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Seamounts have long been recognised as hotspots for pelagic productivity and diversity
in the world’s open ocean habitats. Recent studies have suggested that productivity may
vary greatly between different seamounts, depending on complex interactions between
the bathymetric features and local oceanography. These processes may enhance local
primary production which support elevated biomass at higher trophic levels. In addition
to enhancing local biomass, seamounts may also act as aggregative features, attracting
pelagic species from the surrounding waters. Such characteristics make seamounts
attractive targets for fisheries. However, as these unique habitats are localised and
relatively small, they are vulnerable to overexploitation, which may have detrimental
impact on the wider region. Mapping and quantitative assessments of the fish biomass
at different seamounts are crucial prerequisites to identifying vulnerable seamounts and
will aid toward understanding the dynamics of these important ecosystems and their
vulnerability to fishing pressures. We used fisheries acoustics during two expeditions in
2018 and 2019, to investigate the distribution and abundance of fish and micronekton
on and around five little studied seamounts of Tristan da Cunha, a remote archipelago
in the South Atlantic Ocean. The results confirmed increased productivity at the
seamounts, compared to the surrounding open ocean with higher acoustic backscatter
values, a proxy for biomass, particularly at the shallower (˜200 m depth) seamounts.
Fish largely dominated the backscatter on most of the seamounts especially over the
plateau areas where large densities of prey fish, primarily the mesopelagic Maurolicus
inventionis, were detected. Very large aggregations, thought to consist of bentho-
pelagic fish, were also observed over the slope of McNish Seamount that resulted in
very high biomass estimates. Aggregations of this size and magnitude, have, to our
knowledge, never been mapped or quantified on seamounts, using acoustic methods.
Specific physical processes, such as enhanced retention and vertical mixing that were
identified by an oceanographic model, may be some of the drivers of the enhanced
fish biomass detected at McNish. The characteristics of the seamounts observed in this
work suggest that these habitats are highly suitable for the presence of large predatory
fish that can utilise these areas as their primary habitat or as important foraging grounds.

Keywords: seamount, Tristan da Cunha, Maurolicus, bentho-pelagic fishes, Blue Belt, fisheries acoustics, UK
Overseas Territories, oceanographic modelling
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INTRODUCTION

Seamounts are topographically distinct features that rise from
the seafloor with most being of volcanic origin that are widely
distributed in all ocean basins. The number of seamounts that
have an elevation of more than 1,000 m above the seafloor
was estimated to be between 10,000 and 100,000, a number
that increases considerably if the smaller features are included
(Kitchingman et al., 2007).

Seamounts often support unique ecosystems and have been
recognised as hotspots for pelagic productivity and diversity
in many areas of the world (Morato et al., 2010a). Enhanced
fish densities at seamounts include small mesopelagic fish (e.g.,
pearlside—Maurolicus sp.) (Kalinowski and Linkowski, 1983;
Parin and Kobylianski, 1996), bentho-pelagic species (orange
roughy—Hoplostethus atlanticus, alfonsino—Beryx splendens,
rockfish—Sebastes sp.) (Koslow, 1996; Koslow et al., 2000),
elasmobranchs and large pelagic predators (Morato et al., 2008,
2010b). The seamounts can act as primary habitat for resident
fish populations or as foraging grounds for other species that will
spend only a limited amount of time of their life cycles associated
with the seamount (Morato and Clark, 2007). It has also been
hypothesised that certain highly migratory species such as tuna
can use the seamounts as navigational aids in large movement
patterns (Holland et al., 1999; Klimley et al., 2003; Holland and
Grubbs, 2007).

The increased productivity around seamounts is likely the
result of multiple factors. Firstly, the coupling of topographic
characteristics of the seafloor with local hydrodynamics enhances
local primary productivity: the interaction generates physical
features such as eddies, isopycnal doming, Taylor column/cone,
and internal waves, creating a unique environment, different
from the surrounding open ocean (Owens and Hogg, 1980).
These processes can produce biological responses, for instance
by increasing vertical fluxes of nutrient-rich waters, enhancing
primary productivity, facilitating the retention of nutrients and
planktonic organisms over the seamount with a direct positive
effect on the higher trophic levels such as fish (Comeau et al.,
1995; Goldner and Chapman, 1997; Mohn and Beckmann,
2002; Genin, 2004; White et al., 2007). These processes are
characterised by high spatial and temporal variability, dependent
on the specific topographic characteristics of the seamounts.
Secondly, in other cases, high plankton and fish biomass detected
at the seamounts does not correspond to an increase in the
local primary production (Genin, 2004; Genin and Dower, 2007).
The enhanced secondary production may have an allochthonous
origin, instead. For example, the seamount seafloor can act as a
trap for vertically migrating plankton and micronekton advected
from the surrounding waters that are unable to complete their
descent to deeper waters during the day making them more
visible and vulnerable to fish predation (Genin et al., 1988, Genin,
2004; Fock et al., 2002).

