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Presentation Notes
I am presenting a synthesis from several sources incorporating European results into a United States context.  I have relied heavily on recent summaries presented by Jenny Dannheim, Steven Degraer and others. Much of the work depends upon the collaborative work of a broad group of colleagues including the INSITE project and the ICES Working Group on Marine Benthal Renewable Energy Developments. 
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Benthic Habitats

• Benthic Habitat Modification
• Soft sediments
• Hard sediments

• Enrichment: Benthic-Pelagic Coupling
• Energy flow
• Fate of energy
• Food webs

• Connectivity / Habitat Expansion
• Islands of complexity

• Habitat Suitability
• Changing trophic structure
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Benthic habitats are the starting point for examining cumulative impacts to marine ecosystems from offshore structures.  This is because the structures introduce benthic habitat and then have cascading effects on surrounding habitat.
We will look at what we know about four major effects and speculate about cumulative effects.  I will be focused on those effects that can provide the greatest insight into cumulative effects.  
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Fishing Effects Model Percent Sediment Type
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19%

Sum of Acres within Fishing Effects 
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Michelle Bachman, 2020
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Let’s first take a look at the distribution of benthic habitats within the areas considered for offshore wind leases. To assess cumulative effects, the distribution of habitats in the project area should be compared to habitats in the region.
The map you see here is from Michelle Bachman’s Fishing Effects model, a similar map was used for cumulative effects analysis in the recent SEIS for VW.
You will notice that much of the shelf is sand with gravel in large patches and silt/mud on the slope and embayments.  Gravel here represents all particles larger than gravel so includes cobbles and boulders. 
So we know that some lease areas are dominated by hard bottom habitats and others are dominated by soft bottom habitats.  These habitats are being mapped in much greater detail than presented here.
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Benthic Habitat Modification

• Introduction of intertidal-
subtidal surface

• Bottom sediment modification
• Changes to benthic-pelagic 

coupling
• Key cumulative effects: export 

of energy and changes in local 
food webs

HDR. 2020. Benthic and Epifaunal Monitoring During Wind Turbine 
Installation and Operation–OCS Study BOEM 2020-044.
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We know that offshore structures introduce intertidal and subtidal hard substrata to offshore areas.  This leads to colonization of the surfaces and changes to the surrounding sediments, to the flow of energy, and to local food webs.
I think that it is important to note these are not novel substrata, just novel locations.  We have plenty of similar structures in harbors and coasts such as bridge piers, seawalls and docks.
So we are looking at a shift of processes from the nearshore to the open ocean.  This might prove to be a stimulus of energy to open ocean habitats or it might be very local.
I also think that it is important when considering benthic habitats to pay close attention to the function of species more than the species themselves. Organisms with key roles in function will contribute heavily to larger ecosystem effects 
but these can range from large obvious animals down to bacteria as they each contribute to secondary production, remineralization, bioturbation, and physical structure,   Here we have an accounting of many of the key species found at the BIWF after 3 years.
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Bottom Sediment
Modification

• Organic enrichment
• Energy flow
• What we know

• Changes in particle size
• Changes in organic content
• Changes to flora and fauna

• What we need to know
• What is the fate of the energy?
• What is the appropriate spatial 

scale?

Degraer et al., 2020, Oceanography Special Issue Vol. 33, 4
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If we take a closer look at bottom sediment modification we have learned that most of the changes are due to organic enrichment from the organisms colonizing the structure. 
They filter plankton and discharge waste directly to the surrounding seafloor.  This leads to a ‘fining’ of the sediment, increases in organic content and introduces new organisms to this food-rich habitat.
What is less clear is how much of the energy from the water column stays near the structure and how much is exported to the larger ecosystem
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From WestBanks vliz.be, Buessler et al., 2007, Pew Trust 

CO2

Benthic-Pelagic Processes in shallow shelf (0-100m) before and after WTGs

After Gill et al., 2019, Wildlife and Wind farms
Degraer et al., 2020, Oceanography Special Issue Vol. 33, 4

