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MODULE 7:
MARINE FISH AND FISH HABITAT: OVERVIEW OF POTENTIAL EFFECTS

7.1 Introduction

The Study Area and its surrounding marine environments are known to be used by a diversity of marine fish and
invertebrates (Module #). The presence, abundance and distribution of particular species and associated habitat
characteristics (both abiotic and biotic) vary considerably across this rather large and diverse marine
environment, which transitions from relatively shallow shelf zones, through the continental slope to deep areas,
all of which are used by fish and invertebrate species of commercial, cultural and ecological importance and
support regionally important areas of biodiversity and marine productivity.

Marine fish and fish habitat, and the potential effects of exploratory drilling and associated activities on this
Valued Component (VC), are subject to the relevant provisions of the federal Fisheries Act and its associated
regulations, which provides protection to commercial, recreational, and Aboriginal fisheries by protecting the
fish resources and habitats that support these activities. Under the Fisheries Act, “fish” include all parts and life
stages of fish, shellfish, crustaceans and marine animals. Fish habitats include areas that fish directly or indirectly
use to live, including nursery, rearing, spawning, migration and foraging areas. Certain fish species and their
habitats may also be provided with legislative protection within Canadian (federal Species at Risk Act; SARA)
and/or provincial (NL Endangered Species Act; NL ESA) jurisdictions or have been identified as species of
conservation concern through the Committee on the Status of Endangered Wildlife in Canada (COSEWIC)
(Module #).

7.2 Planned Drilling Activities and Emissions

Potential interactions between offshore exploratory drilling and associated activities and marine fish and fish
habitat, and possible resulting effects on this VC, include:

e The destruction, contamination or other alteration of marine habitats and benthic organisms due to the
discharge and deposition of drill cuttings and fluids, the deployment and use of other equipment, and
possibly the introduction and spread of aquatic invasive species.

e Contamination of fish and invertebrates and their habitats due to other environmental discharges during
planned oil and gas exploration drilling and other associated survey and support activities (e.g., deck
drainage, bilge water, treated produced water).

e Attraction of marine fish to drill rigs and vessels, resulting in increased potential for injury, mortality,
contamination or other interactions.

e Injury, mortality or other disturbances to marine fish and invertebrates as a result of exposure to noise
within the water column during vertical seismic profiling (VSP) or other drilling related activities.

e Temporary avoidance of areas by mobile marine fish species due to underwater noise or other

disturbances, which may alter their overall presence and abundance as well as disturbing movements,
migration, feeding or other activities and life stages.
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e Changes in the availability, distribution or quality of feed sources or habitats for fish and invertebrates
as a result of drilling related activities and their associated environmental emissions.

An overview of the various effects on marine fish and fish habitat that may result from these interactions (and
their interrelationships) is summarized in Table 7.1 below.

Table 7.1 Marine Fish and Fish Habitat: Potential Effects of Planned Drilling Activities and Emissions
Potential Overview
Effects
Fish mortality, injury or health effects may occur both directly and indirectly as a result of
planned offshore oil and gas drilling activities.
These may result from, for example: the discharge of drill cuttings and resulting smothering
1) Changein of benthic invertebrates; injury or mortality through contact with underwater noise from VSP

Mortality / Injury
Levels and Health

surveys rig positioning systems or other activities; or through the contamination of fish or
their habitats and food sources through emissions and discharges into the marine
environment.

Increased levels of mortality, injury and health effects can have resulting implications for the
overall presence, density and diversity of fish and invertebrates in a region (See #2 below).

2) Changein
Presence /
Abundance and
Distributions
(Behavioural Effects)

Potential attraction to, or avoidance of, offshore exploratory activities (behavioral effects)
can influence the overall presence, abundance and distribution of mobile fish species in an
area.

Some individuals may be attracted to offshore facilities and activities due to increased food
availability (including waste discharges or concentrations of certain prey species) or by
underwater lighting.

Conversely, some species may avoid the area because of sensory disturbances or other
environmental changes (noise, increased presence of predators).

These behavioural changes can also, in turn, have implications for mortality, injury or health
(See #1 above), particularly if these disturbances occur for extended periods of time, if
important and sensitive life history stages are disrupted, or if they result in displacement of
individuals from important habitats or food sources (See #3 and #4 below).