The presence of high densities of fish in these ecosystems
makes them attractive targets to fisheries. Moreover, as these
unique habitats are highly localised and relatively small, they
are vulnerable to overexploitation. Mapping and quantitatively
assessing the (relative) biomass at seamounts is therefore a

crucial prerequisite to understanding the dynamics of these
important ecosystems, identifying their vulnerability to fishing
pressures and their role in the wider ocean systems. Despite
the increasing number of works focused on seamounts, few
seamounts have been studied in detail. Most remain unexplored
primarily due to the remoteness of these areas. It is crucial to
describe and characterise the processes that occur on the un-
studied seamounts to better understand and identify the large
variability of these habitats.

One of the main objectives of the UK Government funded
Blue Belt programme is to provide a better understanding of
these environments and develop efficient marine protection
strategies in the UK Overseas Territories. Tristan da Cunha,
a remote archipelago that consists of four islands located in
the Southern Atlantic, was one of the main areas of interest
to this programme. The EEZ (Exclusive Economic Zone) of
Tristan da Cunha includes several seamounts with very different
topographic characteristics that, to date, have not been studied
in detail. These seamounts are exploited by fisheries, primarily
targeting bluenose warehou (Hyperoglyphe antarctica) and, to
a lesser extent, bluefin tuna (Thunnus maccoyii). Even though
fishing effort has been relatively low, very high catch rates
(catch per unit effort, CPUE) have been recorded, suggesting the
presence of enhanced fish biomass (Bell et al., 2021). In 2020,
the environmental and ecological importance of this area was
recognised by the designation of the entire Tristan da Cunha
EEZ as Marine Protected Area (MPA). Covering an area of
∼700,000 km2, this represents the largest MPA in the Atlantic
Ocean and fourth largest in the world. The results of the work
conducted under the Blue Belt programme helped underpin the
designation of the MPA, and will serve as a baseline that will help
the evaluation and monitoring of the effectiveness of the MPA
in the long term.

In this study we used fisheries acoustic methods and pelagic
trawl sampling to investigate the distribution, (relative) biomass
and diversity of fish and micronekton on and around five
seamounts located in the south of Tristan da Cunha’s EEZ
during two expeditions (in 2018 and 2019) conducted under the
Blue Belt programme. The main objectives of this study were
to (i) investigate whether the seamounts in Tristan da Cunha
support enhanced productivity compared to the surrounding
open ocean, (ii) identify any differences in micronekton and
fish distribution between the surveyed seamounts, (iii) provide
estimates of fish biomass where possible, and (iv) investigate
the physical and biological processes that drive any differences
between seamounts.

MATERIALS AND METHODS

Study Area
Tristan da Cunha is a remote archipelago that consists of four
islands (Tristan da Cunha, Gough Island, Inaccessible Island,
Nightingale Island) located between 37◦ and 41◦S (9–13◦W) in
the South Atlantic and positioned 2,816 km from the nearest
land (South Africa) and 3,360 km from South America. Five
seamounts located within the Tristan da Cunha EEZ were

Frontiers in Marine Science | www.frontiersin.org 2 June 2021 | Volume 8 | Article 663278

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-663278 June 12, 2021 Time: 15:12 # 3

