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Abstract: Although the extent of near-shore and coastal habitats around the Antarctic Continent is
limited, they host an abundant and diversified fish fauna dominated by notothenioids. Nevertheless,
the spatial distribution of fishes at small scales and their relationships with the surrounding habitat
are still poorly known. The purpose of this study is to provide new insights on the inshore fish
community of Terra Nova Bay, Ross Sea, which is now part of the largest marine protected area
established so far in the Southern Ocean. As a low-impact and effective methodology of investigation,
an underwater photographic survey was conducted through two remotely operated vehicle (ROV)
transects set down to 300 m depth. The faunistic inventory consisted of twelve species of notothenioids,
which complements previous data obtained by conventional samplings. The most abundant species
exhibited wide depth distribution ranges, and they were generally associated with areas with a rich
benthic macrofauna composed of alcyonaceans, sponges, bryozoans, polychaetes, and echinoderms.
Nesting behavior was documented in two species, Trematomus bernacchii and Pagetopsis macropterus.
The present data provide further evidence of the importance of inshore waters for the local fish
community, representing a proper habitat for settling, foraging, and spawning activities.

Keywords: Antarctica; Ross Sea; remotely operated vehicle; fishes; Notothenioidei

1. Introduction

The fish fauna inhabiting the continental shelf and slope of the Ross Sea is over-
whelmingly dominated by the notothenioids, a single taxonomic group composed of four
endemic, cold-adapted families: Artedidraconidae, Bathydraconidae, Channichthyidae
and Nototheniidae [1]. Most members of this group are primarily benthic as adults, sharing
a common ancestral benthic origin [2]. Although all notothenioids lack a swim bladder,
the reduction of skeletal mineralization and lipid deposition in tissues allowed some of
them to colonize the water column, an evolutionary process referred to as pelagization [3]
and considered to be the hallmark of notothenioid radiation [4]. Such a diversification in
buoyancy enabled notothenioids to fill a wide array of habitats other than the ancestral
benthic, including the semipelagic, epibenthic, cryopelagic, and pelagic environments [2].
The acquisition of antifreeze glycopeptides represented a key innovation in the evolution-
ary path of notothenioids [5,6], which has totally replaced the previous non-notothenioid
fish fauna since the late Eocene [4].

Because of the remoteness and presence of seasonal pack ice for most of the year, the
knowledge of the fish communities living on the continental shelf of the Ross Sea remains
limited and based on a few ship-based trawl surveys carried out in offshore waters during
the last two decades [6]. Overall, four benthic trawl surveys were conducted in the western
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Ross Sea [7,8] and a single midwater and benthic trawl survey was conducted in the eastern
Ross Sea [9]. The demersal fish assemblages recorded in the two areas were very similar,
yielding a total of 50 species of notothenioids within the families Artedidraconidae (15),
Bathydraconidae (10), Channichthyidae (10), and Nototheniidae (15). Compared to non-
notothenioid fishes, consisting mainly of rajids and zoarcids, notothenioids accounted for
91.5% and 77.0% in abundance and biomass in the western Ross Sea [6] and 98.7% and
94.2% in the eastern Ross Sea, respectively [9].

Interestingly, the taxonomic composition of the fish fauna collected offshore in the
Ross Sea by bottom trawling was rather different from that collected in inshore waters by
passive fishing gears, such as trammel and gill nets, longlines, and traps [7]. Shore-based
fishing surveys were carried out primarily in the coastal waters of Terra Nova Bay, in
close proximity to the Italian Antarctic Station Mario Zucchelli [10,11]. Overall, the coastal
fish fauna consisted of 27 species of notothenioids subdivided in Artedidraconidae (5),
Bathydraconidae (3), Channichthyidae (6), and Nototheniidae (13) [12,13]. The bulk of
catches were dominated by Trematomus bernacchii and Chionodraco hamatus, which were
sampled predominantly within 200 m depth. The vertical pattern of distribution of the
species provided evidence of spatial niche partitioning, the less frequent species being
found either in shallow or deep waters, whereas the most abundant species were generally
eurybathic [12,13].