3) Change in Habitat
Use, Availability and
Quality

Offshore exploratory activities and their associated emissions or disturbances (drill cuttings,
others) may change the physical or chemical characteristics of habitats used by marine fish
and invertebrates.

Any resulting changes in the availability, extent and quality of habitats have the potential to
affect the presence, abundance and health of fish that use the affected areas (See #1 and #2
above).

4) Change in Food
Availability or Quality

Offshore drilling activities and their environmental discharges can also lead to changes in the
availability, quantity and quality of food sources for fish.

This can include potential decreases in food availability of quality through the various effects
on species presence, abundance and health described above (See #1 and #2) as well as
potential increase feeding opportunities due to organic waste released from drill rigs and
vessels or other attraction effects.

These increases or decreases in food availability or quality can lead to behavioural effects that
affect the presence, abundance and distribution of individuals in an area (See #2 above), as
well as potentially affecting the health (See #1 above) of individuals or populations.

Table 7.2 indicates which of the various components and activities that are associated with offshore exploratory
drilling and their associated emissions and disturbances are potential contributors to these effects on this VC.
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Potential Contributors to Effects on Marine Fish and Fish Habitat (Planned Drilling Activities
and Emissions)
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Table 7.3 summarizes current information and knowledge from the literature and other sources on the nature
and degree of these potential effects.

Table 7.3

Potential Effects on Marine Fish and Fish Habitat: Summary of Current Knowledge (Planned

Drilling Activities and Emissions)

Physical Activities /
Components

Potential Effects: Summary of Current Knowledge

Presence and Operation
of Drill Rig

The presence and operation of the drill rig can affect marine fish and fish habitat
through anchoring/mooring and the generation of underwater light and sound
emissions.

Anchoring/mooring systems (if applicable in shallower waters) can disturb benthic
habitats and cause injury or mortality to benthic invertebrates including corals and
sponges (Cordes et al. 2016; DNV 2013; Ragnarsson et al. 2017) but over a longer period
of time may also provide additional hard substrate for colonization by invertebrates,
enhancing the reef effect that may be associated with the drill rig (Page et al. 2005).
Direct impacts of infrastructure installation, including sediment resuspension and burial
by seafloor anchors are typically restricted to a radius of approximately 50 m to 100 m
from the installation on the seafloor (DNV 2013; Cordes et al. 2016). Recovery and
recolonization of habitats is dependent on distance to source species and species
densities. Recovery is often slower in deepwater environments compared to shallow
water environments (Clark et al. 2016).

Operation of an offshore drill rig (including dynamic positioning and drilling activities)
typically generates continuous (steady-state), non-impulsive sound that ranges from
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Physical Activities /
Components

Potential Effects: Summary of Current Knowledge

approximately 130 to 190 dB re 1 pPa at 1 m with a peak frequency range of 10 HZ to
10,000 Hz (Hildebrand 2005; OSPAR 2009; MacDonnell 2017).

Due to a range in hearing capabilities and sensitivities (Hawkins and Popper 2014), and
differences in physiology, ecology and adaptation (Radford et al. 2014; Carroll et al.
2017), effects from underwater sound can vary considerably by species and/or life stage
of the fish exposed to the sound, and by the intensity of sound, distance from source
and other factors.

There is no direct evidence of mortality to fish as a result of continuous sound
associated with drilling activities, vessel traffic and other equipment used during
offshore oil and gas exploration (Popper and Hastings 2009; Popper et al. 2014).
Popper et al. (2014) proposed qualitative guidelines to describe the relative risk to
marine fish of potentially experiencing mortality, hearing impairment and behavioural
effects from exposure to continuous (non-impulsive) sources of underwater sound and
suggests that the risk of mortality and potential mortality injury is expected to be low
for all fish (including eggs and larvae) when exposed to shipping and continuous sounds
even at near field (tens of metres) distances (Popper et al. 2014).

Popper et al. (2014) also suggests that temporary impairment (temporary threshold
shift) could occur to fish with swim bladders involved in hearing (e.g., cod, herring)
when exposed to continuous (non-impulsive) sound levels of 158 dB rms over 12 hours.
Although injury may not occur, avoidance of damaging sound levels can be a costly
behaviour for mobile fish in terms of lost foraging time, increased energetic costs of
transiting and interrupted feeding, and less efficient foraging in areas that are not as
well known (Weilgart 2018).

