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This Chapter is mainly aimed at assessing the area of influence of the project, including its
physical, biological and anthropic aspects. This shall enable the evaluation and
guantification of the probable environmental impacts derived from the planned activities
which shall be properly addressed in the subsequent chapters.

1 INTRODUCTION

The impact that a project may have on the environment depends both on the set of activities and
actions involved, and on the elements and processes that make up the environmental system in
which it shall be inserted.

As part of the study of the environmental impact of each project, it is necessary to analyze it from an
environmental point of view, developing a deep characterization of its general aspects (physical,
biological, cultural, and socioeconomic features). This is known as the Environmental Baseline
(LBA).

In order to carry out the characterization of the Environmental Baseline, this chapter was nourished
by secondary information obtained from the analysis of the antecedent works on each of the topics
addressed.

In order to incorporate secondary information to the analysis, the Environmental Baseline had to
comply with a set of conditions. Thus, it was important that said information be reliable, which is
mainly related to its source (origin), the treatment given to it and its representativeness. It was also
created to be as homogeneous as possible, so that the variables analyzed are the same, as well as
the criteria used for its preparation, thus allowing comparison between studies and between these
and the primary information generated. At the same time, emphasis was placed on the timeliness of
the data, so as to generate a smaller time lag between the moment they were taken and the
phenomenon to be analyzed. Finally, only the really useful and adequate information considered
relevant was used for the analysis to be carried out.

In this way, a characterization of the physical environment (climate, geology and oceanography), the
biotic environment (benthos, plankton, nekton and protected areas) and the anthropic environment
was possible, especially regarding the activities carried out in the area and over which the
implementation of the project may cause interference.
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2 AREA OF STUDY AND AREA OF INFLUENCE

The seismic information acquisition areas associated with the blocks identified as CAN_100,
CAN_108 and CAN_114 are located in the North Argentine Basin of the Argentine Continental Shelf.

The "CAN_100-108" seismic data acquisition area is located approximately 300 km from the nearest
coastal town, Mar del Plata, in the Province of Buenos Aires. The surface that is planned to be
explored within the "CAN_114" area is located more than 400 km from the town of Necochea, also
in the Province of Buenos Aires. The main access routes are maritime and / or air to and from these
locations.

The area of influence of a project is defined as the area over which it shall be possible to measure
impacts derived from the actions proposed. The area may be of direct (DIA) or indirect (l1A) influence
depending on the direct or indirect impact. The "Guide for the preparation of environmental impact
studies" of the former Secretariat of Environment and Sustainable Development (SAyDS, 2019)
defines the Area of direct influence (DIA) as "the maximum area surrounding the project and its
associated facilities, within which the direct environmental impacts on the identified sensitive
receptors can be predicted with reasonable (grounded) confidence and accuracy ” and the Area of
Indirect Influence (l1A) as “the area within which indirect impacts linked to direct impacts of the project
are anticipated, and whose effects could overlap or accumulate with environmental effects of other
past, present or future projects”.

Obviously, it shall not be possible to determine the area of influence of the project until the impacts
have been properly assessed. However, considering similar background, it is possible to determine
a study area that, on average, easily encompasses the areas of direct and indirect influence.
Consequently, the definition of the Study Area allows the categorization of areas of greatest interest
to focus efforts towards them (see Figure 2).

Given that the environmental impacts of an activity, work or project may vary from one component
to another and from one activity to another, it is feasible that during the process of identification and
delimitation of the area of influence of said project, areas of influence by component, group of
components or environment are then added to define the area of influence of the project. In this way,
the delimitation of the area of influence can consider one or more polygons.

According to the "Terms of Reference for the preparation of the Environmental Impact Assessment
- EIA - in marine seismic exploration projects at depths less than 200 m" of the Ministry of
Environment and Sustainable Development of Colombia (2016), “the area of influence of a marine
seismic exploration project, corresponds to the aggregation of the following areas: i) polygon of the
seismic exploration area, ii) buffer strip or protection, calculated from the acoustic wave propagation
models generated, defining as distance the sound level that can potentially affect the structure and
function of the ecosystem components (mainly sea turtles and marine mammals), iii) maneuvering
areas that the boat needs to change course, due to the fact that, although seismic activity is not
carried out in this area, the equipment is deployed, and iv) fraction of the continental zone, when
applicable, due to the location of communities that are affected in the normal development of their
economic activities (e.g. fishing or tourist operation) deriving from the execution of the project.”
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For the definition of the 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
it is necessary to determine the operational area (OA), that is, the space in which the key actions of
the project shall be carried out. The criterion used to establish the OA was to consider about 12 km
beyond the limits of the seismic data acquisition area in the direction of the acquisition lines (prime
lines)?, in order to include the turns that the seismic vessel shall make to perform line changes which,
according to the Project Description (Chapter 4), shall not exceed 11 km and a buffer of 2 km in the

rest of the perimeter. In this way, the OA comprises the maximum range of the ship's movements
during the survey.

The OA also includes the Port of Mar del Plata, where the logistics vessel shall be supplied with fuel,
fresh food and consumables every 2 or 3 weeks on average, and it shall also embrace the routes
between said port and CAN_100-108 and CAN_114 acquisition areas. Although the port of Buenos
Aires has been set as the port of shipment, it shall only be used during mobilization (entry of the
seismic vessel into the country) and demobilization (departure from the country of the seismic
vessel), hence, this port and this route shall only be used once at the beginning of the project, and
once at the end. The project activities are not expected to have a significant impact on these areas
given the limited nature of these operations and their common characteristics in shipping activities.

The geographical layout of the project's operational area is presented in Figure 1.
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Figure 1. Project operational area.

(Translation of Figure 1: Limite lateral maritimo: Maritime Lateral Limit. Limite 12 millas marinas:
Limit of 12 Nautical miles. Limite del mar territorial Argentino: Limit of the Argentine Territorial Sea.

1 The acquisition lines shall be deployed in NW-SE direction.
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Limite de Zona Economica exclusiva: Exclusive Economic Zone Limit. Limite de la Plataforma
Continental: Continental Shelf Limit. Area Operativa Puerto Mar del Plata: Operative Area of the
Port of Mar del Plata. Referencias: References. Rutas de Navegacién: Navigation Routes. Cuenca
Argentina Norte: Argentine North Basin. Area de Adquisicién de Datos sismicos: Seismic Data
Acquisition Area. Area Operativa: Operative Area. Area de Concesion: License Area).

Figure 2 shows the Study Area.
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Figure 2. Study Area

(Translation of Figure 2: Limite lateral maritimo: Maritime Lateral Limit. Limite 12 millas marinas:
Limit of 12 Nautical miles. Limite del mar territorial Argentino: Limit of the Argentine Territorial Sea.
Limite de Zona Economica exclusiva: Exclusive Economic Zone Limit. Limite de la Plataforma
Continental: Continental Shelf Limit. Referencias: References. Rutas de Navegacion: Navigation
Routes. Cuenca Argentina Norte: Argentine North Basin. Area de Adquisicion de Datos sismicos:
Seismic Data Acquisition Area. Area Operativa: Operative Area. Area de Concesion: License Area.
Area de Estudio: Study Area)

The areas of direct and indirect influence are defined below based on the biotic, physical and
anthropic components.

2.1 AREA OF INFLUENCE OF THE BIOTIC COMPONENT

Background data on the potential effects (and their scope) on marine biota typically associated with
exploratory seismic records, characterized by the emission of sound energy, have been preliminarily
considered. Likewise, incidental hydrocarbon spills or other dangerous substances with potential
consequences for marine fauna have been taken into account.
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2.1.1 Background on the potential effects on marine biota associated with the emission of
sound energy

Marine mammals

The impact of anthropogenic noise on marine mammals has been described in numerous articles
and reports, including Richardson et al, (1995) Southall et al. (2007) and Nowacek et al. (2007).

Richardson et al. (1995) provided a framework for evaluating the impact of noise in the aquatic
environment by introducing the concept of four zones of influence on the behavior and hearing of
marine mammals. These zones are: "audibility zone", "response zone", "masking zone" and "zone
of hearing loss, discomfort and injury". However, the methods for establishing these four zones for
different species and noise sources are not standardized (Tougaard et al., 2009).

Based on the work of Richardson et al. (1995) Australia (Government of Australia, 2012) has defined
3 impact zones, as follows:

e Audibility Zone: Area within which marine mammals can perceive source noise but show no
significant behavioral response. The size of the audible zone is highly dependent on the
ambient noise environment, which has been increasing in recent decades.

e Response zone: Area within which marine mammals can react behaviorally to the noise
source. This zone may be smaller than the zone of audibility since marine mammals generally
do not show significant behavioral responses to noises that are weak but audible.

e Hearing Loss Zone: Area closest to the noise source where noise levels may be high enough
to cause a physiological impact such as TTS (temporary hearing threshold change that
results in temporary hearing loss) or PTS (permanent threshold change equivalent to hearing
damage).
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These impact zones define the probable area of influence of a noise source and indicate the distance
from which this source is expected to impact on a marine mammal, either in behavior or physiology.
This information, together with data on the biological importance of the marine environment as a
habitat for the species considered, for example, breeding or resting areas, migration routes or
feeding areas, are used to assess the potential impact of a source of noise (Government of Australia,
2012).

Audible

Figure 3 - Impact zones of underwater noise sources, including hearing zone, responsiveness and
hearing damage. The area of hearing damage is in turn divided into temporary and permanent
threshold displacement zones (TTS and PTS). (Government of Australia, 2012).

(Translation of Figure 3: Audible: Audible. Cambio de comportamiento: Behavior change).

Physiological impacts

Non-auditory physical and physiological effects

Severe physical damage (damage to vital organs) produced by underwater noise would be limited
to unusual situations in which animals may be exposed at a short distance from the source of seismic
energy for uncommonly long periods (BOEM, 2014).

Hearing damage - Hearing threshold shift

Most of the discussions about the physiological effects of underwater noise have focused on the
auditory system, which is probably the most sensitive to noise.
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Animals exposed to loud sound may experience reduced hearing sensitivity for some time after
exposure. This increase in hearing threshold is known as a noise-induced threshold shift (TS). The
amount of TS incurred is influenced by the amplitude, duration, frequency content, temporal pattern,
and energy distribution of the noise (Southall et al. 2007). The magnitude of TS generally decreases
with time after exposure to noise and, if it eventually returns to zero, it is known as a temporary
threshold shift (TTS). If the TS does not return to zero after some time, it is known as a Permanent
Threshold Shift (PTS). Sound levels associated with the onset of TTS are generally considered
below the levels that shall cause PTS, which is considered hearing damage.

Acoustic impact criteria

Since the mid-1990s, the United States National Marine Fisheries Service (NMFS) has established
acoustic thresholds that identify received sound levels above which permanent deterioration of the
sound could occur. They are defined as "Level A" ("Level A Harassment -potential injury-").
Historically, the NMFS identified 180 and 190 dB re 1 pyPa (rms) for cetaceans and pinnipeds,
respectively, as the levels above which one could not be certain that there would be no harmful
effects, auditory or otherwise to marine mammals, according to the opinion of bioacoustics
specialists summoned by the NMFS before TTS measurements were available. This threshold of
180 dB re 1 yPa (rms) is the most widely used in environmental guides and studies to estimate the
impact of noise on marine fauna, and based on which "Exclusion Zones" calculated from the models
of acoustic wave propagation are established. The modeling procedure enables obtaining distances
of 300 to 3000 meters from the seismic energy source for said threshold, depending on the
characteristics of the environment (MAGRAMA, 2012).

Recently, the NMFS has undertaken a rigorous process of reviewing and updating the thresholds to
estimate the onset of hearing damage (which the NMFS considers the onset of Level “A”
Harassment) incorporating the state-of-the-arts methods. The development of these revised acoustic
thresholds included the creation of a Reference Technical Guide? that articulates the thresholds and
how these were scientifically obtained®. The Effects of Oil and Gas Activities in the Arctic Ocean
(NOAA, 2016), which compares the safety distances established according to both criteria, indicates
that those obtained with the new criteria are generally broadly included within those established with
the 180 and 190-dB re 1 yPa (rms) criteria previously applied.

2 Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing. Available
at: https://www.fisheries.noaa.gov/resource/document/technical-guidance-assessing-effects-anthropogenic-
sound-marine-mammal-hearing

% The aforementioned thresholds match those considered in this study for the assessment of the auditory
impact on mammals based on Southall et al., 2019 (see Chapter 7) although there are few examples of
application to date that guide on the implementation of these criteria, and there is no history of their application
in our country.
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Impacts on behavior

Behavioral responses to noise incorporate a variety of effects, including subtle changes in behavior,
and more sensible changes in activities and movement. The observable reactions of marine
mammals to sound include attraction to the sound source, increased vigilance, modification of their
own sounds, cessation of feeding or interaction, alteration of swimming or diving behavior (change
of direction or speed), short- or long-term abandonment of habitat (diversion, short- or long-term
avoidance), and possibly panic reactions such as booming or stranding (Nowacek et al. 2007,
Richardson et al. 1995 and Southall et al. 2007). Masking of sounds of biological importance can
interfere with communication and social interaction, and also cause behavioral changes
(Government of Australia, 2012).

Studies of the impact of seismic surveys have focused mainly on large whales. These studies have
shown avoidance behaviors at ranges of up to 12 km for humpback whales, 5 km for gray whales or
3 km for Greenland whales (MAGRAMA, 2012). The studies gathered by Chicote et al. (2013)
indicate that the behavior of cetaceans in response to exposure to a source of seismic prospecting,
shows very diverse reactions in different species, and even between different individuals of the same
species. The results of the studies showed a variable degree of disturbance of the cetaceans,
indicating that the small odontocetes (dolphins, porpoises, pilot whales) showed greater lateral
avoidance while the mysticetes (whales) and orcas showed some localized spatial escape. No
changes were found in the orientation of the sperm whales, although the number of observations
was not enough to perform a reliable statistical analysis. Similar Studies (McCauley et al. 1998 cited
in Gordon et al. 2003) have shown different reactions in humpback whales during their migration off
the east coast of Australia. In some cases, they observed strong reactions in the behavior of the
whales, which accelerated their swim until they reached 10-15 knots of speed, before being sighted
at 1500 m from the source of seismic energy. In other cases, the whales stayed longer on surface
and one specimen swam in a zig-zag way, until it distanced itself from the seismic energy source.
The authors suggested not only that sensitivity to noise sources would not vary solely between
species, but also that different whales of the same species might exhibit different levels of sensitivity.
Goold (1996, cited in Gordon et al. 2003) monitored acoustic activity in a common dolphin (Delphinus
delphis) population before, during and after a seismic record off the coast of Wales and observed
that in an area of 1 km radius the dolphins were reluctant to a seismic source.

According to Gordon et al. (2003, citado en Chicote et al. 2013) the results of the studies on sperm
whales are controversial. Sperm whales are believed to have a superior low-frequency hearing than
smaller odontocetes, so they would be more sensitive to pulses from the seismic energy source.
However, the studies disagree. Mate et al. (1994) (cited in Gordon et al. 2003) reported a reduction
to approximately one third in sperm whale density within a preferential area in the northern Gulf of
Mexico two days after the start of the seismic survey. Five days later, the abundance dropped to
zero. Bowles et al. (1994) (cited in Gordon et al. 2003) observed that sperm whales ceased to
vocalize during some, but not all, periods in which a seismic research vessel was perceived firing at
a range of 370 km. However, and in contrast to these reports, other observations suggest that sperm
whales show little response and are not excluded from the habitat by seismic surveys (for example,
Rankin & Evans, 1998; Swift 1998 cited in Gordon et al. 2003). The compilation made by Gordon et
al. (2003) indicate that behavioral changes have been observed in marine mammals in response to
exposure to pulses from seismic sources, mostly at distances not exceeding 10 km, and avoidance
responses at distances of up to 70 km, in some cases.

Since the delimitation of a “response zone” is related to the behavioral reactions of the target species,
it can only be established through behavioral observations, which in many cases are difficult to obtain
(not all responses are visible from outside the animal, the number of animals exposed underwater
[i.e. not visible], and many of them are found many kilometers from the observers covering a very
large area, etc.). Practical measurements are further complicated by the fact that most animals show
different reactions to noise depending on previous exposure experiences and their behavioral and
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physiological states during noise exposure (Tougaard). In this sense, the NMFS has defined,
together with the potential injury thresholds, acoustic thresholds that estimate sound levels at which
behavioral disturbances could occur in marine mammals, defined as “Level B” (“Level B Harassment
-behavioral harassment-")*. This acoustic threshold was set at 160 dB re 1 yPa rms for impulsive
noises (such as pulses from seismic energy sources). Just as the thresholds for potential injury have
been updated by the NMFS since its establishment in the mid-1990s, the “thresholds for behavioral
disturbance” have also undergone a revision process incorporating the knowledge obtained from the
most recent research (NOAA, 2016). However, to date, no new values have been published for the
“Level B” thresholds.

If the source involved in the project of "3D Offshore Seismic Registry of CAN_100, CAN_108 and
CAN_114 Areas" and a theoretical intermediate transmission loss between cylindrical and spherical
are considered, it can be estimated that the threshold of 160 dB re 1 uPa-m (rms) would be between
50 and 100 km from the source for this project taking into account the above mentioned, and for the
sole purpose of delimiting an area of influence that comprises the previously mentioned effects.

Seabirds and Shorebirds

Seismic activities could have effects on sea and shorebirds through various mechanisms, as
summarized below.

Disturbance

The responses of birds to disturbance vary depending on the species, the physiological and Breeding
status of the individual, the distance of said disturbance, and its type / intensity / duration. Seismic
surveys result in both horizontal and vertical sound propagation in the water column. Observations
of birds in the vicinity of the seismic records made by Stemp (1985, cited in NOAA, 2016) did not
evidence any perceptible disturbance in birds during the emission of the sound pulses. This author
concluded that the negative effects of seismic operations were not likely to happen, as long as the
activities were carried out far from the bird colonies and their feeding concentrations.

Injuries / Mortality

As mentioned above, the deployment of seismic activity results in both horizontal and vertical sound
propagation in the water column. As with other animals, a bird may also be injured by seismic energy
if it is very close (<2 m) to the operating source. This situation is rare as birds tend to avoid operating
vessels and airborne noise associated with active compressed air sources (NOAA, 2016).

Changes in habitat

Energy from seismic sources can affect invertebrates and fish (prey species used by birds).
However, there are very few effects on invertebrates and fish associated with these emissions,
unless they are within a few meters of the sound source (McCauly 1994, cited in NOAA, 2016).
These disturbance effects are highly local and temporary and are not likely to decrease prey
availability for any bird species.

4 Under the U.S. Marine Mammal Protection Act, "Level B Harassment -behavioral harassment-" is defined as
"the act of chasing, torment or nuisance that has the potential to disturb a marine mammal or a population of
marine mammals in the wild causing a disturbance of behavioral patterns, including, but not limited to,
migration, breathing, lactation, breeding, feeding or sheltering, but which does not have the intensity to injure
a marine mammal or marine mammal population in the wild”.
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Fish & Fisheries

The range of potential effects on fish from loud sound sources, such as seismic energy sources,
varies widely, but is mainly influenced by the level of sound exposure, with high sound levels being
the most damaging. Although direct physiological effects such as hearing loss or injury, tissue injury
or death can occur, indirect effects that modify fish behavior are much more common and likely.
These behavioral modifications are highly variable and depend on a number of factors, such as the
species, the stage of the life cycle, the time of day, whether the fish have fed, and how sound
propagates in a given environment (CNLOPB 2007, cited in NOAA, 2016).

The review by Chicote et al. (2013) points out that changes in swimming behavior, avoidance, alarm
responses, concentration in the bottom of fish and cephalopods, among others, were recorded at
received levels from 156 dB re 1uPa rms in the experiments carried out by McCauly et al. (2003).
These results are consistent with those carried out in wild fish. Some experiments have shown a
reduction in the densities of different commercial species in seismic survey areas, at distances
greater than 30 kilometers (Dalen and Knutsen, 1986; Engas et al. 1996; Slotte et al. 2003, cited in
Chicote et al. 2013). Engas et al. (1993, cited in Chicote et al. 2013) found an average 50% reduction
in catch and accessibility of cod and haddock within a 20 nautical mile radius from an operating
seismic vessel, and showed a 70% decrease in these species in the area of operation (3 x 10 nautical
miles). Longline catches of both species were reduced by 44% in the area, although this effect was
not noticeable within 18 nautical miles of the survey vessel.

Eggs and larvae are more vulnerable to the effects of noise than juvenile and adult fish, as they are
much less mobile and often depend on currents for their mobility. In some cases, the eggs are fixed
to the substrate and therefore completely motionless. Davis et al. (1998, cited in NOAA, 2016) has
shown that sound levels close to 220 dB re 1 yPa are lethal for fish eggs and larvae. These sound
levels correspond to a distance of 0.6 to 3 m from a source of compressed air. Visible damage to
larvae can occur at 210 dB re 1 uPa, which corresponds to a distance of approximately 5 m (16 ft)
from this source (NOAA, 2016).
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Invertebrates

The effects of energy from seismic surveys on invertebrate populations are increasingly discussed
based on case studies in European waters of the Atlantic Ocean where cephalopod populations are
found. Numerous laboratory studies have attempted to illustrate the possible effects of seismic
energy on invertebrate populations, both larval and adult. In a laboratory study of four species of
squid, André et al. (2011, cited in NOAA, 2016) showed that exposure to low-frequency sounds
caused damage to statocysts, the structures responsible for the sense of balance and position of
animals.

Zooplankton

In the review of the information available on the effects of seismic sounds on invertebrates, carried
out by the Department of Fisheries and Oceans of Canada (DFO) reported lethal effects and / or
sublethal effects on invertebrates (eg crustaceans, gastropods) exposed to sounds from
compressed air sources at distances of <5 m under experimental conditions. The authors considered
that exposure to seismic energy sources was unlikely to lead to direct mortality of invertebrates,
although invertebrates may exhibit short-term behavioral reactions to sound (DFO 2004, cited in
NOAA, 2016). They have found few studies on the effects of seismic noise on zooplankton. In the
study carried out by NOAA (2016) for the assessment of seismic activities in the Arctic Ocean, it is
concluded that zooplankton possibly react to the shock wave very close to the seismic source, but
the effects are local.

2.1.2 OQOil spills or other dangerous substances

On the other hand, as in most similar projects, an accidental event might occur related to the inherent
risk of spills of hydrocarbons or other dangerous substances. If the impact on the sea water occured,
the quality of the water, the sediments and the aquatic fauna would be affected.

These risks are common to all ship operations, and must be managed through proper planning and
aplicable measures in case of contingencies.

The hazards associated with oil and fuel spills during the development of the project (which are
considered more plausible) are the following:

- Leak or spill on deck of small amounts of hydraulic oil or lubricating oil on decks of seismic
vessel and support vessels (less than 50 liters based on leak rate analysis from the shipping
industry). In this case, most of the spilled material shall be kept in the collection trays and
directed to the bilge tanks, preventing its discharge into the water. On the other hand, the
containers used in the ships for the storage of hydrocarbons (barrels of up to 200 liters) shall
always be used and stored in internal and / or fenced areas where any spill or leak would be
totally contained on board.
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- Loss of MGO (marine gas oil -diesel-) during the refueling operations of the seismic vessel,
as a result of a failure in the hose connection, -although a more probable hypothesis is a leak
through a small hole or a crack in the hose (produced by abrasion or mechanical damage))
—. In the event of such a leak, it would result in a highly visible glow on surface of the water,
allowing action to be taken to stop the leak (by the supervisors of the operation) before a few
liters have been spilled.

The probability of a large fuel spill is remote. The size of typical hydrocarbon spills reported during
similar exploration activities is in the range of 50 liters (Aecom, 2018; ERM 2019). The spill of all fuel
from the seismic vessel is considered particularly improbable, as the fuel is stored in a series of
smaller double-bottomed tanks and their contents are unlikely to be lost simultaneously. In addition,
the valves connecting the fuel tanks are kept closed, minimizing the loss of fuel if one of the tanks
breaks, while the leaks in the storage tanks are directed to the oily bilge water tanks. Only rarely can
a ship-to-ship collision cause the fuel tank to break and spill into the water. The analysis of accident
statistics in water transport carried out by the International Association of Oil and Gas Producers
(OGP, 2010) shows that collisions between ships represent only 12% of the total ship leakage and
that the probability is extremely low. For this to occur, the collision must be strong enough to
penetrate the ship's hull in the exact place of the fuel tank, which is unlikely. In addition, the hull of
the seismic vessel is double-lined. In this sense, it is worth noting that such a collision is highly
unlikely to occur during seismic prospecting since the seismic vessel and the support vessels shall
have to comply with the general maritime and navigation safety procedures (use of lights, beacons,
radio contact, etc.), added to the navigation exclusion zone that is established around the seismic
vessel and the array for its safe navigation (up to 4 km in front of the vessel and on each side, and
up to 12 km behind).

2.1.3 Area of Influence of the Biotic Component

When referring to the biotic component, it is considered that the spatial scope of the potential effects
on marine mammals also includes the effects upon other environmental factors. In this way, a Direct
Area of Influence (DAI) or area of direct impact is established, which is mainly associated with the
acoustic propagation of the noise generated by the activity, and its maximum incidence is typically
limited to a distance ranging from 500 meters to 3 km from the seismic data acquisition area. In this
sense, the DAl is defined as a 3 km buffer surrounding the OA (Operative Areas) of CAN_100-108
and CAN_114 areas. Thus, the DAI comprises a 5 km-distance from the seismic data acquisition
area. The surroundings adjacent to the port of Mar del Plata and the shipping routes between said
port and the acquisition areas are outside of this polygon, but are also part of the DAI.

Surrounding the DAI, a 100km-buffer area is considered and measured from the seismic data
acquisition area that contemplates the scope of the potential effects on mammals that are not related
to the damage. This area makes up the Area of indirect influence (All). The Areas of Direct Influence
of the port of Mar del Plata and the logistics route are considered areas of indirect influence.
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Regarding accidental events related to spills of hydrocarbons or dangerous substances, the most
likely situation would be the loss of fuel in refueling or fuel transfer operations, but unlikely to happen
as it has previously been mentioned. These operations shall take place in the port of Mar del Plata,
established for logistics services (where the logistics vessel shall be restocked every 2 or 3 weeks),
and in the seismic data acquisition area where the seismic vessel shall also be restocked.
Environmental assessments and maritime risk studies indicate that the extension of the area affected
by a fuel spill in refueling operations, either in open areas or in the port, can be considered as detailed
or localized (URS, 2014; SRL, 2017; ERM, 2016; PGS, 2018). Given the small volumes that would
be involved in the event of hydrocarbon leaks in these operations, and that they would be carried
out under prevention and control protocols if they occured, it is not expected that in the event of an
impact, this shall exceed the DAI established for the aforementioned areas.

Beyond these areas, the characterization of the biotic component covers a study area on a broader
general scale or “regional area of influence” that includes the environments - and their functional
relationships - around the project, embracing all areas of influence defined above. On this scale, a
general characterization is carried out with emphasis on the analysis of sensitive environments
(ANP, AICAs, Proposed Marine Areas, etc.) (see Figure 2).

In those areas where the general spatial scope is not applicable to a given resource, the analysis of
a relevant subzone approximately defined by the polygon called the Detailed Study Area was
determined within this “regional area of influence”.

The geographical location of the aforementioned areas of influence for the biotic component is
presented in Figure 4.
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Figure 4. Area of Influence of the Biotic Component.

(Translation of Figure 4: Limite 12 millas marinas: Limit of 12 Nautical miles. Limite del mar
Territorial Argentino: Limit of the Argentine Territorial Sea. Limite de Zona Economica exclusiva:
Exclusive Economic Zone Limit. Limite de la Plataforma Continental: Continental Shelf Limit.
Oceano Atlantico: Atlantic Ocean. Area de Influencia Puerto de Mar del Plata: Area of Influence
of the Port of Mar del Plata. Referencias: References. Rutas de Navegacion: Navigation Routes.
Cuenca Argentina Norte: Argentine North Basin. Area de Adquisicion de Datos sismicos:
Seismic Data Acquisition Area. Area Operativa: Operative Area. Area de Concesion: License
Area. Area de Estudio detallada: Detailed Study Area. Area de Influencia Directa (AID): Area of
Direct Influence (ADI). Area de Influencia Indirecta: Area of Indirect Influence (All).

2.2 AREA OF INFLUENCE OF THE PHYSICAL COMPONENT

Given the nature of the project, the physical variables (geological and oceanographic) shall not be
affected by the actions of the project, but, on the contrary, some actions shall be limited and affected
by these variables on site.

In this sense, the subcomponents of the physical environment have been described on a general
scale in order to help understand the system as a whole, thoroughly characterizing the specific
variables within the Detailed Study Area that limit some aspects of the project or the assessment,
such as winds, currents, tides and waves, temperature, salinity and speed of sound propagation in
water, bathymetry and sediments of the seabed.

2.3 AREA OF INFLUENCE OF THE ANTHROPIC COMPONENT

As mentioned above, the seismic data acquisition areas are located offshore more than 300 km from
the nearest coastal area in the province of Buenos Aires, beyond 12 miles from the territorial sea;
approximately 310 km from the nearest coastal town (Mar del Plata).
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Given the nature of the project, no interactions are foreseen between the project and the territorial
coastal strip. It is worth mentioning that marine seismic exploration with modern techniques does not
produce significant pulses of airborne noise (Richardson et al., 1991). On the other hand, the project
does not require the installation of logistics bases or any infrastructure whatsoever, and determines
the port of Buenos Aires as the port of shipment and the Port of Mar del Plata as the port for supplies
or logistics services. The operations of the vessels associated with the project do not differ from
those of any other vessel docking in these ports.

In this sense, potential interferences of the project on the anthropic environment are considered with
reference to fishing activities, offshore hydrocarbon exploitation activities, maritime traffic and the
infrastructure that may exist in the offshore space. There are some benefits associated to the project
in terms of economic activities such as the demand for local services and labor.

It is estimated that, for the rest of the aforementioned factors, the interferences are limited to the
area in which said activities and those of the project overlap, with the exception of fishing and
economic agenda. In this sense, the space that involves the project's OA and the surrounding area
that comprises the space that can be potentially impacted by the physical presence of the seismic
vessel and / or the support vessels are considered. Regarding economic activities, the demand for
logistics services may have some very focused effects as to the benefits provided by the port of
logistics services (Port of Mar del Plata) and possibly in some other locations as to other supplies /
services, but, in any case, there would be scattered aspects of little relevance, which shall not affect
local economies. The same can be mentioned regarding the demand for labor, since the project
generally requires particularly qualified personnel.

Regarding fisheries and the effects upon the species of fishing interest, as stated by point Error!
Reference source not found., this impact is of an indirect nature (since the potential effect occurs
on the species of commercial interest, and indirectly on the fishing activities). It is estimated that it
could be limited to 50 km from the seismic data acquisition area in order to broadly cover the potential
effects of the project on this activity. Regarding the interference caused by the movement of fishing
vessels, the impact is limited to the nearby environment defined above for the rest of the vessels.

Then, the ADI of the anthropic component is defined by a surrounding area of 5 km to the Operative
Area of the seismic acquisition areas, which involves the space that can be potentially impacted by
the presence of the seismic vessel and the support vessels, while the All is tagged out by a 50 km-
buffer from CAN_100-108 and CAN_114 seismic data acquisition areas. Given that the logistics
operations in the port do not differ from those of any other ship that reaches port, the impact of these
activities shall not exceed the operational area in the port area of the Port of Mar del Plata. As an
area of influence of the Port of Mar del Plata, an ADI is established around it, while the City of Mar
del Plata is considered as an All of the port, which makes up the port hinterland.

Beyond these areas, the characterization of the anthropic component comprises an area of study on
a broader general and regional scale associated with the identification of the actors or stakeholders
of the project.

The geographical display of the aforementioned areas of influence for the anthropic component is
presented in Figure 5.
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Figure 5. Area of Influence of the Anthropic Component.

(Translation of Figure 5: Limite 12 millas marinas: Limit of 12 Nautical miles. Limite del mar
Territorial Argentino: Limit of the Argentine Territorial Sea. Limite de Zona Economica exclusiva:
Exclusive Economic Zone Limit. Limite de la Plataforma Continental: Continental Shelf Limit.
Oceano Atlantico: Atlantic Ocean. Area de Influencia Puerto de Mar del Plata: Area of Influence
of the Port of Mar del Plata. Referencias: References. Rutas de Navegacion: Navigation Routes.
Cuenca Argentina Norte: Argentine North Basin. Area de Adquisicion de Datos sismicos:
Seismic Data Acquisition Area. Area Operativa: Operative Area. Area de Concesion: License
Area. Area de Estudio detallada: Detailed Study Area. Area de Influencia Directa (AID): Area of

Direct Influence (ADI). Area de Influencia Indirecta: Area of Indirect Influence (All).
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3 PHYSICAL ENVIRONMENT

3.1 GEOLOGY

3.1.1 Structural, geomorphological and geosedimentary context

The earth's crust is divided into two main types, the continental crust and the oceanic crust. Most of
the continental crust is above sea level, but another part is submerged in the oceans. This transition
zone between continents and ocean basins is known as the continental margin and, although it
shares the geological characteristics of the former, it has been deeply shaped by marine processes.

Three main areas can be distinguished on the continental margin:

- Continental shelf: area below sea level that descends gently to a depth that usually reaches
200 meters.

- Continental slope: an area with a very steep incline and a 3,000 - 4,000-meter deep slope.

- Transition zone: the transition zone between the continental crust and the oceanic crust is
located between the slope and the abyssal plains, and can be divided in two types: a very
deep trench, called the oceanic trench; or a sediments area called “continental emersion”.
The trench is formed on the active continental margins (with subduction of tectonic plates)
and continental rise on the passive continental margins (without subduction).

The Argentine continental margin (ACM) is located mainly in the South American plate. It is
associated with the cortical extension linked to the opening of the Atlantic Ocean from the Middle
Jurassic in a geotectonic context dominated by a passive continental margin, although it is
associated with active margin sectors in its southernmost portion (Violante et al. 2014).

One of the most important stages that influenced the evolution of the margin was the global marine
transgression that flooded regions of present-day Patagonia in the Maastrichtian (70-65 Ma), which
gave rise to the first continental shelf of this portion of the South American plate (Malumian 1999,
Nafez and Malumian 2008). The deepening of this sea and consequent greater circulation of the
waters from the Oligocene (30-32 Ma), led to the development of open sea oceanographic conditions
when the Drake passage between South America and Antarctica was definitively opened and the
Antarctic Circumpolar Current was installed.

After these major events, the evolution of the ACM began to be dominated more by climatic-
oceanographic factors than tectonics, acquiring the final morphosedimentary features that, in the
case of the platform, were substantially influenced by the glacio-eustatic processes of the Quaternary
(Violante et al. 2014).
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The ACM is vast and it includes an extensive platform (~ 960,000 km2), the slope, the continental
emersion and numerous systems of submarine canyons. If this region is compared with the 2.7
million km2 of surface of the “continental Argentina”, the magnitude of the enormous territory that
extends beyond the coast line emerges (Violante et al, s/f).

Taking the base of the slope as a reference, the ACM extends over more than 3 million km2, which
includes approximately 1 million km2 above the 200 m isobath (ENARSA, s/f).

Underwater terraces, underwater canyons and valleys, contour trenches and channels, contour and
turbiditic deposits, different types of drifts and abyssal plain deposits stand out on the continental
slope, representing the erosive and accumulation geoforms that mainly shape the slope (although
also continental emersion) and in many cases they mark the easternmost deposits of terrigenous
origin that are taken to the marine basins (Hernandez-Molina et al., 2009; COPLA, 2017).

