown 

Takifugu plagiocellatus 
 

Endangered 2011 Unknown 

Takifugu porphyreus Purple Puffer Least Concern 2011 Unknown 

Takifugu pseudommus 
 

Data Deficient 2011 Decreasing 

Takifugu reticularis 
 

Least Concern 2011 Decreasing 

Takifugu rubripes Japanese Pufferfish Near Threatened 2011 Decreasing 

Takifugu snyderi 
 

Least Concern 2011 Unknown 

Takifugu stictonotus 
 

Least Concern 2011 Unknown 

Takifugu variomaculatus 
 

Data Deficient 2011 Unknown 

Takifugu vermicularis Purple Puffer Near Threatened 2011 Decreasing 

Takifugu xanthopterus Yellowfin Puffer Least Concern 2011 Decreasing 

Tenualosa macrura Longtail shad Near Threatened 2017 Decreasing 

Tetractenos glaber Smooth Toadfish Least Concern 2011 Unknown 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Thaleichthys pacificus Eulachon Least Concern 2012 Unknown 

Thymichthys politus Red Handfish Critically Endangered 2018 Decreasing 

Tigrigobius dilepis Orangesided Goby Least Concern 2010 Unknown 

Tigrigobius harveyi Cayman Greenbanded Goby Endangered 2015 Decreasing 

Tigrigobius redimiculus Cinta Goby Vulnerable 2014 Unknown 

Tigrigobius saucrus Leopard Goby Least Concern 2010 Unknown 

Tomicodon bidens 
 

Vulnerable 2007 Unknown 

Tomicodon briggsi Broadhead Clingfish Least Concern 2011 Unknown 

Tomicodon cryptus Cryptic Clingfish Least Concern 2011 Unknown 

Tomicodon fasciatus Barred Clingfish Least Concern 2011 Unknown 

Tomicodon lavettsmithi Reticulate Clingfish Data Deficient 2011 Unknown 

Tomicodon leurodiscus Smooth-suckered Clingfish Least Concern 2011 Unknown 

Tomicodon prodomus 
 

Data Deficient 2007 Unknown 

Tomicodon reitzae Reitz's Clingfish Least Concern 2011 Unknown 

Tomicodon rupestris Surge Clingfish Least Concern 2011 Unknown 

Torquigener flavimaculosus Yellowspotted Puffer Least Concern 2011 Unknown 

Torquigener hypselogeneion Orange-spotted Toadfish Least Concern 2011 Unknown 

Toxotes chatareus Seven-spot Archerfish Least Concern 2019 Stable 

Trachinotus carolinus Florida Pompano Least Concern 2012 Unknown 

Trachystoma petardi Freshwater Mullet Least Concern 2019 Stable 

Tridentiger kuroiwae 
 

Least Concern 2007 Unknown 

Trygonoptera imitata Eastern Shovelnose Stingaree Least Concern 2018 Increasing 

Trygonoptera mucosa Western Shovelnose Stingaree Least Concern 2018 Stable 

Trygonoptera ovalis Striped Stingaree Least Concern 2018 Stable 

Trygonoptera personata Masked Stingaree Least Concern 2018 Stable 

Urocampus carinirostris Hairy Pipefish Least Concern 2015 Stable 

Urocampus nanus Barbed Pipefish Data Deficient 2015 Decreasing 

Urolophus circularis Circular Stingaree Least Concern 2018 Stable 
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Genus Species Common names (English) Red List status Year assessed Population trend 
Urolophus cruciatus Banded Stingaree Least Concern 2018 Stable 

Urolophus gigas Spotted Stingaree Least Concern 2018 Stable 

Urolophus lobatus Lobed Stingaree Least Concern 2018 Stable 

Urolophus paucimaculatus Sparsely-spotted Stingaree Least Concern 2018 Stable 

Uropterygius fuscoguttatus Brown Snake Moray Eel Least Concern 2009 Unknown 

Uropterygius golanii 
 

Data Deficient 2011 Unknown 

Valenciennea persica Gulf Goby Least Concern 2017 Unknown 

Vanacampus phillipi Port Phillip Pipefish Least Concern 2015 Unknown 

Vanacampus poecilolaemus Australian Long-nosed Pipefish Least Concern 2015 Unknown 