Species distributions at finer spatial scales and their relationship with the surrounding
habitat are still poorly known. A recent powerful tool for investigating Antarctic benthic
communities is represented by the use of still and video cameras mounted on remotely
operated vehicles (ROV) that enable documenting deeper habitats inaccessible to scuba
divers. Compared to more conventional methodologies (i.e., benthic trawling), seafloor
imagery is a non-destructive and effective survey method providing a fine-scale descrip-
tion of benthic assemblages while minimizing the impacts of direct sampling. The use
of underwater photography is particularly advisable in marine protected areas (MPAs),
which currently occupy about 12% of the Southern Ocean [14]. The Ross Sea region MPA
was established under the Commission for the Conservation of Antarctic Marine Living
Resources (CCAMLR) jurisdiction only recently and, encompassing a surface of about
1.55 million km2, represents the world’s largest marine protected area [15].

With the aim to provide insights on the fine-scale distribution and species composition
of the local fish community in relation to depth and benthic habitats, a photographic survey
was conducted in the coastal waters of Terra Nova Bay, located within the no-take General
Protection Zone (GPZ) of the Ross Sea region MPA.

2. Materials and Methods

The sampling sites were located within the Antarctic Specially Protected Area of Terra
Nova Bay (ASPA 161), comprising an area of approximately 29.4 km2 between Adélie Cove
and Tethys Bay (Figure 1).

The two transects were surveyed by a remotely operated vehicle (ROV, Pollux III),
equipped with an underwater acoustic tracking system (USBL, Linkquest, TrackLink 1500
MA, San Diego, CA, USA) and connected to a Trimble dual-antenna system providing
position and depth every 1 s. The photographic systems included a digital camera (Canon
EOS 550, Canon EF-S 10–22 mm f/3.5–4.5 USM lens with double Speedlite 270EX flash,
Canon, Tokyo, Japan) and a high-definition video camera (SONY HDR-HD7, Sony, Tokyo,
Japan). A reference scale in photographs was represented by three laser beams spaced
10 cm apart. The ROV was deployed from two small motor vessels, “Malippo” (14 m, ~45 t,
engine 1100 CV) and “Skua” (15 m, 40 t), during favorable weather conditions. Sampling
data for each transect are summarized in Table 1.
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Table 1. Data of the ROV benthic survey carried out in coastal waters of Terra Nova Bay (TNB).

Transect Date Latitude
(S)

Longitude
(E)

Duration
h.mm

Length
(m)

Depth
(m)

TNB “Canyon” 1 February 2014 74◦41.319′ S 164◦08.549′ E 3.15 2372 220–300
Adélie Cove 3 February 2014 74◦46.399′ S 164◦01.405′ E 2.52 1954 20–120

Each photograph, representing roughly an area of 6 m2, was analyzed for the taxonomic
composition of biological communities, including benthos (macro- and megafauna) [16] and
fishes. The bottom type and percentage of encrusting algae (Rhodophyta) on hard substrates
were also recorded. In the study area, the seafloor was primarily characterized by granitic
rock, interspersed with soft substrates composed of coarse sands, muddy sediments, or
gravels. All fishes were identified to the species level, taking into account the morphological
diagnostic characters reported in the literature [17,18]. The total number of species (S), the
numerical percentage of each species (Pi), and the total number of individuals (n) were used
to calculate indices of species diversity (Shannon, H′ = −ΣPi loge(Pi)), species richness
(Margalef, d = (S − 1)(loge n)−1), and evenness (Pielou, J′ = H′(loge S)−1) for each transect.

3. Results
3.1. Terra Nova Bay “Canyon”

A total of 169 images were taken along this transect located in proximity of the Italian
Station between 227 m and 300 m depth (Figure 1), mainly composed of hard substrate
covered by a thin layer of soft sediment and sparsely of mobile substrate with patches of
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organic matter in degradation. The presence of fishes was recorded in 25 images (~15% of
total), most of them showing a single individual. Overall, 31 individuals belonging to nine
species of notothenioids were recorded (Table 2).

Table 2. Species list, number of individuals, and biodiversity indices calculated for each ROV transect.