Figure 6 presents the main underwater features of the Argentine continental and insular sector,
showing the great extension of the continental shelf. Figure 7 shows the main physiographic features
of the study area and the operative areas of CAN_100 - CAN_108 sites, located on the middle and
lower sector of the slope that develops from the edge of the Ewing terrace in the northern area of
the Bahia Blanca submarine canyon system, as well as CAN_114 operational area located on the
middle slope in the southern area of said submarine canyon system, immediately north of the great
Ameghino submarine canyon systems.
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Figure 6. Main submarine features of the Argentine continental and insular sector. Source: COPLA
(2017).
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Figure 7. Main physiographic units of the Argentine continental margin in CAN_100 - CAN_108 and
CAN_114 operative areas (red polygons). Source: modified from COPLA (2017).

It should be noted that the term 'shelf' or ‘continental shelf' is adopted strictly in its geomorphological,
not legal, concept °.

Figure 8 presents a basic diagram of the legal continental shelf and its relationship with the
continental margin (when it exceeds 200 M from the baselines from which the territorial sea is
measured).

5 The outer limit of the Argentine legal continental shelf corresponds to that presented to the Commission on
the Limits of the Continental Shelf (CLPC) - a scientific organization made up of 21 international experts and
created by the United Nations Convention on the Law of the Sea (UNCLOS). The limit was accepted by
agreement (unanimously) by said Commission on March 16, 2016.
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Figure 8. Basic diagram of the legal continental shelf and its relationship with the continental margin
(when it exceeds 200 M from the baselines from which the territorial sea is measured). Source:
COPLA (2017).

(Translation of Figure 8: Plataforma Continental (Juridica): Continental Shelf (Legal). Margen Continental:
Continental Margin. Plataforma: Platform/Shelf. Talud: Slope. Emersion Continental: Continental Emersion.
Llanura Abisal. Abyssal Plain. Sedimentos: Sediments. Corteza Continental: Continental Crust. Corteza
Oceanica: Oceanic Crust. Millas Marinas. Nautical Miles.)

3.1.2 Bathymetry and Seabed

Unlike the slope, which is a tectonic formation, the continental emersion is a sedimentary formation
characterized by a gentle slope and little ondulation in the study area. It develops around 3,500 to
4,000 m deep and connects with the abyssal plain as from a 5,000 m-depth, being crossed by
underwater canyons and valleys, which have been the main route of sedimentary transport to the
abyssal plain (Hernandez-Molina et al., 2009; COPLA, 2017).

Argentina's continental shelf extends for about 2,400 km between the Rio de la Plata and Cabo de
Hornos, although the coastline is about 5,300 km long considering its major irregularities. Its width
varies between 170 and ~ 1,200 km. The inner edge (towards the continent) is tagged by a steeply
sloping coastline whose base reaches -10/20 m on the Buenos Aires coastline increasing its depth
toward the south. The outer edge, which marks the transition towards the slope, follows a NE-SW
course between 36 ° S (Rio de la Plata) and 44° S, from where it gradually changes to N-S to head
east around the Falkland Islands at 50°S, and re-approach the mainland in front of the Strait of
Magellan.

The depth of the outer edge (Figure 9) is also variable with a regional trend of deepening from north
to south and with changing characteristics, since its profile is convex (greater regional slope towards
the outer platform) in the area adjacent to the Pampas region) while being concave (greater regional
slope towards the side of the continent) in the region adjacent to Patagonia) (Violante et al 2014).
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The variability in the depth of the outer edge of the platform is one of the most interesting aspects of
the regional morphological configuration. Southard and Stanley (1976) and Pratson et al. (2007),
among others, synthesized the complexity of the variables involved in the modeling of this feature,
including structural, isostatic, eustatic, oceanographic processes, continental, coastal and deep
marine sedimentary dynamics, and even biological processes, all of them acting differentially during
stages of varying sea level positions.

Numerous submarine canyon systems are developed on the slope, and the Alte. Brown-Ameghino
(between San Jorge Gulf and Valdés Peninsula) and Rio de la Plata-Mar del Plata system stands

out.

CAN_100 - CAN_108 and CAN_114 operational areas are located between these two main
submarine canyon systems, specifically in the area where the Bahia Blanca submarine canyon

system is developed (see Figure 7).
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Figure 9. SN profile along the outer platform-slope breakage. Area influenced by the activity of the
Rio de la Plata-Mar del Plata and Ameghino-Alte Brown submarine canyon systems respectively (see
Figure 16 for its location). The operative areas under study are located between these two large
underwater canyon systems. Source: Violante et al. 2014.

(Translation of Figure 9: Profundidad (m): Depth (Meters). Profundidad del limite (quiebre de pendiente)
plataforma talud: Platform Slope Limit depth (slope breakage). Nivel bajo del mar durante el UMG segun
Guilderson et al. (2000): Low sea level during UMG according to Guilderson et al. (2000). Nivel bajo del mar
durante el UMG segun Fleming et al. (1998): Low sea level during UMG according to Fleming et al. (1998).

The bathymetry of the seabed in the study area, obtained from GEBCO "The General Bathymetric
Chart of the Oceans" global database is presented in Figure 10. The operative area of CAN_100 -
CAN_108 is located on the middle and lower slopes and the beginning of the continental emersion
between 900 m and 4100 m-deep. On the other hand, the operative area of CAN_114 is located on
the middle slope between 1300 and 3000 m-deep.

Two bathymetric profiles were extracted from the aforementioned GEBCO database for each of the
seismic exploration areas (see location in Figure 10).
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Figure 11 and Figure 12 show the profiles that cross CAN_100-108 and CAN_114 operative area,
respectively. The slope of the seabed is also included.

In the profiles corresponding to the CAN_100-108 seismic exploration area, the Ewing terrace is
indicated as a distinctive feature of the slope (see Point Error! Reference source not found. and
Point Error! Reference source not found.).
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-60 -58

A Mar del Plata®
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- -4500
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Area de Estudio Detallada -44
Area Operativa CAN100y108
Area Operativa CAN114

Figure 10. Bathymetry of the study area. Source: GEBCO “The General Bathymetric Chart of the
Oceans” global database: https://www.gebco.net/data_and_products/gridded_bathymetry data/
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(Translation of Figure 10: Profundidad (M): Depth (meters). Area de estudio detallada: Detailed study area.
Area Operativa CAN 100-108. CAN 100-108 Operative Area. Area Operativa CAN 114: CAN 114 Operative
Area.)

PERFILES BATIMETRICOS DEL AREA OPERATIVA CAN 100-108
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Figure 11. Bathymetric profiles (and their slopes) that cross the operational area corresponding to
CAN_114 Area. See location in Figure 10.

(Translation of Figure 11: Perfiles batrimétricos del Area Operativa CAN 100-108: Bathymetric Profiles of
CAN 100-108 Operative Area. Plataforma: Platform. Terraza Ewing: Ewing Terrace. Profundidad (M): Depth
(meters). Pendiente del Lecho (grados): Seabed slope (degrees). Talud inferior, Emersion, Planicie Abisal:

lower slope, emersion, abyssal plain. Distancia desde la costa (Km) : Distance from the coast (Km). Pefrfil

norte- Profundidad: North profile — depth. Perfil sur — Profundidad: South Profile — depth. Perfil Norte —
pendiente: North Profile — slope. Perfil Sur — pendiente: South profile — slope.)
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Figure 12. Bathymetric profiles (and their slopes) that cross the operational area corresponding to
CAN_114 Area. See location in Figure 10.

(Translation of Figure 12: Perfiles batrimétricos del Area Operativa CAN 114: Bathymetric Profiles of CAN
114 Operative Area. Plataforma: Platform. Profundidad (M): Depth (meters). Pendiente del Lecho (grados):
Seabed slope (degrees). Talud inferior, Emersién, Planicie Abisal: lower slope, emersion, abyssal plain.
Distancia desde la costa (Km): Distance from the coast (Km). Perfil norte- Profundidad: North profile — depth.
Perfil sur — Profundidad: South Profile — depth. Perfil Norte — pendiente: North Profile — slope. Perfil Sur —
pendiente: South profile — slope)

3.1.3 Structure

The offshore basins of Argentina are mostly manifestations of extensive retro-arc processes of the
Late Triassic / Early Jurassic with a subsequent rifting response in the Upper Mesozoic related to
the Gondwana Fracture. Then, the region developed passive margin characteristics throughout the
rest of the Tertiary, except in the extreme south, where a folded band is observed due to the
interaction of the South American, Scotia and Antarctic Plates, during the Upper Cretaceous and
Tertiary.

The extension of the rift stage, associated with the early separation phase of the Gondwana,
contributes to the fact that the offshore basins of Argentina are generally arranged perpendicular to
the coast due to the rotational nature of the separation of the South American plate from the African
plate to the south of the Walvis / Rio Grande Ridge. To the north, the basins are arranged parallel to
the coast (ENARSA, sf).

The basins recognized in the Argentine continental margin (from north to south) are those of: Salado,
Colorado, Rawson, Golfo de San Jorge, San Julian, Austral and Malvinas and their extensions on
the continental slope (Figure 13). The architecture of the Salado and Colorado basins (seismic
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exploration area of the project) is shown in Figure 14.

CUENCA

1 DEL SALADO

2 DEL COLORADD

3 RAWSON

1 GOLFO SAN JORCE
5 MALVINAS

& MALVINAS NORTE
i AUSTRAL

8 SAN JULIAN

Figure 13. Main sedimentary basins of the Argentine continental margin. Source: ENARSA (s/f).

(Translation of Figure 13: Cuenca: Basin. Oceano Atlantico: Atlantic Ocean)

Este
Oeste Region del Talud Continental (R.T.C.)
Cuencas de Margen, Intracratonicas Zona de Play Cuencas de Margen, en
(Salado, Colorado, Valdés,Rawson, Estructural  Corteza Oceanica o de Transicion
San Julian Malvinas Norte) Plays estratigraficos
A A A

Corteza Continental " Transicion  Corteza
Corteza Oceanica
Continental-Oceanica

Figure 14. Architecture of the Salado, Colorado and Rawson basins. Source: ENARSA (s/f).

(Translation of Figure 14: Oeste. West. Este: East. Region del Talud Continental: Continental Slope Region.
Cuencas de margen Intracratonicas: Intracratonic Margin Basins. Zona de Play Estructural: Structural Play
Zone. Cuencas de margen en corteza oceanica o de transicion: Margin basins in oceanic or transitional
crust. Plays estratigraficos: Stratigraphic plays. Discontinuidad de Moho: Moho Discontinuity. Corteza
Continental: Continental Crust. Transicion Corteza Continental-Oceanica: Continental/Oceanic Crust
Transition. Corteza Ocednica: Oceanic Crust.)
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As South America moves west with respect to Africa, the Walvis / Rio Grande Ridge divides the
South Atlantic into two parts. The opening to the north is small and narrow, but wider to the south.

This explains the development of thick saline mantles to the north of Walvis / Rio Grande and their
absence to the south.
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In summary, the extensional processes of the offshore basins of Argentina are related to Gondwana
partition. Thus, notwithstanding the great variety of names for equivalent geological formations and
different observable structural styles in separate basins, the concrete scenario is that the tectone /
stratigraphic model is basically common with its peculiarities. Only when reaching the southern end
of the South American plate did different sedimentary processes develop in what are now the Austral
and Malvinas basins. In general, the tectono / stratigraphic chart of the offshore basins includes a
Pre-Rift phase, which corresponds to Precambrian and / or Paleozoic rocks, a continental Rift phase
from Neocomian to Aptian and a Drift phase of the superior Cretaceous and tertiary.

The Rift phase gives rise to a mosaic of E-W master faults sometimes interrupted by antithetical
faults, creating a network of half grabens with some internal highs. The resulting Teutonic styles can
be divided into which the Basament is involved (Rift Phases) and those not linked to the Basament
(Drift Phases).

The sedimentation areas of these basins are limited by major structural features. In general, the
depocenters of the rifts are located in platform areas, particularly to the north of the Islas Malvinas /
San Julian line.

The sedimentary basins identified have continuity on the continent, with the exception of those of
Rawson, San Julian and Malvinas, which develop completely under the Atlantic Ocean.

The Argentine continental margin in the study area is of the passive volcanic type, which extends
from the border with Uruguay to approximately 48 °© S (COPLA, 2017).

The typical architecture of this margin is presented in Figure 15. It presents a sedimentary cover of
surface and subsoil that extends forming the continental rise/emersion, a typical morphological
feature of the passive margins.

n this type of margins, a powerful volcanic wedge appears in the seismic profiles through convex
reflectors dipping towards the sea called Seaward Deeping Reflectors (SDRs) (COPLA, 2017).

plataforma E

Mk, fondo marino

g
e e i

\\ —————_sedimenios

corteza oceanica

Lentes corticales inferiores,
de alta velocidad sismica
(7,2 - 7,6 kmi/s)

Margen continental pasivo volcanico (tipo E)

Figure 15. Typical architecture (west-east regional geological section) of the passive volcanic
margin. COT: continental-oceanic crust transition zone. Source: COPLA (2017).

(Translation of Figure 15: Plataforma: Platform. Fondo Marino: Seabed. Sedimentos: Sediments. Cufia de
reflectores inclinando mar adentro: Wedge of reflectors bending offshore. Diques de alimentacion corteza
continental: Continental crust feeder dike. Corteza oceénica: Oceanic crust. Lentes corticales inferiores de
alta velocidad sismica: High seismic speed lower cortical lenses. Margen Continental pasivo volcanico (Tipo
E): Volcanic passive continental margin (Type E)).
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3.1.4 Factors that determined modeling and sedimentation in the Argentine continental
margin

The morphosedimentary configuration of the MCA resulted from two main aspects: firstly, the
geotectonic inheritance dominated by the endogenous factors involved in the structure and evolution
of the margin, among which the flexo-sinking processes seem to have been relevant and, secondly,
the external factors conditioned by climate and oceanographic processes, which over time became
more important than endogenous ones, becoming dominant in the Cenozoic and manifesting
themselves mainly with the glacio-eustatic fluctuations of the Quaternary.

These morphosedimentary characteristics were acquired as a result of the interaction of various
factors such as fluctuations in sea level, isostacy, climate, oceanographic processes, sedimentary
dynamics and morphology and composition of the pre-transgressive substrate, the most relevant
conditioning process being postglacial transgression, responsible for the final configuration of the
platform, its terraces and its sedimentary cover (Violante et al. 2014).

The geological history of the shelf is more complex than that of the coastal regions; Its extension
and scarce relief have favored a profound modeling effect as a result of the successive marine
transgressions and regressions of the Quaternary, which derived in various morphosedimentary
features (Violante et al. 2014).

The decrease in sea level during the last glacial period (18,000 years ago) caused the marine waters
to recede 120 meters deep below the current level, in such a way that the entire shelf was exposed
to subaerial conditions, with remains of ancient continental areas, and current river networks in its
subsoil and beaches. The subsequent intermittent rise of the sea resulted in the formation of stepped
marine terraces, at different depths, which create the bed of the shelf and are made up of sediments
belonging to the primitive submerged beaches of today (Violante et al. 2014). Interruptions in the
speed of sea level rise, with the consequent stabilization of the coastline for relatively long times,
allowed the modeling of an erosive surface that constitutes the base of each terrace (Parker et al.
1997, Violante 2005, Perillo and Kostadinoff 2005, Ponce et al. 2011).

Variations in sea level did not have a direct effect on the continental slope due to its depths below
120 meters. However, climatic changes took place through variations in the circulation of ocean
currents. These currents are significant processes that influence the sedimentary dynamics and the
modeling of the underwater topography and have left a strong imprint on permanently submerged
environments. The Argentine continental margin is dominated, in its deep regions, by currents of
Antarctic origin that circulate from south to north at different depths, following the isobaths (contour
currents). The consequence of this oceanic dynamics was a sediment transport that formed large
sedimentary sequences along the margin, developing so-called “contournitic” deposits, which
appear as accumulations on terraced surfaces (Violante et al. 2014).
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Concurrently, the high slopes of the slope favored the action of gravitational processes shown
through dense sediment currents (turbidity currents) that slide over them, digging underwater
canyons and producing turbiditic deposits and underwater landslides. These processes are more
complex in the Buenos Aires margin, where the currents that circulate from south to north interact
with others in the opposite direction, forming the Confluence Zone. In this way, the Buenos Aires
slope is made up of alternating sediments, formed by both longitudinal and transverse processes,
which prevail in the vicinity of the submarine canyons (Violante et al. 2014).

Figure 16 and Figure 17 display the main geomorphological features along with the location of the
different terraces and the major systems of underwater canyons.
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Figure 16. Geomorphological map indicating the depths of the outer platform-slope break (black
points). Note the location of the major submarine canyon systems on the slope. Source: Violante et

al. 2014 (modified from Parker et al. 1996).

(Translation of Figure 16: 1) Terraza Rioplatense: Rioplatense Terrace. 2) Frente deltaico de Rios Colorado
y Negro: Deltaic Front of Colorado and Negro Rivers. 3) Golfos Norpatagénicos: North Patagonian Gulfs. 4)
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Plataforma Interior Patagonica: Inner Patagonian Platform. 5) Plataforma Exterior Patagénica: Outer
Patagonian Platform. 6) Plataforma de Tierra del Fuego: Tierra del Fuego Platform. 7) Depresion de
Malvinas: Malvinas Depression. 8) Plataforma de Malvinas: Malvinas Platform. Terrazas: Terraces. Cafiones
submarinos: Submarine Canyons. Talud Continental: Continental Slope. Emersién Continental: Continental
Emersion. Escarpa de Malvinas: Malvinas escarpment. Fosa de Malvinas: Malvinas ditch. Plateau de
Malvinas: Malvinas Plateau. Arco de Scotia: Scotia Arch.)
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Figure 17. Physiographic units of the continental margin in the study area. SCS: submarine canyon
system. Green line: 200 M. The operating area of CAN_100 - CAN_108 and CAN_114 areas is
indicated in red. Modified from COPLA (2017).

Paleoclimate variability since the last glacial maximum

Global paleoclimatic factors were essential in the evolution of the extreme south of South America
during glacial and postglacial times, added to the influence of regional and local factors such as: a)
atmospheric conditions and consequent wind patterns imposed by the variability between
anticyclones from the South Pacific and South Atlantic; b) the proximity of the Antarctic ice masses
and the continental ice of the southern Andes, and their transformation into volumes of oceanic water
after their melting; c) the variable relationship between the surface area of emerged and submerged
land through the glacial-postglacial cycle, which led not only to a doubling of the continent during the
Last Glacial Maximum when the current platform emerged and its progressive reduction to half of its
original extension in postglacial times, but also to consequent climatic changes (Violante et al. 2014).
On a global scale, three periods characterized by particular climatic conditions are considered: Last
Glacial Maximum, Terminal Glacial and Postglacial (Fleming et al. 1998).

During the Last Glacial Maximum, as a result of the low position of the sea level, there was an
increase in the continental Patagonian surface and the subaerial exposure of the platform
(Clapperton 1993, Rabassa 2008).
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The Terminal Glacial period is characterized by the occurrence of significant and recurrent climatic
changes (with recessions and glacial advances) that tagged the transition between the ice age and
the current one.

The Postglacial represents the period that evolved towards the current climatic conditions.
Hydrographic conditions

As explained in Point Error! Reference source not found., from the oceanographic point of view,
the Argentine continental shelf is dominated by water masses of subantarctic origin that circulate in
south to north direction, whose upper levels correspond to the Malvinas current, diluted by the fluvial
contributions and the evaporation-rainfall balance, so that regions with water masses of different
salinities can be differentiated (Perillo and Kostadinoff 2005, Piola et al. 2001).

In front of the province of Buenos Aires at 38 ° S, these water masses meet others from equatorial
areas that circulate from north to south - the upper part being the Brazilian current-, generating the
confluence zone (Piola and Gordon 1989, Piola and Matano 2001).

Waves and tides are essential processes in the sedimentary dynamics in the littoral zone with
variations along the coasts. Both the wave height and the tide amplitude increase from north to
south. The relationship between these factors means that, while on the Buenos Aires coast, storm
waves are the dominant factor (D’Onofrio et al. 1999) conditioning the transport and availability of
sand in the coastal strip. The action of the tides is much more significant on the Patagonian coasts,
depending on their amplitude and current speeds (Glorioso and Flather 1997, Simionato et al. 2004).

The fluvial influence on the Argentine continental shelf derives from the Rio de la Plata as the main
source of fresh water, discharging between 22,000 and 25,000 m3/ s (Jaime et al. 2002, Giberto et
al. 2004, Simionato et al. 2007). This volume of water carries a suspended sedimentary load of about
92 million tons per year according to Milliman and Meade (1983) and 79.8 million tons per year
according to Giberto et al (2004) transferred from the Uruguay and Parana rivers. According to
Campos et al. (2008b), 57 million tons per year would go to the ocean. To a lesser extent, the
Patagonian rivers contribute to the platform such as Rio Negro (858m3/ s), Rio Santa Cruz (691 m3/
s) and Colorado river (131 m3/ s) which together do not exceed 2000 m3/ s.) (Gaiero et al. 2002,
2003).

Paleoceanographic changes can be summarized from variability in ocean temperatures and
displacement of water masses between glacial and interglacial periods. These changes were
significantly influenced during the last ice age by the transfer of enormous volumes of water from the
marine regions to the continental ones where they accumulated as ice masses, and inversely by the
melting of the latter during interglaciations (Violante et al. 2014).
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Sea level variations

The great extension of the Argentine continental shelf and its regionally different characteristics
make it difficult to establish a curve of relative variations in sea level as a consequence of the
complex eustatic, tectonic and isostatic variables that have operated in its evolution (Violante et al.
2014).

Various authors (see a compilation in Violante and Parker, 2000 and Cavallotto et al., 2004) have
elaborated curves in different regions of the coastline positions, essentially centered on the marine
regression of the last 6,000 years. These curves show the lack of coincidence in the details of the
marine fluctuations, which can be considered as a consequence of the influence of local factors
(climatic, isostatic, etc.) in each of the regions considered (Violante et al. 2014).

Rostami et al. (2000) stated that there are differences in the behavior of the northern and southern
regions of Patagonia, since the predictions of sea level fluctuations and the deglaciation models
coincide for the first but not for the second, as a consequence of the high Land surface / submerged
relationship given by the exceptional width of the shelf in the south, as well as by the proximity of
Antarctica and the influence of the Patagonian ice sheets, and by the occurrence of tectonic
processes linked to the subduction and tectonic zones from the not so far Chilean margin.

However, there is no doubt that the rate of rise of the sea level has had fluctuations, evidenced in
relics of paleolines of currently submerged coasts that show the stable position that the sea has had
at certain times. Possible sea level positions at different key moments of the postglacial
transgression are presented in Figure 18 (Violante et al. 2014).
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Figure 18. Bathymetric map of the platform, with details of coastal paleolines at different depths.
Those of 30, 90 and 110 m are illustrated according to the details evidenced in the Buenos Aires
platform plus the 70 m one that would correspond to the base of Terrace |, coinciding with the sea
level at the time of occurrence of the Youger Dryas period. Source: Violante et al. 2014.

(Translation of Figure 18: Paleolineas de costa: Coastal Paleolines)
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Origin of Sediments

The analysis of the concentration of major elements in surface sediments of the Argentine
continental margin shows their terrigenic origin from geochemical aspects (Frenz et al., 2004;
Mahiqgues et al., 2008; Chiessi et al., 2009; Govin et al., 2012).

When it comes to the contribution of sediments, the Argentine continental shelf receives terrigenous
sediments from two main areas: The Andes region and the Brasilia Massif. Minor contributions from
the Sierras Pampeanas and other regions of central Argentina should not be ruled out.

Notwithstanding the presence of the two associations, the predominance of the first is evident in
most of the Argentine continental shelf, as documented by the mineralogical composition at the
regional level (Potter, 1994; Marcolini, 2005), as well as by isotopic analysis (Mahiques et al., 2008;
Noble et al., 2012) and clay mineralogy (Campos et al., 2008a).

The Andes region was affected by intense Mesozoic and Cenozoic volcanism, whose erosion
products were transported eastward by fluvial and wind action, where the latter also contributed in
the mobility of volcanic ash and pyroclastic materials. All these materials were deposited and re-
transported in the Pampas and Patagonian regions through various multigenetic sedimentary cycles
until they finally reached the coasts and the sea (Violante and Rovere 2005). The resulting
mineralogical association was defined as a volcanic-pyroclastic one (Teruggi 1954, Etchichuri and
Remiro 1963, Gelos et al. 1988). The petrographic analysis of rock fragments found in marine
deposits on the slope more than 500 m deep near Mar del Plata (38 ° S) submarine canyon revealed
the predominance of materials from Buenos Aires (Tandilia) and Patagonian origin (Bozzano et al.
2011).

The cratonic regions of Uruguay and Brazil are made up of igneous-metamorphic rocks from the
Precambrian and Lower Paleozoic, as well as Jurassic basalts, whose erosion products are
transported by the Parana and Uruguay rivers to the Rio de la Plata, and from the latter to the
platform (Etchichuri and Remiro 1963, Berkowsky 1986). It should be considered that only the
sediment surpluses that are not retained in the deltaic-estuarine area of the Rio de la Plata reach
the platform through this route. The southern limit of these sediments on the platform was
established at 35°S (Etchichuri and Remiro 1963), although later studies indicate that they would
reach further south (up to 45°S) in at least one of the terraces described on the platform (Marcolini
2005, Marcolini and Bozzano 2007).

Sedimentary Dynamics

Given the terrigenous composition of the sediments that make up the platform, the sedimentary
dynamics must be considered in an integral way, encompassing both the continental processes that
affect the coast as well as the littoral and marine ones.

Sediments are introduced into the dynamic coastal system from the adjacent continent in different
ways, both by fluvial and wind transport and by coastal erosion, to be subsequently transferred to
the platform.
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However, in the case of fluvial and wind transport (the latter including both the contribution of
sediments by wind erosion as well as tephras and ashes originating in Andean eruptions) a bypass
may occur that takes them directly to the deep areas without remaining in the coastal system. During
the postglacial transgression, these processes have occurred at each stage of the eustatic ascent,
with variations depending on the rate of ascent, climatic factors, ocean circulation, littoral processes,
and changes in sedimentary inputs. Said postglacial transgression acted on a poorly consolidated
Neogene-Quaternary substrate causing the progressive sweeping of its surface by the erosive action
of the waves and coastal currents with the consequently rapid coastal retreat, manifested through a
high rate of coastal erosion and transfer sediment to the adjacent seabed (Urien and Ewing 1974,
Parker and Violante 1982, Violante and Parker 2000, 2004, Perillo et al. 2005, Parker et al. 2008).
On the platform, the resulting deposits on the erosion surface (ravinement, Swift 1976), are
palimpsests or relict according to how they have been affected or not by hydrodynamic conditions.

The total contribution of terrigenous sediments to the platform by direct action of transport agents
was estimated at 70x 106 tons / year (Pierce and Siegel 1979, Gaiero et al. 2003), of which 39 x 106
tons / year (56%) correspond to coastal erosion, 29 x 106 tons / year (41%) to wind transport and 2
x 106 tons / year (3%) to river activity. Isla and Cortizo (2005) estimated very different values (243.8x
106 ton / year) for the eroded sediments of the Patagonian cliffs and introduced to the sea, although
without a doubt important differences between regions, depending on local factors, must be
considered.

The river networks transport relatively small sedimentary volumes to the coastal areas, since the
smaller rivers have little transport capacity while the larger rivers generally flow into estuarine
environments that contain a large part of detritus. The greater fluvial capacity during past times is
evidenced not only by the disproportionate size of the valleys on the continent with respect to current
flows, but also by the large amount of gravels of glacifluvial origin that line the Patagonian platform
(Perillo and Kostadinoff 2005).

Waves and tides, especially under stormy conditions, are capable of remobilizing large volumes of
sediment (Perillo and Kostadinof 2005), as documented by the tidal wave fields that take up some
space on the platform where speeds are higher (Servicio de Hidrografia Naval 1961, Urien and
Ewing 1974 so et al., Perillo and Kostadinoff 2005).

Regarding the transport by coastal currents, the net circulation is towards the north, with the
exception of local cells of opposite circulation influenced both by the morphology of the coastline and
by the fluvial contributions.

Violante (2004), following Swift (1976) concepts, considered it to be of a native passive sedimentary
system taking into account the prevailing sedimentary dynamics on the platform. Some of the
superficial sedimentary structures, such as sandy banks formed by the coastal retreat (shoal retreat
massif, Swift 1976) with aligned banks present in the inner Norbonaerense platform (Parker et al.
1978, 1982, Swift et al. 1978, Parker and Violante 1982), are typical of these sedimentation systems.
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On the other hand, the mechanisms of sediment transfer from the outer edge of the platform to the
upper slope, and from there to the submarine canyons are not yet adequately known, especially
because the canyons are largely disconnected from the platform (Ewing and Lonardi 1971). Pierce
and Siegel (1979) estimated a sediment transfer to the slope of 17 x 106 m®year. Sedimentary
transport by gravitational processes seems to be predominant at least in the Buenos Aires slope
sector (Hernandez-Molina et al. 2009, Violante et al. 2010, Krastel et al. 2011).

Figure 19 presented by the morphosedimentary map of the passive volcanic continental margin in
the study area. CAN_100 - CAN_108 areas are located on the slope and the beginning of the
continental emersion, following the Ewing terrace, in the northern zone of the Bahia Blanca
submarine canyon system. On the other hand, the CAN_114 Area is located on the middle slope in
the southern area of said system of submarine canyons, immediately to the north of the Ameguino
system of submarine canyons.

The corresponding references to the map are presented in Figure 20.

The Ewing terrace (sensus Hernandez-Molina et al., 2009) is a pelagic shelf located on the middle
slope between 37 ° S and 41 ° S. It develops between 900 m and 1,440 m deep with a width of 35
to 75 km and is limited by two pronounced escarpments, the upper slope and the lower slope.

The submarine canyons are other significant features on the slope, they represent erosive geoforms
that shape it and, in many cases, they indicate the easternmost reach of the deposits of terrigenous
origin that are carried towards the marine basins. They have been the main route for the sedimentary
transfer to the abyssal plain, reaching its greatest development between 2,000 and 4,000 m-deep.
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Figure 19. Morphosedimentary map of the passive volcanic continental margin in the study area. The
red color indicates the operative area of CAN_100 - CAN_108 and CAN_114 areas. Modified from
COPLA (2017).
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Figure 20. References corresponding to the morphosedimentary map presented in Figure 19.
Modified from COPLA (2017).

(Translation of Figure 20: References: Main Transfer Fracture Zone. Secondary Transfer Fracture Zone.
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Continental Alignments. Platform: Platform Rupture. Mapping. Inferred. Upper Slope: Abrupt. Soft. Terrace.
Pit. Upper slope Distal Boundary. Middle Slope: Ewing Terrace. Soft Slope. Steep Terrace. Perito Moreno
Terrace. Internal distal boundary. External Distal Boundary. Major submarine canyons. Canyon Axis. Small
and Medium submarine canyons. Lower Slope: Convex shape. Concave shape. Steep distal slope. Attached
drift. Irregular and erosive middle and lower slope. Terrace erosive scarp. Large field of waves. Transition
zone. Lower slope —upper emersion. Mixed drifts. Sedimentary lobes. Canyons. Turbiditic deposits. Upper
emersion. Distal emersion limit. Piedra Buena Terrace. Soft proximal seabed. Steep distal seabed.
Contournitic pit. Contournitic pit axis. Valentin Feilberg Terrace. Contournitic channels. Axis of contournitic
channels. Slope and laminar drifts. Drift crest. Malvinas scarp. Outer scarp limit. Scarp distal limit. Abyssal
Plain. Maximum depth axis. Drift with soft slope. Large field of mud waves. Zapiola Drift. Zapiola Drift axis.
Submarine forest. Scarp. Sub-circular depression structures).

Contour depositional system

Until the middle of the 20th century, the knowledge of the Argentine continental margin indicated that
the dominant sedimentary processes in the deep regions of the slope and the emersion were
gravitational and pelagic.

The influence of bottom currents as significant seafloor modeling agents was unknown, being
Hernandez-Molina et al. (2009) who first described the complex contour depositional system that
developed from Eocene-Oligocene times along 1600 km of the passive volcanic Argentine
continental margin.

This system constitutes a sedimentary process associated with deep currents parallel to the margin,
capable of building up contour bodies (drifts) along the direction of the current. It is a complex
sedimentary dynamic determined by the activity of energetic bottom currents able to produce strong
erosion and sedimentation processes on the seabed.

The major morphosedimentary features that make up the contournitic system in the northern sector
of the passive margin (north of 43°S) are four terraces: La Plata (T1, at ~500-600 m-deep), Ewing
(T2, at 1000-1500 m), T3 (restricted to the interior of the Mar del Plata canyon, at 2500 m on its
northern side) and Necochea (T4, at 3500 m). Other deeper terraces have also been mentioned in
that sector (Herndndez-Molina et al., 2009; Violante et al., 2017).

MARGEN CONTINENTAL ARGENTINO

Sector meridional ! Sector central ! Sector septentrional
MASAS DE AGLA TERRAZAS TERRAZAS MASAS DE AGUA
oM T0 CB = TW+SACW
Nigera ~ 500 m K ~400/600m |71 =La Plata| Termoclina prof.
AAIW Perito Maoreno = 1000 m ~1200/1300m | T2 = Ewing AAIW
ucow
= | UCDW  |Piedra Buena ~ 2500 m 73 =
8l NADW > §
LCDW LCcDw
V. Feilberg |~ 3500/3800 m ~ 3500 m T4
AABW . AABW
sin nombre ~ 5000 / 5500 m ~ 5500 m TS

Figure 21. Contour terraces, their depths in different sectors of the margin, and their relationship
with water bodies. CM: Malvinas Current. CB: Current of Brasil. TW: Tropical Water. SACW: Central
Water of the South Atlantic. AAIW: Antarctic Intermediate Water. CDW: Deep Circumpolar Water.
UCDW: Upper Deep Circumpolar Water. LCDW: Lower Deep Circumpolar Water. NADW: North
Atlantic Deep Water. AABW: Antarctic Bottom Water. Source: Violante et al. (2017).
(Translation of Figure 21: Margen Continental Argentino: Argentine Continental Margin. Sector meridional:
Southern Area. Sector Central: Central Area. Sector Septentrional: Northern Area. Masas de agua: bodies of
water. Terrazas: Terraces. Termoclina Prof: Deep Thermocline.)
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According to the different factors involved (geotectonic, morphological, sedimentary, oceanographic,
etc.) in the characteristics presented by the forms resulting from the dominant processes in the
Argentine continental margin, which are the contour and gravitational ones, Hernandez-Molina et al.
(2009) subdivided the margin from north to south into six regions, each with its own
morphosedimentary features (Figure 22).

CAN_100 - CAN_108 and CAN_114 operative areas correspond to the areas hamed B and C of the
passive volcanic margin, respectively.

’ l Serman CRISTINA GOYENECHEA Page 43 of 526
& asociadoss.a. Directora Area Ambiente 9

¢ a ngamlitiersa SERMAN & ASOCIADOS S.A



Environmental Impact Assessment
.ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
%o Argentina

CHAPTER 5 - ENVIRONMENTAL BASELINE

equinor

Contournitic processes stand out in zone B (38-40 ° 30'S) (Hernandez-Molina et al., 2009; Violante
et al., 2017) with less influence from submarine canyons and gravitational processes. Various types
of contournitic bodies have been described in this region, the attached ones being dominant, as well
as other depositional, erosive and mixed. Although being subordinate to the contourites, a dense
system of narrow submarine canyons that cross the terraces and slopes of the slope, has sufficient
capacity to transport sediments towards the emersion, where they shape turbidite lobes and deposits
resulting from mass transport, which show a reorientation towards the northeast influenced by the
action of deep contour currents, originating separate mixed contournitic bodies (Hernandez-Molina
et al., 2009). In this region, the extent of the emersion shortens towards the south.