Behavioural responses to sound can vary considerably amongst species and likely
depend on contextual variables such as location, temperature, physiological state, age,
body size and school size (Kastelein et al. 2008). Behavioural responses can include
changes in foraging and feeding, reproductive, anti-predatory, migratory and/or
schooling behaviour (Weilgart 2018; Popper and Hawkins 2019). Some studies have
demonstrated fish attraction to vessels (Rgstad et al. 2006) while others have shown
avoidance (de Robertis and Handegard 2013).

Masking (i.e., drowning out of sounds of interests to animals) effects can occur,
particularly if the sound is in the frequency range where fish communication takes
place, thereby impeding communication in fish (Slabbekoorn et al. 2010; Radford et al.
2014; Weilgart 2018). Impairment of the ability of a fish to detect and respond to
biologically relevant sounds can decrease survival and fitness of individuals and
populations (Radford et al. 2014; Popper and Hawkins 2019).

In addition to producing underwater sound emissions, the drill rig will also generate
underwater light emissions. Artificial light from the drill rig may result in the attraction
of some fish and invertebrate species and provide increased opportunities for foraging
and prey capture (Keenan et al. 2007; Cordes et al. 2016). However, light from the drill
rig would be quickly attenuated by surface/wave refraction and absorption.
Depending on the design of the drill rig, it may provide a surface for colonization by
invertebrates, which, along with the underwater lighting and establishment of a safety
(exclusion) zone around the drill rig (excluding other marine traffic and fishing activity),
may enhance foraging and shelter opportunities and result in a temporary “reef effect”
(aggregation of fish) (Picken and MclIntyre 1989; Fabi et al. 2004; Page et al. 2005).

Vertical Seismic Profiling
(VSP)

Seismic surveys generate short duration broadband impulse sounds with high peak
source levels (220-255 dB re 1 pPa at 1 m) (Nowacek et al. 2007).

Reviews of studies on the effects of seismic sound on marine life report no direct
evidence of mortality of ~~ult fish or shellfish in response to seismic sound exposure
at field operating levels O 2004, Payne et al. 2009; CEF 2011; Streever et al. 2016).
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Physical Activities /
Components

Potential Effects: Summary of Current Knowledge

Seismic surveys can result in physical, nhvsiological and/or behavioural effects on fish
and invertebrates (Payne et al. 2008).

Fish with connections between the inner ear and swim bladder (e.g., herring) have
increased hearing sensitivity and may be more susceptible to sound pressure (Carroll
et al. 2017). Organisms that rely exclusively on particle motion to detect sound (most
invertebrates) are more resilient to anthropogenic sound exposure (Morley et al.
2014). Deep water species and those lacking swim bladders may be less vulnerable to
effects from seismic survey activities (Boertmann and Mosbech 2011).

Sound exposure guidelines for seismic activities for fish suggest that temporary
threshold shift (TTS) may occur at over 186 dB SEL.um, recoverable injuries may occur
between 203 and 216 dB SELcum (or 207-213 dBpeak), and mortality or potential lethal
injuries may occur between 207 and 219 dB SELcum (207-213 dBypeak) (Popper at al.
2014).

Early life stages of fish (e.g., eggs, larvae, fry), which are less mobile and unable to
avoid high levels of sound pressure levels are more likely to experience physiological
effects (mortality, non-lethal effects) (Dalen 2007). Popper at al. (2014) suggests that
exposure of eggs and larvae to sound levels >210 dB SELcum ( >207 dBypeak) could result
in mortality and/or potential mortal injury for eggs and larvae. However, it has been
suggested that mortality rates caused by exposure to seismic energy are relatively low
compared to natural mortality, such that the environmental effect ~f seismic activity
on recruitment to a fish stock would be negligible (Gausland 200 alen et al. 1996).
Although there are fewer studies on the effects of seismic sound on zooplankton, it
has been suggested that where seismic sound causes significant mortality to
zooplankton it could have greater ramifications for ecosystem structure and health
(McCauley et al. 2017).