Vanacampus vercoi Verco's Pipefish Data Deficient 2018 Unknown 

Varicus decorum Decorated Splitfin Goby Data Deficient 2018 Unknown 

Varicus lacerta Godzilla Goby Data Deficient 2018 Unknown 

Varicus marilynae Orangebelly Goby Data Deficient 2010 Unknown 

Varicus nigritus Banded Splitfin Goby Data Deficient 2018 Unknown 

Varicus veliguttatus Spotted-sail Goby Least Concern 2018 Unknown 

Vieja maculicauda Blackbelt Cichlid Least Concern 2018 Unknown 

Xenisthmus balius Freckled Wriggler Least Concern 2013 Unknown 

Xiphasia setifer Hairtail Blenny Least Concern 2009 Stable 

Zebrasoma veliferum Sailfin Tang Least Concern 2010 Stable 

Zebrias captivus Convict Zebra Sole Data Deficient 2014 Unknown 

Zebrias lucapensis 
 

Vulnerable 2009 Unknown 

Zoarchias neglectus 
 

Data Deficient 2009 Unknown 
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APPENDIX D – MAPLE OUTPUTS OF QUALITATIVE ANALYSIS 
 

 

MATRIX DESCRIPTION 
n:=3:A:=array(1..n,1..n,[[-1,1,-1],[-1,-1,-1],[1,1,-1]]); 

MAPLE ANALYSIS 
 

 

 

Qualitative stability analysis 

 

 

 

 

 

 

 

 

 

 

Qualitative press perturbation analysis 
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INITIAL SYSTEM PRIOR TO INTRODUCTION OF AN MREC 

 

MATRIX DESCRIPTION 
1: CRUS, 2: REC, 3: CB, 4: SRLF, 5: SRLJ, 6: FSHC, 7: PRED, 8: FSHH, 9: ALG, 10: BIR, 11: MM, 12: PLK, 

13: MCI 

n:=13:A:=array(1..n,1..n,[[-1,-1,-1,-1,1,0,0,0,0,0,0,0,1],[1,-1,0,0,0,1,0,0,0,0,0,0,0],[1,0,-

1,0,0,1,0,0,0,0,0,0,0],[1,0,0,-1,0,0,0,0,0,0,0,0,0],[-1,0,0,0,-1,-1,-1,0,0,0,0,0,0],[0,-1,-1,0,1,-1,1,1,0,-1,-

1,0,1],[0,0,0,0,1,-1,-1,0,0,0,0,0,1],[0,0,0,0,0,-1,0,-1,1,-1,-1,0,0],[0,0,0,0,0,0,0,-1,-1,0,0,-1,-

1],[0,0,0,0,0,1,0,1,0,-1,-1,1,0],[0,0,0,0,0,1,0,1,0,1,-1,-1,0],[0,0,0,0,0,0,0,0,1,-1,1,-1,-1],[-1,0,0,0,0,-1,-

1,0,1,0,0,1,-1]]); 

MAPLE ANALYSIS  
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Qualitative stability analysis 

  
“Criterion i” 

Poly coef F0 to Fn = [-1 -13 -102 -550 -2212 -6840 -16516 -31228 -45909 -51537 -42730 -24666 -

8852 -1488] 

Positive feedback = [0 0 0 8 106 722 3222 10258 24056 41648 51986 44200 22680 5214] 

Negative feedback = [-1 -13 -102 -558 -2318 -7562 -19738 -41486 -69965 -93185 -94716 -68866 -

31532 -6702] 

wFn = [-1, -1, -1, -0.97, -0.91, -0.83, -0.72, -0.60, -0.49, -0.38, -0.29, -0.22, -0.16, -0.12] 