The C Zone (40 ° 30'-42 ° 30'S) corresponds to the area that was defined as the Colorado-Negro
Canyon System (Lonardi and Ewing, 1971) or Bahia Blanca (Hernandez-Molina et al., 2009). This
system is composed of at least twenty small, narrow canyons and generally of reduced
morphological expression. Contournitic bodies develop between them, both connected and with
mound. The thickness of the contournitic system in this sector would reach about 1200 m. Given the
importance of the depositional processes at the base of the slope, the reduced lateral extension of
the Ewing Terrace and the abundance of landslides and evidence of mass transport in the middle
slope, gravitational processes seem to play a relevant role here. In particular, the Bahia Blanca
canyon is one of the few examples in the MCA of a canyon that enters deep into the rise and still
reaches the abyssal plain with a possible significant influence on the sedimentary processes of the
northwestern edge of the Argentine Basin (Violante et al., 2017).

The contournitic bodies are made up of different sedimentary facies with heavy, sandy, silty and
muddy textures.
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Figure 22. Zoning of the Argentine continental margin based on the main active deep marine
processes, and Contournitic Depositional Systems. The red color indicates the operative area of
CAN_100 - CAN_108 and CAN_114 areas. Modified from Violante et al. (2017).

(Translation of Figure 22: Referencias: References. Plataforma: Platform. Sistema Depositacional
Contournitico del talud en el margen pasivo y cafiones submarinos asociados: Contournitic Depositional
System of the slope in the passive margin and associated submarine canyons. Depdsitos contorniticos en
los margenes transcurrente y mixto: Contournitic deposits in the transcurrent and mixed margins. Emersion:
Emersion. Fondos marinos profundos: Deep seabed. Sectorizacién del margen en funcion de la interrelacion
entre los procesos sedimentarios: Sectorization of the margin according to the interrelation between the
sedimentary processes).

3.1.5 Sediments

The sediments corresponding to the upper levels of the subsoil of the Argentine continental shelf are
represented by sequences from the Upper Pliocene-Holocene period (Parker et al. 1999, 2008).
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The most recent sedimentary unit of the subsoil of the Argentine continental shelf corresponds to
the post-Last Glacial Maximum sedimentary pack with an age between ~ 18 ka and the present
(Violante et al., 1992; Parker et al., 1999, 2008; Violante and Parker, 2000, 2004), defined as a
depositional sequence identified by high resolution seismic surveys carried out in the marine areas
of eastern Buenos Aires. The sequence extends from the outer edge of the platform (and even
sectors of the slope) to the coastal plains, being limited by the transgressive surface at its base,
while the top is represented by the current topographic surface. Its thickness averages about 5 m to
10 m, being greater in the Buenos Aires platform where it reaches 10-15 m, and less in the
Patagonian where it generally does not exceed 5 m with a discontinuous distribution (Urien and
Ewing, 1974, Parker et al., 1996, 1997; Urien et al., 2003). The internal seismic configuration of the
sequence is generally chaotic and non-transparent, indicating high sand content, although it is
transparent or free of internal reflections in places where its sludge proportion increases, such as in
estuarine environments.

The surface sedimentary layer of the platform is essentially made up of sands, which cover around
65% of its surface. Shells and gravels follow with a contribution of approximately 25% (Urienand
Ewing, 1973; Parker et al., 1997, 1999, 2008; Violante and Parker, 2000, 2004; Violante, 2004,
COPLA, 2017).

The surface sedimentary textures of the seabed according to the Atlas of Environmental Sensitivity
of the Argentine Coast and Sea (2008) is presented in Figure 23, along with the location of bottom
samples extracted in the area of which the aforementioned Atlas does not provide information.

The Atlas shows that a sandy texture prevails on the platform, while the mud is the dominant material
on the deeper areas of the margin, i.e. the slope and the emersion.

The information of the samples was obtained through GeoMapApp, an application of Lamont-
Doherty Earth Observatory of Columbia University that allows the search, visualization and analysis
of global data sets of the branches of geophysics, geology, oceanography physics, climatology and
others.

The description of the material found in the samples is presented in Table 1.
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Figure 23. Superficial sedimentary cover of the seabed of the Argentine continental margin. The
operating area of CAN_100 - CAN_108 and CAN_114 areas is indicated in red and the location of the
samples is shown in blue. Source: Atlas of environmental sensitivity of the Argentine coast and sea

(2008) and GeoMapApp (www.geomapapp.org).

(Translation of Figure 23: Texturas sedimentarias: Sedimentary Textures. Arena: Sand. Conchillas: Shells.
Fangos: Mud/Sludge. Grava: Gravel. Rocas: Rocks. Tosca: Stone.)
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Table 1. Description of the material found in the samples. Source: GeoMapApp
(www.geomapapp.org).

RC12-243 (Depth of bed: 4700 m):
0-127 cm: sandy clay, with sheets of sand (94-95 cm, 107-108 cm and 115-116 cm)
127-131 cm: sand

131-567 cm: sandy clay, with sheets of sand (147-148 cm, 173-177 cm, 180-182 cm, 183-187 cm, 426-
429 cm and 467-469 cm)

RC12-280 (Depth of bed: 4750 m):
0-330 cm: sandy clay

330-332 cm: sand

332-433 cm: sandy clay

RC15-141 (Depth of bed: 4900 m):

0-2 cm: clay; coarse fraction (<1%): mainly quartz, with some fragments of igneous rocks and dark
minerals.

2-18 cm: sandy clay; coarse fraction (approx. 7%): mainly quartz, with some fragments of igneous rocks
and dark minerals.

18-462 cm: sandy clay; coarse fraction (approx. 10%): mainly quartz, with some fragments of igneous
rocks and dark minerals.

462-468 cm: volcanic ash.
468-626 cm: sandy clay.

626-630 cm: unconsolidated sands; coarse fraction (approx. 95%): mainly quartz, with some fragments of
igneous rocks and dark minerals.

630-1090 cm: sandy clay; coarse fraction (7-25%): mainly quartz, with some fragments of igneous rocks
and dark minerals.

In the operative areas of CAN_100 - CAN_108 and CAN_114 areas, the sedimentary thickness is
very important, reaching over 2.5 km (Figure 24).
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Figure 24. Sedimentary thickness map of the Argentine continental margin. The operating areas of

CAN_100 - CAN_108 and CAN_114 areas are indicated in red. The thick dark blue lines indicate the

200 m, 2500 m and 5000 m isobaths. The thin black lines correspond to isopachs (scale in meters).
Modified from COPLA (2017).

3.1.6 Geological Hazard

Different natural processes of geological origin affect planet Earth, caused by internal or external
activity. Earthquakes and volcanism, which are mountain-forming processes, belong to the first case.
External processes are activated by meteorological agents (water, snow, wind) or by the forces of
gravity and other erosive processes, which modify the earth's surface.

The concept of geological hazard refers only to the effect of the process, through a qualitative
estimate of the possibility or probability of its occurrence, regardless of the consequences it may
have or the losses it may cause.

As to this project, the only subject to be developed is the seismicity of the study area.

In the project area, the Argentine coast corresponds to a passive margin coastline, with an extensive
continental shelf implying a certain tectonic stability (Codignotto et al. 1992).

The National Institute for Seismic Prevention of Argentina (INPRES) is in charge of the set up and
maintenance of the National Accelerometer Network. It is an instrument that makes it possible to
obtain a graph called an accelerogram, which shows the variation of accelerations at its location
according to time.

The so-called design earthquake/seism is determined from the analysis of the different earthquakes
registered in the country and in other places in the world with similar seismic characteristics. In
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general, the most destructive movement that can occur in a certain area is assumed, with a 500
year-recurrence.

The seismic hazard, which implies that a certain amplitude of ground movement may occur in a set
time interval, depends on the level of seismicity in each area. The Seismic Zoning Maps detect zones
with different levels of Seismic Hazard.

In the Seismic Zoning Map of the INPRES-CIRSOC 103 Regulation, 5 zones are identified. A value
that allows comparing the seismic activity in each one of them is the maximum ground acceleration
"as" for the design seism defined above. This acceleration is expressed in "g" units (acceleration
due to gravity).

Figure 25 shows the aforementioned Seismic Zoning Map. The operational areas of the project are
located offshore from the southern coast of Buenos Aires and northern Patagonia, being areas of
seismic danger with 0 value (very low).
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Figure 25. Seismic Zoning Map of the National Institute for Seismic Prevention of Argentina

(INPRES).

(Translation of Figure 25: Zonificacion Sismica de la Republica Argentina: Seismic Zoning of the Argentine

J

Serman

& asociados s.a.

Consultora

CRISTINA GOYENECHEA
Directora Area Ambiente
SERMAN & ASOCIADOS S.A.

Page 51 of 526



Environmental Impact Assessment
’ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,

) Argentina
equinor
CHAPTER 5 - ENVIRONMENTAL BASELINE

Republic. Zona: Area. Peligrosidad Sismica: Seismic Hazard. Aceleracion maxima del suelo: Maximum
Acceleration from the ground. Muy reducida: Very limited. Reducida: limited. Moderada: moderate. Elevada:
High. Muy elevada: Very high.)

3.2 OCEANOGRAPHY
3.2.1 Bodies of Water and Flow

The main source of the water bodies of the continental shelf is the subantarctic water, transported
from the north of the Drake Passage by the “Cabo de Hornos” current that flows between the Atlantic
coast and the Falkland Islands (Islas Malvinas), as well as by the Malvinas current that flows along
the edge of the shelf (Figure 26 y Figure 27). On the other hand, there are small continental
discharges that provide fresh water and a source of low salinity water given by the flow that enters
through the Strait of Magellan. The latter is a consequence of the high rainfall that occurs in the
Pacific Ocean near the coast of Tierra del Fuego, as well as the melting of the continental ice that
drains into the strait through important canyons (Bianchi et al., 2005).

As a consequence of the aforementioned contributions, the following water masses are observed on
the Argentine continental shelf (Bianchi et al., 2005): Coastal Water with low salinity (<33.4 UPS),
Platform Water or medium platform (between 33.4 UPS and 33.8 UPS), Malvinas Water (> 33.8
UPS) and High salinity coastal water in the area near the "San Matias" and "Nuevo" gulfs (> 34.0
UPS), where the diversion to the sea of the intrusion or plume of low salinity waters derived from the
discharge through the Strait of Magellan takes place (Figure 28).

It should be noted that the isohaline of 33.8 UPS and 33.4 UPS in Figure 28, mark the edges of two
ocean fronts (where the properties of the water change abruptly): the slope front, between Malvinas
waters and the waters of the middle platform, and the tidal front that develops during the summer
season between the near-homogeneous coastal waters in the vertical and the stratified waters of
the middle platform (Bianchi et al., 2005).

The Magellan plume, derived from the discharge of slightly saline waters through said Strait at a
latitude of 52.5 ° S, constitutes a distinctive feature of the platform. This flow has a very important
extension, reaching 42 ° S. There is a lot of uncertainty regarding its flow, but it does have an
enormous influence on the area (Piola et al., 2018).

The Malvinas current has originated in the deviation around the Patagonian shelf of the northern
branch of the Antarctic Circumpolar Current, which flows east carrying cold, low-saline subantarctic
waters (34.0 PSU) (Guihou et al, 2020; Piola and Gordon, 1989) and rich in nutrients (Acha et al.,
2004) from the Drake Passage along the upper portion of the slope of the Argentine continental
shelf.

After crossing the Drake Passage, the Malvinas current surrounds the shallow Burdwood (or
Namuncurd) bank and the Falkland Islands (Islas Malvinas), outlining the topography drawn by the
edge of the continental shelf (Campagna et al. 2006).

Another very important source of water masses for regional oceanographic characterization in the
Southwest Atlantic area is the water transported by the Brazilian current. This current flows
southward along the continental margin of South America (it makes up the western limit of the so-
called subtropical gyre of the South Atlantic), transporting warm, saline waters of subtropical origin.
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Figure 26. Diagram of the upper circulation of the main currents of the Southwest Atlantic. The black
lines correspond to the flow of Antarctic and subantarctic waters, associated with the Antarctic
Circumpolar Current and the Malvinas Current respectively. The red lines represent the flow of
subtropical waters carried by the Brazilian current. On the Patagonian continental shelf, the blue and
green arrows represent the middle surface currents. The fine black isolines show the salinity field at
200 m depth, used to infer part of the circulation pattern. At the Brazil-Malvinas confluence, a strong
salinity front develops which extends in a meandering pattern into the interior of the ocean, forming
the South Atlantic current. Source: Piola et al. (2017).
(Translation of Figure 26: Area de Estudio detallada: Detailed Study Area)
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Plataforma y sus terrazas

Sistema depositacional contornitico del talud en el margen pasivo y cafiones
submarinos asociados (identificados por los nombres de los sisternas mayores -SCS-).

Los cafiones mayores estan en celeste. Los menores en linea blanca.

Depdsitos contorniticos en los margenes transcurrente y mixto

Sector de margen comprendido entre los margenes transcurrente y mixto

- Fondos marinos profundos

CORRIENTES MARINAS:

Flechas grises punteadas en la plataforma: corrientes superficiales de plataforma asociadas
a los niveles superiores de la Corriente de Malvinas.

CM: Corriente de Malvinas (flechas grises mas gruesas en el talud)

CB: Corriente de Brasil

ZCBM: Zona de Confluencia Brasil-Malvinas

AlA: Agua Intermedia Antartica (flechas celestes)

AFA: Agua de Fondo Antartica (flechas azules)

Figure 27. Rasgos morfo-sedimentarios y corrientes caracteristicas del Margen Continental
Argentino. Source: Violante, et al. 2017.

(Translation of Figure 27: Area de Estudio detallada: Detailed Study Area. Plataforma y sus Terrazas: The
Continental Shelf and its terraces. Sistema depositacional contornitico del talud en el margen pasivo y
cafiones submarinos asociados (identificados por los nombres de los sistemas mayores - SCS): Contournitic
depositional system of the slope in the passive margin and associated submarine canyons (identified by the
names of the major systems - SCS). Depositos contorniticos en los margenes transcurrente y mixto:
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Contournitic deposits in the transcurrent and mixed margins. Sector de margen comprendido entre los
margenes transcurrente y mixto: Margin sector between transcurrent and mixed margins. Fondos marinos
profundos: Deep Seabed. CORRIENTES MARINAS: Sea currents. Flechas grises punteadas en la
plataforma: corrientes superficiales de plataforma asociadas a los niveles superiores de la Corriente de
Malvinas: Grey arrows dotted on the platform: surface platform currents associated with the upper levels of
the Malvinas Current. CM: Corriente de Malvinas (flechas grises gruesas en el talud): CM: Malvinas Current
(thick grey arrows on the slope). CB: corriente del Brasil: CB: Brazilian current. CZBM: Zona de confluencia
Brasil-Malvinas: CZBM: Brazil-Malvinas Confluence Zone. AlA: Agua intermedia antartica (Flechas celestes):
AlA: Antarctic Intermediate Water (Light-blue Arrows). AFA: Agua de fondo Antartica (Flechas azules): AFA:
Antarctic Bottom Water (Blue Arrows).

S5

450 AO0

-50

-55

Figure 28. Horizontal distribution of the superficial climatological salinity of the Argentine continental
shelf. The isohalines that separate the different bodies of water (33.4 UPS and 33.8 UPS) are
highlighted). The abbreviations correspond to: Low Salinity Coastal Water -LSCW-, High Salinity
Coastal Water -HSCW-, Shelf Water-SW-, Malvinas Water (Malvinas Water -MW-) and slope front
(Shelf Break Front -SBF-). Source: Bianchi et al., 2005.

(Translation of Figure 28: Area de estudio detallada: Detailed Study Area).
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Figure 29. Superficial salinity distribution. Snapshot obtained from the POM model (Palma et al.
2008).

The main bodies of water shown are: Strait of Magellan Water (MSW), Sub-Antarctic Shelf Water
(SASW), Subtropical Shelf Water (STSW), La Plata River Water (LPW), Sub-Antarctic Water (SAAW)
and Tropical Water (TW).

The white line indicates the 33.5 psu contour. Note the release of high-salinity anticyclonic eddies
from the Brazilian current. Source: Palma et al. 2008.

(Translation of Figure 29: Area de estudio detallada: Detailed Study Area).

The upper layer of the mass of water transported by the Brazilian current, is called Tropical Water
(Tropical Waters, TW), and is characterized by its high potential temperature (>20C) and high salinity
(S> 36 PSU). The temperature is due to the heat coming from the atmosphere in low latitudes, while
the high salinities derive from the loss of waters of lower salinity that occurs in middle latitudes. In
this upper layer, the presence of relatively thin layers of low salinity is also observed, which probably
respond to the mixture between TW and platform waters and rivers. Below the TW layer is the South
Atlantic Central Water (SACW), which is characterized by its strong thermocline and halocline
(observe the 6-S relationship in the temperature range 20 - 10 C, Figure 31). The SACW water mass
has a very stable 6-S pattern that presents only minor variations, at the southern limit of the Brazilian
current, caused by air-sea interaction during winter (Piola et al., 2017).

The Brazilian and Malvinas currents join near 38° south latitude (moving north or south depending
on the season of the year) in the deep-water environment of the slope and form the Brazil / Malvinas
(Subtropical Front) confluence zone, becoming the thermohaline front with the highest concentration
of energy in all the world's oceans. Subtropical and subantarctic waters coexist and mix there
creating important physical-chemical gradients which favour the presence of high concentrations of
nutrients with important biological consequences for the entire ecosystem.

After encountering the Malvinas Current, the Brazilian Current branches off and one of its branches
(the outermost) forms the South Atlantic Current (Campagna et al. 2006), while the main flow of the
Malvinas current describes a sharp turn and forms the return flow of the Malvinas that heads
southeast. This return flow generates the surfacing of deep waters that enrich the nutrient content of
the surface waters (Campagna et al. 2006).
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It should be highlighted that, although the circulation on the continental shelf depends on the
propagation of the tidal wave, the wind tension, the fresh water discharges and the contour currents
(Malvinas and Brazil currents), the relative contribution of each of these forcing the circulation pattern
varies between the different regions that make up said platform.

On the Patagonian continental shelf, the circulation is dominated by strong tides (Glorioso and
Flather 1997, Palma et al. 2004a), significant fresh water discharges (Piola et al. 2005) and strong
and persistent winds (Palma et al. 2004b, Piola and Matano 2001). While in the area of interest of
the present study (Detailed Study area) the tidal amplitudes are relatively small (Palma et al., 2004a),
and the wind pattern is characterized by weak intensities and large seasonal variations (Palma et
al., 2004b).

The schematization of the circulation of the Southwest Atlantic is presented in Figure 27 and Figure
28. Figure 29 shows the main water masses of the aforementioned oceanic sector together with the
superficial distribution of salinity, corresponding to the results obtained by Palma et al. (2008) with
the POM model (Princeton Ocean Model).

The Brasil-Malvinas Confluence generates one of the most spectacular eddy fields in the global
ocean (Piola et al., 2001). In these eddies, the anomaly of temperature and surface salinity can
present values of up to 10C and 2 UPS and, therefore, they form an important mechanism for the
transfer of salt and heat. The variability of the confluence zone is illustrated by Figure 29 with the
presence of an eddy intrusion located around 45S, 54W and, further north, a second eddy about to
break away.
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It should be specifically noted that, as observed in Figure 29, the Detailed Study area is located in
the area of influence of the Malvinas current and its convergence with the Brazilian current
(Subtropical Front). Consequently, both the temperature and the salinity of the water can present a
high space-time variability. The large-scale meanders and eddies that come from the two currents,
generate intrusions from a warm water body (Brazil current) into a cold water body (Malvinas current)
and vice versa. In this way, the Detailed Study area, in addition to being characterized by the mixture
of these two marine currents, can be bathed by both the cold waters of the Malvinas current and the
warm waters of Brazil. Therefore, the seismic exploration vessel may be moving either in the
confluence zone, or in Malvinas or Brazilian waters at any time of the year.

Next, the vertical profiles (temperature and salinity) and the characteristic T-S diagrams of the water
masses of the Brazilian (Figure 30) and Malvinas currents (Figure 31) are presented. Figure 32
shows the different water masses present in the Detailed Study area by T-S diagrams prepared
based on the data downloaded from the World Ocean Database (see Figure 31 for the identification
of the confluence zone and the Malvinas- Brazil currents). It should be undedrlined that the
comparison of both figures (Figure 31 and Figure 32) determines the presence of water masses from
the Brazilian and Malvinas currents and the confluence of both in the study area.

Figure 33 illustrates the vertical distribution of temperature and salinity in cross sections located at
38.25S, 39.75S and 41.75S latitudes. These profiles represent the average conditions at the
extremes of the seasonal cycle (hot and cold) and were prepared based on observations carried out
during the 1911-2010 period and compiled in the Regional Oceanographic Data Base (BaRDO) of
the National Institute of Fisheries Research and Development, INIDEP (Baldoni, et al. 2015).
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Figure 30. Vertical profiles of temperature and salinity of the Malvinas current (solid line) and the
Brazilian current (dotted line). Source: Orte-Echevarria et al. (2019).
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Figure 31. T-S diagram of oceanographic stations carried out along the Brazilian current (from 20° S
in the Brazilian basin to 35 ° S, solid lines) and along the Malvinas current (from 55 ° S in the north of
the Drake Passage up to 40 ° S, dashed lines). These stations are located between the 1000 m and
2000 m isobaths near the cores of these western contour currents. The station at the Brazil /
Malvinas Confluence is also included after the separation of the western edge (dotted and dashed
line). Density anomaly isolines (S8) are included.

TW: Tropical Water; SACW: South Atlantic Central Water; NADW: North Atlantic Deep Water; AAIW:
Antarctic Intermediate Water; UCDW: Upper Circumpolar Deep Water. Source: Piola et al. (2017).
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Figure 32. T-S diagram of all temperature and salinity profiles downloaded from NOAA's World Ocean
Database 09 (http://www.nodc.noaa.gov), recorded in the Detailed Study area.
(Translation of Figure 32: Temperatura potencial: Potential temperature. Estacién: Station. Salinidad
Absoluta: Absolute Salinity.)
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Figure 33. Vertical sections of temperature and salinity, at 38.25 S, 39.75 S and 41.75 S latitudes. a)
Annual salinity distribution, b) Temperature distribution during the cold period, c) Temperature
distribution during the warm period. Source: Baldoni et al. 2015.

(Translation of Figure 33: Area de Estudio detallada: Detailed Study Area. Salinidad Annual: Annual Salinity.
Temperatura periodo frio: Cold period temperature. Temperatura periodo calido: Warm period temperatura.
Presién: Pressure. Longitud: Longitude.)
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3.2.2 Currents

According to a study carried out by Palma et al. (2008) the average depth circulation in the platform
consists of a north direction flow with average velocities of approximately 3.5 cm / s and peaks of
more than 7 cm / s. The circulation intensifies in the outer zone of the platform, where it is influenced
by the Malvinas current. South of 49°S there is a well-defined jet in the inner sector of the platform.

The vertical structure of the circulation follows Ekman's solution, which explains the effect of the wind
handling currents at depth, as in the case study. It states that when a constant wind blows over an
ideal, flat, homogeneous and unlimited sea, there shall be a movement of the most superficial waters
in a 45 ° deviated direction (towards the left in the southern hemisphere) with respect to that of the
wind. This movement is transmitted towards the successive deeper layers with an exponential
attenuation due to friction and continuously deviating in an anticyclonic direction (Ekman spiral,
Figure 34).

This means maximum surface speeds and different speeds for each depth, with the direction vector
rotating counterclockwise. This pattern can be observed in Figure 35, where the vertical structure of
the circulation in the Patagonian platform is observed, being equivalent to a flow of two layers, the
upper one goes directly to the northeast and the lower one in the opposite direction. Palma et al.

(2008).
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Figure 34. Ekman Spiral.

(Translation of Figure 34: Viento: Wind. Superficie del Mar. Sea Surface.)
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Figure 35. Average annual circulation in the Argentine continental shelf sector. A) Average depth
velocity vectors. The numbers within the boxes indicate the transportation (in Sv) through the
indicated section. B) Surface velocity vectors. C) Velocity vectors of the lower layer. Solid grey lines
indicate the 100 and 200 meter isobaths; the dotted line corresponds to the 1000 m isobath. The

vectors are indicated for depths less than 500 m. Source: Palma et al. 2008.
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Figure 36 shows the vectors of the current velocity for different periods of the year, according to the
variability of the convergence position.
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Figure 36. Variability of the convergence position for different periods of the year. The vectors
represent the current velocity for one quarter, between 800 and 1100 dbar. The vectors in red are
directed to the north, and those in blue to the south. The thick grey lines indicate the extent of the
Brazilian and Malvinas currents. From left to right and top to bottom: January-March, April-June,

July-September, October-December. Image taken from EIA, S and B SISMICA OFFSHORE 3D AREA 3
- Uruguay. Source: Ezcurra & Schmidt S.A. 2013.

(Translation of Figure 36: Area de estudio detallada: Detailed Study Area)

In relation to the speed of the currents, Figure 37 shows a section of the speed of the marine currents
(in cm / s) on the outer platform and the continental slope at a latitude between 38°S and 39°S. The
light blue colors represent northward flow (positive values), associated with the Malvinas current.
The green-yellow-red colors (negative values) represent southward flow, associated with the return
of the Malvinas and Brazilian currents (Piola et al. 2008).
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Figure 37. Speed section of the marine currents on the outer platform and the continental slope.
Source: Ezcurra & Schmidt S.A. 2013 (modified from Piola et al. 2008).

(Translation of Figure 37: Distancia (Km): Distance (Km).)

Palma et. al (2008) propose a model to simulate currents on the continental shelf and in the adjacent
deep ocean. According to the model, the circulation forced by the wind is characterized by a flow
towards the NE and a reduction of the transport of mass towards the N. The currents present a
significant seasonal variation north of 45°S and these changes appear in the seasonal variations of
the transport. In autumn the model suggests a cyclonic (hourly) circulation on the central platform.

Figure 38 shows surface currents in autumn and spring. Due to the effect of the prevailing west wind,
these simulations, which do not include the Malvinas current, suggest that the surface layer water
flows mainly towards the ENE and is exported to the deep ocean through the continental slope.
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Figure 38. Surface currents in autumn (left) and spring (right) generated by a barotropic model
(uniform density) forced with climatological winds (ECMWF). The red vectors represent average
speeds between 15 and 20 cm / s, blue between 10 and 15 cm /s and black less than 10 cm /s. The
grey lines represent the 100 and 200 m isobaths. Source: Palma et. al (2008).

In the real ocean, the Malvinas current plays an important role and forces the surface flow mainly to
the NE. The conservation of mass suggests that the flow towards the E near the coast must be
compensated by an opposite transverse circulation in the deep layers (Figure 39).

The current speed in the Cabo de Hornos area exceeds 60-70 cm / s (Zyranov and Sererov, 1979).
The average velocity of the divergent Malvinas current reaches 25 cm / s to 50 cm / s (Servicio de
Hidrografia Naval, 1993) (Naval Hydrography Service).
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Figure 39. Average annual currents at 10 m-deep generated from a baroclinic simulation (with vertical
stratification) that includes the Malvinas current. Note how the currents on the platform deviate to the
N and NE on the outer platform and increase their intensity towards the slope. The grey lines
represent the 100 and 200 m isobaths of the model. Source: Palma et. al (2008).

(Translation of Figure 39: Comparacion entre corrientes observadas cerca de la superficie (en rojo) y la
simulacién baroclinica a 10 m de profundidad: Comparison between currents observed near the surface (in
red) and 10m-deep baroclinic simulation).

On the annual average, mass transport decreases uniformly northward. However, in autumn the
northern part of the domain shows an intense transport towards the NE, associated with the relatively
intense flow in that direction over the entire platform south of 38°S (Figure 40). The reversal of the
currents in spring in this sector of the platform (Figure 40) produces a weak transport towards the
SW.
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Figure 40. Undercurrents in fall (left) and spring (right). The magenta vectors represent average
speeds greater than 1 cm /s, red between 0.5and 1 cm /s, blue between 0.25and 0.5cm /s and
black less than 0.25 cm / s. The grey lines represent the 100 and 200 m isobaths. Source: Palma et. al
(2008).

North of 41°S, the intensity of the wind decreases towards the north and the direction shows
significant seasonal variations. On the other hand, rainfall exceeds evapotranspiration by
approximately 50 mm / year and continental discharge further north is noticeable. An average annual
discharge of between 15 and 20x10% m?/s is estimated for the Rio de la Plata, and it can double this
value on extraordinary occasions.

According to Piola and Rivas (1997) there are disagreements regarding the direction and magnitude
of the currents in the region. The numerical models that include the effect of the average wind and
the mass field indicate the existence of an average flow towards the NNE with surface velocities of
about 0,10 m / s between the coast and the slope. However, on occasions, the influence of the
waters of the Rio de la Plata would also manifest south to the latitude of Mar del Plata.

By analyzing biological and environmental data, Balech (1949, 1965, 1971) also infers a flow towards
the NNE, but proposed the existence of a countercurrent towards the SSW in summer which he
called Coastal Warm Drift.

Boltovskoy (1970, 1981) also suggests that the presence of warm waters in the Buenos Aires
coastline is restricted to the north of 40°S and that it is mainly due to seasonal warming. The
appearance of subtropical species in the coastal region is due to the infiltration of a western branch
of subtropical waters to the west of the Malvinas current that would reach the coastal area due to
the effect of the wind and eddies.
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The monthly average current fields in the present study area are shown in Figure 41, Figure 42,
Figure 43, Figure 44, Figure 45, Figure 46, Figure 47, Figure 48, Figure 49, Figure 50, Figure 51y
Figure 52.

These current fields are a product of the COPERNICUS Space Program, formerly GMES (Global
Monitoring for Environment and Security), which is the European Program aimed at promoting the
European capacity for Earth Observation and Monitoring. This product is accessed through the “My
Ocean” Platform.

In the hereinabove mentioned figures, the polygons correspond to CAN_100 - CAN_108 (white color)
and CAN_114 (fuchsia color) operative areas.

There is great variability in the field of currents within the area of interest, both in intensity and
direction, which is associated with the dynamics of the confluence of the Brazilian and Malvinas
currents.

The west branch (Patagonian current) of the Malvinas current runs on the platform.

The eastern branch of the Malvinas current can be clearly distinguished on the slope front tracing
the edge of the continental shelf, with speeds of 1 m /s in some sectors.

When meeting the warm current of Brazil that flows south, the Malvinas current draws a sharp turn
to the south facing the province of Buenos Aires, becoming the Malvinas return current, with speeds
reaching1.5m/s.

As a product of the high dynamics of the confluence, numerous large-scale meanders and eddies
are produced, which are detachments of the two currents that generate intrusions of a body of warm
water (Brazilian current) in a body of cold water (current of Malvinas) and vice versa.

The area is characterized by significant seasonal variations, as the Brazilian and Malvinas currents
meet north or south depending on the season of the year.

The typical water mass is that of Malvinas within CAN_114 operative Area towards the south, with
speeds that do not exceed 0.5 m/ s, except in the area closest to the edge of the platform where the
current can reach somewhat higher speeds.

Towards the north, the operational area CAN_100 - CAN_108 is covered by both the cold water
mass of Malvinas and the warm water of Brazil in their confluence area, as well as by the mixing
zone between them with their big eddies and/or meanders.
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Figure 41. Average surface speed (m /s) for the month of January. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 42. Average surface speed (m / s) for the month of February. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 43. Average surface speed (m/s) for the month of March. Source: COPERNICUS Space
Program, “My Ocean” platform
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Figure 44. Average surface speed (m / s) for the month of April. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 45. Average surface speed (m /s) for the month of May. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 46. Average surface speed (m / s) for the month of June. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 47. Average surface speed (m /s) for the month of July. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 48. Average surface speed (m / s) for the month of August. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 49. Average surface speed (m/s) for the month of September. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 50. Average surface speed (m / s) for the month of October. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 51. Average surface speed (m /s) for the month of November. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 52. Average surface speed (m / s) for the month of December. Source: COPERNICUS Space
Program, “My Ocean” platform.
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3.2.3 Tides

In a simulation, the forcing tide can be characterized by the amplitude and phase of the main
harmonic (M2), the dissipation rate of the tides, and the tidal energy flow (Palma et al., 2004). The
M2 Harmonic is part of an amphidromic system located in the proximity of the Greenwich meridian
and 60 S (Genco et al., 1994). It spreads from the southwest to the northeast and its amplitude
decreases, due to friction effects, from a maximum of 4 m in Bahia Grande to less than 30 cm north
of Bahia Blanca (Figure 53).

When the tidal pattern presents great amplitude, the tides influence the magnitude of the vertical
mixing, as it occurs in the Patagonian Platform. It should be noted that in the Detailed Study area,
located beyond the edge of the continental shelf (not legal - see Point Error! Reference source not
found.), the amplitude of the tide and consequently its speeds are of small magnitude, so its
contribution to the current total field is negligible.
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Figure 53. Co-tidal chart and amplitudes of the main lunar tidal component (M2) every 20°. Source:
Palma et al., 2004.
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(Translation of Figure 53: Area de Estudio detallada: Detailed Study Area).
3.2.4 Wave Climate

The wind system in the study area generates a very rough sea in all seasons of the year with waves
of varying height and direction (Environment Technology & Resource 1997). In this sense, the
increase in sea-state is typically generated as a result of storms taking place through the Drake
Passage and over South America. The storms coming from the west rapidly generate increases in
the sea state, but they do not last more than 2 or 3 days, unless the area is affected by consecutive
storms (Upton and Shaw 2002).

Dragani et al. (2010) studied the trends in the last decades of the annual average and maximum
wave values in the eastern sector of the South American continental shelf between 32 ° S and 40 °
S, based on in situ and remote observations and numerical simulations carried out through the forced
SWAN model with NCEP / NCAR re-analyses (NCEP: National Centers for Environmental
Prediction, NCAR: National Center for Atmospheric Research).

Figure 54 shows the study area and the location of different wave analysis points.
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Figure 54. SWAN model implementation area. The wave height study points are MP: Mar del Plata
continental shelf, RP: Rio de la Plata mouth, UR: Uruguayan continental shelf, DO: deep ocean and
MV: maximum variation. RDP: Rio de la Plata. The triangle shows the position of a Datawell
Waverider olimeter. Source: Dragani et al. (2010).

The series of mean annual wave heights recorded by remote observations (TOPEX Ocean
Topography Experiment) between 1993 and 2002 are shown in the Figure 55 for UR, MP and DO
points indicated in Figure 54).
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Figure 55. Annual averages of significant wave height (TOPEX, 1993-2002 period) in UR, MD and DO
(see location in Figure 53). The corresponding minimum squares regression lines are included.
Source: Dragani et al. (2010).

It is possible to observe a great interannual variability, with a slight tendency to increase in height.
The largest increases were recorded between 1994 and 1995 in the three points and between 1999
and 2000 in DO.

On the other hand, the results obtained through the regional application of the SWAN mathematical
model forced by the NCEP / NCAR wind field for the 1971-2005 period in the calculation domain
presented in Figure 54 (Dragani et al. 2010), which includes regions as dissimilar as the shallow Rio
de la Plata, the Uruguayan continental shelf, part of the Brazilian and Argentine continental shelves,
the outer edge of the shelf and a sector of the Southwest Atlantic Ocean.

The mean fields ( 1971-2005 period) of mean square height and wave period obtained by modeling
with SWAN are presented in Figure 56.