Behavioural responses of fish to underwater sound, including seismic sound, can vary
greatly among species and can include a startle response, change in swint=2ing
direction, speed or depth, change in feeding behaviour and/or temporan = Hidar==
of the area (Engas et al. 1996; McCauley at el. 2000a, 2000b; McCauley et al. 200:
Slotte et al. 2004; Fewtrell and McCauley 2012; Lgkkeborg et al. 2012). Some studies
have shown no measureable behavioural chang all when fish are exposed to
seismic sound source arrays (Wardle et al. 2001, i ciia et al. 2013).

Most studies suggest that if behavioural effects of fish to underwater sound are brief
and outside a critical period, they are not expected to result in biological or physical
effects (McCauley et al. 2000a, 2000b; Dalen 2007). However, the implications of
measureable displacement of fish (as demonstratec ;ome studies measuring catch
rates) are not fully understood (Streever et al. 2016,.

There remain considerable gaps in the understanding of anthropogenic sound on fish
and invertebrates (Popper and Hastings 2009; Hawkins et al. 2015; Carroll et al. 2017;
Hawkins and Popper 2017; Weilgart 2018; Popper and Hawkins 2019).

Well Drilling and
Associated Marine
Discharges

The Offshore Waste Treatment Guidelines (NEB et al. 2010) outline minimum
performance targets for the management of wastes associated with drilling and
production operations in Canada’s offshore areas. Waste material discharged at the
concentration and manner specified in the OWTG is not expected to cause significant
adverse environmental effects (NEB et al. 2010).

Water-based drilling muds (WBMs) are primarily comprised of seawater, bentonite,
barite, potassium chloride, and other approved chemical additives. These components
are non-toxic and not likely to result in contamination (Neff 2005, 2010; Trannum et
al. 2011, Bakke et al. 2013; Purser 2015). Cuttings associated with WBM use are
permitted for ocean discharge.
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Potential Effects: Summary of Current Knowledge

Synthetic-based drilling muds (SBMs) or non-aqueous drilling fluids (NADFs) contain
similar components as WBM, but the base is a non-aqueous (water insoluble) organic
base fluid. Cuttings associated with SBM use are permitted for ocean discharge once
they are treated to reduce the concentration of SBM on cuttings to an acceptable
level. Studies examining effects of development drilling at various producing fields on
the Grand Banks have shown SBM to have relatively low toxicity with effects confined
to tens of metres from cuttings piles (Payne et al. 2006; Suncor Energy 2017; Husky
Energy 2019; HMDC 2019).

When WBM and SBM cuttings are discharged into the ocean, a plume is formed which
dilutes rapidly as it drifts away from the discharge point with prevailing currents.
Dissolved components dilute rapidly by mixing in the water column while denser
particles disperse and sink through the water column (IOGP 2016).

In general, pelagic organisms are at low risk of harm from drilling discharges primarily
due to the rapid rate of dilution and dispersal in the water column (Neff et al. 2000;
Neff 2010). Exposure of organisms in the water column to elevated turbidity and total
suspended solids concentrations is limited to those located within the discharge
plume and this exposure is intermittent and brief (IOGP 2016).

Decreased light penetration caused by turbidity of the cuttings plume may
temporarily decrease primary production of phytoplankton and clog the gills or
digestive tract of zooplankton (IOGP 2016). However, periodic minor increases in
turbidity or suspended solids do not significantly alter the primary production or
phytoplankton assemblages in the vicinity of the drill rig (Neff 2010; IOGP 2016).
Drilling waste discharges have generally been shown to have only minor effects on
water quality and pelagic ecosystems (Hinwood et al. 1994). Accumulation of drill
fluids and cuttings on the seafloor is the primary issue of concern for effects on fish
and fish habitat. The accumulation area and thickness of drill waste deposition on the
seafloor is a function of the cuttings type (use of WBM or SBM), amount of drilling
mud retained on the cuttings, particle size distribution in the cuttings, and physical
oceanographic profile (e.g., water depth, current speed and direction) at the discharge
site (IOGP 2016).

Drill cuttings discharges cause physical and chemical changes to the benthic
environment and can result in the following effects: burial/smothering of benthic
fauna; short-term elevations in suspended particulate matter and turbidity; changes in
benthic topography and sediment grain size; direct toxicity; oxygen depletion; and
sediment organic enrichment (Hurley and Ellis 2004; Smit et al. 2006, 2008; Neff 2010;
Trannum et al. 2010; Gates and Jones 2012; IOGP 2016).In some cases, these changes
can lead to changes in benthic macrofaunal distribution (Denoyelle et al. 2010).
Effects associated with sediment burial depend on mobility of the organism and the
frequency and rate of depth of cuttings deposition (IOGP 2016). Sediment burial
thresholds for benthic species can range from <1 cm to >50 cm (Kjelen-Eilertsen et al.
2004; Smit et al. 2006, 2008) depending on the taxon, size, and mobility of the
organism.