“Criterion ii” 

wD12 = 6.1 10-14 

Ratio to model C = 5.2 106 

“Class I model” 

 

Qualitative press perturbation analysis 
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CRUSTOSE AND FOLIOSE ALGAE 

 

MATRIX DESCRIPTION 
1: CRUS, 2: REC, 3: CB, 4: SRLF, 5: SRLJ, 6: FSHC, 7: PRED, 8: FSHH, 9: ALG, 10: BIR, 11: MM, 12: PLK, 

13: MCI, 14: MREC 

n:=14:A:=array(1..n,1..n,[[-1,-1,-1,-1,1,0,0,0,0,0,0,0,1,0],[1,-1,0,0,0,1,0,0,0,0,0,0,0,0],[1,0,-

1,0,0,1,0,0,0,0,0,0,0,0],[1,0,0,-1,0,0,0,0,0,0,0,0,0,0],[-1,0,0,0,-1,-1,-1,0,0,0,0,0,0,0],[0,-1,-1,0,1,-

1,1,1,0,-1,-1,0,1,0],[0,0,0,0,1,-1,-1,0,0,0,0,0,1,0],[0,0,0,0,0,-1,0,-1,1,-1,-1,0,0,0],[0,0,0,0,0,0,0,-1,-

1,0,0,-1,-1,1],[0,0,0,0,0,1,0,1,0,-1,-1,1,0,0],[0,0,0,0,0,1,0,1,0,1,-1,-1,0,0],[0,0,0,0,0,0,0,0,1,-1,1,-1,-

1,0],[-1,0,0,0,0,-1,-1,0,1,0,0,1,-1,0],[0,0,0,0,0,0,0,0,0,0,0,0,0,-1]]); 

MAPLE ANALYSIS  
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Qualitative stability analysis 

“Criterion i” 

Poly coef F0 to Fn = [-1 -14 -115 -652 -2762 -9052 -23356 -47744 -77137 -97446 -94267 
-67386 -33518 -10340 -1488] 

Positive feedback = [0 0 0 8 114 828 3944 13480 34314 65704 93634 96186 66880 
27894 5214] 

Negative feedback = [-1 -14 -115 -660 -2876 -9880 -27300 -61224 -111451 -163150 -
87901 -16382 -100398 -38234 -6702] 

Absolute feedback = [1 14 115 668 2990 10708 31244 74704 145765 228854 281535 

259768 167278 66128 11916] 

wFn = [-1 -1 -1 -0.98 -0.92 -0.85 -0.75 -0.64 -0.53 -0.43 -0.33 -0.26 -0.02 -0.16 -0.12] 

“Criterion ii” 

wD13 = 7.5 * 10-16 

Ratio to model C = 2.3 * 108 

“Class I model”  

 

Qualitative press perturbation analysis 
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CARNIVOROUS FISH SPECIES 
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MATRIX DESCRIPTION 
1: CRUS, 2: REC, 3: CB, 4: SRLF, 5: SRLJ, 6: FSHC, 7: PRED, 8: FSHH, 9: ALG, 10: BIR, 11: MM, 12: PLK, 

13: MCI, 14: MREC 

n:=14:A:=array(1..n,1..n,[[-1,-1,-1,-1,1,0,0,0,0,0,0,0,1,0],[1,-1,0,0,0,1,0,0,0,0,0,0,0,0],[1,0,-

1,0,0,1,0,0,0,0,0,0,0,0],[1,0,0,-1,0,0,0,0,0,0,0,0,0,0],[-1,0,0,0,-1,-1,-1,0,0,0,0,0,0,0],[0,-1,-1,0,1,-

1,1,1,0,-1,-1,0,1,1],[0,0,0,0,1,-1,-1,0,0,0,0,0,1,0],[0,0,0,0,0,-1,0,-1,1,-1,-1,0,0,0],[0,0,0,0,0,0,0,-1,-

