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A � nding of maintained
cryonotothenioid nesting
sites in the Western Weddell Sea
Russell B. Connelly 1*, Lucy C. Woodall 2,3,
Alex David Rogers 4 and Michelle L. Taylor 1,5

1School of Life Sciences, University of Essex, Essex, United Kingdom, 2Center of Conservation and
Biodiversity, University of Exeter, Exeter, United Kingdom, 3Nekton Foundation, Oxfordshire, United
Kingdom, 4National Oceanography Centre, Southampton, United Kingdom, 5Ocean Census,
Oxfordshire, United Kingdom
The Weddell Sea is one of Earth’s most remote and least studied regions. The
region around the Larsen C Ice shelf has been largely inaccessible because of its
remoteness, extreme cold, rough seas, ice cover, and deep waters. This study
documents the � rst discovery of maintained nesting sites of Lindbergichthys
nudifrons (yellow� n notie) in the western Weddell Sea. Nesting sites were found
at all locations surveyed during the Weddell Sea Expedition 2019 onboard the SA
Agulhas IIusing the remotely operated vehicle, Lassie. Unlike previous studies, no
signi� cant differences in localised water temperature were detected between
nesting sites and surrounding waters, except at one site. Novel nesting patterns,
groups of nests close to each other, were discernible throughout the video
footage; These patterns are thought to have evolved as a form of group
predation protection behaviour. These � ndings provide critical evidence of
unique, structured breeding habitats, ful� lling key criteria for the designation of
Vulnerable Marine Ecosystems and strengthening the case for the proposed
Weddell Sea Marine Protected Area.
KEYWORDS
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Introduction

Antarctica, the southernmost continent beyond 60° S, is one of Earth’s most remote and
extreme environments. Its persistent sea ice, low winter light, and frigid temperatures make
it challenging to study. This also provides opportunities to uncover fundamental biological
and environmental processes (Vernet et al., 2019; Hutchinson et al., 2020). The Weddell
Sea, located within the Southern Ocean, is signi�cant for its biological richness and its
contribution to global ocean circulation and climate (Hutchinson et al., 2020). It plays a
critical role in forming water mass interactions that drive large-scale ocean currents,
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regulate global gas exchanges, and in�uence climate patterns
(Foldvik et al., 2004; Vernet et al., 2019). These interactions make
the area a hotspot for biological productivity, activity, and
abundance (Nachtsheim et al., 2019).

The Commission for the Conservation of Antarctic Marine
Living Resources (CCAMLR) has proposed the establishment of
The Weddell Sea MPA (WSMPA; (Teschke, 2023). This area hosts
one of the richest communities in the Antarctic region for �sh
(Baena et al., 2023), brittle stars (Lau et al., 2021), cephalopods
(Staffer et al., 2021; Nesis et al., 1998), sponges (Brey et al., 1994;
Brandt et al., 2007; Barthel and Gutt, 1992), marine birds (Reisinger
et al., 2022; Teschke et al., 2021), and mammals (Reisinger et al.,
2022; Teschke et al., 2020). Breeding grounds or key hunting and
foraging areas for cryonotothenioids, marine mammals, and birds
all occur within the proposed protection area (Hindell et al., 2020;
Fretwell et al., 2012; van Franeker, 1996; Purser et al., 2022).

The suborder Notothenioidei represents a group of �sh
uniquely adapted to Antarctic environments (Near et al., 2015; La
Mesa et al., 2021). They exhibit slow maturation, low fecundity, and
large egg production, with most species spawning demersally and
showing parental care during incubation, which can exceed 100
days (Everson, 1984; Gon and Heemstra, 1990; La Mesa et al., 2021;
Marshall, 1953; Novillo et al., 2022).