Infaunal organisms with limited mobility to avoid exposure, and in particular,
suspension feeding marine invertebrates, are more susceptible to effects from drilling
discharges (Armsworthy et al. 2005; Cranford et al. 1999; Neff 2010).

Exposure to low concentrations of WBM has not shown to be toxic to sea scallops,
polychaetes, amphipods, shrimp and various other fish species (Cranford et al. 1999;
Neff 2010) although exposure to high concentrations of WBM (beyond what would be
experienced in field conditions) over 96 hours to 68 days has shown sublethal effects
(e.g., reduced growth rates and altered foraging behaviours) to crustaceans, scallops
and haddock (Cranford et al. 1999; Neff 2010).
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As suspension feeding invertebrates, sponges and corals are considered sensitive to
suspended sediments and WBM exposure (Neff 2010; Buhl-Mortensen et al. 2015;
Edge et al. 2016; Ragnarsson et al. 2017). Some species of corals have been shown to
have higher tolerance to sedimentation and drilling deposition (Gates and Jones 2012;
Allers et al. 2013; Purser 2015), although sediment load and duration of discharge
have been found to be important factors in the degree of disturbance of corals and
sponges (Allers et al. 2013; DNV 2013; Edge et al. 2016).

Physical disturbance and discharge of drilling muds has been shown to decrease
diversity and density of organisms associated with structure-forming deep sea
sponges at a community level (Vad et al. 2018).

Several years of environmental effects monitoring of production projects on the
Grand Banks of Newfoundland (Terra Nova, Hibernia, White Rose) have shown
localized changes in sediment chemistry and grain size but found little to no evidence
of sediment toxicity from drill waste discharges, and no effects on fisheries resources,
as indicated by fish health assessment and taint tests (Suncor Energy 2017; Husky
Energy 2019; HMDC 2019).

In general, concentrations of barium (a primary component of drilling muds) have
decreased to background levels within 1000 and 3000 m from the platforms and
concentrations of elevated hydrocarbon concentrations have decreased to
background levels between 1000 and 5800 m from the platforms (HMDC 2019; Suncor
Energy 2017; Husky Energy 2019). Biological effects, including changes in community
composition, have been documented from 250 to 2000 m (Ellis et al. 2012).

The area of detection and scale of biological effects resulting from discharged SBMs
were smaller, with maximum concentrations of synthetic tracers in sediment detected
at distances ranging from 100 to 2000 m from the discharge location. Biological
effects associated with the release of SBM cuttings were generally detected at
distances of 50 to 500 m from well sites (Ellis et al. 2012; Suncor Energy 2017).

Visual surveys conducted using remotely operated vehicles after single exploration
wells offshore Nova Scotia verified the zone of drill waste deposition to be generally
consistent with predictive modelling, with the greatest evidence of deposition
observed within 30 m (Stantec 2019) to 75 m (Stantec 2017) from the wellhead.
Evidence of sediment deposition was observed out to approximately 325 m from the
wellhead (Stantec 2019) and the distribution, species types, and relative numbers of
macrofauna observed during post-drill surveys were similar to those observed during
pre-drill surveys (Stantec 2016, 2017, 2019).

Recovery of areas of biological effect from drill cuttings can vary considerably and is
influenced by the size and frequency of the disturbance (including whether cuttings
piles accumulated), distance to source colonizers, and local environmental conditions
(Gates and Jones 2012; Henry et al. 2017).

In some cases, abundance and species richness of bottom-dwelling fish were elevated
immediately after drilling in the area where sediments were completely covered by
drill cuttings, with a decrease observed to pre-drilling levels observed as the thickness
of the cuttings layer decreased over time (Jones et al. 2012).

In most cases there is substantial recovery in the megabenthic community within one
to four years after the discharge (Neff et al. 2000; Hurley and Ellis 2004; Jones et al.
2012; Ellis et al. 2012; Tait et al. 2016; IOGP 2016).