Sinking 
Particles

6

Presenter
Presentation Notes
If we compare processes on the shallow NE Atlantic shelf (or North Sea) before wind farms and after, the enrichment becomes clear. 
I have modified a conceptual diagram from Andrew Gill and others and put in a few N Atlantic species to provide context, 
In most cases wind farms are located on sandy sediments with relatively low energy input.
The phytoplankton blooms are largely consumed by zooplankton, and they in turn by squid and planktivorous fish and waste materials fall slowly through the water column with additional consumption by bacteria.  
The organic matter that reaches the seafloor supports low populations of benthic infauna and epifauna (scallops) and demersal scavengers (crabs, lobsters).  
In the presence of a vertical structure, filter feeders colonize the structure and accelerate the flow of energy to the seafloor.  Scavengers and predators move from the seafloor up the structure to feed.
The net change appears to be a local increase in energy flow from pelagic sources to the benthos.
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Enrichment: Benthic-Pelagic Coupling

Biomass growth on foundation

Predation increased

Biomass exported 

How much reaches Benthos?

Does benthic production increase?

Does food web change?

How far does this go?
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So what we know is that there is a net increase in energy to the benthos with potentially quite a lot exported into mobile species.  Lisa Methratta will be addressing cumulative effects on finfish later today. 
A lot of the energy is likely to go into growth and reproduction of benthic species.  So how does the benthos respond to increased food supply and how far away from each structure should we expect to see effects?
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Enrichment

• Predation and increase in prey species
• Brings demersal species into water 

column
• Starfish
• Demersal-pelagic finfish (structure loving)
• Crabs

• Top trophic species attracted to 
predators

• Marine mammals
• Highly migratory species

• Benthic food web responds to energy 
and complexity
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As we indicated before there are potentially complex changes associated with introduction of a structure.  
Demersal species such as starfish and crabs will move up the structure to feed and finfish that are attracted to structure may move further from the seafloor.
The presence of these predators will attract higher trophic levels like HMS and marine mammals
Evidence thus far suggests that the benthic food web responds to the influx of energy and to the presence of complex structure including epifauna and scour protection materials
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Energy flow to Benthos
• Primary production captured locally (energy in phytoplankton or epiflora)
• Energy turned into biomass of epifauna (gC or kJ)
• Energy exported to benthos (soft and hard)
• Energy exported to demersal-pelagic fish and invertebrates
• Increased secondary production in benthos and water column
• Alter food web to support scavengers, surface deposit feeders

NY Bight BIWF
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The observed increase in energy flow to the benthos is the result of efficient filter feeders in the intertidal and shallow subtidal zone. Waste and litter is deposited rapidly on the seafloor because of relatively shallow depths.
If we follow the energy (rather than specific species) we have information that can be used in ecosystem models to examine potential changes in primary production and secondary production and scale to larger numbers of structures.
The majority of the sediments present in lease areas are sandy and support relatively low densities of benthic infauna, as fines and organic material increase these habitats will acquire more biomass and species adapted to energy input.
We know that benthic habitats with sufficient detrital influx support a more complex food web of animals that feed directly on bacteria and detritus and scavengers feeding on biological waste.  
These animals in turn are prey for demersal fish
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Biomass exported

• Mobile predators move away from site – energy export
• Mobile predators stay at site – energy to benthos
• Suspension feeders feed on waste – energy to benthos
• Detritus and shell litter – energy to benthos (some refractory)
• Remineralization of detritus in benthos
• Release of energy back to water column

Baustian et al. 2015
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The export of energy in the form of biomass and recycled nutrients may have the most important effect on the ecosystem beyond the vicinity of each structure. 
From studies in estuaries, upwelling zones and areas with relatively high energy input we know that much of the energy in shallow water is recycled back into the water column and supports growth of phytoplankton.
We do not expect ‘over-enrichment’ in these lease areas due to open water conditions with strong circulation and a distance of 1 NM between each structure
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Spatial and temporal scale of energy flows

• Most studies = 1, 3, 5 years
• Result in localized effects 5-50 m and initial food web

• Belgian studies = 10 + years
• Result in wider effects (>200 m) and changes in food web

• Unknown effects on benthos beyond 10 years and 200 m
• Does the system stabilize or continue to change?
• Does a measurable amount of energy export have a wider ecosystem effect?