Campanella et al. Seamount Fish Dynamics in the South Atlantic

surveyed during two expeditions, one conducted on the RRS
James Clark Ross (2018) and the second on RRS Discovery
(2019): Crawford and Yakhont in 2018 and RSA, McNish and
an un-named seamount in 2019 (Figure 1). Crawford is made
up of a pair of seamounts (Esk Guyot and Crawford Seamount)
situated in the centre of the Tristan da Cunha EEZ, between the
northern islands and Gough. The shallowest points of Esk and
Crawford are at approximately 250 and 380 m deep, respectively.
Only two small areas of the Crawford complex (east and west
ends), both characterised by plateaus of about 15 km in diameter,
were surveyed in March 2018. McNish is a small dome-shaped
seamount, located 116 km east of Gough Island, which rises to
less than 90 m below the sea surface at its shallowest point.
The plateau is 15 km across in a north-south direction and
12 km across east-west. RSA Seamount, in the far south-east,
is the largest feature in the Tristan da Cunha EEZ at almost
111 km long. Owing largely to its size, this feature remains poorly
mapped, but the plateau is thought to be mostly at 300–350 m
deep with a shallow region with depth <100 m located at the
west side of the seamount. Yakhont is a large, flat-topped feature,
around 426 km south-east of Tristan da Cunha island that rises
to around 270 m deep. The un-named seamount is the smallest of
the seamounts surveyed with a diameter of only 11 km (plateau
diameter∼5 km) rising to a depth of 500–600 m.

Acoustic Sampling and Processing
Acoustic transects were carried out over five seamounts to
gather information on the horizontal and vertical distribution,
abundance and behaviour of fish aggregations and micronekton.
Acoustic data were also collected during the transit between
Tristan da Cunha and the seamounts to obtain information
about fish and micronekton distribution in the open ocean.
In particular, a 100 km transect starting 20 km from Tristan
da Cunha heading south-east, with depths ranging from 3,000
to 4,000 m, was carried out during the 2019 expedition.
Multifrequency acoustic data were collected from the vessel-
mounted Simrad EK60 echosounders (at 18, 38, 70, 120, 200, and
333 kHz). The echosounders were calibrated using a 38.1 mm
tungsten carbide sphere following the standard sphere method
(Demer et al., 2015). The calibration performed on the RRS
Discovery in 2019 highlighted a malfunctioning of the 18 and
38 kHz transducers precluding the use of those frequencies for
quantitative analysis. For this reason, the main frequency used
for the quantitative analysis was 70 kHz (70 kHz was also used
for the 2018 data for consistency). The settings and calibration
parameters of the acoustic equipment used in the two expeditions
are listed in the Supplementary Tables 1,2. The original survey
design for the seamounts consisted of a star-shaped transect
pattern centred at the peak of the seamount (sensu Godø et al.,
2012). This was not consistently achieved across all the seamounts
due to time limitation, topography and size of the seamounts,
rough weather that limited the choice of the ship’s heading, and
location of the net samplings (Figure 1). The acoustic data were
collected primarily during the night with some opportunistic
daytime data also collected.

The acoustic data from the surface to a maximum depth of
600 m (below which the 70 kHz data were affected by absorption)

were cleaned and processed using the software Echoview v10. The
first step involved editing the bottom line and removing noise and
unwanted targets. The area immediately below the transducers
(∼10 m below) was excluded from the analysis because it was
affected by the near-field effect and surface noise (e.g., surface
bubbles). Background noise, pulse noise and attenuated signals
were removed using a series of tools integrated in the Echoview
software. To reduce the stochastic variability, the data were
resampled from the original horizontal (10–20 m depending
on vessel speed) and vertical (0.2 m) sampling resolution to
a lower resolution (20 m H × 2 m V cell) before further
processing steps were applied. The Nautical Area Backscattering
Coefficient (NASC), was exported from the “clean” echograms
and used for further analyses. While NASC is often converted
to a measure of biomass, the required details on the species
composition, size and on the acoustic target strengths (see next
section) were not available for the broader geographic area.
Therefore, NASC, also referred to as backscatter, was considered
a proxy for relative biomass. While several assumptions were
made, including on the homogeneity of the scattering properties
and of the composition of the acoustic targets, other studies
investigating the meso-pelagic fish community have applied
similar methods (Irigoien et al., 2014; Proud et al., 2017). The
horizontal sampling unit used to export the NASC, integrated for
the whole water column (maximum depth: 600 m), was 500 m.
The NASC was exported at 70 kHz using a minimum Sv (Volume
backscattering strength, dB re 1 m−1) threshold value of−65 dB.
This threshold was chosen based on visual inspection of the
echogram and excluded the weak scatterers caused by planktonic
organisms (e.g., copepods, euphausiids). The exported NASC was
mainly associated with fish but it could also have included gas-
filled organisms such as siphonophores. The resulting data on
the horizontal distribution of fish densities (NASC) were then
used for two further analyses: firstly, NASC data for the whole
study area, were used to investigate the potential topographic
drivers affecting fish distribution (“Statistical Analysis” section).
Secondly, for a small area for which good groundtruth data were
available, NASC was converted to relative biomass (“Fish Biomass
Estimation” section).