It can be observed that the height and the wave period gradually decrease towards the coast, from
approximately 2.5 m / 4.5 s in the southeastern sector of the model to less than 1.0 m/ 2 s at the
mouth of the Rio de la Plata. Directions are predominantly west to north of 37 ° S and northwest to
south.
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Figure 56. SWAN model of 1971-2005 period: (a) mean quadratic significant wave height (meters)
and (b) mean period (seconds) and mean direction of propagation (unscaled arrows). Source:
Dragani et al. (2010).

The time series obtained from annual maximums of significant wave height are presented in Figure
57, showing a slight upward trend, in the same way as for the mean annual heights of TOPEX (Figure
55).

It is important to highlight that the results obtained by the SWAN model reflect only the swell
produced by the acting wind on the calculation domain (“sea”), since the one that enters through the
limits of the model (“swell”) is not considered in simulations.
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Figure 57. Annual maximums of significant wave height (SWAN model, 1971-2005 period) in UR (a),
RP (b), MP (c) and DO (d) (see location in Figure 53). The corresponding minimum squares
regression lines are included. Source: Dragani et al. (2010).
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According to Dragani et al. (2010) and different studies cited by them, these variations could be a
consequence of the occurrence of changes in the lower circulation of the atmosphere in the
Southwest Atlantic.

Wave climate information is also available through different global models. The content provided by
the Global Atlas of Ocean Waves (1970-2011 period) is presented below.

The Global Atlas of Ocean Waves is based on VOS (Voluntary Observation Vessel Program)
observations and is the result of a cooperation project funded by the European Union whose
participants are PP Shirshov Institute of Oceanology, Russian Academy of Science (Moscow),
Southampton Oceanography Center (Southampton) and Royal Netheralands Meteologigal Institute
(De Bilt).

Figure 58 shows the mean annual wave height according to said source and Figure 59, shows the
corresponding periods.
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Figure 58. Mean annual wave period (in seconds) for the 1971-2005 period. Source: Global Atlas of
Ocean Waves.
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Figure 59. Mean annual wave period (in seconds) for the 1971-2005 period. Source: Global Atlas of
Ocean Waves.

The analysis of wind and wave data series from the IOWAGA project (Integrated Ocean Waves for
Geophysycal and other Applications), developed by the IFREMER research institute (France), is
presented below. The numerical model applied in obtaining the database corresponds to WAVE-
WATCH lll, which is a third-generation wave model developed by NOAA / NCEP (National Oceanic
and Atmospheric Administration / National Centers for Environmental Predictions). It was
implemented in its GLOBAL grid mode, with winds coming from the ECMWF (European Center for
Medium-Range Weather Forecasts) base.

The data is organized by month and with a 3-hour time interval. The cell size of the data grid varies
by area, from the French Atlantic coast grid with a 1/30 ° resolution to the GLOBAL grid with a 0.5 °
resolution.

The information provided by this database includes not only the description of the total energy
spectrum corresponding to each moment of the record, but also provides specific information on the
energy component provided by the waves generated by local winds (sea) and by the different main
components associated with oceanic waves propagated from different generation zones (swell).

Monthly validations with buoy measurements have shown excellent reliability of this model.

Figure 60 shows a map of CAN_100 - CAN_108 and CAN_114 operating areas, and of two
IFREMER nodes located in each of said areas.
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Figure 60. Location of the analyzed IFREMER database nodes, on the bathymetry of the study area.
Bathymetry source: GEBCO global database “The General Bathymetric Chart of the Oceans”:
https://www.gebco.net/data_and_products/gridded_bathymetry data/

(Translation of Figure 60: Profundidad: Depth. Provincia de Buenos Aires: Province of Buenos Aires.
Plataforma Continental: Continental Shelf. Talud: slope. Emersion Continental: Continental Emersion.
Llanura abisal: Abyssal Plain.)

Data on wind intensity and direction were extracted from IFREMER-1 (CAN_100 - CAN_108 area)
and IFREMER-2 (CAN_114 area) nodes, as well as significant height (hs), peak period (tp) and peak
direction (dp) of the waves for the last 10 full years (2009 to 2018 period).

The directional distributions for the waves hs and tp of the IFREMER-1 and IFREMER-2 nodes are
presented in Figure 61 and Figure 62 respectively.

It can be observed that the waves have mainly N-NNE and SW-WSW directions in both nodes, the
first being those of longer periods, exceeding 14 s. This swell heading towards the N-NNE is about
marine swell, which are regular period waves, generally greater than 10 seconds, that propagate in
the open ocean several kilometers away from their generation area with almost no loss of energy.

Waves with shorter periods (less than 8 seconds) correspond to Sea or wind wave. This wave, of
less regular periods than the Swell, is generated locally due to the regional winds.

In the two analyzed nodes there are waves exceeding 4 m in height and whose major occurrence
corresponds to those directed towards the N-NNE.
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Figure 61. Directional wave distribution for IFREMER 1 node. Hs left, Tp right, 2009 to 2018 period.

(Translation of Figure 61: Altura significativa (m): Significant Height (meters). Ifremer zona norte 1: North
zone Ifremer 1. Periodo: period.)

Altura significativa (m} Periodo (s)
e - - 14
5 < Hs <4 Ifremer zona norte 2 2 Tp< 4 Ifremer zona norte 2
3 < Hs < 35 N [ 10 < Tp <12 N

25 <Hs<3
[ Jz<Hs<25
15 < Hs<2
Bl <Hs<15
O < Hs< 1
IO - Hs< 05

Figure 62. Directional wave distribution for IFREMER 2. Hs left, Tp right, 2009 to 2018 period.

(Translation of Figure 62: Altura significativa (m): Significant Height (meters). Ifremer zona norte 2: North
zone Ifremer 2. Periodo: period).

The seasonal analysis of the wave time series is presented below.
For IFREMER-1 node, the seasonal directional distributions are observed in Figure 63 for hs, and

in Figure 64 for tp. In the case of IFREMER-2 node, these distributions are presented in Figure 65
and Figure 66, respectively.
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The highest waves are registered predominantly during autumn and winter heading towards the N-
NE in the Detailed Study area. It should be noted that the campaign shall take place in the October-
March period in order to avoid the worst conditions of the waves.
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Figure 63. Directional wave distribution for the IFREMER-1 node, Hs divided by season, 2009 to 2018
period. From top to bottom and from left to right: summer, fall, winter and spring.

(Translation of Figure 63: Altura significativa (m): Significant Height (meters). Ifremer zona norte 1: North
zone Ifremer 1)
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Figure 64. Directional distribution of the waves for the IFREMER-1 node, Tp divided by season, 2009
to 2018 period. From top to bottom and from left to right: summer, fall, winter and spring.

(Translation of Figure 64: Periodo (s): Period (s). Ifremer zona norte 1: North zone Ifremer 1)
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Figure 65. Directional wave distribution for the IFREMER-2 node, Hs divided by season, 2009 to 2018
period. From top to bottom and from left to right: summer, fall, winter and spring.

Translation of Figure 65: Altura significativa (m): Significant Height (meters). Ifremer zona norte 2: North
zone Ifremer 2)
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Figure 66. Directional distribution of the waves for the IFREMER-2 node, Tp divided by season, 2009
to 2018 period. From top to bottom and from left to right: summer, fall, winter and spring.

(Translation of Figure 66: Periodo (s): Period (s). Ifremer zona norte 2: North zone Ifremer 2)

3.2.5 Physico-chemical parameters of seawater

In the same way as with the current fields, the different physicochemical parameters of seawater
provided by the COPERNICUS Space Program were extracted through “My Ocean” Platform.

Page 86 of 526

Serman CRISTINA GOYENECHEA
& asociados s.a. Directora Area Ambiente
SERMAN & ASOCIADOS S.A.

Caonsultiora



Environmental Impact Assessment
.ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
%o Argentina

CHAPTER 5 - ENVIRONMENTAL BASELINE

equinor

The following figures show the temperature, salinity, dissolved oxygen, nitrates, phosphates,
silicates, phytoplankton and chlorophyll (a) fields on the sea surface for the months of January
(summer), April (autumn), July (winter) and October (spring), namely:

Figure 67, Figure 68, Figure 69 and Figure 70: temperature in summer, autumn, winter and spring,
respectively.

Figure 71, Figure 72, Figure 73 and Figure 74: salinity in summer, autumn, winter and spring,
respectively.

Figure 75, Figure 76, Figure 77 and Figure 78: dissolved oxygen in summer, autumn, winter and
spring, respectively.

Figure 79, Figure 80, Figure 81 and Figure 82: nitrates in summer, autumn, winter and spring,
respectively.

Figure 83, Figure 84, Figure 85 and Figure 86: hosphates in summer, autumn, winter and spring,
respectively.

Figure 87, Figure 88, Figure 89 and Figure 90: silicates in summer, autumn, winter and spring,
respectively.

Figure 91, Figure 92, Figure 93 and Figure 94: phytoplankton in summer, autumn, winter and spring,
respectively.

Figure 95, Figure 96, Figure 97 and Figure 98: chlorophyll (a) in summer, autumn, winter and spring,
respectively.

In the aforementioned figures, the polygons correspond to the areas of operation and of direct
influence of CAN_100 - CAN_108 Area (white color) and CAN_114 Area (fuchsia color).

The temperature and salinity fields reveal the presence of the cold Malvinas current, the warmer and
more saline current of Brazil and the extraordinary process that makes up their confluence.

The area object of this study is characterized by regions of high productivity that can be similar to
“oases”. Sea fronts can be considered as such, since they occupy a small area of great importance
in regulating the transport of salts, heat, nutrients, sea-atmosphere interactions and various
ecosystemic processes. The biological processes taking place in those areas determine particular
ecological properties, necessary for an increase in primary production (Schejter et al. s/f).

Subtropical and subantarctic waters coexist and mix there creating important physical-chemical
gradients which favour the presence of high concentrations of nutrients with important biological
consequences for the entire ecosystem. Likewise, the return flow of the Malvinas current, which
heads southeast, generates the emergence of deep waters that enrich the nutrient content of the
surface waters.

On the other hand, the slope front region located on the edge of the continental shelf, and which
extends for more than 1,500 km, is one of the most productive in the world.

High concentrations of nutrient appear along this front transported by the subantarctic waters of the
Malvinas current. Primary production, determined by chlorophyll and phytoplankton, is associated
with the presence of nutrients.
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Figure 67. Potential surface temperature (°C) for the month of February. Source: COPERNICUS Space
Program, “My Ocean” platform.

300 km

Figure 68. Potential surface temperature (°C) for the month of April. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 69. Potential surface temperature (°C) for the month of July. COPERNICUS Space Program,
“My Ocean” platform.

Figure 70. Potential surface temperature (°C) for the month of October. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 71. Salinity (%00) on surface for the month of February. COPERNICUS Space Program, “My
Ocean” platform.

300 km

Figure 72. Salinity (%) on surface for the month of April. Source: COPERNICUS Space Program, “My
Ocean” platform.
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Figure 73. Salinity (%o0) on surface for the month of July. COPERNICUS Space Program, “My Ocean”
platform.

300 km

Figure 74. Salinity (%00) on surface for the month of October. Source: COPERNICUS Space Program,
“My Ocean” platform.
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Figure 75. Dissolved Oxygen (mmol / m3) on surface for the month of February. Source:
COPERNICUS Space Program, “My Ocean” platform.

Figure 76. Dissolved Oxygen (mmol / m3) on surface for the month of April. Source: COPERNICUS
Space Program, “My Ocean” platform.
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Figure 77. Dissolved Oxygen (mmol / m3) on surface for the month of July. COPERNICUS Space
Program, “My Ocean” platform.
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Figure 78. Dissolved Oxygen (mmol / m3) on surface for the month of October. Source: COPERNICUS
Space Program, “My Ocean” platform.
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Figure 79. Nitrate (mmol / m3) on surface for the month of February. Source: COPERNICUS Space
Program, “My Ocean” platform.

Figure 80. Nitrate (mmol / m3) on surface for the month of April. Fuente: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 81. Nitrate (mmol / m3) on surface for the month of July. COPERNICUS Space Program, “My
Ocean” platform.
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Figure 82. Nitrate (mmol / m3) on surface for the month of October. COPERNICUS Space Program,
“My Ocean” platform.
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Figure 83. Phosphate (mmol / m3) on surface for the month of February. COPERNICUS Space
Program, “My Ocean” platform.

Figure 84. Phosphate (mmol / m3) on surface for the month of April. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 85. Phosphate (mmol / m3) on surface for the month of July. COPERNICUS Space Program,
“My Ocean” platform.

Figure 86. Phosphate (mmol / m3) on surface for the month of October. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 87. Silicate (mmol / m3) on surface for the month of February. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 88. Silicate (mmol / m3) on surface for the month of April. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 89. Silicate (mmol / m3) on surface for the month of July. ource: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 90. Silicate (mmol / m3) on surface for the month of October. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 91. Phytoplankton (mmol / m3) on surface for the month of February. Source: COPERNICUS
Space Program, “My Ocean” platform.
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Figure 92. Phytoplankton (mmol / m3) on surface for the month of April. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 93. Phytoplankton (mmol / m3) on surface for the month of July. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 94. Phytoplankton (mmol / m3) on surface for the month of October. Source: COPERNICUS
Space Program, “My Ocean” platform.
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Figure 95. Chlorophyll (a) (mg / m3) on surface for the month of February. Fuente: Source:
COPERNICUS Space Program, “My Ocean” platform.
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Figure 96. Chlorophyll (a) (mg / m3) on surface for the month of April. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 97. Chlorophyll (a) (mg / m3) on surface for the month of July. Source: COPERNICUS Space
Program, “My Ocean” platform.
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Figure 98. Chlorophyll (a) (mg / m3) on surface for the month of October. Fuente: Source:
COPERNICUS Space Program, “My Ocean” platform.
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3.3 CLIMATOLOGY

The local atmospheric circulation is controlled by weather changes in the study area through the
combination of high-pressure systems of the South Pacific and South Atlantic. The southwesterly
circulation, associated with the high pressure system of the South Atlantic, causes advection of warm
and humid air from subtropical regions. Cold anticyclones over southern Argentina periodically
(particularly in winter) drive cold maritime air masses from the Southwest Atlantic over the littoral are
(FREPLATA, 2004).

Table 2 displays the seasonal climatic detail of the sea of the Southwest Atlantic Ocean (Bottomley,
1990).

Table 2. Climatic table for the area located between 35°S-40°S and 60°W-50°W in the Southwest
Atlantic Ocean. Source: Bottomley (1990).

Month Vi PV p Temperature (°C) e r c
(m/s) | (%) | (mb) Sea Air D (mb) | (%) | (%)

Jan 53 18 1012 20,5 20,6 0,1 19,1 78 46
Feb 6,4 10 1012 20,6 20,1 -0,6 18,5 78 41
Mar 6,8 17 1016 19,9 18,7 -1,3 16,8 77 47
Apr 6,4 14 1016 18,6 17,6 -11 16,1 79 46
May 5,6 29 1016 15,8 14,9 -1,0 14,0 82 61
Jun 5,9 32 1015 13,1 12,3 -0,7 12,2 83 66
Jul 6,4 24 1019 10,9 10,8 -0,1 10,6 80 65
Aug 6,5 19 1018 11,7 11,1 -0,5 10,9 80 54
Sep 5,9 16 1018 12,0 12,1 0,0 11,7 84 55
Oct 54 23 1015 13,6 13,9 0,2 13,5 84 49
Nov 5,9 26 1014 16,2 16,5 0,3 15,5 81 58
Dec 6,0 27 1011 18,7 18,5 -0,2 16,9 78 51

Annual 6,0 21 1015 16,0 15,6 -04 14,6 80 53

V= Medium wind €= mean vapor pressure

PV= permanence of the wind r= Average relative humidity

P= mean atmospheric pressure C= Cloudiness

D= Tsea-Tair

The shading highlights the period in which the project shall take place.

As previously mentioned (see Point Error! Reference source not found.), the Argentine continental
shelf is dominated by subantarctic waters diluted by fluvial inputs and the evaporation-precipitation
balance, so that regions with water masses of different salinities can be differentiated (Perillo and
Kostadinoff 2005, Piola et al. 2010).

Likewise, there is a strong seasonal variability caused by the circulation of two currents: the Malvinas
current of cold subantarctic waters, low salinity and rich in nutrients, which flows northward, and that
of Brazil of subtropical, warm and saline waters, which flows to the south.
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These currents determine the oceanographic and biological rhythms of the area. The confluence of
the two is characterized by an important high-energy thermohaline front, with numerous eddies and
meanders of great amplitude (detailed information on the confluence phenomenon is presented in
Point Error! Reference source not found.).

The position of the convergence of these currents varies in latitude, 3 ° to 4 ° approximately
throughout the year, being further south during the summer and further north during the winter
(Figure 99, 2Mp Program of the National Commission of Space Activities -CONAE — and Figure 101,
Boschi 1997).

Average water temperatures in summer and winter are presented in Figure 101. It can be seen that
the average water temperatures in summer vary from 22 ° C off the coast of Buenos Airesto 6 ° C
south of Falkland Islands (Islas Malvinas), while in winter they range between 12 ° C and 2 ° C
respectively.

The area holds significant seasonal variations. Provost, et al. (1992) show surface temperature
variations from measurements carried out in the convergence zone. Temperatures vary between 24°
and 6° for the summer and winter seasons (Figure 100).

Figure 99. Surface water temperatures in the convergence zone of the cold Malvinas current and the
warm Brazilian current. Left: austral summer; right: southern winter. Source: 2Mp Program of the
National Commission for Space Activities -CONAE-, https://2mp.conae.gov.ar/index.php/materiales-
educativos/material-educativo/imagenes-satelitales/821-temperatura-superficial-del-mar.

(Translation of Figure 99: Zona de Convergencia: Convergence Zone.)

Serman
' ‘&d S, pova Page 105 of 526

Consultora SERMAN & ASOCIADOS S.A.


https://2mp.conae.gov.ar/index.php/materiales-educativos/material-educativo/imagenes-satelitales/821-temperatura-superficial-del-mar
https://2mp.conae.gov.ar/index.php/materiales-educativos/material-educativo/imagenes-satelitales/821-temperatura-superficial-del-mar

Environmental Impact Assessment

.ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
%o Argentina

equinor
CHAPTER 5 — ENVIRONMENTAL BASELINE

—
2
L= b
o W
el
@ M P -
“' - & L4 "I|— q‘-'\lr
2 0 R Vi )
E ::: N :r*—', ot e e <. A T .‘,
= 141 .. < PR ; Fovm, & .
@ 124 . . B I|I‘.. .
g I - .-'\ 1."-.-
._ - .-l B - L]
t L
35 67
T
n ! T T T T L] L] T L | T T T T T T
l’ﬂ B0 1M I MO 450 Se0 N 720 aW WO T T L 1350

Julian Day (jul 1984 - jul 1987)
Figure 100. Surface temperature variations over 3 years. Source: Provost et al. (1992).

Above the sea, the air temperature quickly adjusts to the surface temperature of the water due to
the sea-atmosphere heat exchange. Figure 102 shows the average surface air temperatures
(Hoflich, 1984) for the months of January and July respectively. These display features similar to
those of the sea. The isotherms are relatively parallel and the horizontal thermal gradient is greater
in summer than in winter.

-—3°°

|_40°

Figure 101. Sea surface temperature (°C) of the months of January (left) and July (right). Source:
Boschi (1997).
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Figure 102. Surface air temperature (°C) of the months of January (left) and July (right). Source:
Boschi (1997).

The temperature difference between the sea and the air (Tsea -Tair) IS an important indicator of the
stability of the air in marine areas. Positive values indicate an unstable stratification that stimulates
atmospheric turbulence and the flow of heat from the sea to the atmosphere, as the air heats up and
absorbs water vapor. This heat and humidity spread rapidly to higher layers of the atmosphere
producing the formation of clouds, precipitation, etc. Negative values show stable stratification and
indicate that the atmosphere is being cooled down. But this cooling does not spread as quickly nor
shall it reach very high layers of the atmosphere, producing the formation of fogs or stratus clouds
in some cases. This temperature difference, although small, is responsible for the generation of
atmospheric processes that partly affect the development of time systems over the sea. One of the
most characteristic examples is the formation of sea fogs. Over the epicontinental Argentine sea,
the atmosphere transfers heat to the sea during the summer season. In winter, on the other hand,
the heat flow is reversed and the sea transfers heat to the atmosphere (Boschi, 1997).

The scarce annual rainfall in Patagonia, less than 250 mm, also characterizes the western sector of
the Argentine Sea up to a distance of 150 km to 200 km from the coast; thereafter, rainfall increases
to the east up to about 700 mm per year on the Malvinas current and decreases in the Falkland
Islands (Islas Malvinas) themselves (600 mm to 650 mm). In the same sense, the rainfall frequency
also increases (Boschi, 1997).

Air humidity can be obtained in different ways. One of them is the vapor pressure which is defined
as the saturation pressure of water vapor at a given temperature. This variable indicates the degree
of saturation of the atmosphere. Since evaporation always exists over the seas, saturation can only
be reduced by vertical exchange with relatively drier air. Then, the relative humidity in the sea
represents a balance between evaporation and the vertical exchange of water vapor (Boschi, 1997).

In the Southwest Atlantic Ocean between 30°S and 40°S, the relative humidity equals 80% (Figure
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103). Table 2 shows the monthly average variation of relative humidity and vapor pressure. It can
be seen that the relative humidity is constant throughout the year. Vapor pressure, like temperature,
is a function of latitude, although its gradient is stronger at lower latitudes.

Figure 103. Air humidity (g / kg) 100 m above mean sea level of the month of January. Source: Boschi
(1997).

Cloudiness refers to the percentage of sky covered by clouds including all types present. In January,
cloudiness reaches its minimum value of 40% of covered sky in the maritime sector between Mar
del Plata and the Valdés Peninsula; thence it increases to 50% at 30 ° S and to 80% at 55 ° S. In
July, the average cloudiness varies from 55% in 30 ° S to 60% in the latitude of San Clemente del
Tuyu and to 70% in latitudes of Tierra del Fuego and the Falkland Islands (Islas Malvinas) (Table 2,
Boschi, 1997).

Atmospheric pressure can be considered as the weight of air per unit area over height, and at a
given level, it varies from place to place and over time. The horizontal variations in pressure are
much smaller than the vertical ones; however, small horizontal pressure variations are extremely
important for wind direction and speed.

Figure 104 Maps show the mean pressure values for the months of January and July and it is
observed that the subtropical anticyclone dominates the region towards low latitudes in both summer
and winter. The center of the anticyclone is located approximately at 30° S and its value exceeds
1020 hPa in summer, while in winter, it moves towards the north, approximately at 25°S, with a value
higher than 1024 hPa. In both months, the position of the center is far from the South American
coast, reaching approximately the 10°W meridian in winter (closest position) and 5°W in summer
(Boschi, 1997).
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Figure 104. Surface pressure (hPa) of the months of January (left) and July (right). Source: Boschi
(1997).

For the surface wind, Boschi (1997) found that the isotach lines present directions approximately
parallel to the coast, so that the wind speed increases over the Argentine Sea both towards the east
and towards the south, reaching very high values in latitudes of the southern Patagonia and Tierra
del Fuego, as well as in the area of the Falkland Islands (Islas Malvinas), showing 8 m/ s in January
and 10 m/ s in July.

The almost equidistant and parallel course of the isotach lines (Figure 105) also appears in the case
of isolines of frequency of strong wind and gale (Figure 106). Gale is defined when wind speeds are
greater than 8 according to the Beaufort scale. The increase of the three parameters described
towards the east is due to the rise of the cyclogenetic processes in the same direction; their highest
values in July correspond to the greater intensity of the circulation of the west winds and the greater
frequency of their disturbances in this season of the year (Boschi, 1997).
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Figure 105. verage wind speed (m / s) of the months of January (left) and July (right). Source: Boschi
(1997).
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Figure 106. Frequency of strong wind (> 6 on the Beaufort scale, full line) and gale (> 8 Beaufort,
dotted line) of the months of January (left) and July (right). Source: Boschi (1997).

’ Serman
3 , CRISTINA GOYENECHEA
‘ & asociados s.a. Directora Area Ambiente Page 110 of 526

¢ a ngamlitiersa SERMAN & ASOCIADOS S.A.



Environmental Impact Assessment
’ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,

) Argentina
equinor
CHAPTER 5 - ENVIRONMENTAL BASELINE

The analysis of wind and wave data series from the IOWAGA project (Integrated Ocean Waves for
Geophysycal and other Applications), developed by the IFREMER research institute (France), is
presented below. The project uses the winds from the ECMWF (European Center for Medium-Range
Weather Forecasts) base.

The data is organized by month and with a 3-hour time interval. The cell size of the data grid varies
by area, from the French Atlantic coast grid with a 1/30 ° resolution to the GLOBAL grid with a 0.5
°resolution.

Figure 60 shows the position of the two IFREMER nodes analyzed: IFREMER-1 node (CAN_100 -
CAN_10 operational area 8) and IFREMER-2 node ( CAN_114 operational area).

Wind intensity and direction data have been gathered from these nodes for the last 5 complete years
(2014 to 2018 period).

Figure 107 displays the compass roses drawn up for each of these IFREMER nodes.
In both nodes, IFREMER-1 (CAN_100 - CAN_108 Area) and IFREMER-2 ( CAN_114 Area), it is

observed that the winds are predominantly from the NNW, followed by those from the WSW, the
latter being the most intense, with speeds exceeding 15 m/s.

Velocidad del viento{mis) Velocidad del viento(mis)

. 15 | UESE

I 25 < V<15 Hfremer zona norte 1 o5 <V <15 Ifremer zona norte 2
0= v<125 N 10 < v<125
s <v<io 7.5 < v <10
s <v <75 s <v <75
.5 V<5 5 < V<5

O -V <25 . e < O -V <25

Figure 107. Wind compass roses for the IFREMER-1 and IFREMER-2 nodes, 2009 to 2018 period.
Next, the seasonal analysis of the wind time series is presented herein.

Figure 108 and Figure 109 display the wind compass roses for the IFREMER-1 and IFREMER-2
nodes, respectively, for the summer, autumn, winter and spring seasons.

The most intense winds that occur more frequently in autumn and winter are those coming from the
WNW. It should be noted that the Project shall take place in the October-March period in order to
avoid the worst conditions of the waves.
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Figure 108. Wind Compass roses for the IFREMER-1 node, seasonal division, 2009 to 2018 period.
From top to bottom and from left to right: summer, fall, winter and spring.

(Translation of Figure 108: Velocidad del viento: Wind speed. Zona Norte. North Zone).
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Figure 109. Wind Compass roses for the IFREMER-2 node, seasonal division, 2009 to 2018 period.
From top to bottom and from left to right: summer, fall, winter and spring.

(Translation of Figure 109: Velocidad del viento: Wind speed. Zona Norte: North Zone).
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4 BIOTIC ENVIRONMENT

As mentioned, the operational area of the Project is located on the area of the Argentine Sea which
embraces part of the Argentine Continental Shelf and the Continental Slope (Figure 1). These areas
make up an oceanic marine ecosystem of high biological diversity and high productivity known as
the Argentine Sea Ecoregion.

Although the seismic data acquisition areas are immersed in the Argentine Sea, there are sensitive
areas from the biological point of view on the adjacent coasts because they have significant
biodiversity. Species of the different trophic levels gather to benefit from Patagonian coastal waters
which represent areas of high productivity. The intertidal areas host a particular fauna which feed
numerous marine and coastal birds. In addition, the adjacent land areas are sites which host sea,
shorebird and marine mammal settlements.

Within the framework of this project, it is important to mention that the coastal areas would not be
directly affected, with the exception of the transit of ships to and from the area of operations, for
which the Port of Mar del Plata shall be used as a shipping and disembarking area.

There is a strong hydrological variability imposed by the circulation of two currents along the edge
of the slope in the Argentine Sea: the Malvinas and the Brazilian Currents (see Point 0). The first is
made up of sub-Antarctic waters, cold, low salinity and rich in nutrients, which flow to the north. The
Brazilian Current presents subtropical, warm and saline waters that flow south.

The masses of water that flow over the continental shelf (Subantarctic Patagonian Current) are of
subantarctic origin, and originate both by detachment of edge currents (Antarctic Circumpolar
Current - Malvinas Current), and by the contribution of waters from subpolar continental spills (Tierra
del Fuego channels and Strait of Magellan). This results because the southern tip of the American
continent is strongly influenced by the Antarctic Convergence Current. The Malvinas Current
emerges from this current and flows in a predominantly south-north direction along the edge of the
continental shelf.

These currents meet in the so-called Confluence Zone in front of the Argentine shelf, on the
continental slope, near 38° south latitude (Figure 110), one of the regions with the highest
concentration of energy of all the oceans of the world, where the mixture of subtropical and
subantarctic waters determines important physicochemical gradients and favors the presence of
high concentrations of nutrients with important biological implications for the entire ecosystem.
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Figure 110. Main frontal zones of high productivity of the southern cone. Source: Acha et al. 2004.

(Translation of Figure 110: Zona de surgencias: emergence zone. Zona estuarial templada: Warm estuarine
zone. Frente del talud: Slope front. Zona de frentes de marea: Tidal front zone. Zona estuarial fria: Cold
estuarine zone.)

In this context, the waters of the Argentine Continental Shelf result from the mixture of coastal,
subantarctic and subtropical water masses. Their relative proportions and mixing degree vary
according to latitude and longitude. As a whole, the Argentine Sea forms one of the most extensive
and biologically important warm seas on the planet.

The Argentine Sea holds two zoogeographic provinces: the Argentine Province and the Magellanic
Province (Figure 111). The first one extends from the south of Brazil (23 ° S) and crosses the
Uruguayan coast to the mouth of the Rio Negro (41° S). The waters off the Buenos Aires coast are
part of the so-called Buenos Aires District. On the other hand, the Magellanic Province extends from
the north of the Island of Chiloé (40° S) in the Pacific Ocean, passing through Cabo de Hornos,
taking up most of the Patagonian continental shelf, including the Falkland Islands (Islas Malvinas)
and most of the deep sector of the Buenos Aires platform, separating from the coast at approximately
42-43° S and continuing north until 35° S, about 100-150km from the coast and with depths between
60 and 200 m. This Magellanic Province, characterized by the presence of warm-cold waters, is
subdivided into two districts: Surchileno and Patagénico. The Project's area of operations is located
on the border between the Argentine Province and the Magellanic Province, which implies the
presence of fauna and flora components of both districts.
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Figure 111. Location of the zoogeographic Provinces. Source: Menni et al. 2010

The main benthic organisms (including fish) typical of the Argentine Province (Table 3) and the
Magellanic Province (Table 4) are mentioned below (Balech y Erlich, 2008).
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Table 3. Organisms of the Argentine Province. Source: Balech and Erlich, 2008.

Celenterados Equinodermos Crustaceos Meluscos Peces
Renilla reniformis Astropecten cingulation  Artemesia longineris Mtz edulis platensiz= Micropogonias firnieri
Brmodactiz merplatensic  Enoplopaitivia margata Pleoticus mueller; Glyvcimeris longior Cynoscion guaiucupa
Flymactis clematis Luichia spp. Neohelice granuiota Adrama electa Macrodorn ancylodon
Cormactis carmen Poraniopsis mira Cyrtograpsws emguletys  Muactra janeirosnsis Unbring camosai
Arbacia dufresner Platweanthus cremulatus Aequipecten tehuelchus Pagrus pagrus
Encope emarginata Ohvalipes trimaculaius Amigris purpuratus Nemadactylus bergi
Meliita plaensis Pitay rostratus Aeamthistius petachonicus
Amphiodia planispna Calliosioma coppingeri  Percophis drasiliensis
Ophiaplocus jauari Buccimanops moniljer  Parona signata
Diodora patagonica Freudopercis semifasciata
EBrachidortes rodriguezi  Mustelus sclomitti
Mactra patagonica Engraulis anchoiia
Mesodesma mactroides  Scomber japonicus
Tagelus plebaius Serfola lnlmdei
Notocochlls irabelleana
Urosalpinx rushif
Mipfeopsis necocheamus
Adelomelon brasilioa
Macoma uruguayersis

Table 4. Organisms of the Magellanic Province. Source: Balech and Erlich, 2008.

Celenterados Equinodermos Crusticeos Moluscos Peces
Antholaba achates  Cycethra vermicosa Lithodes santolla Modiclus patagonicus  Macruronus magellanicus
Isotealia antarctica  Partiriella fimbriata Paralomis granulosa Aulacomya atra Merluccius australis
Phiaella falklandica Poraniopsis echiniaster Peltarion spinosulum Ostrea puelchana Micromesistius ausiralis
Arbacia digffesnei Libidoclaea granaria Ensis macha Salilota australis
Pseudechimis magellanicus  Mimida spp. Macira sp. Dissostichus eleginoides
Austrocidaris canaliculata Euphausia vallentin Mulinia edulis Eleginops maclovinus
Cosmasterias lurida Eupheusia longirosiris Protothaca antigua Patagonotothen ramsayi
Inyphosites chevrawnd Tawera gayi Tliocoetes fimbriatus
Tmetomyx serratus Tegula patagonica

Capulus comprassis
Ammaopsis andersoni
Mangelia purissima
Photinula coerulescens

Themisto gaudichaudii

(Translation of Tables 3 and 4: Celenterados: Coelenterates. Equinodermos: Echinoderms.
Crustaceos: Crustaceans. Moluscos: Mollusks. Peces: Fish.)

Next, a characterization of the main biotic components of the oceanic marine ecosystem in the
project's area of influence is presented.

4.1 PLANKTON

Plankton corresponds to the group of aquatic organisms that move with the water column. It is
composed of autotrophic (phytoplankton) and heterotrophic (zooplankton) organisms. Phytoplankton
is made up of planktonic algae that represent the basis of the food web of aquatic ecosystems.
Zooplankton is mainly made up of microinvertebrates organisms, whose biological cycle is
developed entirely in plankton (holoplankton); and by organisms that are part of plankton only during
a part of their life cycle (meroplankton), such as eggs and larval stages of invertebrates and
vertebrates.
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These organisms set up the first trophic levels of the ecosystem, being of important value as a food
source for the higher trophic levels. Its abundance, biomass and distribution are decisive in the
structure of the trophic network that supports the aquatic environment. Therefore, the alterations in
the plankton generate cascading effects upon the rest of the trophic network, turning these
organisms into indicators of the prevailing environmental conditions.

4.1.1 Phytoplankton

4.1.1.1 Spatial distribution

In some areas of the ocean there is a mixture of different water masses where changes in the
properties of the water (mainly salinity, temperature or turbidity) intensify and reach the maximum
gradient. These areas are called Frontal Zones which take up a relatively small area with respect to
the entire neritic sector, and show high biological productivity. There are several and diverse fronts
in the waters of the Argentine sea (Allega et al. 2020) (Figure 112).

The frontal systems are characterized by a flow of energy that enters the ecosystem through the
phytoplankton, crosses the zooplankton and flows towards the upper trophic levels between which
fishery resources are found.
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Figure 112. Graphic of the main frontal areas of the ZEEA made on the basis of a sea surface
temperature map. Source: Allega et al. 2020.

(Translation of Figure 112: Frente del Rio de la Plata: Rio de la Plata Front. Frente de Plataforma Media
Bonaerense: Bonaerensean Middle Platform Front. Frente de “El Rincon”: “El RIncon” Front. Frentes Nor-
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Patagodnicos: Nor-Patagonian Fronts. Frentes Sur- Patagonicos: South-Patagonian Fronts. Frente del Talud:
Slope Front.)

Phytoplankton production varies depending on the two characteristic currents of the area. In this
sense, the areas influenced by the Brazilian Current show a reduced concentration of chlorophyll,
between 0.02 and 0.20 mg / m3 (Campagna et al. 2006). On the other hand, the Malvinas Current
waters display a high concentration of chlorophyll, which ranges between 0,20 y 2,25 mg/m?®.