Less is known about the timeline for recolonization by benthic communities in deep-
water environments; benthic recovery is generally expected to take longer at greater
depths and in colder waters due to lower rates of metabolism and growth (Gates and
Jones 2012; Cordes et al. 2016; Henry et al. 2017).
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Well Evaluation and
Testing

During formation flow testing, produced water may be discharged in small volumes (if
not sent to the flare for disposal).

Water quality monitoring of produced water discharges at the Sable Offshore Energy
Project (SOEP) found produced water was highly diluted within 5 m of the discharge
caisson and no toxic results were observed in water column samples collected
adjacent to the platform (CNSOPB 2018a). As a natural gas production project, SOEP
generates less produced water and oil-in-produced water than the production of
crude oil (CNSOPB 2018a) so although still an over-representation of the volumes of
produced water that may be discharged during well evaluation and testing for an
exploration drilling program, these environmental effects monitoring results are more
applicable than those from other east coast operations.

Supply and Servicing
(Vessel and Helicopter Use)

Supply vessels will generate transitory light and sound emissions and marine
discharges (e.g., deck drainage, grey/black water).

Refer to Presence and Operation of Drill Rig above for a general discussion of effects
of continuous underwater sound emissions and light on marine fish.

There is no direct evidence of mortality to fish as a result of continuous sound
associated with vessel traffic and other equipment used during offshore oil and gas
exploration (Popper and Hastings 2009; Popper et al. 2014).

Studies on the effects of research vessels on marine fish have shown both attraction
and avoidance behaviour to steaming and anchored vessels (Skarat et al. 2005; Rgstad
et al. 2006; de Robertis and Handegard 2013).

The responses and reaction thresholds of fish to vessels may vary among species and
be overridden by reproductive (e.g., spawning) or other activities the fish may be
engaging in at the time (Skaret et al. 2005).

Marine discharges from supply vessels would be in accordance with regulatory
requirements and would be diluted rapidly in the ocean. For information on effects of
oil on marine fish (which could potentially result from an unauthorized discharge),
refer to Oil Spills below.

Well Abandonment or
Suspension

If the wellhead is removed using mechanical means (e.g., cutting), light and sound
emissions from equipment may cause temporary, localized effects on fish that may be
present, resulting in avoidance, attraction or no reaction from individuals (Raymond
and Widder 2007).

If a mechanical cutter cannot be used, an explosive charge may be used to sever the
wellhead from the seabed. Depending on the water depth and the size of the
explosive charge, this could result in mortality of fish, with the risk of fish mortality
decreasing with water depth of the wellhead.

Mortality of fish from explosive removal of structures has been reported as occurring
at minimum radii of 12 m to 349 m with most mortality observed within 24 m to 50 m
of the wellhead (Continental Shelf Associates 2003); fish without swim bladders are
less vulnerable to shock wave impacts at distance (Goertner et al. 1994; Continental
Shelf Associates 2003).

If the wellhead is left in place after the well is decommissioned, the structure may
serve as a hard substrate on which corals, sponges, or other invertebrates may
colonize (Cordes et al. 2016; Gates et al. 2017).
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7.3 Unplanned Events

The accidental release of hydrocarbons or other materials into the environment has the potential to adversely
affect marine fish and fish habitat in offshore and potentially nearshore areas. This can interact with and
potentially affect marine fish and fish habitat in terms of habitat and food availability and quality, fish mortality,
injury and health, and fish presence and abundance. The nature, magnitude, extent, duration and reversibility
of potential effects of an accidental release of hydrocarbons in the marine environment on marine fish and fish
habitat are largely dependent on a variety of biotic (species, life history, behaviour, resistance) and abiotic
(oceanographic conditions, exposure duration, oil type, oil treatment methods) factors.

In the event of an offshore oil release, adverse effects to marine fish and fish habitat in the area at the time of
the accident or malfunction are expected. Interactions with hydrocarbons would result in sublethal and lethal
mortality on fish and invertebrates depending on the species-specific responses and degree of interaction. This
may also may result in a decline in food availability and quality with implications for higher trophic levels. For the
duration of any accidental offshore oil release, there would be reductions in availability or quality of affected
marine habitats. The eventual break down of oil material in the water column and surface may become
transported to benthic habitats through sinking and flocculation, and would result in contamination of
subsurface environments and potential hydrocarbon interactions with sensitive coral and sponge species.