The two species in Lindbergichthys have a benthic lifestyle as
adults and reach a maximum length of 15cm and 19.5cm for L.
mizops and L. nudifrons, respectively (Froese and Pauly, 2022). The
latter occupies a greater depth range between 3–400 m compared to
20–220 m for the former. Parental care behaviour has been found in
Antarctic ice�sh, with nesting and egg-guarding being the most
common forms (Ferrando et al., 2014; Novillo et al., 2022; Kock
et al., 2006). Species in the genus Lindbergichthys often exhibit
parental care nesting behaviour, which has been well-studied
(Eastman, 2013; La Mesa et al., 2021; Konecki and Targett, 1989).
For L. nudifrons, sexual maturity is reached at age 4 to 5 years and
length of 8 to 9cm (Hourigan and Radtke, 1989; La Mesa et al.,
2017). Females spawn in a nest in late Austral autumn to winter
(May to June), usually protected by crevices or rocks (Hourigan and
Radtke, 1989). The male guards the nest and eggs, including chasing
away egg predators. Post-hatching, larvae migrate to the pelagic
zone before returning to the benthos in April (Kellermann, 1989).
Study aims

Considering the challenges of observing the sea�oor in Antarctica,
many study questions are conducted post-hoc, once exploration has
occurred. The Weddell Sea expedition 2019 (WSE) was a multi-
disciplinary scienti�c endeavour to explore habitats around the Larsen
C ice shelf that had recently calved. The resulting iceberg, A-68, and its
grounding provided a rare opportunity to explore the seabed that had
been previously beneath the ice. As part of this voyage of scienti�c
discovery, video of benthic areas was collected. Numerous benthic �sh
nests were observed. Our aims are to present the resulting analysis of
videos taken from this expedition.
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Materials and methods

Study site

A major component of the Southern Ocean, the Weddell Sea, is an
embayment off the coast of Antarctica between the Antarctic
Peninsula in the West and Coats Land in the East. The Weddell Sea
Expedition 2019 (WSE) sampling locations were on the North-West
Weddell Sea, off the coast of the Antarctic Peninsula (Figure 1).
Data acquisition and analysis

The WSE was conducted between 1 January and 22 February
2019 (Dowdeswell et al., 2019). Five days (14th January – Site B, 20th

January – Site D, 21st January – Site C, 22nd January – Site E, and
23rd January – Site A; Figure 1) were allocated to benthic surveys
using the ROV Lassie, with 27 hours of video data collected. The
survey locations were selected to represent areas that had been clear
of ice cover for varying lengths of time: Site C - 5–10 years, Site D -
15–18 years, and B - 50 years, and Site A, which has been clear of ice
cover in glacial history. Sea�oor depth ranged between 350–360 m
for Site A, 394–407 m for Site B, 392–407 m for Site C, 290–294 m
for Site D, and 376–382 m for Site E. The mean maximum depth
across all �ve sites was 376 ± 19m. All video footage captured from
the ROV was visually inspected for �sh nests, and if found, a
snapshot of the video was taken to capture the nests and timestamp.
These snapshots were then used to quantify the number of nests,
diameter of nests (cm), and unoccupied shells or rock presence
(with sizes if present) using ImageJ (Abràmoff et al., 2004). The GPS
location and depth were then noted alongside the outputs from the
measurement data. All distance measurements were facilitated by
the two lasers attached to the ROV at a 10cm distance from each
other. Other major epifauna were recorded and identi�ed visually
during the video analysis, with emphasis on the surrounding
regions of the noted nesting locations. A thermometer measured
ambient water temperature around the ROV every 10 seconds,
although the Site E data was unretrievable. Due to the lack of
sediment samples, the sediment size was estimated visually, and
wide characteristics were given for each location. When
determining if a nest was present, small depressions in the
substratum (those below 6.5cm) were omitted. A large plankton
bloom before the video surveys caused �occulent to settle and
carpet the seabed, which enabled nests to be classi�ed as ‘inactive’
abandoned nests (�occulent in the depression), and ‘active’
maintained nests (no �occulent inside the depression; Figure 2).