Statistical Analysis
To investigate the potential effects of the topographic features
of different seamounts on the micronekton and fish distribution,
Generalised Additive Models (GAM) with a gaussian distribution
and identity link function were used (Wood, 2006). Fish
backscatter data (NASC) for the whole study area were used as
the response variable and bottom depth, slope, distance from
the plateau edges and distance from the centre of gravity of
the plateau and location as explanatory variables. A stepwise
forward selection was applied to select the best model based
on the minimisation of Akaike’s Information Criterion (AIC)
and maximisation of deviance explained (Anderson et al.,
1998). To avoid potential overfitting of the smoothing function,
the maximum degrees of freedom (measured as number of
knots k) were limited to k = 5. The explanatory variables
were derived from multibeam data that were collected at the
seamounts during the two expeditions (Morley et al., 2018;
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FIGURE 1 | Overview of study area (left), with detailed maps of the seamounts (right), including acoustic transects and net trawls (see legend), conducted during the
2018 (Yakhont and Crawford seamounts) and 2019 expeditions (McNish, RSA and un-named seamounts, open ocean transect).

Whomersley et al., 2019). Given the differences in backscatter
observed between the shallow and deep seamounts, the modelling
dataset was split into two parts based on the average depth of
the seamounts and two separate models were created: one for the
shallow seamounts (RSA, McNish, Crawford-west, Yakhont) and
one for the deeper seamounts (Un-named, Crawford-East). The
GAM analysis was conducted using the “mgcv” library in the R
statistical software (Wood, 2006).

Fish Biomass Estimation
At two seamounts, McNish and RSA, an attempt was made
to convert acoustic backscatter (NASC) to biomass. These
two seamounts were selected, because of their considerable
importance to commercial fisheries, the high backscatter
encountered, and better coverage achieved during the survey.
A multifrequency analysis (Ballón et al., 2011) confirmed that
the aggregations identified consisted of fish with a swimbladder.
However, the analysis was limited to the top 200 m of the
water column because of the limited observation range of the
higher frequencies (due to sound absorption). The conversion of
acoustic backscatter to biomass, requires a species-specific target
strength (TS) length equation. No in situ Target Strength could be
obtained during the survey, due to the density of the aggregations.
Previous studies suggested the mesopelagic community in the

area was dominated by pearlside (Maurolicus inventionis) a small
swimbladdered fish of the Sternoptychidae family (Kalinowski
and Linkowski, 1983). Therefore, biomass of pearlside was
estimated based on a Target Strength/Length relationship for a
similar species of the same genus, Maurolicus muelleri (Sobradillo
et al., 2019). Bluenose warehou (Hyperoglyphe antarctica), was
selected as the likely species dominating a bentho-pelagic
aggregation observed. It was one of the main targets of local
commercial fisheries and was the focus of recent research
conducted in the area (Laptikhovsky et al., 2020; Bell et al.,
2021). Since no TS-length equation was published for bluenose
and little was known about its morphology, specifically the
presence and type of swimbladder, we calculated two different
biomass estimates based on two separate TS/length equations:
a generalised equation for fish with physoclist swimbladders
(Foote, 1987) and a TS-length equation derived for orange
roughy (Hoplostethus atlanticus) (McClatchie et al., 1999), a deep-
sea species with a regressed swimbladder invested with wax esters
(Phleger and Grigor, 1990) that might be similar to bluenose
swimbladder. A study on stromatoed fish anatomy, which
included bluenose, indicated that a swimbladder is present in
the juvenile stage but that it can regress in the adulthood (Horn,
1975). Further details of parameters used in the calculations are
provided in Table 1.
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FIGURE 2 | Boxplot of the log-transformed Nautical Area Backscattering Coefficient (NASC) calculated over the plateau and slope of the seamounts and at the open
ocean area. Lower and the upper hinges correspond to the first and third quartiles. Dots at the end of the boxplot represent outliers.