Although there is an important concentration of chlorophyll, and therefore, of phytoplankton along
the Malvinas Current, there are certain areas where the concentration becomes very important.

One of them is where the confluence of the Brazil / Malvinas currents occurs, where subtropical and
subantarctic waters mix, bringing about important physical-chemical gradients and favoring the
presence of high concentrations of nutrients with important biological implications for the entire
ecosystem. The high concentration of chlorophyll is not limited only to the fronts in the Brazil /
Malvinas confluence zone, but it also reaches the most homogeneous waters. Productivity is based
on the fact that both streams contribute with certain elements that favor the growth and concentration
of phytoplankton. The Malvinas current provides subantarctic waters rich in nutrients, and that of
Brazil, the stability required for the growth of phytoplankton (Campagna et al. 2006).

Regarding the distribution of the species, the fronts constitute a dispersal barrier and define
biogeographic patterns of marine organisms. Phytoplankton are dominated by flagellates and few
diatom species in the warm waters near the fronts. The waters of the Brazil / Malvinas confluence
are dominated by temperate diatoms (Leptocylindrus, Pseudonitszchia, Rhizosolenia, Fragilariopsis
and small Chaetoceros and Odontella). The dinoflagellate population in this area is made up of a
mixture of heterotrophic species from cold and subtropical waters. A few autotrophic forms are also
abundant, contributing to the maximum chlorophyll recorded in these waters. In surface waters
where chlorophyll values are high, between 38° and 40° S, there are foraminifera typical of cold
waters (Globigerina bulloides, Neogloboquadrina pachyderma) in a greater proportion than those
observed north or south of said position. The diatom flora of the Malvinas current, south of the
confluence area, is more diverse and is dominated by cold-water species of the Pseudomitzchia,
Rhysozolenia, Fragilariopsis and Thalassiosira types, among others) (Cafiete 2005). Through the
use of microscopy and pigment analysis, Carreto et al. (2003) determined the presence of three
phytoplankton associations in a section that crossed the Rio de la Plata from the estuarine zone to
the oceanic sector: 1) Estuarial and coastal communities dominated by the cryptophyte Cryptomonas
sp., with the presence of the heterotrophic flagellate Noctiluca scintillans. 2) Communities of the
continental shelf and the Malvinas Current dominated by the coccolithophore Emiliania huxleyi. 3)
Community of the Brazilian Current characterized by the abundance of the picoplanktonic
cyanobacteria Synechococcus sp.

The following figure shows concentrations of coccolithophores with a SeaWifs image in real color
displaying the band of high reflectivity in the vicinity of the slope (Garcia et al 2005).
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Figure 113. Real image of coccolithophores Concentrations. On the left below, detailed photographs
of microscopic calcite shells of different species of coccolotophores. Source: Garcia et al. 2005.

The Argentine exclusive economic zone (ZEEA) has 6 fronts, as mentioned above: Rio de la Plata
Front, Continental Slope Front, Middle Platform Front, “El Rincén” Front, North Patagonian and
South Patagonian Fronts. The indirect area of influence of the project is located in the "Frente del
Talud Continental" (Continental Slope front) system, with significant concentrations of phytoplankton
(Romero 2008; Cepeda et al. 2018).

The Front of the Slope is defined between the waters of the Malvinas Current and the waters that
are on the platform at depths less than 200 m. Upwelling processes occur along the front where the
Malvinas Current provides nutrients to the illuminated layers on the adjoining platform, giving rise to
an important phytoplankton production that sustains the food web of the region, especially in spring
(October to December) and summer (January to March). The zooplankton of this region is very
diverse and is composed of great abundances of amphipods hyperidae, euphasids, salps and
carnivorous zooplankton species, among which the jellyfish Desmonema gaudichaudi stand out due
to the large biomasses reached during their frequent demographic explosions. The vicinity of this
front constitutes one of the most important fishing grounds for Argentine squid (lllex argentinus),
common hake (Merluccius hubbsi), Patagonian sea bass (Zygochlamys patagoénica), Southern Blue
Whiting (Micromesistius australis), southern hake (Merluccius australis), hoki (Macruronus
magellanicus) and toothfish (Dissostichus eleginoides) (Allega et al. 2020).

Olguin et al. (2006) carried out the first study on the spatial distribution patterns of phytoplankton
(mainly diatoms) at a mega-scale in the Southwest Atlantic Ocean. The changes in the composition
of the assemblage along the transect allowed the identification of 5 discrete areas: Subtropical,
Southern Transitional, Northern Transitional, Subantarctic and Antarctic. Diversity does not change
much with latitude, but diversity is the highest north of 40 ° (Figure 114).

The phytoplankton assemblage corresponds to the “Transicional del Norte” combination for the edge
of the slope in the area of indirect influence of the project. This assemblage is characterized by the
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presence of 119 registered diatom species, 20 of which are restricted species but invariably not very
abundant. Thirteen (13) species of diatoms were found in this area; Among these, Chaetoceros
contortus, Pseudo-nitzschia multiseries, and C. rostratus are particularly abundant, with the
exception of P. fraudulenta, whose range extends beyond 55 °. The rest of these diatoms are
practically absent south of 41 ° (Olguin et al. 2006).
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Figure 114. Geographic zoning of the area based on the integrated data of diatoms and depths for the
sites surveyed by UPGMA analysis. Source: Olguin et al. 2006.

4.1.1.2 Temporary distribution

Phytoplankton production in the Argentine Sea describes an annual increase and subsequent
decrease bimodal cycle, typical of temperate-cold water ecosystems with seasonal thermoclines.
The maximum phytoplankton production occurs in spring, beginning with intense growth during the
months of October and November in shallow coastal waters north of the shelf. The production wave
gradually expands towards the South and moves away from the coast as it enters the summer period.
A secondary maximum of primary production is observed in the first months of autumn (Campagna
et al. 2006).
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In general, after the peak of primary spring production there is a reduction in the concentration of
nutrients, especially silicates, which limits the growth of diatoms, so that there is a change in the
phytoplankton flora in favor of coccolithophores, dinoflagellates and other small flagellates that have
the ability to use nutrients from the mineralization of organic compounds (Campagna et al. 2006).

According to Lutz et al. (2009) the first study in the Argentine and Antarctic Continental Shelf showed
that phytoplankton production was higher in the north than in the south of the shelf breaking point at
the beginning of spring, and that the production efficiency per unit of chlorophyll increases as the
season draws on. As can be seen (Figure 115), the maximum chlorophyll changed position from one
week to the next on the sampling dates, which possibly influenced the positioning of the zooplankton
that uses them. Although the slope area of the Argentine Continental Shelf is considered of high
biological production caused by various factors, satellite images show dynamic situations and rapid
changes in the position of phytoplankton blooms. This suggests that although it is an area of high
biological production favored by the emergence of nutrient-rich waters provided by the Malvinas
Current, and which are used by algae when environmental conditions are favorable in spring, they
would not remain statically in the slope but would be transported quickly. This mobility, which
determines the presence of zooplankton, could be due to circulation patterns derived from the
confluence of the Brazilian and Malvinas currents and their interactions in the central region of the
platform. However, as observed in the work carried out by Palma et al. (2004 and 2008) another
possibility of rapid change in the position of the phytoplankton biomass is produced by the presence
of winds over the sea surface that would promote a rapid sweep.
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Figure 115. Concentration of “a Chlorophyll” determined in the study region. Compound satellite
image (a) of 8 days between November 9 and 16 and compound satellite image (b) of 8 days between
November 17 and 24, 2010. Source: Priotto 2017.

(Translation of Figure 115: Concentracion de clorofila a (mg/m3): Concentration of “a Chlorophyll”
(mg/m3)).

Segura et al. (2013) sampled 70 stations in 3 periods (Figure 116) to distinguish different types of
photosynthetic and Bio-optical phytoplankton (PBPT). These authors examined the main taxonomic
composition and percentage of “a chl” in fractions smaller than 5 um found in the PBPT. The results
show that there is a high degree of variability in the photosynthetic and bio-optical properties, which
indicates that the phytoplanktonic communities adapt to the high heterogeneity in the environmental
conditions of this region.
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Figure 116. Positioning of the 3 cruise ship stations (GEF-1, GEF-2 and GEF-3). The Symbols indicate
where samples were collected at the stations. Chl a represents the points where only chl a was
measured on the surface, and Chl a + Abs (Absorption + PP (primary field production) represents the
primary production in each station. Source: Segura et al 2013.

Figure 117 shows that the highest concentrations of chl a on the surface belong to the summer
season for the indirect area of influence of the project (Segura et al 2013).
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Figure 117. Distribution of (A) total Chl a surface, (B) percentage of Chl a surface in the fraction less
than 5 um, and (C) daily integrated primary productivity of the 3 campaigns. Source: Segura et al.
2013.
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Figure 118 displays the satellite chlorophyll distribution maps, an indicator of phytoplankton biomass
(Allega et al. 2020). A development of phytoplankton is observed in almost the entire shelf during
spring, due to the increase in solar radiation, the stratification of the water column in many places
(allowing the phytoplankton to remain in the illuminated layer) and the availability of nutrients that
were distributed throughout the column by the winter mix. The highest concentrations are recorded
along the continental slope front, near Peninsula Valdéz, and in Bahia Grande. Chlorophyll values
decrease during the summer (largely due to nutrient depletion) in the mid-platform region and are
concentrated in the slope and Southern Patagonia, as well as in the southern part of the Valdéz
Peninsula. During the autumn, the concentration of chlorophyll falls throughout the region, but the
average values remain along the platform (up to the slope) with presence in coastal regions. The
lowest concentrations occur in winter, mainly due to low solar radiation and the active mixing of the
water column. However, in the northern zone the beginning of spring flowering is evident. This
general pattern of distribution presents intra and inter-annual variability (Negri et al. 2010).

The maximum values of phytoplankton productivity are recorded during the spring and summer
seasons for the Slope Front, in the Project’s indirect area of influence.
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Figure 118. Satellite chlorophyll distribution maps in the four seasons of 2018: summer (January-
February-March), autumn (April-May-June), winter (July-August-September) and spring (October-
November-December). MODIS AQUA images of 4 km resolution composed every 3 months,
processed by the Remote Sensing Subprogram of INIDEP. Source: Allega et al. 2020.

(Translation of Figure 118: Primavera: Spring. Verano: summer. Otofio: Autumn. Invierno: Winter.)

4.1.2 Zooplankton

The zooplankton production cycle adopts typical patterns of temperate-cold seas, with a seasonal
variation in its biomass related to the explosive spring growth of phytoplankton, which experiences
a progressive gradient from the coast to the slope and from North to South, according to the
abundance of nutrients and the stabilization of the water column.
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More than 1,000 species of marine zooplankton live in the waters of Malvinas and Brazil currents.
Most of the species are scarce and their representation in taxonomic groups is uneven: more than
80% of the individuals correspond to less than 20% of the species. Figure 119 shows the quantity
of species of several zooplankton groups for the world ocean and the Argentine Sea and their
adjacencies (Boltovskoy et al 1999).
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Figure 119. Diversity of the zooplankton comparing the ocean, the Patagonian sea and their
adjacencies. Source: Boltovskoy et al. 1999.

(Translation of Figure 119: NUmero de especies registradas en: Number of species registered in. El océano
mundial: the world oceans. Atlantico Sur: South Atlantic. Mar Argentino: Argentine Sea.)

Regarding the composition of zooplankton and the fraction that comprises organisms less than 5
mm long (mesozooplankton) is mainly made up of copepods (89%) and occasionally ostracods,
pteropods, juvenile forms of euphausiids and amphipods and also larvae from other crustaceans
and fish eggs (Sabatini et al. 2001). This fraction contributes approximately between 50 and 60% of
the total biomass of zooplankton in autumn and spring, respectively. The two dominant species of
calanoid copepods are: Drepanopus forcipatus (widely distributed in shelf waters) and Calanus
australis (found in inner and middle shelf waters). In general, mesozooplankton shows a slight
tendency to increase in coastal waters (near the 50 m isobath), decreasing in intermediate waters
and increasing again in the area of the slope and adjacent waters (Campagna et al. 2006).

Macrozooplankton (made up of organisms over 5 mm long) mainly include euphausiids (krill),
amphipods and chaetognaths (Sabatini et al. 2001). One of the most important zooplankton
organisms in the area is krill, since it represents the food source of many species of fish, cetaceans,
pinnipeds, penguins and other marine birds that visit the area. The pelagic crustaceans of the genus
Euphausia (euphausiids) are known by that name. On the other hand, the amphipod group is
practically monospecific and is represented almost exclusively by Themistho gaudichaudii. This
species constitutes the key food for most of the fish species that are distributed in the area
(Campagna et al. 2006).
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4.1.2.1 Spatial distribution

Cepeda (2006) studied the spatial variation of mesozooplankton biodiversity in a sector of the
Buenos Aires coastal platform. A total of 15 species of copepods and 5 species of cladocera were
identified in the Project’s indirect area of influence. Other groups of appendicularia, chaetognaths,
jellyfish, petropods, and various types of mesozooplankton larvae were also recorded, such as
polychaetes, lamellibranchia, balanidae, and calyptosis and euphasid furcilia. Lamellibranchia
appendicularia and larvae were dominant in the mesozooplankton community. Three faunal areas
were identified: estuarine, coastal and internal platform (indirect area of influence) whose
characteristic organisms of each area are observed in Figure 120. Stratification was the variable that
best explained the spatial distribution obtained.
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Figure 120. Mesozooplankton from a sector of the Buenos Aires coastal shelf (November 2002).
Source: Cepeda, 2006.

(Translation of Figure 120: Latitud: Latitude. Longitud: Longitude)

Di Mauro (2011) agrees with what was found by Cepeda (2006) on the distribution and abundance
of platform mesozooplankton. This analysis groups 4 well represented wildlife areas. The Platform
area, close to the study area, was defined by large copepods such as Calanoides carinatus,
Drepanopus forcipatus and Centropages brachiatus. The species Clausocalanus brevipes,
Ctenocalanus vanus, Oithona helgolandica, Microsetella norvegica also contributed high
percentages to the formation of the group, although in some cases they were also found in coastal
stations. These species, with mostly herbivorous habits (Mauchline, 1998), would be favored by
spring phytoplankton blooms during the study period. The Clausocalanus brevipes species also has
the ability to produce resistance eggs (Mauchline, 1998), which would allow it to succeed in
environments like this one where food availability is not permanent.
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Cepeda et al. (2018) conducted a review of the available information on the diversity and ecology of
zooplankton in the South Atlantic Ocean. The focus was on the copepods and secondarily the
hyperid and euphasiid amphipods. In this work, the structure and dynamics of zooplankton
communities in relation to water masses, frontal areas and circulation in general were specifically
considered in the north platform, the Valdéz frontal system and the south platform. Figure 121 points
out the detail of the relative abundance in the study area.
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Figure 121. Relative abundance of copepod and macrozooplankton species along different transects
that cross the platform. a) North platform; b) Valdez Frontal System over Northern Patagonia; c)
Southern Patagonia Platform. The horizontal distribution of the annual average of surface salinity
corresponding to the masses is observed; PPW: waters of "Del Plata" Plume; MSW: waters of the
Strait of Magellan; SAW: Waters of the subantarctic shelf and Malvinas current; SASW: Waters of the
subantarctic shelf. M: mixed waters. Frontal interface (FI) and stratified (S) representing 3 sectors of
the Valdéz Front. The red box indicates the transect of the southern platform, close to the study area.
Source: Cepeda et al. 2018.
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The distribution and abundance of the main species present in the entire platform and the edge of
the Slope are observed in Figure 122 (Cepeda et al. 2018). With varying abundances throughout the
seasons, the main components for the SASW zone consist of adults and late copepodites of D.
forcipatus, C5 copepodites and adult females of C. australis and the amphipod T. gaudichaudii.
While the SASW zone is characterized by C4-5 copepodites of D. forcipatus; females and late
copepodites of C. vanus, C. brevipes and C. smillimus; the cyclopoid O.aff.helgolandica and O.
atlantica; T. gaudichaudii, juveniles of euphasids. Epipelagic seasonal migrants such as N. tonsus
C5, Subeucalanus longiceps and M. Luces have been recorded in low numbers on the external
platform, near the slope (Ramirez and Sabatini 2000. Significant contributions from small species
such as O. aff. Helgolandica and M. norvegica have only recently become evident from fine mesh
sampling. C. vanus appears fourth in abundance, more concentrated in offshore waters, while the
relative numerical importance of C. australis appears to be lower than previously established using
thicker nets (Antacli et al. 2010; 2014).

The SAW and SASW water bodies are so closely related in origin that their associated communities
are similar. Differences in the abundance of the species is the result of distinctive life histories and
the development of the population could be more important to define the sets. The mid-level SASW
community can be characterized as an ecotone set, related to an extension of the MSW community,
but with strong contributions from the SAW (Cepeda et al. 2018).

MSW water bodies are characterized by adults and late copepods of D. forcipatus, C5 copepods
and adults, female C. australis, and the amphipod T. gaudichaudii. SASW is mainly characterized
by C4-5 copepods of D. forcipatus; females and late copepods of C. vanus, Clausocalanus brevipes
and C. simillimus; the cyclopoids O. aff. helgolandica and O. atlantica; T. gaudichaudii; and
euphausiid juveniles. Epipelagic seasonal migrants such as N. tonsus C5, Subeucalanus longiceps
and M. lucens are also recorded, although in small nhumbers, on the outer shelf near the slope
(Ramirez and Sabatini 2000). Due to the wide extension of the continental shelf, the SAW community
has only a minor representation in the area of the Patagonian front, compared to what is historically
recorded. The important contributions of small species, such as Oithona aff. helgolandica and
Microsetella norvegica have only recently become evident from sampling with fine mesh nets (Antacli
et al. 2010, 2014b). In terms of both numerical abundance and occurrence, these copepods rank
second and third in the community, respectively, after D. forcipatus, which is consistently the most
conspicuous component of mesozooplankton in the southern ACS system, by far exceeding in
number to any other species in all seasons. Ctenocalanus vanus appears as the fourth most
numerous species, concentrated mainly in marine waters, while the relative numerical importance of
C. australis appears to be lower than previously established using thicker nets (Cepeda et al 2018).

The indirect area of influence of the project shows that the macrozooplankton stands out with the
hyperid amphipod T. gaudichauddi and the euphasia Euphasia lucens (Figure 122). The species
O.aff.helgolandica and O. atlantica are other species of importance to the north of the survey area.
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Figure 122. Distribution and abundance of zooplankton species in the Argentine Sea. Source:
Cepeda et al. 2018.

4.1.2.2 Temporary Distribution

The shelf is characterized by seasonal changes in plankton communities, typical of regions with cold
temperatures, with a tagged seasonality in the abundance of mesozooplankton after the spring
bloom of phytoplankton (Sabatini et al. 2016).

Most of the copepod species show differentiated population structures for the northern and southern
areas of the southern Patagonian shelf, these differences also apply to the feeding and breeding
activities of the populations of D. forcipatus and C. australis (Antacli et al. 2014; Sabatini et al. 2016).
This is probably due to the importance of temperature, which has a tagged latitudinal gradient along
the southern Patagonian shelf, cooler to the south (Sabatini et al. 2004).
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The total abundance of mesozooplankton increases approximately 2.5 times from early spring to late
summer and then decreases by at least four orders of magnitude in winter. Copepods represent
more than 70 to 80% of all mesozooplankton in most of the southern Patagonian shelf during alll
seasons. Although the seasonal differences in abundance are striking, the spatial distribution of
mesozooplankton is very similar throughout the season, with relatively higher concentrations mainly
in and around Bahia Grande. The biomass of the primary producers increases locally in this area
during the months of April and summer (Lutz et al. 2010; Dogliotti et al. 2014), and large biomasses
of mesozooplankton are repeatedly recorded at the end of the productive season (Sabatini 2008:
Antacli 2014).

The influence of the Malvinas current and the strong forcing of the tides on the local frontal dynamics
seem to be strengthening in Bahia Grande and are probably generating a recirculation area rich in
nutrients (Sabatini 2004; Piola 2018). A significant proportion of production can be retained there on
a temporary scale, allowing the development of abundant primary and secondary producers
(Sabatini et al. 2016).

Population level analyzes of key species such as medium and large copepods (D. forcipatus and C.
australis) and amphipods (example T. gaudichaudii) indicate high productivity during spring and early
summer, being the end of the summer the beginning of the less productive season in the southern
Patagonian shelf, with the thriving of the microbial food web, showing limiting conditions for
copepods (Lutz et al. 2010: Antacli 2014). At this time of year, the population of the two dominant
copepods (largely C4 and C5 copepodites) store lipids, and the species are distributed differently in
the water column. Most of the D. forcipatus population is concentrated in the upper layers up to 50
m, while C. australis retreats to deeper waters, even near the bottom. The sampling results suggest
that while D. forcipatus still feeds in the upper water column, most of the C. australis population may
be entering a period of stopped metabolism at depth, and therefore it does not feed or barely does
(Sabatini et al. 2008). In late summer, adult females and late copepods of D. forcipatus and C.
australis show low foraging activity, although both populations show some ongoing spawning (Antacli
et al. 2014). The diet of adult females during late summer, based on intestinal content analysis,
indicates that D. forcipatus conveniently feeds on the smallest but most abundant particles in the
environment. The intestinal content of C. australis suggests a relatively higher ingestion of
autotrophic prey, particularly large diatoms. The ability to ingest small food particles could give D.
forcipatus an important advantage over larger copepods and is perhaps one of the reasons for its
overwhelming numerical abundance in some areas of the southern Patagonian shelf (Antacli et al.
2014).
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The hyperiid T. gaudichaudii reaches its highest biomass in this area of the platform (Sabatini and
Alvarez Colombo 2001; Padovani et al 2015), where its population develops on the basis of very
high concentrations of copepods as food and adequate water temperatures. Very large biomasses
of this amphipod have been reported in the Bahia Grande area on the inner and middle shelf, mainly
in summer-autumn (Sabatini and Alvarez Colombo 2001). The local population has a longer
Breeding period (spring-summer), a larger number of cohorts (two main ones) and a smaller maturity
size (around 10 mm) than other populations of T. gaudichauddi at similar latitudes. This adaptation
would favor greater abundances, placing the southern Patagonian shelf system among the most
favorable for the development of this amphipod in any part of its global distribution range (Padovani
et al. 2015). T. gaudichaudii strongly supports the planktivorous fish and squid community in the
area (Padovani et al. 2012). Due to this trophic relevance, T. gaudichaudii has been ptoposed as a
kind of "wasp waist", channeling the flow of energy in a short and efficient food chain, a role similar
to that of krill in Antarctic waters (Cepeda et al 2018).

For the Slope Front, in the indirect area of influence of the project, the highest zooplankton biomass
is recorded from the beginning of spring to the end of summer, mainly composed of
macrozooplankton, with the species T. gaudichauddi and E. lucens standing out. O.aff.helgolandica
and O. atlantica are other species of importance to the north of the survey area.

4.1.2.3 Gelatinous zooplankton

Jellyfish, salps and ctenophores are categorized as part of the gelatinous zooplankton (GZ). These
represent a functional group composed of different phyla (example Chaetognatha, Ctenophora,
Cnidaria, Chordata, etc), and contain a high water content in their body (greater than 95%) which
gives them the peculiar gelatinous appearance and a certain degree of transparency and fragility
(Tapia and Genzano 2019). The GZ is composed of meroplanktonic species with adapted benthic
stages, and holoplankton species that associate only in part of their life cycle.

GZ fulfills several ecological roles, such as considerable effects on the plankton community through
direct predation and competition for food, effects on trophic cascades, and various non-trophic
interactions with other biological groups (Schiariti et al. 2018). However, due to the highly seasonal
presence of many gelatinous species, their structuring effect is often temporary (Tapia and Genzano
2019).

Recently, Diaz Briz et al. (2017) quantified the occurrence of gelatinous zooplankton (ctenophora,
salps and jellyfish) in stomach contents of fish in the South Atlantic Ocean. The samples were
obtained from October to April, from 1986 to 2000 of the BO "Oca Balda" INIDEP campaigns. One
hundred and seven (107) species were analyzed and GZ was found in 39 of them. In total, there are
44 species of fish that feed on ZG, 5 were not reported in this work. Some species of fish are frequent
consumers of ZG, and others only occasionally. Only a few species of fish feed on ZG as their main
source of nutrition. Most of these families are jellyfish of the Stromateioidei suborder and have a
series of anatomical adaptations in their digestive tract that facilitate the predation of these
organisms (Harbinson 1993). Figure 123 shows the spatial distribution of the samples obtained with
the trawl net and the red dots represent where ZG occurred in the stomachs of the fish.
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Figure 123. Study area of the Argentine and Uruguayan platform taken from the work of Diaz Britz et
al. (2017). The colored areas indicate the different frontal zones of the region. The black points
correspond to the total samples per trawl net and the red points represent where there was
occurrence of ZG in the stomachs of the fish.

Figure 124 unfolds the distribution of fish stomachs with ZG in the Argentine and Uruguayan
Continental Shelf, with the intake of ctenophores being the most uniform in the entire area with
similar frequency values. Ctenophores were taken at high levels in almost all areas of the continental
shelves of Argentina and Uruguay. Salps are more frequent prey on the slope and the southern
platform. In contrast, jellyfish are ingested more in coastal areas, the slope and the southern shelf
(Diaz Britz et al. 2017).
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Figure 124. Results of stomach analysis. a) Number of stomachs with ZG item and its equivalent in
%; b-d) spatial distribution of fish stomachs with: b- ctenophores, c- salps and d-jellyfish. Source:
Diaz Britz et al. 2017.

The fronts consist of intersections of two bodies of water with different physical and chemical
properties, which generally imply high biological activity. Usually in these areas, vertical and
horizontal mixing increases primary (phytoplankton), and secondary (zooplankton) production,
providing great availability of food that attracts nektonic organisms (fish, turtles, and marine
mammals) allowing the transfer of energy at higher trophic levels. This fact highlights the importance
of ZG intake by fish. Large aggregations of ZG are commonly observed in these areas under certain
circumstances, dominating the rest of the zooplankton. As can be seen, the frontal areas play a key
role in the interactions between the ZG and the fish (Diaz Britz et al. 2017).

There is presence of fish stomachs with ctenophores, with a low ZG diversity in the Project’s indirect
influence area. The main groups of ZG are tenophores, salps and jellyfish. The most frequent in the
indirect influence area are the Ctenphores. No studies were found on the seasonal distribution of the
ZG for the survey area.
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4.2 BENTHOS

The benthos is made up of both plant and animal organisms that live at the bottom, semi-buried,
fixed or that can move without going too far from it, from the high tide mark to the bottom of the
deepest trenches. Benthic communities are very diverse depending on the nature of the substrate
(rock, sand, silt) and depth. There are usually much higher stable conditions on the seabed than in
pelagic waters, where plankton and nekton are found, and which are subject to constant movements
and changes. Plant organisms are directly affixed to the bottom, while animals can anchor, bury, or
slither. Its habitat is usually the surface and the upper few centimeters of the material of the ocean
floor formed by sand, rocks or mud. Benthic organisms have little or no swimming capacity, which
allows them to adopt shapes that do not meet hydrodynamic requirements and, since they do not
face buoyancy problems, they can develop thick skeletal structures like shells and reach
considerable sizes.

Benthic invertebrates play an essential role in marine ecosystems. Many represent commercially
exploited species that support very important fisheries, such as prawn (Pleoticus muelleri), scallop
(Zygoclamys patagonica) or spider crab (Lithodes santolla). Furthermore, they have a close
relationship with fish species of commercial interest, either because they are components of their
diets as they generate habitats for spawning, or because they constitute shelter or food for larval or
juvenile stages (Giberto et al. 2015, Giberto et al. 2017, Vazquez et al. 2018). Likewise, some benthic
organisms behave as ecosystem engineers and set up highly structured environments that allow the
development of highly biodiverse communities, as in the case of “marine animal forests” (Rossi et
al. 2012, 2017). There are suspensivore sessile organisms within said environments such as
sponges, corals, bryozoans, brachiopods and certain mollusks (Rossi et al. 2017).

Certain groups of benthic invertebrates (sponges, cnidarians, tunicates, brachiopods) are called
Taxa Indicators and they stand out due to their ecological role and their high susceptibility to any
natural or anthropic change. When biomasses greater than 10 kg 1,200 m-2 are recorded in these
groups, the habitats are framed as Vulnerable Marine Ecosystems (VMEs). Approximately 90
macroinvertebrate taxa were detected in the southern Patagonian zone (48 ° S-55 ° S) between 50
and 400 m-deep, including several TI, some of which are very frequent and abundant (Allega et al.
2020).

4.2.1 Phytobenthic communities

On the coasts of the Province of Buenos Aires, the abundance (large volumes of algae that the sea
occasionally deposits on the coasts, mainly on the beaches) of algae is infrequent and of lesser
magnitude than on the Patagonian coast. Becheruci ME and Benavides H (2016) characterized the
floristic composition and the humid biomass of the species that make up three bursts of algae that
occurred in 2012 and 2013 on the beaches of Quequén, Necochea and Mar del Plata with the
purpose of contributing to the knowledge of the local sub-tidal populations.

A total of 19 species of macroalgae were identified, previously registered in marine algae catalogs
in the Province of Buenos Aires, and in various ecology studies carried out in the intertidal areas of
Mar del Plata and Quequén; with the exception of Ahnfeltiopsis sp. and unidentified Gigartinaceae.
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Table 5. Percentage of relative biomass (%) of macroalgae recorded on the beaches of Necochea,
Quequén and Mar del Plata. Source: Becheruci y Benavides, 2016.

(Translation of Table 5: Orden: order. Especie: Species. Biomasa himeda relativa: Relative wet biomass.
Restos de especies no identificadas: Remains of unidentified species).

Biomasa himeda relativa

Phylum Orden Especie %)
Necochea Quequén  Mar del Plata
Heterokontophyta Dictyotales Dictyota spp. 35.28 47.68 0.09
Rhodophyta Corallinales Jania rubens (L) Lamour 19.64 3.8 182
Bossiella sp. 0.1%8 0.02 0.85
Corallina officinalis Linnaeus 10.44 1.61 13.18
Ceramiales ;:;’;;‘i““"‘f"mm’mm (. Agardh) 797 12.05 352
Pterosiphonia sp. 129 2.83 0.03
Callithamnion sp. 024 - 0.15
Ceramium spp. 013 013 0.38
Chondria sp. 1.57 025 285
Delesseriaceae sp 143 0.16 -
Rhodymeniales  Rhodymenia sp. 237 0.61 2315
Gastroclonium trichodes (C. Pujals)
B. Santelices, I A. Abbott & M.E. 0.15 -
Ramirez
Gigartinales  Gigartinaceae no identificada. 0.1 1.40 3285
Ahnfeltiopsis sp. - - 1433
Gymnogongrus torulosus (_J_D. 0.43
Hooker & Harvey) F. Shimtz
Chlorophyta Ulvales Utva intestinalis Linnaeus - 0.06
Ulva lactuca Linnaeus 0.04 -
Cladophorales ~ Chaefomorpha sp. 0.03 -
Bryopsidales Codium fragile (Suringar) Haniot 3.76 5.01
Restos de especies no 14.76 29.49 0.06

identificadas

4.2.2 Fauno benthic communities

Regarding the fauno benthic communities, Bastida et al. (1992) studied the specific composition of
the benthic macroinvertebrate communities of the Argentine Continental Shelf. The communities of
the Patagonian district are dominated by mollusks (filum Mollusca), echinoderms (filum
Equinodermata) and bryozoans (filum Bryozoa) in that order. Brachiopods (phylum Brachiopoda)
are the next largest group.

These authors identified two regions within the Patagonian District, which differ fundamentally due
to their specific richness. The communities of the inner region (<100 meters deep) presented less
specific richness than those of the outer region (100-200 meters deep). In fact, practically all the
species reported in the internal region are identified in the external region, but not in the opposite
direction. While the macroinvertebrate benthic communities of the external region present 16.3% of
exclusive species for the Argentine Continental Shelf, the communities of the internal region only
present 0.54% (Bastida et al. 1992). The differences between the communities seem to be due to
the temperature of the waters and, secondly to the bottom morphology. The outer region is
influenced by the Malvinas Current and therefore its waters are colder. On the other hand, the inner
region is influenced by the Sub-Antarctic Patagonian Current, with wamer waters. In fact, many of
the species of the outer region, but not of the inner one, are species associated with low
temperatures such as Solariellakempi, Beania costata and Ampidostoma giganteum (Bastida et al.
1992). The polychaete annelids (Annelida phylum, Polychaeta class) are another faunal group very
well represented in the benthic communities of the Argentine Continental Shelf. Its diversity and
abundance are significantly high for all depths (Perry, 2005).
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The indirect influence area of CAN_100 and CAN_108 seismic data acquisition areas overlaps with
“B” area in the inner region of the platform. It displays 112 species of macroinvertebrates, a group
sub-dominated by bryozoans and echinoderms, of which only one species is exclusive to this area
(Figure 125). While CAN_114 Area is located in “C” area under the influence of the Malvinas current
(high productivity and low temperatures) with a total of 152 species, it shows a high percentage of
exclusive species (16.30%). The community is dominated by bryozoans and brachiopods, the
echinoderms being less abundant than in “B” area.
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Figure 125. Map with the stations defined by Bastida et al. 1992, noting the overlap with CAN_100,
CAN_108 and CAN_114 areas.

4.2.2.1 Benthic communities associated with the Management Unit (MU).

In the area of the external platform and the slope, studies were carried out to characterize the
benthos using the location of management units (MU) for the Patagonian scallop fishing (Bremec
and Giberto 2017). A compilation and updating of the information of the benthic communities of
different sectors was carried out, being poriferous, echinoderms, hydroids, infaunal and epibiontic
organisms, the most common companion fauna of the Patagonian scallop.
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The scallop, Zyglochamys patagdnica, is one of the dominant species in the benthic communities of
the slope front, especially in the strip that fluctuates between 80 and 120 m, in which it is distributed
forming the dense additions that are exploited (Bogazzi et al., 2005). The Management Units are
seen in Figure 126. According to the available data, the functioning of the benthic ecosystem in this
area is closely linked to the flow of energy that arrives from the surface as “rain of phytoplankton”
and as by-products of the activity that takes place in the first meters of the water column (Acha,
2015).

To date, the list of taxa caught incidentally as part of the monitoring of Patagonian scallop fishing
areas and identified in routine work reaches about 90 species (Schejter et al. 2014). Specific studies
carried out on different zoological groups have contributed to broadening the knowledge about the
fauna richness in these areas and provide information on porifers, echinoderms, hydroids, infaunal
organisms, the most frequent demersal and benthic fish and sponge endobionts (Schejter et al
2017). As a result, the benthic richness known to date has been estimated in about 250 species
(Scheijter et al 2013), which include more than 50 epibiont organisms from the Patagonic Scallop
(Romero et al 2017: Schejter et al 2017).

The seismic data acquisition area named CAN_100 - CAN_108 is located in a position close to UM
B, while CAN_114 to UM C (Figure 126).
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Figure 126. a Chlorophyll satellite image corresponding to the summer of 2010 showing maximums
at the location of the slope front. The location of the Management Units for scallop fishing (A-J) is
shown. The purple box represents the study area. Source: Schejter 2017.

' lSerman
3 _ CRISTINA GOYENECHEA
& asociadoss.a. Directora Area Ambiente Page 139 of 526

Consultora SERMAN & ASOCIADOS S.A.