Taxa Terra Nova Bay “Canyon” Adélie Cove

Nototheniidae
Trematomus bernacchii Boulenger, 1902 15 15

Trematomus borchgrevinki (Boulenger, 1902) 2
Trematomus nicolai (Boulenger, 1902) 1

Trematomus pennellii Regan, 1914 1 11
Artedidraconidae

Artedidraco loennbergi Roule, 1913 1
Artedidraco skottsbergi Lönnberg, 1905 2 11

Histiodraco velifer (Regan, 1914) 1
Bathydraconidae

Prionodraco evansii Regan, 1914 6 35
Racovitzia glacialis Dollo, 1900 1

Channichthyidae
Chionodraco hamatus (Lönnberg, 1905) 2 8

Cryodraco atkinsoni Regan, 1914 1
Pagetopsis macropterus (Boulenger, 1907) 1 2

Species Richness (d) 2.33 1.80
Evenness (J′) 0.75 0.76
Diversity (H′) 1.64 1.67

Among nototheniid, T. bernacchii overwhelmingly dominated the fish community
along the transect, with 15 individuals spread over a wide depth range (Figure 2). They
were frequently seen camouflaged amongst the benthic macrofauna or hiding inside the
sponges guarding eggs batches (Figure 3A). The typical habitat of this species consisted
of hard substrates with organic matter patches, populated by a rich benthic macrofauna,
including sponges, alcyonaceans, bryozoans, polychaetes, crinoids, ophiuroids, holothuri-
ans, asteroids, and echinoids. The second most abundant species was Prionodraco evansii,
a gregarious fish distributed over a relatively narrow depth range (Figure 2). It was
found resting on soft substrates with sparse alcyonaceans, in association with high den-
sities of shrimps (Chorismus antarcticus) (Pfeffer, 1887) (Figure 3B). Two individuals of
Artedidraco skottsbergi, Trematomus borchgrevinki, and C. hamatus were recorded at depth
between 265 and 300 m (Figure 2), on rocky bottoms densely populated by alcyonaceans
and sponges. All other fish species were represented by single individuals with vary-
ing depth distribution along the transect, preferably on soft sediment with organic matter
patches (Racovitzia glacialis and Trematomus pennellii), or on hard bottoms with a rich benthic
macrofauna (Artedidraco loennbergi and Pagetopsis macropterus) (Figure 3C–F).

3.2. Adélie Cove

A total of 148 images were collected across this transect, which was located in front of
Adélie Cove between 25 m and 120 m depth (Figure 1). The bottom consisted of hard sub-
strate with encrusting coralline algae (Rhodophyta), partially replaced by mobile sediments
below 100 m depth. Fish were recorded in 52 images (~35% of total photographs), each gen-
erally with one or two individuals. A total of 85 individuals belonging to nine species were
recorded in this transect (Table 2). The most abundant species was P. evansii, with 35 individ-
uals distributed between 70 m and 125 m (Figure 4). They were frequently seen grouped (up
to ten individuals in a single image), resting or partially buried in soft sediments amongst
dense aggregations of echinoids (Sterechinus neumayeri) (Meissner, 1900) and sparse alcy-
onaceans. Among nototheniids, T. bernacchii and T. pennellii were the second most abundant
species, with a rather different distribution and habitat. Trematomus bernacchii was recorded
on a relatively narrow depth range (70–100 m), almost exclusively on hard bottoms densely
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covered by alcyonaceans, sponges, bryozoans, polychaetes, ophiuroids, holothurians, and
echinoids. Trematomus pennellii was spread over a wide depth range (Figure 4), inhab-
iting both hard and mobile substrates with a diversified and rich benthic macrofauna.
Following in order of abundance, A. skottsbergi and C. hamatus exhibited an overlapped
depth distribution (Figure 4), both preferring hard substrates with encrusting coralline
algae alternated to soft sediments hosting a rich invertebrate macrofauna (Figure 5A,B).
A single female of C. hamatus was gravid, suggesting that this species is likely a summer
spawner. Two P. macropterus were recorded at different depths (Figure 4), either hiding
behind holothurians or dwelling over a nest with a single layer of eggs amongst densely en-
crusted boulders (Figure 5C). Single specimens of Cryodraco atkinsoni and Histiodraco velifer
were documented on soft sediments at about 100 m, perching on their long pelvic fins
or resting on the bottom with a pronounced mental barbel, respectively (Figure 5D,E).
Finally, the rare nototheniid Trematomus nicolai was encountered among large and bare hard
blocks populated by clams (Adamussium colbecki) (Smith, 1902) and echinoids (S. neumayeri)
(Figure 5F).
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3.3. Fish Biodiversity