Net Sampling
The species composition of the micronekton community
was investigated (qualitatively) using an 8 m2 Rectangular
Midwater Trawl (RMT8, during the 2018 expedition) and a
25 m2 rectangular midwater trawl (RMT25, during the 2019
expedition). Both systems consisted of two nets that are opened
and closed remotely from the ship to sample discrete depth layers
(Roe and Shale, 1979; Piatkowski et al., 1994), with a nominal
mouth opening of 8 and 25 m2, respectively, and with a cod-
end mesh of 5 mm. The nets were monitored and controlled
in real-time using a custom-built net monitoring system which
also logged depth. All nets were deployed at night to minimise
potential avoidance by the mobile micronekton, in particular
fish, and to take advantage of the shallower distribution of the
vertically migrating organisms that, at night, are generally more
concentrated in surface layers. Tows were undertaken to (i)
target acoustically detected aggregations and (ii) sample discrete
depth layers, typically 0–200 and 200–400, although some
deeper deployments were undertaken with the RMT25 in 2019
(Supplementary Table 3) to characterise oceanic and seamount
micro-nekton communities. Nets were towed obliquely at 2.5–
3 knots for 30–60 min in each depth horizon, with a protected
cod-end fitted to keep captured animals in good condition. Once
back onboard, the catches from each cod-end were collected in
separate buckets to ensure catches from the different depth bands
remained separate. The catches were then sorted and individuals
identified to the lowest taxonomic level possible, enumerated,
measured (only fish species), weighed and photographed before

being preserved. Due to the absence of motion compensated
scales during the 2018 cruise, total catch and species composition
were recorded in volume rather than weight. While the ability
of different species (and life stages) to avoid the trawl varies and
will have affected catch composition, conducting the trawls at
night was thought to have reduced this effect (Collins et al., 2008,
2012) and, in the absence of detailed knowledge of the avoidance
behaviour, we assumed the catch composition was representative
of the acoustically observed micronekton. We point out that
the catch composition was only used to provide qualitative
information about the species composition of the acoustically
observed backscatter.

Hydrodynamic Modelling
The hydrographic characteristics of two seamounts, McNish
and RSA, were investigated to enable a qualitative comparison
between the physical processes and the biological characteristics
observed over these two topographically different seamounts.
A high-resolution oceanographic model of the Tristan da Cunha
region provided the physical context. The regional ocean model
is an implementation of the Nucleus for European Modelling
of the Ocean (NEMO) modelling framework (Young et al., in
prep). The model domain extended from 24 to 0◦W, and from
45 to 31◦S, with a horizontal resolution of 1/30◦ longitude by
1/40◦ latitude (∼2.75 km), and with 75 levels in the vertical
arranged on a partial-step z-coordinate. This configuration
allowed good representation of the complex regional bathymetry
whilst capturing large-scale features of the wider oceanic
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circulation. Surface atmospheric forcing was derived from the
DFS5.2 reanalysis (Dussin et al., 2016). At the open boundaries,
tides were imposed using the Oregon State University global
ocean tide model, TPXO7.2 (Egbert and Erofeeva, 2002). Three-
dimensional temperature and salinity, barotropic flux and sea
surface height at the open boundaries were derived from a
global 1/12◦ implementation of NEMO, provided by the National
Oceanography Centre, Southampton, United Kingdom. The
oceanographic model has been verified by comparing outputs
with a combination of historic in situ (conductivity, temperature,
depth) and satellite-derived (sea surface temperature) data
and was found to provide good representation of observed
oceanographic properties in the region (Young et al., in prep).
The model was used as an explanatory tool to explore potential
physical mechanisms that could provide the underlying physical
conditions for enhanced productivity at seamounts in the region.
Analyses were concentrated on two seamounts with the most
comprehensive survey coverage: McNish and RSA. Existing
model outputs for the period 2000–2009 were analysed, focussing
on model outputs for the Austral autumn 2006, when the ATL3
index for Atlantic Niño was comparable to that during the 2019
expedition to McNish and RSA seamounts. Although model
outputs were not available for the period of the observations, the
time period chosen had the same large-scale forcing conditions
as the observational period, and results are interpreted in this
context. Mean horizontal and vertical velocities for 2000–2009 at
10 and 200 m depth were calculated to visualise the dominant
circulation patterns around McNish and RSA seamounts. To
examine the oceanography at McNish seamount in more detail,
cross-sections of 5-day mean oceanographic properties (potential
temperature, salinity, density, horizontal and vertical velocities)
were extracted along 40◦8"S, and 8◦36"W.