Environmental Impact Assessment
.’ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
®e Argentina

equinor
CHAPTER 5 - ENVIRONMENTAL BASELINE

The scallop plays a very important role as an ecosystem engineer, providing substrate and shelter
to a large number of organisms associated with this bivalve in the fishing areas that comprise the
sponge Tedania sp., the anemone Actinostola crassicornis, the echinoderms Ophiactis asperula,
Ophiacantha vivipara, Ophiura lymani, Sterechinus agassizii, Diplosterias brandti, Ctenodiscus
australis, Psolus patagonicus and Pseudocnus dubiosus (Bremec et al. 2003). High densities of the
tubicultural polychaete Chaetopterus cf. antarticus, the Labidiaster radiosus starfish and the
Gorgonocephalus chilensis basket starfish are registered in A and B MU (Management Units. In area
B, the main taxa associated with the scallop were the sponge and various species of echinoderms,
among which the Ctenodiscus australis and Diplasterias brandti starfish, the Austrocidaris
canaliculata sea urchin, and the ophiura Ophiactis asperula should be mentioned. At the
southernmost end of “B” Management Unit, high-density of the Sympagurus dimorphus hermit crab
and the Sterechinus agassizii sea urchin are also found (Schejter and Mantelatto 2015). The "C"
Managment Unit presents a lower density of scallops than other areas having a higher species
richness than more exploited areas, as well as a sponge biomass that represents between 22 and
90 e of the catch (Schejter and Bremec, 2013). South of "C" Management Unit, very high biomasses
of ophiuroids are recorded, mainly of Ophiactis asperula and Ophiacantha vivipara, and in certain
sectors there are also high-density patches of Flabellum cf. Curvatum coral and of Sterechinus
agassizii sea urchin (Escolar, 2010).

Patagonian scallop fishing surveys have also made it possible to collect benthic fauna at the outer
limit of the "C" Management Unit, at depths of 400 m (Figure 127). Echinoderms were predominant
in these locations, as well as the presence of false corals (Stylasteridae) and soft corals, among
which sea pens (Pennatulacea) and primnoids stand out. In order to detect Vulnerable Marine
Ecosystems in international waters in the southwestern Atlantic, cold-water coral reefs were detected
in deeper areas of this region, mainly composed of the Bathelia candida species, coral gardens that,
in turn, present a large quantity of associated fauna, located between 400 and 1000 meters deep,
as well as sponge fields, found between 250 and 1300 meters deep (Portela et al 2012, Schejter
2017, Campodonico 2019).

Figure 127. Catches collected with trawl nets through research and prospecting campaigns. B- UM in
front of slope, C- head of submarine canyon (350 m), E-external area of C UM (400 m), E-F- Coral and
reef gardens (400-1000m). Source: Schejter et al 2017. The red box indicates the survey area.
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The spatial distribution of the scallop coincides with the location of three frontal systems: the Slope
front, the North Patagonian front and the South Patagonian front (Bogazzi et al. 2005) (Figure 128).
Under the influence of the Slope front and along the 100 m isobath, there are the most profitable
scallop banks from the fishing point of view (Bogazzi et al. 2005). These fronts are important feeding
and breeding habitats, often acting as concentration areas for pelagic larvae or as barriers to their
dispersal. The presence of scallops would be related to the sediments of sand and very thin sand
(Mandirolas et al. 2005, Lasta 2013). The scallop is the dominant species and acts as an ecosystem
engineer (Schejter et al. 2014).
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Figure 128. Diagram of the areas with high densities of Patagonian scallop Zygochlamys patagonica,
indicating the sensitive areas regarding the reproduction of the resource. Source: Allega et al. 2019.
(Translation of Figure 128: Primavera-Verano: Spring — Summer. Area de cria: breeding area. Area de
reproduccién: breeding area. Area de alimentacion: Feeding Area. Mayor densidad: Higher density. Menor
densidad: lower density. Area de Distribucion: Distribution Area.)

In conclusion, a low density is observed in the biomass of scallops within the area of indirect
influence. No feeding or breeding areas of Patagonian scallops appear in the Project’s direct area
of influence.

The Patagonian scallop has so far shown a recruitment behavior that suggests very uncertain
dynamics to foresee. Scallop stocks can fluctuate widely from one year to another without presenting
a clear pattern, such is the case of populations whose recruitment would be strongly influenced by
hydrographic conditions. Currently, this fishery already shows a reduction in the biomass of catches
and a limitation of the feasible fishing areas. The biomass that supports the current and immediate
future catches of the fishery is due only to localized recruitments, which are not enough to maintain
the levels of catches similar to those taking place at the beginning of the fishery (Campodonico et al
2019; Allegra et al 2020).
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The most profitable scallop banks from the fishing point of view are located under the influence of
the Front of the Slope and along the 100 m isobath. The activity of the scallop fishing fleet is low or
null in CAN_100-108 Area. A high density of the scallop resource is not observed in CAN_114 area,
however there appears a high density during the first quarter of the year in the area of indirect
influence (Figure 129).
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Figure 129. Distribution (t) of the fleet that operated on the scallop resource during the 2013-2017
period (scallop). Source: Allega et al. 2020.
(Translation of Figure 129: Trimestre: Quarter)

4.2.2.2 Vulnerable Marine Ecosystems

A "Vulnerable Marine Ecosystem"” is called any marine ecosystem whose specific structure and
function may be threatened, according to the best available scientific information and the
precautionary principle, as a consequence of the stress caused by physical contact with bottom gear
in the sea during fishing operations, including, in particular, reefs, seamounts, hydrothermal vents,
cold-water corals or cold-water sponge fields.

From 2007 to 2010, the Spanish Institute of Oceanography carried out a series of 13 multidisciplinary
research campaigns in international waters of the Southwest Atlantic in collaboration with the
General Secretariat of Fisheries, owner of the “Miguel Oliver” B / O. These campaigns were framed
within the activities of the IEO structural project aimed at studying fisheries and marine resources in
waters of the Southwest Atlantic (ATLANTIS Project). The general objective of these campaigns was
the description, within an ecosystem approach, of the EMVs and the possible interactions with fishing
activities in the study area (Del Rio et al., 2012).
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Colonial species originate very complex three-dimensional structures in their slow growth that host
a large number and diversity of both sessile organisms, such as other species of colonial and solitary
corals, alcyonaceans, gorgonians, antipatharia, bryo-zoos, hydrozoans, porifera, barnacles, etc., as
well as invertebrates of a fragile nature that live and feed on them. These colonial corals require hard
or consolidated substrates for their fixation and development. Due to their great fragility to the direct
or indirect impact of various human activities, including bottom fishing, these organisms, as they
present annual growth rates of scarce mm, are one of the priority protection groups themselves for
being a primary structural part of EMVs.

The two colonial species observed in the IEO ATLANTIS Project were mostly Bathelia candida,
Moseley 1881, and Solenosmilia variabilis Duncan, 1873 to a much lesser extent. A great biodiversity
of epifauna was observed on these colonial species. On the other hand, the existence of areas with
an abundance of solitary scleractinias adapted to life on sediments, as is the case of the Flabellidae
family, mainly F. thouarsi Milne Edwards and Haime, 1848 and F. curvatum Moseley, 1881 among
other species.

Figure 130 shows the resulting map with the positions of all the vulnerable or sensitive organisms
(sets and dredgers) according to the United Nations and OSPAR criteria, obtained in the
investigation campaigns of the Miguel Oliver B/ O.

The area of direct influence for CAN_114 zone partly overlaps with the presence of fragile species
which are also considered Indicator Taxa, to the north of the areas considered Vulnerable Marine
Ecosystems.
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Figure 130. Positions of all organisms (sets and dredgers) considered vulnerable or sensitive
according to the United Nations and OSPAR criteria, obtained in the investigation campaigns of the
Miguel Oliver B/ O. The conservation polygons that surround them are also represented. Source: Del
Rio et al. 2012.

(Translation of Figure 130: Proyecto Atlantis: Atlantis Project. Leyenda: Legend/Key.

Coloured boxes with illegible data)
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4.2.2.3 Sampling of the Benthos by the ARA “Puerto Deseado” (BO)

In order to describe the benthic communities in the detailed study area, a bibliographic search of
campaigns recently carried out by CONICET and INIDEP, as well as the tool available in the SHN
Geoportal (http: // geoportal.ddns.net / # / burdwood) were used to complete the search.

During the 2012 ARA Puerto Deseado (BO) Oceanographic Vessel campaign, 33 sets were made

with different fishing gear, approximately between 200 and 3000 meters deep in front of the city of
Mar del Plata. Figure 131 displays the sample stations covered by the BO.

>

Mar del Plata

(‘.\)USIC earth

Figure 131. General location of the sampled stations (Campaign Report Underwater Canyon B /O
“Puerto Deseado". August 10-17, 2012. CONICET).

4.2.2.4 Cnidaria

Rodriguez et al (2017) analyzed the assemblages of Hydromedusae in South America (from 22 ° S-
56 ° S to 40 ° W- 80 ° W) associated with water masses and the influence of the life cycle on the
distribution of jellyfish. The variation in relation to the environments they inhabit was explained by
depth and temperature. The distribution patterns of hydromedusae in the South Atlantic were
associated with neritic water bodies, supporting previously proposed biogeographic provinces. This
work suggests that the meroplankton hydromedusae appeared to have a more restricted distribution
than the holoplanktonic ones.
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Figure 132. Spatial distribution of the hydromedusae assemblages obtained through the cluster
analysis. 2. It corresponds to the Argentine biogeographic province (a- Uruguayan and b-
Rionegrensis groups). Source: Rodriguez et al 2017.

(Translation of Figure 132: Especies: Species. Contribucion a la similaridad intragrupo:
Contribution to intra-group similarity).

Benthic Cnidarians (Corals)

A group of animals of the Phylum Cnidaria (Scleractinia, Antipatharia, Octocorallia, Stylasteridae,
Milleporidae, some Zoanthidea and three Hydryactiniidae) with a continuous or discontinuous
skeleton of calcium carbonate and / or with horns or antlers morphologies are classified under the
name of "corals”. The diversity sustained by communities dominated by cold-water corals is typically
very high because the structuring species that form them seek refuge, habitat, and constitute
breeding areas for many other organisms, both vertebrates and invertebrates. Although there are
coral records in almost the entire Argentine Continental Shelf, the areas of the slope between 42 °
S and 48 ° S and 200 to 1,500 m deep are optimal for the development of habitats dominated by
these organisms, characterized by strong currents, a large amount of nutrients and adequate
temperatures (Allega et al. 2020).

' ‘ Serman

Consultora

CRISTINA GOYENECHEA
Directora Area Ambiente
SERMAN & ASOCIADOS S.A

Page 146 of 526



Environmental Impact Assessment
\’ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
%o Argentina

CHAPTER 5 - ENVIRONMENTAL BASELINE

equinor

Among the true coral species, Bathelia candida stands out for being one of the deep reef-forming
species, which are located precisely on the slope (Cairns and Polonio 2013). Coral gardens, which
are aggregations of colonies or individuals of more than one species (Buhl-Mortensen et al 2017),
have been located mainly on the continental edge between 400 and 1,000 m deep, in large sandy
areas with little slope (Del Rio et al 2012). In other deep areas where the soft and muddy substrate
predominated, several species of sea pens (Pennatulacea) were recorded, being Anthoptilum
grandiflorum the most frequent (Del Rio et al. 2012; Schejter et al 2018). Likewise, these areas
occasionally coexist with other habitats, such as sponge banks, characterized as "vulnerable" (Del
Rio et al. 2012, Duran Mufioz et al. 2012, Portela et al. 2012; 2015).

The detailed study area of the project does not overlap with the areas of higher coral density.

v
<

Figure 133. Corals recorded on the Argentine continental shelf. The regions in which high densities
have been registered are indicated, corresponding to Vulnerable Marine Ecosystems. The light blue
dots represent specific records of different species of corals. Source: Allega et al. 2020.
(Translation of Figure 133: Corales: Corals. Recuadro naranja: Mayor densidad: Orange box: More density.
Puntos celestes: Registros puntuales: Light blue dots: specific records).
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As a result of the 2012 Continental Slope campaign, cnidarians were found in 97% of the casts, and
they were the predominant organisms in some of them (Example Flabellum sp. in Set No. 4 and
Anthomasthus sp. in Set No. 26. Representatives of the Hydrozoa, Scyphozoa and Anthozoa
classes were collected, the anthozoa being the most diverse and abundant (particularly the
Actiniaria, Scleractinia and Pennatulacea orders). In total, at least one species of hydrozoa, at least
two species of scyphozoa, at least 14 species of Actiniarios were collected: Actinostola crassicornis,
Antholoba achates, Isosicyonis alba, Metridium senile lobatum, at least two species of Hormathiidae
and others), five species of corals (Bathelia candida, Flabellum sp and others), four species of
penatulaceans (Pennatula argentina and others), and an undetermined number of octocorals. Table
6 shows the distribution of the most characteristic species found during the campaign and their
depth (Lauretta and Penchaszadeh, 2012).

Table 6. Summary of the most representative species found during the campaign (Lauretta and
Penchaszadeh, 2012).

(Translation of Table 6: Clase: class. Orden: Order. Especie: Species. Lance (L): Set. Profundidad:
Depth.)

Profundidad
(m)
Antholoba achates 13:133: 250-308

2Actinostola : ::
Hexacorallia  Actiniaria crassicomnis L3; L33. 250308
L3:L19;

L33.

Clase Orden Especie Lance

sosicyonis alba 250-1508

13:1A4: LS;
Homathiidaesp. [ jr14.  250-1950
1.25:133.
L10; L11;
. : L12;113; v
Bathelia candida L15: 120: 852-2010
L31.
L I27E3;
L4;15:L6:
Scleractinia L7;L8;
L10;L12;
Flabellum sp. L15:L18; 201 -1950
L19; 1L25;
L26; L27;
L28; L29;
L30; L31.
L2;18;L9;
L10; L14;
Pennatulacea Pennatula argentina?  L19: L25; 327-1950
L26; 127,
1.28; 1.29;
Octocorallia Anthomastus sp LZ LS,
B ] L26; L25;
L5; 1L6;LS;
L9:;: L10;
Primnoidae sp. L11;L16; 527 -1950
L19; 1L25;
L26.

647 -1950

Alcyonacea
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4.2.2.5 Macro crustaceans of economic and ecological interest

Decapods are best known for their commercial interest. This group is made up of crabs, lobsters,
shrimp, prawns and spider crabs. Most of the higher decapods are opportunistic, generalist, and
sometimes scavenger carnivores. They create very humerous populations and possess gregarious
habits that allow the formation of easily catchable swarms. Another remarkable characteristic of the
group is its role as main prey for many species of fish, mollusks and other animals. Therefore, they
are considered important links in the food chains of the worldwide seas. Five species of economic
interest are registered within the indirect area of influence of the project.

Munida gregaria (Fabricius, 1793)
Common name: Prawns or lobsters

The distribution is restricted to the southern hemisphere, mainly South America and New Zealand.
In South America it is distributed along the Pacific Ocean from Chlioé Island (47 ° S) to Cape Horn
(56 ° S), and northwards through the Atlantic Ocean to the coasts of Uruguay (27 ° S), including the
Falkland Islands (Islas Malvinas) (Figure 134). The bathymetric distribution ranges from the subtidal
to 1,100 m depth (Zaixso and Boraso, 2015).

) L) L) L]

4

Figure 134. Distribution of the prawn in the Argentine sea. Source: Zaixso and Boraso, 2015.

In the Beagle Channel it feeds on crustaceans, algae, polychaetes, debris and sediments. On the
other hand, the species represents an important percentage of the bycatch. Approximately 7,000
tonnes of Munida spp. were caught in the hake and prawn fishery in 2000 on a total of 24,000 tons
of accompanying fauna (Zaixso and Boraso, 2015).

The M. gregaria shrimp has two different and simultaneous feeding habits: it is predatory and
deposivorous. As a predator it feeds mainly on crustaceans, macroalgae and polychaetes, while as
a deposivore it is capable of ingesting particulate organic matter, sediment and biological material
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associated with the upper layer of marine benthos, such as foraminifera, diatoms and nematodes
(Romero et al. 2004). These two complementary and simultaneous feeding habits occur throughout
the year, without any seasonal difference and regardless of the depth at which the animals are found.
M. gregaria is also considered an omnivorous and opportunistic species (Romero et al. 2004).

Lithodes santolla (Molina, 1782)
Common name: common spider crab

It is distributed from the SE coast of Tierra del Fuego and Isla de los Estados in the Atlantic, and,
towards the north, there are no records of the species until San Jorge Gulf. From there it is present
towards the north on the shelf and descending in depth (Figure 135). Offshore Buenos Aires, on the
continental slope. It would tipically reach up to 700 m from the intertidal to 200 m depth.

-72.0 e ! " 540 ) m@ 480

Figure 135. Distribution of the common spider crab in the Argentine sea. Source: Zaixso and Boraso,
2015.

Itis found in shallow waters during the summer and at greater depths in winter in the Beagle Channel.
The movements are carried out following the isobaths, with short displacements, for example, 14 km
in 70 days. In the population of San Jorge Gulf there is a remarkable breeding migration to shallow
waters: towards the end of spring they approach the central coasts and the northern sector of the
Gulf, where they mate, and as from January they scatter towards deeper waters. In San Jorge Gulf
it feeds on fish, prawns, bivalve mollusks and sea urchins.

Four effective sectors of Spider Crab can be identified in Argentina (Figure 136). The Central
Patagonian Sector, called the Central Management Area for this species (between 43 ° 30°S and 48
° C), is the most important since it produces a large part of the unloading volume (Allega et al., 2019).
The most abundant nuclei in the Central Area are located within the San Jorge Gulf (San Jorge Gulf
High Yield Sector) and in platform waters (North High Yield Sector and South High Yield Sector).
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The effective sector Patagonia Sur is the second in importance and is distributed south of 48 ° S.

Only one breeding and moulting site is recorded in the so called CAN_100-108 area of direct
influence of the project, but with a very low density of crabs. The CAN_114 area of direct influence
of the project does not overlap with king crabs” breeding or feeding sites. There are no landings from
this area.

e s T340 ¢

Y fE— 36°

LE Amadecda

B Ama dereprodacain

B Ama dealimesncidn

B Mayor densided
Menor deasidad

I A= de distnbocén

38°

S

20°

L4

440

44°

46°

Lag>

48°

50°

52°

f L5 [ }s40
\

\56”

IPW 69° 66 6° 60° ST S® 51 48° W 69° 66° 63° 60° S51° S4° S0 48°

—t——t—
Lé Amadecda

BB Ama de reproduccién

B Ama de alimentcién

I Moy densicad
Menor densidad

[ A de distribacién
f-,\ma mody 20°
: 42 2°
Lage e
Lag 1%°
48 48°
"\ F50° 50°
IK
|
/ 52° 520
L
/ [ ps# | |se
\
Ls¢ 56°
T T T T f T T T T T T T T f T T T T
7PW 69° 66 6° 60° 57° 54 51°  48° 72°W  69°  66° 63° 60° 57° 54°  S51°  48°

Figure 136. Spatial-temporal distribution of the Lithodes santolla Crab, indicating the sensitive areas
in relation to the breeding and feeding of the species. Source: Allega et al. 2020.
(Translation of Figure 136: Verano: Summer. Area de cria: Breeding area. Area de Reproduccion:
Reproduction Area. Area de Alimentacion: Feeding Area. Mayor Densidad: Higher density. Menor densidad:
Lower density. Area de Distribucion: Distribution Areas. Otofio: Autumn. (coloured boxes: idem previous
description). Invierno: Winter. (coloured boxes: idem previous description) Area de muda: Moulting area.
Primavera: Spring. (coloured boxes: idem previous description) + Area de reproduccion y muda: Breeding
and Moulting Area..)
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Thymops birsteini (Molina, 1782)
Common Name: Lobster, Deepwater Lobster

This species is distributed in waters of the Argentine slope, from 55 ° Sto 36 ° S (ZCPAU), although
some findings have also been made in shelf waters. It also appears in the vicinity of the Falkland
Islands (Islas Malvinas) and South Georgia. The known bathymetric distribution of the species places
it 122 and 1,940 meters deep, with an average catch depth of 885 m (Firpo et al. 2004, Boschi 2016).
The temperature of the bottom in the lines oscillates between 2.2 and 5.5 ° C. It prefers muddy
substrates where it builds burrows. Yau et al. (2002) filmed them on the slope of the South Georgia
Islands, between 600 and 1500 m entering and leaving caves with a 20-25 cm-diameter. The
incubation period is unknown. Data have also been gathered from research campaigns and during
the prospecting for benthic crustaceans established by the Federal Fisheries Council, the BP “Wiron
IV” carried out specific activities with traps in waters of the Buenos Aires slope between 1057 and
1357 m depths (Firpo et al. 2004) where 263 specimens (54 kg) were collected, with CPUE values
that ranged between 4 and 113 specimens per line; It was estimated that the weight of the abdomen
or tail represents 27% of the total weight of the animal. The total length of the males ranged between
161 and 245 mm with a mean of 198.9 mm, the average weight was 192 g. Females ranged from
163 to 267 mm with an average of 183.5 mm. In the Southern Georgias, a differential bathymetric
distribution by sex and size was observed, with the largest recorded sizes between 1000 and 1400
m (Boschi 2016).

Chaceon notialis
Common name: red crab

In our country, the red crab is located in the Atlantic sector of the “Magellanic Biogeographic
Province, from the mouth of the Rio de La Plata to the south, the latitudinal limit of its distribution
being unknown. Some species of gerionidae inhabit partially buried in muddy or sandy bottoms and
others in caves and rock formations on the platform and slope, mainly at depths between 200 and
1000 m. Different species of this family have an important commercial value. Regarding the life cycle,
mating occurs between a larger male with a moulting mature female, the eggs are carried by the
females for a long period and constitute an ovigerous mass greater than 22% of their body weight
(Boschi 2016).

Ovalipes trimaculatus
Common name: Swimming crab

The swimming crab is a cosmopolitan species that has a worldwide distribution. In the Atlantic Ocean
it is found from the southeast of the United States, through Central America, the southeast of Brazil
and Uruguay to the Argentine Patagonia. In Argentina, it can be seen on the coast of the Provinces
of Buenos Aires, Rio Negro and Chubut and is typically found in the infralitoral floor of soft bottoms.
It has an omnivorous diet, mainly feeds on invertebrates and fish, ingesting both living and dead
organisms. Regarding their Breeding strategy, copulation occurs when females molt and males are
potentially polygynous. Although mature females were found carrying eggs in studies conducted in
summer months, the breeding season has not yet been determined (Boschi 2016).

4.2.25.1 Peracarid Crustaceans

In the 33 sets of the BO 2012 campaign, an abundance of peracarid crustaceans was obtained
(Chiesa et al. 2012). In a preliminary analysis of Set 12, carried out with an epibentonic drag with a
1 mm mesh network, the following taxa could be recognized:

Serman CRISTINA GOYENECHEA Page 152 of 526
& asociadoss.a. Directora Area Ambiente

Consultora SERMAN & ASOCIADOS S.A



Environmental Impact Assessment
” 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,

) Argentina
equinor
CHAPTER 5 - ENVIRONMENTAL BASELINE

Orden Cumacea

Diastylidae
Gro. Vemakylindrus

Leuconidae
Gro. Laucon
Lampropidae

Gro. Paralamprops
Gro. Hemilamprops

Nannastacidae
Gro. Campylaspis

The Lampropidae family was the most abundant among the analyzed material. The members of this
family mainly inhabit deep and / or cold waters.

Orden Isopoda

Acanthaspidiidae
Acanthaspidia

Ischnomesidae
Gro. indet.

Haploniscidae
Gro. indet.

Stenetriidae
Temupedunculus

Munnopsidae
Echinozone
Disconectes

Janiridae
Tathrippa

Joeropsidiidae
Joeropsidae

Paranmmnidae
Abyssianira
Pleurasignum
Neasellus

Sphaeromatidae
cf. Moruloidea

Ischnomesidae, Haploniscidae, and Acanthaspidia (Acanthaspidiidae) are typical deep-sea taxa, all
of which are highly diverse in Antarctic waters. This is the first BO campaign where representatives
of these families and genders are obtained. Likewise, 4 species of Tenupedunculus (Stenetriidae)
were mentioned in the literature for waters of the slope. However, they were not found in previous
campaigns. It is highly probable that the species of these families (Ischnomesidae, Haploniscidae,
Acanthaspidiidae and Stentriide) correspond to new species.
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Order: Amphipoda

Ampeliscidae
Caprellidae
Dexaminidae
Iphimediidae
Ischyrocendae
Leucothoidae

Liljeborgiidae

Lysianassidae

Oedicerotidae
Phoxocephalidae
Podoceridae

4.2.2.5.2 Decapod crustaceans

During the “Underwater Canyons- Continental Slope BO 2012” campaign, a total of nine species
were collected: three species of Caridea shrimp from the Hippolitidae family and Pandalidae, one
Astacidea lobster from the Nephropidae family, one species of Anomura Galatheidea lobsters from
the Galatheidae family , a species of deep-sea crab Anomura Paguroidea from the Lithodidae family,
a hermit crab species from the Parapaguridae family, a Brachyura crab species from the Geryonidae
family and a Majidae family species (Scelzo, 2012).

Listado de Especies de Crustaceos Decapodos colectados por el B/I Puerto
Deseado/CONICET durante la capafia “Cafiones Submarinos 2012,

Suborden PLEOCIEMATA
Infraorden CARIDEA

Fanulia Hypollitidae
1. Corismus mberculams Bate, 1888

Material examinado: Hembra 15.1 mmI.C

Lance 15. Fecha: 12/8/2012. Localidad 38° 0,500°5- 54° 25,069°"W

Prof 1200 m. Sal. 33.8%.. Temp. 6.4°C

Observaciones: Segun Boschi ef al, (1992) la especie era conocida para las latitndes entre
45°50"y 54°°10°, v a profundidades entre 400-340 m., por lo que las presentes capturas
amplian la distribucién geografica v batimétrica de la especies.

Familia Pandalidae
1. Anstropandains grayi (Cunningham, 1871)
Observaciones: El material fotografiado a bordo corresponderia a la especie 4 grayi pero
lamentablemente se ha extraviade el ejemplar v no forma parte de las colecciones. Carecemos

de datos del lance de pesca.

3. Indeterminate caridea.
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Infraorden ASTACIDEA
Familia Astacidae

4. Thymaops birsteini (Larenkov & Semenov, 1972)
Figs.
Material examinado: Macho LC con rostro 58 6mm. L.C sin rosiro 43.1 mm
Lance 19 Fecha: 13/8/2012. Localidad 37° 56,688°5- 54° 10,997"W
Prof 1508 m. Sal 33 859%.. Temp. 5.7°C

Macho LC con rostro 46.9mm . LC sin rostro 34.8 mm

Lance 26. Fecha: 15/8/2012. Localidad 37° 52,303°5- 33° 57433°'W

Prof. 1738 m. Sal. 33.724%e.. Temp. 6.53°C.

Observaciones: Datos previos de captura de la especie indican una distribucion batimeétrica
hasta 1500 m (Boschi et al., 1992). Con las presentes captura se amplia hasta 1738 m de

profundidad.
Infraorden ANOMURA
Superfamilia Galathoidea
Familia Galatheidae
5. Munida spinosa Henderson. 1885
Material examinado:

Una hembra 24.1 mmI C, Dos hembras ovigeras 18.4 v 26.lmmIC. Tres machos: 10.5, 142
v 17 mml.C.

Lance 15. Fecha: 12/8/2012. Localidad 38° 0,500°5- 54° 25,069°W

Prof. 1200 m. Sal. 33.8%.. Temp. 6.04°C

2 hembras 13.4 v 16.5mmI.C.
Lance 19. Fecha: 13/8/2012. Localidad 37° 56.688°5- 54° 10.997"W
Prof: 1508 m. Sal. 33.859%.. Temp. 5.7°C

Hembra ovigera 22 mmI.C
Lance 31. Fecha: 16/8/2012. Localidad 38° 1, 499°5- 54° 44 171'W.
Prof 819 m. Sal. 33.74%.. Temp. 6.8°C

Dos ejemplares: macho 24.1 mm LC, hembra 22 mmT.C
Lance 26. Fecha: 15/8/2012. Localidad 37° 52,303°5- 53° 57433'W
Prof 1738 m. Sal. 33.724%.. Temp. 6.53°C.

Dos ejemplares: hembra ovigera 19 mmI C. una hembra rota sin medir
Lance 16. Fecha: 12/8/2012. Localidad 37° 57 288°5- 54° 23 456'W
Prof 1307 m. Sal 33.83%.. Temp. 5.95°C.

Observaciones: Informacion bibliografica previa (Scelzo, 1973, Boschi et al, 1992) indica
que la especie tiene una distribucion batimeétrica entre 100-1100 metros de profundidad. con
lo cual los ejemplares obtenidos en la presente campana amplian la batimetria hasta 1738
metros.
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Superfamilia Paguroidea
Familia Lithodidae

6. Paralomis formosa Henderson, 1888

Macho 31.2 v 56.5 mm LC hembra 32.4 mmI.C.

Lance 19 Fecha: 13/8/2012. Localidad 377 56,688°5- 54° 10,997W

Prof 1508 m. Sal. 33.859%.. Temp. 5.7°C

Observaciones: el material ha sido obtenido dentro del rango batimétrico vy localidad
geografica previamente para la especie. Uno de los ejemplares muestra una abundante
epibiosis de crustaceos cirripedios del género Lepas sp.

Inafraorden BRACHYURA
Superfamilia Porhmoidea
Fam. Geryonidae

8. Chaceon nofialis Manning & Holthuis, 1989
Figs.
Material examinado: 17.8 mmAC
Lance 15. Fecha: 12/8/2012. Localidad 38 0,500°5- 54° 25,069 W
Prof. 1200 m. Sal. 33.8%.. Temp. 6.04°C

Cuatro machos: 11 mmAC. 43 .8 mmAC, 49 4mml.C. 50.1 mmAC.
Lance 19 Fecha: 13/8/2012. Localidad 37° 56.688°5- 54° 10.907W
Prof 1508 m. Sal 33 859%s. Temp. 5.7°C

Observaciones: Scelzo v Valentini, (1974) citan a 1a especie como Geryon quinguedens v
posteriormente descripto como Chaceon nofialis por Manning v Holthuis (1989) el material
ha sido obtenido dentro del rango batimétrico v localidad geografica previamente para la
especie. La especie es 1a de mayor tamafio de cangrejo de aguas argentina v habita aguas
profundas de la provincia de Buenos Aires, entre Argentina v Uruguay, donde esta especie de
“cangrejo rojo” es explotado comercialmente por 1a flota pesquera de este ultimo pais.

9. Brachyura indet. (Majidae? Parthenopidae?)

Material examinado: 1 ejemplares: Hembra mm LC

Lance 3. Localidad: 37°59°5-55°00"W. Fecha: 10/8/2012

Prof 250 m. Sal. 33.65%.. Temp. 7.26°C

Observaciones: Ejemplar roto. No citado por Boschi et al, 1992, Material llevado a la

Universidad Nacional de Mar del Plata para determinar especie. Se carece de fotografias de

este ejemplar.
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4.2.2.6 Molluscs

Class: Gastropoda: They constituted one of the groups of invertebrates present from the first sets
as from 200 m deep and until the last (Pastorino et al. 2012). The presence in the campaign of larger
forms belonging to the Volutidae family with two dominant species: Odontocymbiola pescalia and
Provocator corderoi is visible in most of the stations above 300 m. A specimen of Zidona palliata, a
relatively rare species of this same family, was collected alive 1000 meters-deep. The Naticidae
family was well represented by several species including Bulbus carcellesi and Falsilunatia eltanini
with specimens of juveniles and adult of various sizes. Both rare species, the latter only known for
its hard parts, were recently described. This family is well represented by many species and some
of them are clearly new to science. The Turridae family included representatives in all sets, however,
it is so little known that it requires a much more detailed study for the specific assignment. Likewise,
the Muricidae were represented by very little known or recently described species such as Trophon
columbarioides or Trophon mucrone or recognized from a few specimens such as Trophon clenchi.
Other families such as Marginellidae, Buccinidae, Epitoniidae, Olividae are well represented in many
sets. On the other hand, ovigerous capsules of various species of the Volutidae and Naticidae
families were collected in the same samples (Pastorino et al. 2012).

Class: Bivalvia: most of these forms are of infamous habits, beyond the reach of the fishing gear
used. However, in one of the sets performed at about 2400 m depth, several dead specimens with
less articulation were collected as well as a specimen with soft parts of an apparently new species
of the genus Laubiericoncha (Vesicomyidae Family), with no representatives described in these
latitudes. Other groups of bivalve, including representatives of the Nuculidae family, were collected
at various depths (Pastorino et al. 2012).

Class: Cephalopoda: two specimens of Octopodidae were collected, still to be identified (Pastorino
et al. 2012).

Class: Aplacophora: On the other hand, some species such as Neomedia hertwigi, a known form,
but of unusual size (30 cm in length) not present in local repositories was collected and preserved
for genetic studies purposes (Pastorino et al. 2012).

Class: Scaphopoda: At least two forms of this class were collected in large numbers and are in the
process of being studied for their specific assignment (Pastorino et al. 2012).

Class: Polyplacophora: 13 specimens were found in sets 4,6,11,15 and 25. These individuals have
external morphological characteristics similar to the Leptochiton medinae species (Lepidopleuridae:
Leptochitonidae). They were found at depths between 528 to 1950 m. It is a characteristic species
of the Magellanic Biogeographic Province. The limits of this province are far from the coast in the
latitudes covered by the sampling, which is compatible with the area of influence of the Malvinas
current (Figure 137) (Pastorino et al 2012).
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Provincia Magallanica

50° 8§

Figure 137. A-Leptochiton medinae. B. Biogeographic Provinces of the Southwest Atlantic. The dots
mark the sets through which L. medinae was collected. Source: Pastorino et al. 2012.

4.2.2.7 Echinoderms

Table 7 shows the taxa identified during the B / O “Puerto Deseado” 2012 campaign on the
continental slope for each of the classes and the corresponding sets through which they were
collected (Brogger and Martinez).
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Table 7. Echinoderm species collected on the Continental Slope. Source: Brogger and Martinez,

(Translation of Table 7: Clase: class. Orden: Order. Familia: Family.

2012.

Fishing Set N°.)