The grouping formations of nests were evaluated and
categorised into six nesting patterns (Figure 3), which represented
all the con�gurations seen within the videos. All data analyses and
mapping were performed in the open-source software R v.4.2.1 (R
Core Team, 2017). The maps were generated using the package
ggMap (Kahle and Wickham, 2013). Data collected underwent
normality testing, and diameter data had a log transformation to
achieve normality. T-test and ANOVA with post-hoc Tukey testing
frontiersin.or
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were used to compare the temperature, nesting pattern and site
using the ‘stats’ package (R Core Team, 2017). The occurrence of
rocks beside nests was also investigated with a generalised linear
mixed model with Gaussian distributions to determine whether the
rock size has any effect on the size of the nests. Six patterns were
present: ‘Cluster’, ‘Crescent’, ‘Line’, ‘Oval’, ‘Sharp U’, and ‘Singular’.
Results

Nests were generally circular and shallow, parabolic in shape,
with the sediment built up on all sides of the nests. Only L.
nudifrons were seen in the nests, suggesting these nests were
created by this species, which aligns with previous research (Gon
and Heemstra, 1990). The average nest size recorded here (12.3cm)
was larger than L. nudifrons published size at maturity (9.1 to
9.5cm). The average �sh size (10.3cm) was also determined to be
greater than their maturation size. Other �shes identi�ed as species
other than L. nudifrons were larger (greater than the published
maximum length of L. nudifrons) and are known to have larger sizes
at maturity (Hourigan and Radtke, 1989). No eggs were seen within
any of the nests, presumably as the WSE occurred after known
hatching times (Austral Spring; (Hourigan and Radtke, 1989). Some
larvae were seen within the nest circumference.
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Summary of sample site nesting statistics

A total of 1,036 individual active nests were located across 277
nesting groups on the �ve Remotely Operated Vehicles (ROV)
dives. 93 nests (9%) were classed as inactive and 72 (7%) contained
larvae in and/or around the nests. Both active and inactive nests
were discovered at depths between 290 and 411 metres. A mean of
2.72 ± 0.22 nests per nesting group was found across all the dives.
The most abundant nesting group location was found at site D, with
151 groups of nests, with a mean of 2.3 nests per group. The most
abundant location was Site E, with 461 individual nests recorded.
Novel nesting patterns

Six patterns were present: ‘Cluster’, ‘Crescent’, ‘Line’, ‘Oval’,
‘Sharp U’, and ‘Singular’ (Figure 3). The ‘Cluster’ pattern is de�ned
as a group of nests located close to each other without forming a
speci�c shape or structure. The ‘Crescent’ nesting pattern is
arranged in a curved line, resembling a crescent moon, and the
nests are wider at the base and shorter in diameter on the limbs. The
‘Line’ pattern contains nests that are in an approximate linear path
with one other nest, or many other nests. Nests that complete a full
‘Oval’ shape are thus named. Patterns of ‘Sharp U’ consist of a
FIGURE 1

Overview of the nesting site locations. The left panel shows the regional overview of the study area along the East coast of the Antarctic Peninsula.
Bathymetry is illustrated with colour shading from 0 to 2,500+ m. Contour intervals are set at 100m intervals to 500m, and then 1000, 2000 and
2500m deep. The inset map provides continental context, with the red rectangle indicating the area shown in the main panel. The black squares on
the main map outline the areas detailed in the side panels. The spatial distribution of individual nests (black points) is shown at Site B, Site A, Site D,
and Sites C and E. All site maps on the right are presented at the same geographic scale.
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typical ‘U’ shape, where the limbs are perpendicular to each other.
The ‘Singular’ pattern is those nests that are not adjacent to nor
associated with any other nest.

This is the �rst report of variable nesting grouping patterns
exhibited by cryonotothenioids. The Cluster pattern was
represented in 42.08% of all nests, followed by Singular, Sharp U,
Frontiers in Marine Science 04
Oval, Crescent, and Line at 18.82%, 16.8%, 10.14%, 8.5%, and
3.67%, respectively.

There was a signi�cant difference in the diameter of the different
nesting patterns (ANOVA; F5,1030 = 13 p < 0.001) (Figure 4). Singular
nests had a signi�cantly higher average diameter than those in Cluster,
Crescent, Oval, and Sharp U patterns (Tukey; p < 0.001).
FIGURE 2

Comparison of non-maintained, abandoned nests (left) and an ‘active’ maintained nest (right) found at Site D. Laser lights have been illustrated with a
red line and 10cm annotation.
FIGURE 3

Patterns of cryonotothenioid nests from top left to bottom right; Cluster, Crescent, Line, Oval, Sharp U, and Singular nests.
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