1,0,0,-1,-1,0],[0,0,0,0,0,1,0,1,0,-1,-1,1,0,0],[0,0,0,0,0,1,0,1,0,1,-1,-1,0,0],[0,0,0,0,0,0,0,0,1,-1,1,-1,-

1,0],[-1,0,0,0,0,-1,-1,0,1,0,0,1,-1,0],[0,0,0,0,0,0,0,0,0,0,0,0,0,-1]]); 

 

MAPLE ANALYSIS  
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Qualitative stability analysis 

“Criterion i” 

Poly coef F0 to Fn = [-1 -14 -115 -652 -2762 -9052 -23356 -47744 -77137 -97446 -94267 -67386 -

33518 -10340 -1488] 

Positive feedback = [0 0 0 8 114 828 3944 13480 34314 65704 93634 96186 66880 27894 5214] 

Negative feedback = [-1 -14 -115 -660 -2876 -9880 -27300 -61224 -111451 -163150 -87901 -16382 

-100398 -38234 -6702] 

Absolute feedback = [1 14 115 668 2990 10708 31244 74704 145765 228854 281535 259768 

167278 66128 11916] 

wFn = [-1 -1 -1 -0.98 -0.92 -0.85 -0.75 -0.64 -0.53 -0.43 -0.33 -0.26 -0.02 -0.16 -0.12] 

“Criterion ii” 

wD13 = 7.5 * 10-16 

Ratio to model C = 2.3 108 

“Class I model” 

 

Qualitative press perturbation analysis 
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HERBIVOROUS FISH SPECIES 
 

 

 

MATRIX DESCRIPTION 
1: CRUS, 2: REC, 3: CB, 4: SRLF, 5: SRLJ, 6: FSHC, 7: PRED, 8: FSHH, 9: ALG, 10: BIR, 11: MM, 12: PLK, 

13: MCI, 14: MREC 

n:=14:A:=array(1..n,1..n,[[-1,-1,-1,-1,1,0,0,0,0,0,0,0,1,0],[1,-1,0,0,0,1,0,0,0,0,0,0,0,0],[1,0,-

1,0,0,1,0,0,0,0,0,0,0,0],[1,0,0,-1,0,0,0,0,0,0,0,0,0,0],[-1,0,0,0,-1,-1,-1,0,0,0,0,0,0,0],[0,-1,-1,0,1,-

1,1,1,0,-1,-1,0,1,0],[0,0,0,0,1,-1,-1,0,0,0,0,0,1,0],[0,0,0,0,0,-1,0,-1,1,-1,-1,0,0,1],[0,0,0,0,0,0,0,-1,-

1,0,0,-1,-1,0],[0,0,0,0,0,1,0,1,0,-1,-1,1,0,0],[0,0,0,0,0,1,0,1,0,1,-1,-1,0,0],[0,0,0,0,0,0,0,0,1,-1,1,-1,-

1,0],[-1,0,0,0,0,-1,-1,0,1,0,0,1,-1,0],[0,0,0,0,0,0,0,0,0,0,0,0,0,-1]]); 

 

MAPLE ANALYSIS  
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Qualitative stability analysis 

“Criterion i” 

Poly coef F0 to Fn = [-1 -14 -115 -652 -2762 -9052 -23356 -47744 -77137 -97446 -94267 -67386 -

33518 -10340 -1488] 

Positive feedback = [0 0 0 8 114 828 3944 13480 34314 65704 93634 96186 66880 27894 5214] 

Negative feedback = [-1 -14 -115 -660 -2876 -9880 -27300 -61224 -111451 -163150      -187901 -

16382 -100398 -38234 -6702] 

Absolute feedback = [1 14 115 668 2990 10708 31244 74704 145765 228854 281535 259768 

167278 66128 11916] 

wFn = [-1 -1 -1 -0.98 -0.92 -0.85 -0.75 -0.64 -0.53 -0.43 -0.33 -0.26 -0.02 -0.16 -0.12] 

“Criterion ii” 

wD13 = 7.5 * 10-16 

Ratio to model C = 2.3 108 

“Class I model” 