Especie: Species. N°Lance:

Clase Orden Familia Especie N° Lance
1.2,5,10,
Crinoidea Comatulida Antedonidae Isometra vivipara 11,12, 19,
31.33
8,14, 19,
Holothuroidea | Molpadiida Molpadiidae Molpadia sp. 21,24, 25,
28
8.9,10, 14,
Holothuroidea | Molpadiida Molpadiidae Paracaudina sp. 19,23 27,
33
Holothuroidea | Dendrochirotida | Cucumanidae |sp. 1 14
i Dendrochirotida | Psolidae Psolus murrayi 833
Holothuroidea | Dendrochirotida | Psolidae Psolus patagonicus 33
[ Holothuroidea | Dendrochirotida | Psolidae Psolus segreg [25.33 |
Holothuroidea | Dendrochirotida | Psolidae Psolus sp. E
Holothuroidea | Dendrochirotida | Psolidae Psolus sp. 2
Holothuroidea | Dendrochirotida | Psolidae Psolus sp. 3 3
Holothuroidea | Dendrochirotida | Cucumariidae Cladodactyla crocea | 8.32.33
Holothuroidea | Aspidochirotida .1 D52
Ophiuroidea | Euryalida Gorgonocephalidae S;;g«:;gcephalu; 3.14.33
Ophiuroidea | Euryalida Gorgonocephalidae | Astrotoma agassizii ig ;} L
Ophiuroidea | Euryalida Asteronychidae Asteronyx loveni g 2126
2
Ophiuroidea | Ophiurida Opbiacanthidae | Ophiacantha vivpara | 73>
T = : . Ophiochondrus 5,10, 15,
Ophiuroidea | Ophiurida Ophiacanthidae stelligar 1
Ophiuroidea | Ophiurida Ophiacanthidae | sp. 1 . 15,16
hiuroidea | Ophiurida Ophiacanthidae | sp.2 6. 26
Ophiuroidea | Ophiurida Ophiacanthidae | sp. 3 1
Ophiuroidea | Ophiurida Ophiuridae Ophiura lymani 3'34' 5.6,8,
3.10, 12,
oS S s . 14,19, 24,
Ophiuroidea | Ophiurida Ophiuridae Ophiocten amitinum 26.31.32
33
5,6.7.8,
hirid oy Ophioplinthus 10,11, 12,
2 o8 g inomata 14,16, 19,
22.24.31
Ophiuroidea | Ophiurida Ophiuridae sp.1 14,24,
Ophiuroidea | Ophiurida Ophiuridae sp.2 31
Ophiuroi Ophiurid. Ophiacti Ophiactis asperula ;32 3.5.
O Ophiurida Ophiolepidi Oph hymani_| 18,21, 22
5,6,12,16,
Ophiuroidea | Ophiurida Amphiuridae sp.1 24,25, 26,
31
hiuroidea | Ophiurida sp. 1 10
Ophiuroidea | Ophiurida sp.2 10
Ophiuroidea | Ophiurida sp.3 2
Ophiurcidea 13,17.23
P 27.28
E Pseudechinus
C: T o ey 1,2,3,33
4, Echinid . |3.5.6.8.
C: Sterechinus agassizii 14.16.31
Echinoidea Camarodonta Echinidae sp.1 19
Echinoidea Camarodonta sp.1 10
Echinoidea Cidaroida Cidarid Austrocidaris 4,5.8, 10,
canaliculata 14.31
Echinoidea Cidaroida Cidari .1 ;g 16, 25,
Echinoidea Cidaroida Cidaridae sp.2 16.33
Echinoidea sp.1 24
Echinoidea | Spatangoida .1 2.3.5. 14,
23557
Asteroidea | Paxillosida | Ctenodiscidae | Ctanodiscus ausmatss | 5519:13-
28.32.33
Asteroidea Paxillosida sp. 1 424
Asteroidea Paxillosida sp.2 24
X Velatida Pt 1 Calyptraster sp. 3,5.10
Asteroidea Valvatida Goniastenidae Hippasteria sp. 14.16
Asteroidea Valvatida sp. 1 28
Asteroidea Forcipulatida Sp. 3.33
2.3,5,8,
Asteroidea sp-1 24,2532,
3
Asteroidea sp.2 , 22
Asteroidea sp.3 0. 15
.3.8,10
Asteroidea sp.4 15, 16, 19,
22,26,32
Asteroidea = 1
Asteroidea sp. 6 5.15
Asteroi sp. 7 10, 19,27

4.2.2.8 Deep Sea Tunicate

A total of 14 different morphospecies of tunicates were recorded in the campaign, of which 10 are

J

Serman

& asociados s.a.

Consultora

CRISTINA GOYENECHEA
Directora Area Ambiente
SERMAN & ASOCIADOS S.A.

Page 159 of 526



Environmental Impact Assessment
.ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
%o Argentina

CHAPTER 5 - ENVIRONMENTAL BASELINE

equinor

Colonial and 4 Solitary. All of them belong to the Ascidiacea Class (Maggioni 2012).

4.2.2.9 Polychaeta

The polychaetes were surveyed during the 2013 Continental Slope Il and Ill Campaign: a total of 11
families were identified: Ampharetidae, Aphroditidae, Eunicidae, Lumbrineridae, Maldanidae,
Nereididae, Onuphidae, Polynoidae, Sabellidae, Sternaspidae and Terebellidae. The most frequent
were Polynoidae, Ampharetidae and Eunicidae, which appeared in most of the samples and
therefore in broader ranges of depths such as 780 to 3282 m (Palomo and Calla 2013).

4.2.2.10 Turbellaria

In the 2013 campaign of the BO Puerto Deseado, a total of 20 sets were carried out with different
Maricola Tricladida were found in two of the samples. These are novel citations due to the latitude /
longitude and depth at which they were found. Specimens of other groups of invertebrates were also
separated and fixed (example Sipunculida, Echiura, Priapulida and Brachipoda) for their subsequent
determination (Brusa and Damborenea, 2013).

Table 8. Materials transported to the Laboratory of Invertebrate Zoology of "La Plata" Museum.
Source: Brusay Damborenea 2013.

(Translation of Table 8: Lance: Fishing Set. Profundidad: Depth)

i : . i |2 |4,
3 ) ) 4 : £ z| E: |EE|ES
HE Y 42 sl lelsalai|se| 48 s | ge | 2808 . |E| 52 |i%|4%|¢
B5] 2 L B2 ek |¥ slEE|Es & £ g5 (e8| % g 2| 2% |25|Ez)| &
g2 F Ig ¥E T5 | § 5 28 s 3 £ | £ 5|l 2 (3] 2% |€£|2£3
= = a1 5 3 ol ; IET AR REY 2 & & a8 c.-si Ed & & o= talafl ¥
LANCE PROFUNDIDAD i ) i ) - ) ) i
a5 4 + Paxillcsida *
45 Iz s
45 0
48 g +
4 Im + ? Imorfos
50 Ead + Imorfos 4 morfos
51 I + Hidrocomal?
52 19m
Figbefum sp. {MLP
& 1ega D381 ) . . ejemplres Cimipedia . . .
Anthomasius [MLP tubos hialinos; Lepas =p.
Di3818)
54 845 Stermapsis sp
55 iz + + colonia Figbelum sp. :.!ul:!::::-:l:iu: Seroils sp.
Hidrocoral, Pernatulida, otros
5 i :
imorfos  octocorales
57 1853 + colonia colonia 2 morfos + + Ostracoda
Pennatula
- 14 ergenting; I.’ul'\-c'mr:'.a Serlidae
Flabelum sp (M9 [MILE-0i3812)
@i3s11)
Pennatula
ergenting;
Octocaralia marfa 1
MLP Ol 3615 . microcrusta picnoga
53 18 + + Hidrocoral ? + tubos + + +
Octocaralia marfa 2; ceos nidos
Bathela candida
(03813); Flobelium
=p. [OiZ04)
paliquetas can
@ 1684 espanjas Gorginida puestas; en Amphipods .
roas galerias de
Borgonidas
&1 2181 Focanes * +
Tricladida
a2 land
& 130 + colonias Sternapsis sp.  en o
™ 1308 . . Figbelum sp., Cocones . . . . ::;":Z:i’; picnoga . .
iGorgonacea Tricladida o nidos
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4.3 NEKTON

Nekton is a community of organisms embracing those generally macroscopic animal species that
have a great swimming capacity. Traditionally, the organisms that usually make up this community
are: fish (bone and cartilaginous), cephalopods (squid), reptiles (sea turtles), marine mammals
(whales, dolphins, and sea lions), and those birds that are intimately related to the marine
environment (such as terns, albatrosses and petrels, among others). The group of species belonging
to the nectonic community plays an important role in the marine ecosystem at the highest trophic
levels (Nybakken and Bertness, 2004). Some groups of species that make up the nekton
(chondrichtes, birds, mammals and reptiles) have common characteristics, in addition to being top
predators, most of them present similar life history strategies: late maturity, low Breeding rate and
longevity. This set of characteristics makes them extremely vulnerable to a population decline, even
if they suffer low mortality levels (Bastida et al., 2007). It is known that, for many species of birds,
turtles, marine mammals and sharks, the interaction with the fishing activity constitutes one of the
main threats to their survival together with the pollution of the marine environment, the degradation
of habitat and the relationship with introduced species (Franco-Trecu et al., 2009). The species
recorded for the detailed study area of the project are hereinbelow described.

4.3.1 Fish and Cephalopods

4.3.1.1 General Characterization

As part of this point, those species whose range of distribution covers the project area are mentioned
and / or briefly described, either throughout the year or seasonally. When the information was
available, emphasis was placed on the trophic aspects of the species in order to assess their link
with other communities that may be impacted, and on the breeding aspects and breeding areas.

Next, the main characteristics of those species that could be linked to the area of seismic exploration
activities are presented, considering only those that inhabit the outermost edge of the platform with
records greater than 500 m, as well as the Argentine continental slope.

Tabla 9 summarizes the species identified in the project area and their adjacencies. The richness
totals 69 species of fish. A total of 33 species of fish are registered for CAN_100, CAN_108 and
CAN_114 areas of direct influence of the project. Fourteeen (14) species, as well as 19 species of
bony fish were identified among the most prominent cartilaginous fish, being mostly Rajiformes.
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Tabla 9. Species detected in the area of direct influence of the project (*) and adjacent to the slope
and edge of the platform. Source: OBIS; Nakamura et al. 1986; Diaz de Astarloa and Bruno 2012; Diaz
de Astarloa et al. 2013.

ORDER FAMILY SPECIES COMMON NAME
Bathyraja macloviana* Patagonian Skate
Bathyraja albomaculata* White-dotted skate
Bathyraja griseocauda Greytail skate
Bathyraja scaphiops* Cuphead skate
Arhynchobatidae
Bathyraja brachyurops* Broadnose skate
Bathyraja magellanica* Magellan Skate
Rajiformes
Bathyraja cosseasuae* Joined-fins skate
Bathyraja multispinnis * Multispine skate
Zearaja chilensis * Yellownose skate
Amblyraja doellojuradoi * Southern thorny skate
Rajidae
Psammobatis normani* Shortfin sand snake
Psammobatis rudis* Smallthorn sand skate
Squaliformes Squalidae Squalus acanthias* Picked dodfish

Carcharhiniformes

Scyliorhinidae

Schorederichthys bivius *

Narrowmouthed catshark

Chimeriformes

Callorhynchidae

Callorhinchus callorhynchus *

Plough-nosed chimaera

Gadiformes

Macruridae

Coryphaenoides filicauda

Grenadier

Coelorhynchus fasciatus *

Banded whiptail

Macrourus holotrachys

Bigeye grenadier

Macrourus carinatus

Ridge scales rattail

Lucigadus nigromaculatus

Blackspotted grenadier

Haplomacrourus nudirostris

Naked snout rattail

Muraenolepididae

Muraenolepis marmorata

Marbled moray cod

Merluccius hubbsi*

Argentine Hake

Merluciidae Merluccius australis Southern Hake
Macruronus magellanicus* Patagonian Grenadier
Antimora rostrata Blue Antimora
Lepidion ensiferus Patagonian Codling
Moridae Guttigadus kongi Austral Cod
Notophycis marginata* Dwarf codling
Salilota australis* Tadpole Codling
Gadidae Micromesistius australis* Southern Blue whiting
Centropholidae Seriolella porosa Choicy ruff
Phycidae Urophycis cirrata Gulf Hake

Pleuronectiformes

Achiropsettidae

Mancopsetta maculata*

Antarctic armless flounder

Mancopsetta milfordi *

Finless flounder

Scorpaeniformes

Psychrolutidae

Cottunculus granulosus*

Fathead

' ‘ Serman

Consultora

CRISTINA GOYENECHEA
Directora Area Ambiente
SERMAN & ASOCIADOS S.A

Page 162 of 526




Environmental Impact Assessment

.ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
Y Argentina
equinor
CHAPTER 5 - ENVIRONMENTAL BASELINE
ORDER FAMILY SPECIES COMMON NAME
Psychrolutes marmoratus Fathead
Praematoliparis anarthractae Shnailfish
Liparidae Paraliparis cf. anarthractae Shnailfish
Paraliparis eltanini Shnailfish
Congiopodidae Congiopodus peruvianus Horsefish
Sebastidae Sebastes oculatus Patagonian redfish
Ariosoma opistophthalmum Conger
Bassanago albescens Hairy conger
Congridae
Anguiliformes Conger orbignianus Argentine Conger
Pseudoxenomystax albescens* | Conger eel
Synaphobranchidae | Diastobranchus capensis Basketwork eel

Nocanthiformes

Halosauridae

Aldrovandia phalacra

Hawaiian halosaurid fish

Notacanthidae

Notacanthus sexspinis

Spiny-back eel

Notacanthus chemnitzii

Snubnosed spiny eel

Myctophiformes Myctophidae Mictophidae sp. Mictophidae
Ophthalmolycus macrops Eelpout
Plesienchelys stehmanni Eelpout
Zoarcidae Phucocoetes cf. latitans /
lllucoetes fimbritatus* Eelpout
Lycenchelys bachmanni * Eelpout
Stromateidae Stromateus brasiliensis* Southwest Atlantic Butterfish
Perciformes

Gempylidae

Thyrsites atun*

Snoek

Notothenidae

Disssotichus eleginoides*

Patagonian Toothfish

Patagonotothen ramsayi*

Longtail southern cod

Epigonidae

Epigonus robustus*

Robust cardinalfish

Bovichtidae

Cottoperca gobio

Channel Bull blenny

Centrolophidae

Schedophilus griseolineatus

/

Sternopthychidae Argyropelecus aculeatus Lovely hatchetfish
Stomiiformes Stomias boa Boa dragonfish
Stomiidae
Bathophilus vaillanti /
Ophididiidae Genypterus blacodes* Pink cusk-eel
Ophidiiformes
Bythitidae Cataetyx messieri Patagonian Forkbeard

Aulopiformes

Notosudidae

Scopelosaurus lepidus*

/

Ipnopidae

Bathypterois longipes

Abyssal spiderfish
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4.3.1.2 Cartilaginous Fish

Order: Squaliformes

1- Squalus acanthias (Picked dogfish)

Its distribution is remarkably wide since it embraces coastal, shelf and slope waters (Figure 138). It
can be found up to 350 m deep (Menni et al. 2010) and feeds mainly on fish and cephalopods when
it is adult, and on macroplankton (jellyfish, ctenophores, salps) in juvenile stages. Spawning would
take place in winter (Oddone et al. 2015), although Chavez et al (2016) point out that the period
would be from winter to spring. The species is viviparous with a biennial and asynchronous Breeding

cycle (Colonello et al 2016).

39°

53*

70° 68* 66" 64° 62° 60* 58° 56° 54° 52° w

Figure 138. Geographical distribution of S. acanthias. Source: Cousseau and Perrota 2013.

Order: Carcharhiniformes

2- Schorederichthys bivius (Narrowmouthed catshark)

This species has a very wide distribution range that encompasses the entire Argentine Sea (Figure
139) and is found between 50 to 350 m-deep in northern Patagonia (Figure 140). Catches are
recorded up to 150 m on the North Patagonian shelf (Figure 141). Its general trophic spectrum is
made up of cephalopods (39%), fish (36%), benthic crustaceans (18%), other benthic invertebrates
(6%) and gelatinous zooplankton (1%). In the Bonaerense and North Patagonian Platforms, the main
prey were fish, and cephalopods in the southern shelf. Although no differences were observed in the
diet between males and females, a change in the diet of the catshark was found around 64 cm in
total length (Sanchez et al. 2009). The breeding of this species is carried out on the platform.
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Figure 139. Distribution of S. bivius in the Argentine Sea. Source: Wohler et al. 2011.
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Figure 140. Abundance of S. bivius (t/mn?) in the northern Patagonian shelf. Source: Sanchez et al.
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(Translation of Figure 140: Invierno: Winter. Abundancia relative: relative abundance).

: Plataforma Bonaerense v
Norpatagomca (PBN)
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Figure 141. Distribution of S. bivius according to depth and latitude. Source: Sanchez et al. 2009.

(Translation of Figure 141: Plataforma Bonaerense and Norpatagdnica: Bonaerense and
Norpatagonic Shelf).

Order: Rajiformes®

3- Amblyraja doellojuradoi (Southern thorny skate)

In the Atlantic, it can be found at latitudes greater than 36° S, at 80 to 600 m-deep, with the highest
frequency between 36° S and 42° S, on the intermediate and external platform (Figure 142). Menni
et al. (2010) mention a depth range between 100 and 1200 m. The species has a Breeding peak in
autumn, but would cycle throughout the year (Delpiani 216). It feeds on crustaceans (crabs,
amphipods, etc.) polychaetes and to a lesser extent, small fish (Sanchez and Mabragafia 2002), but
its diet is predominantly carcinophagous and it also eats fish and polychaetes (Delpiani et al. 2013).

6 It approximately includes 65 especies, but there is not much information about them.
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Figure 142. Geographical Distrution of A. doellojuradoi. Source: Cousseau and Perrota 2013.

4- Bathyraja brachyurops (Broadnose skate)
It is distributed from southeastern Brazil to 52° S on the Chilean coast (Figure 143). In the Atlantic,

it embraces the intermediate and external platform in the north up to approximately 47° S, and the

entire platform and slope south of that latitude. Menni et al. (2010) mention that its depth range can
reach 1500 m, although the studies by Ruocco et al. (2007) show it as a species that can only be
found at the edge of the slope. Arkhipkin et al (2008) recorded catches up to 500 m (Figure 144). It
feeds mainly on fish, particularly in smaller sizes, but also eats crustaceans, squid, polychaetes and
other invertebrates (Bellegia et al. 2008). It breeds almost all year round except in January (Arkhipkin

et al. 2008).
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Figure 143. Geographical distribution of B. brachyurops. Source: Cousseau and Perrota 2013.
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Figure 144. Distribution of B. brahyurops according to depth and latitude (1993-1994). Source:
Ruocco et al. 2007.
(Translation of Figure 144: Latitud: Latitude. Profundidad: depth)
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5- Psammobatis normani (Shortfin sand snake)

It is distributed in the southern cone of South America in Pacific waters from 30° S, and to 37° S in
the Atlantic, near the Province of Buenos Aires, 50 m to 200 m-deep (Figure 145). The diet is made

up of crustaceans, cephalopods and, to a lesser extent, fish. It is caught by medium and large
vessels, with bottom trawls.
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Figure 145. Gographical distribution of P. normani. Source: Cousseau and Perrota 2013.

6- Psammobatis rudis (Smallthorn sand skate)

In Argentina, it is found from 37° S to 55° S, 50 to 200 m-deep (Figure 146). Their diet is similar to

P. normani but polychaetes and small fish are less important. It is caught by medium and large
vessels with bottom trawls.
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Figure 146. Geographical distribution of P. rudis. Source: Cousseau and Perrota 2013.

7- Bathyrraja macloviana (Patagonian Skate)

It inhabits the southern American cone, from 36 ° S in the Atlantic to 51 ° S in the Pacific. Figure 147
displays its distribution in Argentina. It is oviparous and males mature sexually from 53 cm in length
and females from 56 cm in length. It feeds mainly on polychaetes and to a lesser extent on

crustaceans (amphipods, isopods, crabs).
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Figure 147. Distribution area of B. macloviana. Source: Cousseau et al. 2010.

8 - Zearaja chilensis (Yellownose skate)

It inhabits the southern cone of South America, from Arica, in the Pacific (18° S), to at least 34° in
the Atlantic (Figure 148) and is endemic in the temperate waters of South America (Licandeo and
Cerna 2007). It is distributed up to 350 m-deep, with the highest incidence between 50 m and 150
m (Cousseau and Perrotta, 2000) but Menni and Stehmann (2000) point out that the species has
been caught between 58 and 435 m-deep. Its breeding, like other deep-sea Rajiformes, would be
extended throughout the year without presenting seasonal spawning peaks (Colonello and Cortes
2014). Vazquez et al. (2016) note that this species deposits ovigerous capsules at depths of up to
1000 m.
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Figure 148. Geographic distribution of D. chilensis. Source: Cousseau and Perrota 2013.

9 - Bathyraja magellanica (Magellan skate)

It is widely distributed on areas close to the slope in the northern sector and on the platform in the
southern area (Figure 149). It inhabits depths between 50 and 550 meters (Menni and Stehmann
2000). It feeds on fish, followed by amphipods, isopods and decapods (Barbini et al. 2010).
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Figure 149. Distribution of B. magallanica in the southern Patagonian shelf. Source: Cousseau et al
2000.

10 - Bathyrraja cousseauae

This apparently wide-ranging species visits moderate depths, having been found in the northern
section of the slope almost 300 m-deep (Diaz de Astarloa and Mabragafia 2004) (Figure 150). This
is consistent with what was observed by Bellaggia et al. (2014). Its main diet is composed of fish
followed by isopods and amphipods (Bellegia et al. 2014).
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Figure 150. Preliminary distribution of B. cousseauae. Source: Diaz de Astarloa and Mabragafia 2004.

11 - Bathyraja multispinnis (multispine skate)

The scarce information on this species shows a wide latitudinal distribution circumscribed to deeper
areas in the platform and edge of the slope, reaching almost 500 m (Figure 151 and Figure 152).
The diet is composed of decapods, the main species being Peltarion spinosulum and Libidoclaea
granaria, while isopods were the second most important prey and polychaetes and mollusks had
much less relevance (Belleggia et al. 2014).
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Figure 151. Distribution of B. multispinnis. Source: Belleggia et al. 2014.
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Figure 152. Distribution of B. multispinnis according to depth and latitude. Source: Belleggia et al.
2014.
(Translation of Figure 152: Latitud: Latitude. Profundidad: Depth).

12 - Bathyraja scaphiops (cuphead skate)

No biological information is available on this species, limiting itself to a still preliminary recognition of
its geographical distribution, which shows a narrow range of distribution limited to the upper sector
of the slope (Figure 153 and Figure 154).
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Figure 153. Distribution of B. scaphiops. Source: Belleggia et al. 2014.
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Figure 154. Distribution of B. scaphiops according to depth and latitude. Source: Belleggia et al.

2014.

(Translation of Figure 154: Latitud: Latitude. Profundidad: Depth)

13 - Bathyraja albomaculata (White-dotted skate)

This species is distributed close to the project area (Figure 155 and Figure 156). Spawning takes
place between 200 and 300 m (Henderson et al. 2005).
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Figure 155. Distribution and density of B. albomaculata (t/mn?). Source: Belleggia et al. 2014.
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Figure 156. Distribution of B. albomaculata according to depth and latitude. Source: Belleggia et al.
2014.

(Translation of Figure 156: Latitud: Latitude. Profundidad: Depth)
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Other species such as Bathyrraja macloviana, B. multispinnis and B. griseocauda were not included
in the analysis since their known depth ranges do not exceed 200 m and therefore exceed the
platform.

Although not much biological information is available on ray or skates, it has been seen that in
addition to laying their eggs in platform areas, they also do so on the edge of the slope where
significant egg densities have been found (Colonello 2019), hence, it is feasible that those individuals
who are deeper and already close to the project area spawn there. Chondrichthyans are commonly
found down to depths of approximately 1200 m (Menni 2010).

Order: Chimaeriformes
14 - Callorhinchus callorhynchus (Plough-nose chimaera)

Species of very wide distribution that is found from Uruguay to Tierra del Fuego, inhabiting shallow
waters up to the 200 m isobath (Figure 157). It inhabits coastal, platform and slope waters. There
seems to be a segregation between juveniles and adults, since the former inhabit shallow waters
and the latter deeper areas. Euryphaga eats polychaetes, cephalopods, annelids, gastropods,
bivalves, etc. Juveniles inhabit shallow waters, but adults are found in coastal, shelf and slope
waters. In northern Patagonia, the species has oviparous Breeding activity, which extends
throughout the year, but the main Breeding and spawning activity is from July to February (Di
Giacomo and Perier 1991; Chierichetti et al. 2017). Fishing is carried out both by the coastal fleet
and by medium and large vessels with a bottom trawl that operate on the high seas. It represents an
important resource for both traditional and industrial fishermen (Di Giacomo and Perier 1991) and it
has recently become a more important target species (Bernasconi et al. 2015).
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Figure 157. Geocraphic distribution of C. callorhynchus. Source: Cousseau and Perrota 2013.
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Diversity of chondrichthyes and spawning areas

The richness of chondrichthyans in the Southwest Atlantic Ocean has a diverse distribution mainly
associated with sea fronts (Lucifora et al. 2012; Sabadin 2019). In several regions close to the
continental slope, the existence of hotspots or areas of high diversity and richness of Chondrichthyes
species have been proposed (Figure 158) (Lucifora et al. 2012). On the platform, the greatest
richness is located between 34 ° S and 44 ° S, 80 m-deep, corresponding to an ecotonal region or
a mixture of typical species of the provinces (Colonello et al. 2014). In this region there is the co-
occurrence of species that live throughout the year at depths greater than 50 m, which migrate
seasonally from the coast to deep waters and species whose distribution would seem limited to the
region, for example, the Freckled sand snake (Psammobatis lentiginosa) and Freckled cat shark
(Scylirhinus haeckelii).

Regions with high species richness and functional diversity are considered key sites for the
conservation and management of chondrichthyans. Likewise, the high endemism of Chondrichthyes
in the waters of the platform and the slope (Figure 159) stands out in this region (Lucifora et al 2012:
Colonello et al 2014).

The previous analyzes for different species of chondrichthyans suggest that the project's area of
influence is bordering on a sector of high diversity of these species located on the edge of the
platform and up to 1000 of the slope, but it is not necessarily a high effort fishing zone.
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Figure 158. Number of chondrichthyan species. The blue line represents the sea fronts. Source:
Lucifora 2012.
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Figure 159. Distribution of sectors with high and low diversity and chondrichthyan fishing effort.
Source: Lucifora 2012.

Sensitive shark areas have been identified in coastal waters of Patagonia (Figure 160). It has been
proposed that Bahia Engafio and Ria Deseado contain Dusky smooth-hound birth areas during the
spring and summer months, as well as the brown catshark and dogfish breeding (Allega et al 2020).

The narrowmouthed catshark (Schoroederichthys bivius) and the Picked dogfish (Squalus
acanthias) are abundant and frequent sharks in the Magellanic Province (Colonello et al 2014). The
first is an oviparous species that uses much of the continental shelf to lay its eggs (Colonello et al.
2020), associated with benthic organisms such as sponges and corals (Vazquez et al 2018). The
spiny shark is a viviparous species with a biennial and potentially asynchronous Breeding cycle, that
is, the females give birth to the embryos after a gestation that lasts two years without detecting a
specific time and place of birth (Colonello et al. 2016).

A high diversity of rays/skates of the Zearaja, Amblyraja, Psammobatis genus and particularly
Bathyraja is recorded at depths greater than 50 m (Figure 160). Several of these species use large
areas of the continental shelf to lay their eggs on the bottom (Colonello 2018, 2019; Allega et al
2020). In certain areas close to the 200 m isobath, high concentrations of eggs have been observed,
which coincide with high catch yields estimated from data gathered by on board observers
(Colonello 2019).
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Figure 160. Scheme of the zoogeographic distribution and sensitive areas of Chondrichthyes,
associated with high species richness, functional diversity, breeding and feeding. Source: Allega et
al. 2020.

(Translation of Figure 160: Rayas: Rays/skates (left). Tiburones: Sharks (right). Reference coloured boxes:
illegible)

Colonello et al (2019) determined the presence of chondrichthyes eggs collected in the Patagonian
scallop fishery. Eggs were collected by on board observers in 86 commercial tidal sets aimed at
Patagonian scallops between 38.30 ° and 45 ° S. The proportion of eggs with and without content
per set was estimated, and the spatial distribution was analyzed. The spatial distribution of the eggs
was also compared with the spatial distribution of the yields of rays per set, estimated by observers
aboard the fresh fishing fleet targeting common hake. The results allowed us to conclude that, within
the oviparous chondrichthyans set, only the rays would use the scallop banks as spawning areas.
Among the species of rays, the highest proportions corresponded to Bathyraja brachyurops, B.
macloviana and B albomaculata. The presence of eggs of these species was related to high yields
estimated by observers aboard the commercial fleet. The diversity of development stages of the
eggs suggests that the laying areas would be repeatedly visited throughout the spawning season.
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Figure 161. Spatial distribution of the number of eggs (a) and the proportion of eggs with content (b)
in fishing sets aimed at Patagonian scallops. The 50, 100 and 200 m isobaths, as well as the ZCPAU
are indicated. Source: Colonello et al 2019.

(Translation of Figure 161: Latitud: Latitude. Longitud: Longitude. NiUmero: number. Proporcion:
Proportion. Sin captura: No catch.)

4.3.1.3 Bony Fish

A- Platform-Slope Distribution Species
1 - Merluccius hubbsi (Common Hake)

It is a pelagic-demersal species that is widely distributed in the Southwest Atlantic, up to 54 ° 30'S
(Angelescu and Prenski 1987). It inhabits between 50 and 500 m deep in the southern continental
shelf of Argentina, preferably up to 200 m (Figure 162).

It carries out two types of migrations, one vertically, with a daily rhythm, and the other horizontally,
with a seasonal rhythm. It moves up to the upper layers of the sea to feed during the night; then it
moves to shallower depths in spring to breed, returns to waters of intermediate depths (70 - 100 m)
where it disperses to feed in the summer and early autumn, and then it returns to deep waters (150
- 400 m). It shows important differences in the distribution between the winter and summer periods
(Figure 163).
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Figure 162. Geographic distribution of M. hubbsi. Source: Bezzi et al. 2004.

The Hake has a relatively long Breeding cycle, and spawning specimens appear practically
throughout the year in different sectors of the shelf (Macchi et al. 2004). The highest breeding activity
presents periods limited to certain months that differ in hake fishing (Macchi et al. 2010).

The stock north of 41 ° S breeds mainly in autumn-winter between 35 ° S and 38 ° 30°S, with a
spatial displacement of spawning towards lower latitudes as the laying season progresses
(Rodriguez and Macchi 2010). The highest yields in the number of active females, that is, those that
are able to spawn, are located north of 37 ° 30'S, between 50 and 100 m deep. The highest
concentrations of the resource are located south of 37 ° 30°S near the 200 m isobath.

The distribution and abundance of hake from the North 41 ° S during spring presents the highest
yields north of 37 ° 30°S, but in a greater range compared to the autumn (Lounge and Molinari 2011).
Adult individuals greater than 35 cm TL are concentrated at greater depths than juveniles (lrusta et
al. 2017).

Despite the temporal and spatial difference in the breeding of both hake fishing groups, spawning
seems to be associated with the presence of bottom thermal fronts. This could favor larval survival
taking into account that these hydrographic structures could act as food concentration zones and
also as retention areas for the first stages of life (Macchi et al. 2010). In both groups, the breeding
areas of juvenile individuals are associated with the spawning areas.

Serman CRISTINA GOYENECHEA Page 183 of 526
& asociadoss.a. Directora Area Ambiente

Consultora SERMAN & ASOCIADOS S.A



L

equinor

Environmental Impact Assessment
3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
Argentina

CHAPTER 5 - ENVIRONMENTAL BASELINE

134°S 340
A VEI :
o iso w0 y
Kilometros // 367 367
Arca de cria ¥4 =y
B2 Area de reproduccion > 5 R Area de reproduccion
FE Arca de alimentacion L3ge [ Area de alimentacion Lage
I Mayor densidad I Mayor densidad
Menor densidad Menor densidad
Area de distribucion Area de distribucion
- Lo [ Lo
b
F42 420
440 440
k46° F46°
Lage Fase
F50° F50°
52 [52°
54° F54°
s Lsee
T T T T £- T T T T T T T T - T T T T
72°W  69°  66° 63° 60° 57° 54° 51° 48° 72°W  69°  66° 63° 60° 57° 54°  51°  48°

A lN& A PR&M /
o 150 %0 ; 0o 150 0
Kilometros /F36° Kilometros F36°
— Arcade cria — Arcade cria
\'m Area de reproduccion \'m Arca de reproduccion
Lt bt L3ge EE2] Arca de alimentacion F38°
I Mayor densidad I Mayor densidad
Menor densidad Menor densidad
Area de distribucion
f F40° F40°
b\
F42 Fa2°
k44° F44°
F46° F46°
Lage Fas®
50° F50°
52 F52°
F54° | Fs4e
L6 Lse®
72°W  69°  66° 63°  60° 57° 54°  51°  48° 72°W  69°  66° 63°  60° 57° 54°  51°  48°

Figure 163. Distribution area of the common hake (Merluccius hubbsi), presenting the breeding areas

and those of higher density. Source: Allega et al. 2020.

(Translation of Figure 163: Verano: Summer. Otofio: Autumn. Invierno: Winter. Primavera: Spring.

Kilometros: kilometers. Reference boxes: Area de cria: Breeding area. Area de reproduccion:
Reproduction area. Area de alimentacion: Feeding Area. Mayor densidad: Higher density. Menor

densidad: Lower density. Area de distribucion: Distribution Area.)

The area does not overlap with the breeding sites of the common hake. During the fall, it is observed
that the area is close to the nucleus of greater density of the resource.
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Studies by age or size have shown that the largest individuals are distributed in the winter until they
almost reach the slope (Figure 164).
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Figure 164. Distribution of hakes sized 31-40 cm (Group 3) and greater than 40 cm (Group 4). Source:
Louge et al. 2014.

It is a generalist and opportunistic species in its diet, which varies throughout the life cycle and is
mostly made up of zooplankton crustaceans (Themisto gaudichaudii, Euphausia lucens® and
°Munida®spp, and mainly lllex argentinus during the summer (Sanchez and Garcia de la Rosa 1999)
(Bellegia et al. 2014). It exhibits daily vertical migrations, being closer to the surface at night, and
horizontal migratory and trophic migrations, seasonal in nature, between platform and slope, moving
in spring to shallower waters to breed. In autumn and winter it does so towards the north of its
distribution, in front of Uruguay and the Province of Buenos Aires, between 50 and 200 m. During
the summer period, it breeds off the coasts of Santa Cruz and Chubut. Macchi et al. (2005) point out
that the breeding peak takes place in January (Figure 165). The species leaves the deeper shelf
waters to concentrate 50 meters deep on the shoreline where spawning takes place (Macchi et al.
2005).

Serman CRISTINA GOYENECHEA Page 185 of 526
& asociadoss.a. Directora Area Ambiente

¢ a ngamlitiersa SERMAN & ASOCIADOS S.A



Environmental Impact Assessment
.ﬂ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
%o Argentina

CHAPTER 5 - ENVIRONMENTAL BASELINE

equinor

N — _,-"‘A : a5~
Buenos / ﬁ -

* Aires y )
”

/li // ¥
" e (/\1/ 35~
Rio Negro /. ) - "
\afo
a-
SM29)2 "
Chubut / __ /
1(3 / - 44~
,- 1v4 -
- ! 46
1212
Santa ;
Cruz 7 4"
':I';mra Jel P
~yFuego A

Tl e LY

T T
70" 69" GR° 67" E5° 65° 64" 6F f2° 61° 60" 89" 54T 57 56 458" M° RF &82' &1° W

Figure 165. Hake spawning area. The numbers indicate the breeding month according to the
geographical area. Source: Aubone et al. 2004.

2- Genypterus blacodes (Pink cusk-eel)

It is a benthic-demersal species that is distributed on the platform from 35 ° to 55 °. It is present in
the coastal waters of the shelf up to the slope, reaching up to 55° S, although south of 49° it shows
low densities all year round (Cordo 2004) (Figure 166). It is also concentrated on the edge of the
slope and canyons. It performs both horizontal and bathymetric migrations, occupying the shallower
areas in spring and summer for breeding purposes. The highest concentration of this species is
observed between 42° and 48° S between 50 and 300 m. It reaches the highest densities during the
winter season in front of Tierra del Fuego (Renzi 1986) even when, between 49° and 55° S, the
concentrations are low all year round. The adults tend to concentrate outside the underwater
canyons on the edge of the platform, thus facilitating their catch. In spring and summer they move
towards shallower waters of the platform. It has been determined that spawning takes place on the
platform between 45° and 47° S at depths that do not exceed 150 m and that coincides with the
summer concentration of the species (Machinandiarena 1996). It has an eminently carnivorous
trophic niche feeding on hake, notothenioids, pollock, zoids and cephalopods, crustaceans,
polychaetes, etc. The pink cusk-eel has a high trophic level of 4.3 according to the ZCPAU (Vogler
et al. 2009) and 5,06 on the southern shelf (Ciancio et al. 2008). Juvenile hakes can be the main
food in breeding areas. The pink cusk-eels > 80 cm TL prey on hake (Sanchez and Prenski 1996).
Feeding is related to height, in addition to local availability (Cordo 2004).
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The breeding areas are located on the middle platform and although there are high densities near
the edge of the slope, the area is smaller compared to that located on the shelf (Figure 166).
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Figure 166. Geographic distribution of G. blacodes in the Argentine Sea. Source: Allega et al. 2020.