The fish community documented during the ROV benthic survey accounted for
12 species of notothenioids, with a total of 116 individuals identified (Table 2). Both
evenness and diversity were slightly higher in the shallower transect (i.e., Adélie Cove),
whereas the species richness was lower than in the Terra Nova Bay “Canyon” transect due
to the higher number of individuals and the same number of species.
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4. Discussion

Compared to temperate and tropical marine environments, the extent of near-shore
and coastal habitats around the Antarctic continent is currently reduced and highly frag-
mented, as a consequence of the isostatic depression of the continental shelf produced
by the progressive extension of the ice sheet in the late Eocene–early Oligocene [19]. In
addition, the near-shore environments are permanently covered by anchor ice and heavily
impacted by iceberg scouring, affecting the species composition and population dynamics
of local fish assemblages [20]. Despite these environmental constraints, the fish fauna
inhabiting inshore waters of the Southern Ocean is extremely diversified and specific for
each area in terms of species composition and relative abundance. In several sites located
in east Antarctica, the inshore fish fauna is overwhelmingly dominated by the species of
the genus Trematomus, and primarily by T. bernacchii [21–24]. Conversely, the fish fauna
inhabiting the coastal waters off the west Antarctica consist mainly of species of the genus
Notothenia Richardson, 1844 [25,26].
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Remotely operated vehicles (ROV) equipped with still and video cameras to investi-
gate the habitat and behavior of the benthic fish communities have been primarily employed
in the Weddell Sea and Lazarev Sea [27–29]. On the other hand, ROV surveys have seldom
been carried out in the western Ross Sea in proximity of the Italian Base of Terra Nova
Bay [30], present study. As a complementary approach to the more conventional sampling
methodologies, a ROV survey was conducted down to a depth of 120 m at Tethys Bay,
yielding a total of 11 species of notothenioids. In particular, spawning aggregations of
mature females of Trematomus eulepidotus Regan, 1914 were observed in shallow waters in
spring, whereas a huge number of P. evansii was encountered on muddy sediment in waters
deeper than 100 m [30]. Present results complemented previous ROV data [30], providing
an overall inventory of 16 species.

The use of photographic equipment mounted on ROV provided new insights into
the depth distribution and behavior of some species, also enabling the documentation of
species otherwise difficult to be detected with conventional sampling gears. Nevertheless,
species exhibiting negative phototaxis behavior or with benthopelagic habits might be
underrepresented in this kind of surveying. Compared with the depth range reported for C.
atkinsoni (300–800 m) and H. velifer (210–910 m) [31], the observation of both species at depth
of ~100 m in Terra Nova Bay considerably extends their vertical distribution. Similarly, a
cryopelagic species like T. borchgrevinki commonly associated with the undersurface of the
ice down to 70 m [3,31] was documented swimming above the seafloor at 300 m depth.
Yet, the record of a gravid female and a sexually mature male of C. hamatus with high first
dorsal fin and flashy knobs on the tip of anal fin rays used in nest building [32] clearly
indicates the closeness of the spawning season in this species. As reported by previous
authors [33,34] and confirmed here, T. bernacchii and P. macropterus laid and guarded their
eggs inside the large cup-shaped sponges or on flat stones, respectively. Finally, underwater
photography allowed the documentation of a large number of small-sized fishes such as
A. skottsbergi and P. evansii, whose catches using passive gears (i.e., nets) were prevented
by their sedentary habits and streamlined body morphology, respectively [11,12]. Most
of the species encountered during the ROV survey were associated with a rich benthic
invertebrate macrofauna, likely representing a refuge from predators and a proper habitat
for fish settling, foraging, and spawning activities. Finally, half of the species showed a
wide vertical distribution, having been recorded in both transects.

In conclusion, the use of ROV has proven to be a reliable methodology for investigating
composition, spatial distribution, and habitat preferences of benthic fish, especially in
marine protected areas where the fishing activities are totally forbidden or strictly regulated.
It is therefore advisable in the near future to extend the underwater photographic surveys to
additional sites and/or depths of Terra Nova Bay, with the aim to provide a more exhaustive
picture of the local inshore fish community. It would be highly desirable to encourage the
development of similar surveys also in the framework of SCAR ANTOS (Antarctic Near-
Shore And Terrestrial Observation System; https://www.scar.org/science/antos/about/
accessed on 20 February 2022) in order to acquire similar data in a variety of sites at the
Antarctic continental scale.
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