Table 7.4 summarizes current information and knowledge from the literature and other sources on the nature
and degree of the potential effects of accidental events on marine fish and fish habitat.

Table 7.4 Potential Effects on Marine Fish and Fish Habitat: Summary of Current Knowledge (Unplanned
Events)
Potential Accidental Event Potential Environmental Effects: Summary of Current Knowledge

e Qil spills can cause lethal and sublethal effects to marine fish from acute or chronic
exposure to water-soluble fractions of hydrocarbons (Carls et al. 2008 Incardona et al.
2014; Lee et al. 2015; Buskey et al. 2016).

e  Risk of exposure of fish and invertebrates to an oil spill depends on the type of oil and
volume released, the habitat affected, time of year, species physiology and life history,
and general health of the stock at the time of the spill (Lee et al. 2015).

e  Fish (including eggs and larvae) are primarily affected by the dissolved concentrations
of hydrocarbons in the water (French-McCay 2009). Pathways for exposure include
respiratory uptake, direct contact, diet, or maternal transfer to eggs (Lee et al. 2015).

e  Fish are typically at risk from acute oil exposure within 24-48 hours following an oil spill
(Lee et al. 2015). Fish kills are relatively brief and localized due to the rapid loss of low-

Oil Spill
(Batcr: Sgillljand molecular weight components of oil due to dilution and weathering (Lee et al. 2015).
Blowouts) e  Exposure of phytoplankton to oil may result in altered productivity and growth and in

some cases lead to a change in community composition and increased biomass
(Abbriano et al. 2011; Buskey et al. 2016).

e Laboratory studies have shown lethal and sublethal (e.g., physiological, feeding
fecundity, behavioural responses) effects on zooplankton (Seuront 2010; Almeda et al.
2013) from exposure to hydrocarbons. However, in most historical spills, zooplankton
have demonstrated rapid recovery, likely due to short generation times and high
fecundity, their ability (albeit limited) to avoid oily patches, and their recruitment from
unaffected areas (Seuront 2010; Abbriano et al. 2011).

e Early development stages of fish and invertebrates are more sensitive to oil than adult
stages (Dupuis and Ucan-Marin 2015; Lee et al. 2015; Vikebg et al. 2015; Incardona et
al. 2004, 2014). Ichthyoplankton have limited avoidance abilities and can experience
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lethal and sublethal effects (e.g., cardiotoxicity, deformities) from exposure, although
these effects may not necessarily result in population-level negative effects on larval or
adult populations (Ransom et al. 2016; Carroll et al. 2018).

e Phytoplankton and zooplankton play an important role in the sinking and sedimentation
oil through the secretion of polymers that aggregate particulate and dissolved organic
material into flocs called marine snow which then sinks to the seabed (Azam and
Malfatti 2007; Passow 2012. Oiled marine snow was implicated in impacts on
mesophotic and deep-sea coral communities after the Deepwater Horizon oil spill in the
Gulf of Mexico (Cordes et al. 2016).

e  OQil spills can have long-term impacts on deep-sea benthic organisms when hydrocarbon
and dispersants enter the sediments (Vad et al. 2018). Risk of exposure can be moderate
to high depending on their motility and use of contaminated sediments (Yender et al.
2002). Benthic invertebrates and deepwater fish species generally have lower
metabolisms, are slower growing, have longer life spans, and are therefore more
susceptible to disturbances such as oil spills (Cordes et al. 2016).

e Chemical dispersants break up oil slicks into very small oil droplets, promoting
accelerated microbial degradation of the spilled oil. However, this can increase exposure
of oil components to marine biota in the water column and the benthos (Lee et al. 2015;
Cordes et al. 2016).

e Although dispersants have been shown to have limited effects on oil exposure rates of
fish eggs and larvae (Vikebg et al. 2015), chemically-dispersed oil has been reported to
reduce larval settlement, cause abnormal development, and produce tissue
degeneration in sessile invertebrates such as corals and sponges (Cordes et al. 2016).

e SBMis a dense, low toxicity fluid which sinks rapidly through the water column (Neff et
al. 2000; CNSOPB 2005, 2018b).

e  Effects on marine fish and benthos would be similar to that describe above for Drilling
and Associated Marine Discharges.

Drill Fluids (SBM) Spills
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