(Translation of Figure 166: Verano: summer. Invierno: winter. Reference boxes: Area de cria:
Breeding area. Area de reproduccion: Reproduction area. Area de alimentacion: Feeding Area.
Mayor densidad: Higher density. Menor densidad: Lower density. Area de distribucion: Distribution
Area.)

3- Stromateus brasiliensis (Southwest Atlantic butterfish)

It is distributed in platform and slope waters, from southern Brazil to Tierra del Fuego (Figure 167).
With demersal and pelagic habits, it feeds mainly on Peisos petrucnkevitchi but also on ctenophores
and polychaetes, and it acts as an accompanying fauna of demersal and benthic species. The
breeding process would take place towards the end of winter and early spring (Perrotta et al. 2006).
It is caught by both the coastal and offshore fleets, with bottom trawls.
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Figure 167. Geographic Distribution of S. brasiliensis. Source: Cousseau and Perrota 2013.

4- Thyrsites atun (snoek)

Species widely distributed on the platform and slope (Figure 168). Their diet is based on
crustaceans, cephalopods, and fish such as anchovies, sardines, carangidae, and mugilidae.
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Figure 168. Geographic Distribution of T. atun. SOurce: Nakamura et al. 1986.

5- Merluccius australis (Southern Hake)

The southern Hake has demersal habits and its distribution is associated with the Malvinas current,
south of 50 °, although it is also found in lower latitudes (Otero et al 1982). It lives between 100 and
1000 m-deep (Giussi et al 2005;2016). With a mainly ichthyophagus trophic niche, it feeds on
species such as hoki, Polish and cephalopods of the species lllex argentinus, Doryteuthis gabhi,
Onkya ingens (Garcia de Rosa 1997; Giussi et al 2004). It has a secondary malacophagus diet with
a trophic level of 4.5 (Mari and Sanchez, 2002). Breeding takes place between July and September
in the middle of parallels 51 to 55, 200 to 400 m-deep (Cotrina 1981) but it is also mentioned that
they can take place between October and November adjacent to the Falkland Islands (Islas
Malvinas) (Ciechomsky et al 1975).

B- Species ditributed on the slope
6- Salilota australis (Tadpole codling)

The tadpole codling is a widely distributed demersal species associated with the Malvinas Current)
that lives between 30 and 900 m deep, but has also been found in the shallow waters of the Beagle
Channel and the Strait of Magellan (Figure 169). The species is mostly distributed between 100 and
150 m in spring and between 150 and 200 m in autumn, with records up to 300 m (Cassia and
Hansen 2005).
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Figure 169. Geographic distribution of S. australis. Source: Cousseau and Perrota 2013.

The adults are present throughout the year distributed along the dispersal range of the species.
Breeding takes place in spring to the west and south of the Falkland Islands (Islas Malvinas) in areas
beyond 200 m, finding juvenile specimens all year around south of 49° S.

Both in spring and winter, it can be seen in moderate to high densities in surrounding waters to the
northwest of Malvinas as well as in the Patagonian-Fuegian platform, having detected very high
concentrations located south of 51 ° (Figure 170). During the summer, on the contrary, it spreads
out along the South-Patagonian platform, being able to reach the shallow waters of the north of
Tierra del Fuego.
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Figure 170. Geographic distribution of Salilota australis. Source: Wohler et al 2001.

(Translation of Figure 170: Distribucion geogréfica: Geographic distribution. Mayores
concentraciones: Major concentrations)

Adults feed on fish, cephalopods, and benthos. It takes up the trophic spectrum of a carcinophagous
and ichthyiophageal carnivore (Pérez Comas 1980) eating gamarids and amphipods in February-
June, squid between July and October and isopods from November to January (Arkhipkin et al.
2001). Juveniles feed on pelagic crustaceans, larvae, and fish eggs. Medium-sized adults make
vertical movements, which allow them to feed on both pelagial neritic components (fish and
cephalopods) and benthic (stomatopods, lobsters, isopods, crabs, etc.). It is caught with a trawl net.

7- Micromesistius australis (Southern Blue Whiting)

Its distribution range covers between the isobaths of 200 and 1000 m and temperatures between
3.8 and 6.5 C, presenting a distribution that varies seasonally around the Falkland Islands (Islas
Malvinas), Burdwood Bank and waters of the slope, so it belongs to the Magellanic fauna. It is also
detected in Chilean waters west of the Strait of Magellan (Figure 171). It is a highly mobile neritic-
demersal species that can reach the north to an area close to the project site. The species presents
seasonal breeding and dispersal migrations. Breeding takes place in September and October and
from January to March in summer when it spreads out to feeding grounds in the Scotia Sea. This
species has a noticeable tendency to remain grouped in shoals, whose size, density and position in
the water column is variable, although they are generally associated with the edge of the platform
and the beginning of the slope. Their mobility is quite high, both horizontally and vertically, dispersing
to a greater extent during the night hours and concentrating during the day, carrying out the so-called
vertical diurnal migrations.
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Figure 171. Distribution of breeding areas and density of M. australis. Source: Allega. 2020

(Translation of Figure 171: Verano: summer. Invierno: Winter. Primavera: Spring. Reference
boxes: Area de cria: Breeding area. Area de reproduccion: Reproduction area. Area de
alimentacion: Feeding Area. Mayor densidad: Higher density. Menor densidad: Lower density.
Area de distribucion: Distribution Area)
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Figure 172. Breeding and trophic migration patterns of the Southern Blue Whiting. Source: Cafiete et
al 2008.

(Translation of Figure 172: Migracion Troéfica: Trophic Migration. Migracion Breeding: Breeding
Migration. Area de reproduccién Poblacion del Pacifico Agosto-Septiembre: Breeding Area, Pacific
Group August-September. Area de Reproducciéon Poblacion del Atlantico Septiembre-Octubre:
Breeding Area Atlantic Group September-October. Zona de dispersion estival Enero-Marzo:
Summer dispersion area January-March)

It is a microphagous species whose diet is made up of 90% crustaceans, mostly euphausiids and
amphipods. Mollusks (loliginidae and ommastrephidae) are next in importance and fish are
occasionally part of their diet (Wdhler et al. 2001). Its trophic level was estimated at 3.3 (Ciancio et
al 2008). In turn, the Southern blue whiting represents the predominant food of primary and
secondary carnivores such as spiny shark, common hake, southern hake and hoki. Therefore, it can
be considered a key species of the Patagonian shelf. Breeding activity takes place south of the
Falkland Islands from late July or August to November with a peak in September (P4jaro and Macchi
2001; Macchi et al. 2005). It is caught by large vessels operating on the high seas, with semi-pelagic
trawls.

Figure 173 displays the seasonal distribution of the species obtained through experimental fishing.
It is observed that the southern blue whiting is present throughout the year, with very low densities
in the northern part of the slope during winter.
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Figure 173. Distribution Area of the Southern Blue Whiting (Micromesistius australis) during the year.
Source: Perrotta, 1982.

(Translation of Figure 173: Referencias: References)

8- Notophycis marginata (Dwarf codling)

Benthopelagic species that is distributed on the platform to the edge of the slope (Figure 174).
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Figure 174. Geographic Distribution of Notophycis marginata. Source: Nakamura et al. 1986.
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9- Macruronus magellanicus (Patagonian Grenadier)

This species has a wide geographic distribution in South America. It inhabits from 33 ° S in the
Southeast Pacific Ocean to 37 ° S in the Southwest Atlantic (Figure 175). The PCA is present in the
latter within cold-temperate waters, as well as in the continental slope where the Malvinas current
stands out. The species forms groups at different stages of its life cycle, associated with water
masses of different areas (coastal, shelf or continental slope) throughout the year (Giussi and
Zavatteri 2018). Also, the species has a seasonal geographic dispersion. During the warm season
(spring-summer) it is mainly concentrated south of 48 ° S, in shelf waters. In autumn, it moves
towards more southern areas between 50 ° S and 54 ° S, and in winter it would migrate towards
waters of the continental slope reaching lower latitudes, probably related to the Malvinas current
(Giussi et al. 2016).

The breeding season and area in Atlantic waters could not be reliably established since only signs
of this biological process have been detected. It has not yet been possible to define spawning areas,
macroscopic and microscopic observations as well as behavioral observations would indicate that
there could be small Breeding focal points in regions located at different depths, even near the
continental slope during the winter and spring months.
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Figure 175. Distribution of breeding areas and density of M. magellanicus. Source: Allega et al 2020.

(Translation of Figure 175: Verano: Summer. Otofio: Autumn. Invierno: Winter. Primavera: Spring.
Reference boxes: Area de cria: Breeding area. Area de reproduccion: Reproduction area. Area de
alimentacion: Feeding Area. Mayor densidad: Higher density. Menor densidad: Lower density.
Area de distribucion: Distribution Area).

Their age distribution also varies according to the different bodies of water characterized by their
temperature and salinity (Giussi et al. 2016), concentrating the youngest individuals in shallow
southern waters. The breeding areas would be located south of 48 ° S in shallow waters of the
Patagonian gulfs (San Matias and San Jorge) (Perrier and Di Giacomo 1999), but mature individuals
have also been detected between 52 and 55 S and 200 m-deep, while Machinandiarena and Ehrlich
(1999) found a breeding area off the coast of Tierra del Fuego and Islas de los Estados. Between
52 ° S and 55 ° S Giussi et al (2004) suggest that slope displacements could occur towards coastal
spawning areas south of 48 ° S. Eggs and larvae are detected in November and January between
50 °and 54 ° S, 400-600 m-deep.

This species makes daily vertical movements to feed, the main prey being planktonic crustaceans
(50-95%) (Giusssi et al. 2016) (Figure 176). The main species in this group include the amphipod
Themisto gaudichadii and the euphausid Euphausia sp. Larger adults eat fish (Giussi et al. 2004). It
is a generalist species with 3.95 trophic level (Ciancio et al 2008). (Ciancio et al 2008).
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Figure 176. Trophic spectrum of the Patagonian Grenadier. Source: Giussi et al. 2016.

10- Coelorhynchus fasciatus (Banded Whiptail)

It is widely distributed in the Southern Hemisphere: Australia, New Zealand, South Africa and South

American Pacific and Atlantic waters (Figure 177). In the latter it is found along the edge of the
continental shelf and slope, between 400m and 800m-deep. It feeds mainly on crustaceans, both

pelagic (amphipods and euphasics) and benthic (isopods), and to a lesser extent polychaetes. It is
caught by medium and large vessels, with bottom trawls.
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Figure 177. Geographic Distribution of C. fasciatus in the Argentine Sea. Source: Cousseau and
Perrota 2013.
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11- Dissostichus eleginoides (Patagonian Toothfish)

The toothfish is a notothenionid with a demersal-benthic behavior widely distributed in the Atlantic,
Pacific and Indian oceans and the north of the Antarctic convergence. In the Southwest Atlantic, its
distribution is influenced by the Malvinas Current and extends between 37 ° S and 56 ° S on the
slope and platform. However, the highest concentrations are located to the south and northeast of
the Falkland Islands (Islas Malvinas), on the slope of the Province of Buenos Aires and between
Burdwood Bank and Isla de los Estados (Figure 178) (Troccoli and Martinez 2018).

The most important spawning areas in waters of the Southwest Atlantic would be found south of
parallel 53 ° S, around the Burdwood Bank and south of Tierra del Fuego and Isla de los Estados
(Pajaro et al 2005; Laptikhovsky et al 2006). The spawning season would range from June to October
south of 54 ° S (Prenski and Almeyda, 2000). Patagonian toothfish larvae have been found in areas
near the Falkland Islands (Islas Malvinas) between 100 and 200 m-deep in spring (Ehrlich et al
1999), and post larvae between 53 ° S and 54 ° 30°S, 100 to 490 m-deep. Laptikhovsky et al (2006)
point out that adults carry out large trophic migrations around the Falkland Islands (Islas Malvinas)
and on the Patagonian shelf, as well as breeding migrations in the Burdwood Bank area.

Between 150 to 600 m-deep, it usually ingests Micromesistius australis, Salilota australis,
Macruronus magellanicus and Stomias boa, eating mytophids between 700 and 900 m. At greater
depths it preys on crustaceans such as Pasiphaea acutifronts, Pandalopsis ampla, etc., grenadiers,
the squid Onykia ingens, the octopus Octopus tehuelchis, etc. Juveniles ingest euphausiids and
adults notothenids and mytophids in deep water, while the latter prefer notothenoids, zoids and
cephalopods.
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Figure 178. Geographic Distribution of D. eleginoides. Source: Allega et al. 2020.

(Translation of Figure 178: Invierno: Winter. Primavera: Spring. Reference boxes: Area de cria:
Breeding area. Area de reproduccion: Reproduction area. Area de alimentacion: Feeding Area.
Mayor densidad: Higher density. Menor densidad: Lower density. Area de distribucion: Distribution
Area).
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12- Patagonotothen ramsayi (Longtail southern cod)

Species with demersal-benthic characteristics, which inhabits deep platform waters but also reaches
coastal areas in Santa Cruz and Tierra del Fuego (Figure 179). Its depth range varies from 150 to
400 m (Laptikhovsky and Arkhipkin, 2006). It is the most common of the notothenids of the Argentine
shelf and is part of the accompanying fauna of the hake. Adults ingest euphasid amphipods, salps,
thalliacs, ophiura, and squid. It is caught by medium and large vessels, with bottom trawls.
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Figure 179. Dlstribution of P. ramsayi. Source: Cousseau and Perrota 2013.

13- Cottunculus granulosus (Fathead)

It is distributed on the platform around the Falkland Islands (Islas Malvinas), Burdwood Bank and
throughout the slope (Figure 180).
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Figure 180. Geographic distribution of C. granulosus in the Argentine Sea. Source: Nakamura et al.
1986.
14- Epigonus robustus (Robust cardinalfish)

Species that reaches the northern sector of the slope and would be associated with the Brazilian
current (Figure 181).
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' ' §§£E}})sasr} CRISTINA GOYENECHEA

Directora Area Ambiente
Caonsultiora

Page 200 of 526
SERMAN & ASOCIADOS S.A.

: Nakamura et al.




Environmental Impact Assessment
.’ 3D Offshore Seismic Record of CAN_100, CAN_108 and CAN_114 Areas,
%o Argentina

CHAPTER 5 - ENVIRONMENTAL BASELINE

equinor

1986.

15- lllucoetes fimbriatus (Eelpout)

Species inhabiting the slope and platform of Malvinas and Burdwood Bank (Figure 185).
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Figura 182. Geographic distribution of I. fimbriatus in the Argentine Sea. Source: Nakamura et al.
1986.

16- Lycenchelys bachmanni (Eelpout)

It occupies only the central and northern sector of the slope (Figure 183).
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Figure 183. Geographic Distribution of L. bechmani in the Argentine Sea. Source: Nakamura et al.
1986.

17- Pseudoxenomystax albescens (Conger eel)
The species inhabits the middle and upper portion of the slope (Figure 184).
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Figure 184. Geographic distribution of P. albescens in the Argentine Sea. Source: Nakamura et al.
1986.

18- Mancopsetta maculata (Antarctic armless flounder)
This species has been found in the external platform and the slope up to 34° S, located between 130
to 860 m deep (Figure 185). It is caught by the deep sea fleet with bottom trawls.
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Figure 185. Distribution of M. maculata. Source: Cousseau and Perrota 2013.

19- Mancopsetta milfordi (Finless flounder)
This species embraces the slope and the southern platform (Figure 200).
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Figure 186. Distribution of M. milfordi. Source: Nakamura et al. 1986
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20- Scopelosaurus lepidus

This species extends on the slope from the north of the province of Buenos Aires to the center of
Patagonia (Figure 187).
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Figure 187. Distribution of S. lepidus. Source: Nakamura et al. 1986.

Other species in the area of regional influence of the project

Other deep-lying species have been recorded on the slope such as: Congiopodus peruvianus,
Guttigadus kongi, Haplomacrourus nudirostris, Macrourus holotrachys, Sebastes oculatus, Seriolella
porosa, Bassanago albescens, Bathophilus vaillanti (up to 4,900 m deep), Cotratus griophilus
marmophilus, Psycholine griophilus griophilus, Urophycis cirrata. These data were obtained by
consulting the OBIS database (Ocean Biogeographic Information System, OBIS
http://www.iobis.org/) based on the geographical location of the prospecting area.

From specific studies carried out from the edge of the platform towards the slope (Astarloa and Bruno
2012), it has been found that the most abundant species that inhabit along this gradient correspond
to the Macruronidae family, followed by Moridae and Congridae, to a lesser extent (Figure 188).
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6.06% 9.09% O Macrouridae

12.12% 3.03% B Moridae
12.12% 12.12% O Merlucciidae

B Psychrolutidae

3.03% OLiparidae

6.06% B Nototheniidae

24.94% 42.42% B Zoarcidae
O Paralichthyidae
O Achiropsettidae

Figure 188. Occurrence Frequency by families on the continental slope. Source: Astarloa and Bruno
2012.

The highest abundance of fish was observed between 250 and 500 m deep and it tends to decrease
as it gets deeper, being minimal at depths greater than 1000 m. The greatest richness (number of
species) was appreciated between 250 and 1000 m deep, reaching a minimum at 850 m deep
(Figure 189).
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Figure 189. Abundance and richness of species associated with depth in the continental slope.
Source: Astarloa and Bruno 2012.

(Translation of Figure 189: Abundancia: Abundance. Profundidad: Depth. Lance de Pesca: Fishing
Set)

Pelagic Species of the Shelf

Two species of fishing importance that inhabit between 50 and 200 m deep can occasionally be
registered in the Project’s indirect area of influence which are Scomber japonicus (mackerel) and
Lycengraulis anchoita (anchovy).

The Mackerel inhabits brackish and marine waters of the Mediterranean and Black Seas and the
Atlantic and Southwest Indian Oceans. In our country, its presence has been described upto 45° S
in waters of the intermediate platform. Based on information collected by INIDEP in research
campaigns and on board observers, they have recently found a distribution extension in the southern
limit up to 47 ° 30°S (Buratti and Orlando 2019). So far, a single Breeding habitat has been identified,
which extends from 36 ° 30 “S to 39 ° S and less than 100 m deep, with the highest concentrations
of eggs located north of Mar del Plata. The optimum temperature range for breeding is between 14.5
and 20 ° C, the optimum being close to 16-17 ° C. At surface temperatures higher than 19-20 ° C,
the schoals move away from the coastal sector looking for platform waters with lower records. The
activity peak takes place in December (females are mature from October to January), when fishing
activity is carried out by the "rada-ria" fleet. During the Breeding season, the mackerel feeds on
zooplankton and anchovy, moving towards and away between the coastal sector and the platform
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to feed.
The Mackerel is distributed in depths below 100 m, which does not coincide with the prospecting
area. Their presence in the area could be occasional.
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Figure 190. Diagram of the spatial-temporal distribution of the mackerel, Scomber colias. The
sensitive areas are indicated in relation to the breeding and feeding of the resource during the first
and last quarter of the year. Fuente: Allega et al. 2020.

(Translation of Figure 190: Reference boxes: Area de cria: Breeding area. Area de reproduccion:
Reproduction area. Area de alimentacion: Feeding Area. Mayor densidad: Higher density. Menor
densidad: Lower density. Area de distribucion: Distribution Area).

The anchovy is a small pelagic fish that has a wide distribution in the Southwest Atlantic, from Cabo
Frio in Brazil to Patagonia and in depths ranging from shallow waters to the outside of the continental
slope (Allega et al. 2020). During the Breeding peak (October-November) the presence is massive
in sea surface temperatures between 13 and 16 ° C. At the end of spring the shoals leave the coastal
waters and are mainly found in the intermediate and outer platform, where they feed intensely
(December-May). During the end of autumn, they move further away from the coastal regions of the
SE of the Province of Buenos Aires, reaching the external platform and waters on the continental
slope between 33 ° S and 37 ° S, where they are mainly found during the winter (May-June).
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Figure 191. Diagram of the spatial-temporal distribution of the anchovy. The sensitive areas are
indicated in relation to the breeding and feeding of the resource. Source: Allega et al. 2020.

(Translation of Figure 191: Verano: Summer. Otofio: Autumn. Invierno: Winter. Primavera: Spring.
Reference boxes: Area de cria: Breeding area. Area de reproduccion: Reproduction area. Area de
alimentacion: Feeding Area. Mayor densidad: Higher density. Menor densidad: Lower density.
Area de distribucion: Distribution Area).

The anchovy is distributed in the coastal zone and the middle platform, in depths of less than 100
m, which does not overlap with the prospecting area. Their presence in the area could be occasional.

Warm water species

The occasional presence of these species would be associated with the transport of warm
subtropical water from the Brazilian continental shelf (Milessi et al. 2011). This group is made up of
Elops saurus and Caulolatilus chrysops, Pomacanthus paru, which presented the first record for
Argentine waters (Milessi et al. 2013), Aluterus monoceros for which the southern limit of its
distribution is extended to 39° S (Necochea) (Bruno et al. 2014) and Nesiarchus nasutus (Spath et
al. 2015).
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Depth species

Some deep chondrites such as Somniosus antarcticus, Squalus mitsukurii, Symbolophorus boops,
Myliobatis goodei may occasionally be recorded in the project area. Within the Rajidae family the
records belong to the following species: Atlantoraja platana, Bathyraja griseocauda, Bathyraja
papilionifera. There may also be some deep-seated Osteichthyes such as Congiopodus peruvianus,
Guttigadus kongi, Haplomacrourus nudirostris, lluocoetes fimbriatus, Macrourus holotrachys,
Sebastes oculatus, Seriolella porosa, Bassanago albescens, Bathophilus vaillanti (up to 4.900 m-
deep), Cottoperca gobio, Cottunculus granulosus, Psychrolutes marmoratus, Schedophilus
griseolineatus, Urophycis cirrata (Ocean Biogeographic Information System, OBIS
http://www.iobis.org/).

4.3.1.4 Cephalopods

Four species of cephalopods are registered within the detailed study area of the project; Doryteuthis
sanpaulensis, D. gahi, Onykia ingens, and lllex argentinus. The species are hereinbelow described;

Doryteuthis sanpaulensis (Squid)

It is a coastal species of warm-temperate waters, which are distributed in the Southwest Atlantic
between 20 ° S and 46 ° S (Figure 192). Juveniles and pre-adults (1 to 9 cm LM) are found on the
Buenos Aires coast throughout the year, being more abundant in September and February. Adults
(10-19 cm Im), maturing or already mature, on the other hand, appear from July to January, with
significant breeding concentrations between October and December. Their diet is based on
loliginidae, made up of crustaceans, fish and cephalopods. In turn, different species of marine
mammals include D. sanpaulensis as food.

A

Figure 192. D. sanpaulensis. Dorsal view (A), detail of the chromatophores on the ventral surface (B)
and of the tentacular club (C). Distribution area (D). Source: Brunnetti et al. 1999.
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Doryteuthis gahi (Patagonian squid)

It is distributed on the shelf around the southern tip of South America from southern Peru in the
Pacific to southern Argentina and the Falkland Islands (Islas Malvinas) in the Atlantic (Figure 193)
(Arkhipkin et al. 2013). In Argentina, it takes up the continental shelf to a greater extent up to
approximate northern latitudes of 36 ° S, following the rise of the Malvinas current along the slope in
years of colder temperatures.
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Figure 193. Distribution of Doryteuthis gahi. Source: Jereb and Roper 2010.

It is a squid of small size measuring between 13-17 cm in total length. It is most abundant around
the Falkland Islands (Islas Malvinas), targeted by commercial fishery with a total annual catch of
around 50,000 t. D. gahi is the squid that tolerates the coldest waters within the family as it is found
in waters derived from subantarctic subsurface masses.

It breeds in waters with temperatures between 4 and 11 ° C, with an embryogenesis duration of 15
months in spring-summer and 4-5 months in winter. The population structure consists of two cohorts
with different breeding seasons (squids that spawn in autumn and others in spring, without modifying
the areas used for spawning). Both cohorts have an annual life cycle and their diet consists of
planktonic crustaceans such as euphasids and the pelagic amphipod Themisto gaudichaudii. Larger
squid can cannibalize smaller squid, and D. gahi is an important prey for most nectonic fish, seabirds,
and marine mammals that inhabit the Patagonian shelf (Arkhipkin et al 2013).
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D. gahi performs ontogenetic migrations within the continental shelf; the juveniles and adults reach
more oceanic areas. Squid size increases within a depth range of 50-400 m. Juveniles migrate out
of the shelf and feed, grow and mature on the outer shelf (more than 150 m). Mature individuals are
found in shallower waters (less than 100 m) which could indicate that Breeding migrations take place
in more coastal waters. The largest squids are grouped in intermediate waters between 200 and 300
meters deep.

D. gahi is the second most commercially important species in the southeastern Atlantic Ocean and
has been recorded in catches since 1983. As from 1987, directed fishing was established and its
exploitation has been regulated to date (Brunetti 1999, Rosas 2013).

Onykia ingens (Greater hooked squid)

It is a species of the Onychoteuthidae family that has been related to the seabed of the continental
shelf around 200 meters, inhabiting the southern oceans with a circumpolar distribution in the
subantarctic region. Vertical migrations have been suggested based on mature females captured
deeper (740 meters) than juveniles. O. ingens is considered a terminal spawner so migration to
deeper and colder waters would allow the maintenance of female tissue after spawning. It is an
important species in ecosystems since it is abundant in the bathypelagic region, although it is also
found around the Falkland Islands (Islas Malvinas) in shallower waters (Hoving et al 2016). It is used
as food by various predators such as marine mammals and birds (Rosas 2013).

Ecotrophic studies of large specimens of O. ingens have shown that myctophid fish are the main
prey, and this trend is due to the fact that smaller organisms prey on crustaceans and cephalopods,
and in juvenile-adult stages they change to a diet based mainly on fish and cephalopods (Rosas
2013).

The main species of fish that this squid preys in adult sizes are Gymnoscopelus nicholsi and S.
australis, in smaller sizes it preys on the Euphausia lucens, the Munida gregaria, the amphipod T.
gaudichaudii, and the D. gahi squid (Rosas 2013). This diversity of predators and prey emphasizes
the importance of O. ingens in the trophic webs of southern ecosystems.

At the fishing level, O. ingens has been collected as bycatch in the last decade by the commercial
fleet in the southern oceans, who have caught large specimens.

Illex argentinus (Argentine Shortfin squid)

Neritic-oceanic species that is distributed from 23° S to 54° S, with a frequent presence between 35°
S and 52° appearing throughout the platform and slope, and being the most important cephalopod
in the Southwest Atlantic from the point of view of its fishing importance. Its highest concentration,
however, is associated with the presence of subantarctic waters and mainly with the Malvinas
current, which is why it is distributed on the edge of the slope between 80 and 400 meters deep,
varying according to the season.

Its population dynamics is complex and four groups of spawning are distinguished, which differ in
their areas and spawning times: South Patagonian summer spawning, Buenos Aires-North
Patagonian and spring spawning.

The South Patagonian subpopulation is the least known and its breeding area could be located from
48 ° S to 45 ° S along the area swept by the Malvinas current. The concentrations of the Bonaerense-
Norpatagonica subpopulation occur on the external platform and slope (38 ° -39 ° S). In autumn
there are important pre-Breeding concentrations along the external platform and continental slope
that do not overlap in time. South of 44 ° S, these concentrations occur between March and May and
correspond to the South-Patagonia Subpopulation, while, north of 44 ° S, the concentrations
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correspond to the Buenos Aires-North Patagonia subpopulation. The species would spawn on the
external platform and its limit with the slope (45 ° to 48 ° S) and the eggs corresponding to the
southern spawning areas would be carried by the Malvinas current to the north where they hatch
when meeting the Brazilian current (Haimovici et al. 1998, Brunetti et al 1999). The breeding areas,
on the other hand, are located in the middle and northern platform in winter and spring (lvanovic et
al. 2016: Allega et al. 2020) (Figure 194).
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Figure 194, Distribution of breeding, feeding, distribution and density areas of lllex argentinus.
Source: Allega et al. 2020.

(Translation of Figure 194: Verano: Summer. Otofio: Autumn. Invierno: Winter. Primavera: Spring.
Reference boxes: Area de cria: Breeding area. Area de reproduccién: Reproduction area. Area de
alimentacion: Feeding Area. Mayor densidad: Higher density. Menor densidad: Lower density. Area
de distribucion: Distribution Area

An analysis of the shifts and movements of the subpopulations can be seen in the following Figure.
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The large centers of concentration of adults to the south of 44 ° S disappear completely in winter,
indicating that the South Patagonian subpopulation has migrated after spawning, while the Buenos
Aires-North Patagonian subpopulation remains until the beginning of spring. In spring, significant
concentrations are generated in the Buenos Aires-North Patagonian shelf between 50 and 100 m
deep and this includes, on the one hand, juveniles from the spawning of both subpopulations
mentioned and pre-adults from the summer spawning subpopulation and adults from the spring
spawning subpopulation. Two areas of important concentrations are detected in summer. One
between 43 ° and 45 ° S formed by summer spawning adults and the other between 46 °and 48 ° S
formed by spawning pre-adults of the South Patagonian subpopulation (Brunetti et al. 1999).

invierno

Primavera

Figure 195. Squid distribution considering the South Patagonian (SSP) and Buenos Aires-North
Patagonian (SBNP) subpopulations associated with spawning and breeding areas. Source: Brunetti
et al. 1999.

(Translation of Figure 195: Otofio: Autumn. Invierno: winter. Primavera: Spring. Verano: Summer).

During the summer, in the Southern Patagonian Platform (44 ° S and 51 ° S), almost all squid (72-
85%) feed on crustaceans, being the amphipod Themisto gaudichaudi the main prey. Its trophic level
is 3.7 (Ciancio et al. 2008). The daily feeding aggregations and vertical migrations of the species
coincide with the highest biomass concentrations and vertical migration of this amphipod
(Ciechomski and Sanchez 1983; Sabatini and Alvarez Colombo 2001). Squid feed mainly during the
day, beginning at dawn and peaking in the afternoon (Ilvanovic and Brunetti 1994, Mouat et al. 2001).
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Although the project's area of influence is located within the Argentine squid distribution area, the
direct area of influence does not overlap with the spawning, breeding, or feeding sites. The areas
with the highest concentrations and Breeding groups would be found in the indirect area of influence
of the project in spring and summer, but the area of direct influence would be partially synchronized
with the pre-Breeding concentrations of the Buenos Aires-North Patagonian subpopulation grouped
in high density at the edge of the platform during the autumn and winter. Squid larvae are recorded
for the indirect area of influence of CAN_100-108 and CAN_114, but it is also possible to find them
in the prospecting area, turning the latter into a sensitive site for this species. However, these larvae
come from spawning areas located in other zones of the Argentine Sea.

4.3.1.5 Ichthyoplankton

The dominant ichthyoplankton in the project area corresponds to species that are distributed under
the predominance of the influence of subantarctic waters and the Malvinas current in the superficial
and sub-superficial layers and in a deeper flow of Antarctic intermediate waters.

An important component of the ichthyoplankton are the myctophids whose larvae are distributed
along the slope (75-900 m-deep) in subantarctic waters of the Malvinas current. Within the
myctophids, other deep-sea species are considered, such as Gonostomatidae, among others
(Bertolotti et al. 1996).

Myctophid larvae occur year-round and during the winter months they dominate in generally low
abundance of ichthyoplankton. The distribution of mycthophiid larvae can be observed in the Figure
196 and are therefore present in the indirect area of influence of the project (Bertolotti et al. 1996).
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Figure 196. Occurrence of mycthophiid larvae in the study area. Source: Bertolotti et al. 1996.
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4.3.1.6 State of conservation

Macrocrustaceans

Five species of macrustaceans of economic interest are registered within the detailed study area;
Munida gregaria, Lithodes santolla, Thymops birsteini, Chaceon notialis and Ovalipes trimaculatus.

Only IUCN (International Union for Conservation of Nature) Thymops birsteini is categorized as
Least Concern (UICN 2020).

Cephalopods

Four species of cephalopods are registered within the study area; Doryteuthis sanpaulensis, D. gahi,
Onykia ingens, and lllex argentinus. Its current state of conservation is indicated in Table 10.

Table 10. Cephalopods registered for the project area and its IUCN category. Source: own
elaboration.

PHYLUM MOLLUSCA
Class: Cephalopoda

Family Species Common name UICN
Loliginidae Doryteuthis sanpaulensis Sao Paulo Squid Least Concern
Loliginidae Doryteuthis gahi Patagonian Squid Least Concern
Loliginidae Onykia ingens Greater Hooked Squid | Least Concern

Omastrephidae lllex argentinus Argentine Shortfin Squid | Least Concern

Fish

Table 11 presents the list of ichthyofauna and its IUCN categorization (2020). The dominant category
is Not Evaluated (NE: 62%), followed by the Least Concern and Near Threatened. Three species in
the vulnerable category stand out within the chondrictes; Bathyraja albomaculata, Zearaja chilensis
and Squalus acanthias and one in the critically endangered category (Bathyraja griseocauda). Figure
197 shows that most of the species that enter or are close to the project area are not yet evaluated
or are under the Least Concern category.

Table 11. Threatened fish species present in the area of influence, according to their conservation
status (UICN 2020). Source: own elaboration.

SCIENTIFIC NAME COMMON NAME CLASS IUCN 2020
Bathyraja macloviana* Patagonian skate Chondrichthyes NT
Bathyraja albomaculata* White-dotted skate Chondrichthyes VU
Bathyraja griseocauda Graytail skate Chondrichthyes EN
Bathyraja scaphiops* Cuphead skate Chondrichthyes NT
Bathyraja brachyurops* Broadnose skate Chondrichthyes LC
Bathyraja magellanica* Magellan skate Chondrichthyes DD
Bathyrraja cosseasuae* Joined-fins skate Chondrichthyes NE
Bathyraja multispinnis * Multispine skate Chondrichthyes NT
Zearaja chilensis * Yellownose skate Chondrichthyes VU
Amblyraja doellojuradoi * Southern thorny skate Chondrichthyes LC
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SCIENTIFIC NAME COMMON NAME CLASS IUCN 2020
Psammobatis normani* Shortfin sand skate Chondrichthyes DD
Psammobatis rudis* Smallthorn sand skate Chondrichthyes DD
Squalus acanthias* Picked dogfish Chondrichthyes VU
Schorederichthys bivius * Narrowmouthed catshark | Chondrichthyes NT
Callorhinchus callorhynchus * Plownose chimaera Chondrichthyes NE
Coryphaenoides filicauda Grenadier Osteichthyes NE
Coelorhynchus fasciatus * Banded whiptail Osteichthyes NE
Macrourus holotrachys Bigeye grenadier Osteichthyes NE
Macrourus carinatus Ridge scaled rattail Osteichthyes NE
Lucigadus nigromaculatus Blackspotted grenadier Osteichthyes NE
Haplomacrourus nudirostris / Osteichthyes NE
Muraenolepis marmorata Marbled moray cod Osteichthyes NE
Merluccius hubbsi* Argentine Hake O