Qualitative press perturbation analysis 
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LARGE CRUSTACEANS 
 

 

MATRIX DESCRIPTION 
1: CRUS, 2: REC, 3: CB, 4: SRLF, 5: SRLJ, 6: FSHC, 7: PRED, 8: FSHH, 9: ALG, 10: BIR, 11: MM, 12: PLK, 

13: MCI, 14: MREC 

n:=14:A:=array(1..n,1..n,[[-1,-1,-1,-1,1,0,0,0,0,0,0,0,1,1],[1,-1,0,0,0,1,0,0,0,0,0,0,0,0],[1,0,-

1,0,0,1,0,0,0,0,0,0,0,0],[1,0,0,-1,0,0,0,0,0,0,0,0,0,0],[-1,0,0,0,-1,-1,-1,0,0,0,0,0,0,0],[0,-1,-1,0,1,-

1,1,1,0,-1,-1,0,1,0],[0,0,0,0,1,-1,-1,0,0,0,0,0,1,0],[0,0,0,0,0,-1,0,-1,1,-1,-1,0,0,0],[0,0,0,0,0,0,0,-1,-

1,0,0,-1,-1,0],[0,0,0,0,0,1,0,1,0,-1,-1,1,0,0],[0,0,0,0,0,1,0,1,0,1,-1,-1,0,0],[0,0,0,0,0,0,0,0,1,-1,1,-1,-

1,0],[-1,0,0,0,0,-1,-1,0,1,0,0,1,-1,0],[0,0,0,0,0,0,0,0,0,0,0,0,0,-1]]); 

 

MAPLE ANALYSIS  
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Qualitative stability analysis 

“Criterion i” 

Poly coef F0 to Fn = [-1 -14 -115 -652 -2762 -9052 -23356 -47744 -77137 -97446 -94267 -67386 -

33518 -10340 -1488] 

Positive feedback = [0 0 0 8 114 828 3944 13480 34314 65704 93634 96186 66880 27894 5214] 

Negative feedback = [-1 -14 -115 -660 -2876 -9880 -27300 -61224 -111451 -163150 -87901 -

16382 -100398 -38234 -6702] 

Absolute feedback = [1 14 115 668 2990 10708 31244 74704 145765 228854 281535 259768 

167278 66128 11916] 

wFn = [-1 -1 -1 -0.98 -0.92 -0.85 -0.75 -0.64 -0.53 -0.43 -0.33 -0.26 -0.02 -0.16 -0.12] 

“Criterion ii” 

wD13 = 7.5 * 10-16 

Ratio to model C = 2.3 108 

“Class I model” 

 

 

Qualitative press perturbation analysis 
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SEABIRDS AND MIGRATORY SHOREBIRDS 
 

 

MATRIX DESCRIPTION 
1: CRUS, 2: REC, 3: CB, 4: SRLF, 5: SRLJ, 6: FSHC, 7: PRED, 8: FSHH, 9: ALG, 10: BIR, 11: MM, 12: PLK, 

13: MCI, 14: MREC 

n:=14:A:=array(1..n,1..n,[[-1,-1,-1,-1,1,0,0,0,0,0,0,0,1,0],[1,-1,0,0,0,1,0,0,0,0,0,0,0,0],[1,0,-

1,0,0,1,0,0,0,0,0,0,0,0],[1,0,0,-1,0,0,0,0,0,0,0,0,0,0],[-1,0,0,0,-1,-1,-1,0,0,0,0,0,0,0],[0,-1,-1,0,1,-

1,1,1,0,-1,-1,0,1,0],[0,0,0,0,1,-1,-1,0,0,0,0,0,1,0],[0,0,0,0,0,-1,0,-1,1,-1,-1,0,0,0],[0,0,0,0,0,0,0,-1,-

1,0,0,-1,-1,0],[0,0,0,0,0,1,0,1,0,-1,-1,1,0,1],[0,0,0,0,0,1,0,1,0,1,-1,-1,0,0],[0,0,0,0,0,0,0,0,1,-1,1,-1,-