• Connectivity 
• May be affected by the nature of benthic habitats near projects (Wilhelmsson

and Malm, 2008) – hard substratum vs. soft substratum
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We are learning more about potential cumulative effects.  Most of the studies of the benthos have accounted for a few years of changes and those studies record very local effects, up to 50 m and describe the food web developed in that time.
In Belgium, studies have lasted longer and have seen wider effects as far as 200 m from structures and recorded further changes in food webs over time.
At this point we don’t know what effects there are beyond about 10 years and do not yet know if there is measurable export of energy beyond that 200 m area.
Another aspect of scale is the concept of Connectivity where animals attracted to one structure ‘spillover’ to nearby areas. 
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Connectivity

• Introduction of inter-tidal 
habitat in deeper water

• Potential habitat expansion for 
both desirable and undesirable 
species.

• May be affected by the nature of 
benthic habitats near projects 
(Wilhelmsson and Malm, 2008)

• What we know
• Inter-tidal species colonize 

offshore structures

• What we need to know
• At what scale does this 

connectivity move from small-
scale effect to large scale effect?

Degraer et al., 2020, Oceanography Special Issue Vol. 33, 4
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Connectivity is part of a conceptual understanding of cumulative effects.
This relates to the interaction of changes at each individual structure with other structures, habitats and more distant structures.
We know that structures are colonized, we have observed this colonization affecting natural reefs as much as a mile away through larval or direct transport of animals.
So we come back to assessing in more detail the specific habitats in and around each project as the existing habitat will have a large role in changes
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As we gather more site specific data we are mapping benthic habitats to a level of detail never before possible.  Not surprisingly, the distribution of habitats is far more complex than the sediment model
This is a map of geological units with some site specific data, these broadly predict sediment types from boulders to sand and fine sediments. 
If we look at the model at the same scale, we can see the model is broadly predictive of habitats.
This is an approach that can continue to be refined as we map the detailed distribution of benthic habitats.
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If we look at the model at the same scale, we can see the model is broadly predictive of habitats.
This is an approach that can continue to be refined as we map the detailed distribution of benthic habitats.
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Habitat Suitability

• Food web dynamics
• Primary productivity
• Predator-prey relationships

• What we know
• Documentation of species 

presence/absence
• Spatial/temporal resolution 

• What we need to know
• How does this affect habitat 

function?
• How is it functioning at an 

ecosystem scale?
• Is effect positive or negative? 

Functionally equivalent?
Degraer et al., 2020, Oceanography Special Issue Vol. 33, 4
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Finally, if we examine habitat suitability this relates to the influence of the existing habitat and changes to the food web dynamics as a result of shifts in consumption of primary production and predator-prey relationships.
Most importantly we need to focus on the function of the elements of each habitat: provision of structure, food resources, refuge, and areas suitable for spawning
This concept of function refers to the transformation of energy through the food web and how the presence of an altered food web and structure affects the resource value of the habitat and the wider ecosystem.
We know that certain functional groups like filter feeders are expected to attach to structures and other functional groups like predators and scavengers respond to the presence of the filter feeders, 
additional functional groups such as deposit feeders and bacteria then process the waste energy. 
To address cumulative impacts on the benthos and of the benthos on the ecosystem, we need to understand the scale and the functional effects of these changes.
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In summary we need to understand:  the physical modification of benthic habitats, the scale of energy flow, the potential connectivity between isolated hard substrates and the function of changes in food webs.
We are indebted to many colleagues in Europe and the United States who have conducted, compiled and reviewed the hundreds of studies of offshore structures on the benthos.  
This is an incomplete list so my apologies to anyone not acknowledged.
Thank you for your time and attention.
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