1,0],[-1,0,0,0,0,-1,-1,0,1,0,0,1,-1,0],[0,0,0,0,0,0,0,0,0,0,0,0,0,-1]]); 

 

 

MAPLE ANALYSIS  
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Qualitative stability analysis 

“Criterion i” 

Poly coef F0 to Fn = [-1 -14 -115 -652 -2762 -9052 -23356 -47744 -77137 -97446 -94267 -
67386 -33518 -10340 -1488] 

Positive feedback = [0 0 0 8 114 828 3944 13480 34314 65704 93634 96186 66880 27894 
5214] 

Negative feedback = [-1 -14 -115 -660 -2876 -9880 -27300 -61224 -111451 -163150 -87901 
-16382 -100398 -38234 -6702] 

Absolute feedback = [1 14 115 668 2990 10708 31244 74704 145765 228854 281535 
259768 167278 66128 11916] 

wFn = [-1 -1 -1 -0.98 -0.92 -0.85 -0.75 -0.64 -0.53 -0.43 -0.33 -0.26 -0.02 -0.16 -0.12] 

“Criterion ii” 

wD13 = 7.5 * 10-16 

Ratio to model C = 2.3 108 

“Class I model” 

 

Qualitative press perturbation analysis 
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Initial system with all 5 groups of interest 
 

 

MATRIX DESCRIPTION 
1: CRUS, 2: REC, 3: CB, 4: SRLF, 5: SRLJ, 6: FSHC, 7: PRED, 8: FSHH, 9: ALG, 10: BIR, 11: MM, 12: PLK, 

13: MCI, 14: MREC ; 

n:=14:A:=array(1..n,1..n,[[-1,-1,-1,-1,1,0,0,0,0,0,0,0,1,1],[1,-1,0,0,0,1,0,0,0,0,0,0,0,0],[1,0,-

1,0,0,1,0,0,0,0,0,0,0,0],[1,0,0,-1,0,0,0,0,0,0,0,0,0,0],[-1,0,0,0,-1,-1,-1,0,0,0,0,0,0,0],[0,-1,-1,0,1,-

1,1,1,0,-1,-1,0,1,1],[0,0,0,0,1,-1,-1,0,0,0,0,0,1,0],[0,0,0,0,0,-1,0,-1,1,-1,-1,0,0,1],[0,0,0,0,0,0,0,-1,-

1,0,0,-1,-1,1],[0,0,0,0,0,1,0,1,0,-1,-1,1,0,1],[0,0,0,0,0,1,0,1,0,1,-1,-1,0,0],[0,0,0,0,0,0,0,0,1,-1,1,-1,-

1,0],[-1,0,0,0,0,-1,-1,0,1,0,0,1,-1,0],[0,0,0,0,0,0,0,0,0,0,0,0,0,-1]]); 

MAPLE ANALYSIS 
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Qualitative stability analysis 

“Criterion i” 

Poly coef F0 to Fn = [-1 -14 -115 -652 -2762 -9052 -23356 -47744 -77137 -97446 -94267 -67386 -

33518 -10340 -1488] 

Positive feedback = [0 0 0 8 114 828 3944 13480 34314 65704 93634 96186 66880 27894 5214] 

Negative feedback = [-1 -14 -115 -660 -2876 -9880 -27300 -61224 -111451 -163150 -87901 -16382 

-100398 -38234 -6702] 

Absolute feedback = [1 14 115 668 2990 10708 31244 74704 145765 228854 281535 259768 

167278 66128 11916] 

wFn = [-1 -1 -1 -0.98 -0.92 -0.85 -0.75 -0.64 -0.53 -0.43 -0.33 -0.26 -0.02 -0.16 -0.12] 

“Criterion ii” 

wD13 = 7.5 * 10-16 

Ratio to model C = 2.3 108 

“Class I model” 

 

Qualitative press perturbation analysis 
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