The possible effect of the circulation on local retention of biota
at McNish Seamount was investigated using Lagrangian particle
tracking. Passive particles were released every 5 days for 1 year
(2000) at all model grid cells with depth <500 m. At each release
event, 50 particles per grid cell were released at a depth of 10
m with subsequent advection in the 3D velocity fields simulated
using a 2nd order Runge-Kutta scheme. Particle movements
were restricted to the upper 200 m to capture the main depth
range of the micronekton and mesopelagic fish communities, and
their positions were tracked for 180 days. Local retention was
represented by the e-folding time (time taken for the number of
particles within the 500 m isobath to reduce to 1/e of the original
number), with particles considered to have left the seamount if
they did not return within 5 days. E-folding times were calculated
for each 5-day release to resolve temporal variability in retention.

RESULTS

General Patterns and Topographic
Drivers of SSL at and Around Five
Seamounts
The average acoustic backscatter detected in the top 600 m
of the water column was significantly higher at the seamounts
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FIGURE 3 | Maps of the Nautical Area Backscattering Coefficient (NASC) at 70 kHz for all the Tristan da Cunha seamounts. An example echogram (Sv, volume
backscattering strength) representing one full transect of the corresponding seamount, is shown at the bottom of each panel. The vertical and horizontal black lines
on the echograms are 2.5 nautical miles and 250 m spaced, respectively.

compared to the open ocean area (Figure 2). All the seamounts,
except for Crawford East and un-named, were characterised by
the presence of a strong Sound Scattering Layer (SSL) with similar
characteristics across the seamounts (examples of echograms are
shown in Figure 3). The SSL was mainly concentrated over the
summit of the seamounts, occupying almost the entire water
column with decreasing density and height at the seamount’s
flanks. McNish and Yakhont had the highest average backscatter,
followed by Crawford-West and RSA (Figures 3, 4). These
seamounts were characterised by relatively shallow summit
depths of less than 400 m with McNish being the shallowest
(∼150 m). These seamounts also showed higher backscatter
on the plateau compared to the slope area (Figure 5). The
deeper seamounts (Un-named and Crawford East, summit depth
∼500 m) were characterised by very low levels of backscatter and
a very weak SSL (Figures 3, 4) with no clear differences between
plateau and slope (Figure 5).

GAM models for both the shallow and deep seamount datasets
selected the same explanatory variables:

NASC
(
70kHz

)
− s

(
slope

)
+s

(
distance_to_plateau

)
+location,

where “s” are the smoothing terms, “slope” is the seabed slope
in degrees and “distance_to_plateau” is the distance from the
plateau edge (in metres). The variable seabed depth was not
included in the models because it was highly collinear with
“distance_to_plateau.” The location was used as a categorical
variable to account for the variability between the different
seamounts. The deviance explained for the shallow and deep
seamount models were 35 and 14.5%, respectively. The results
highlighted the importance of the distance from the plateau on
the distribution of the backscatter, which was the covariate that
explained most of the variation in the shallow seamount model.
The areas over the plateaus positively affected the backscatter
density at the shallow seamounts, while increasing distances away
from the plateau had a negative effect (Figure 6). In addition,
the model indicated the positive effect of both low and high
values of slope, which correspond to the plateau and the steep
seamount flanks, respectively. The deep seamount model showed
opposite patterns with a positive effect on the backscatter density
of increasing distances from the plateau and low values of slope.

Even though the acoustic surveys were conducted during the
night, some opportunistic data were collected during the day and
the crepuscular period. These data highlighted the presence of a
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FIGURE 4 | Boxplot of the log-transformed Nautical Area Backscattering
Coefficient (NASC), a proxy for biomass, calculated for the area above each of
the seamounts and for the open ocean area. Lower and upper hinges
correspond to the first and third quartiles. Dots at the end of the boxplot
represent outliers.

strong Diel Vertical Migration (DVM) of the SSL that occurred at
dawn and dusk. At sunrise the SSL became denser and moved to
deeper waters forming a strong and homogeneous layer close to

the seafloor (Figure 7). The inverse migration occurred at sunset
where the SSL moved vertically to the upper water column and
maintained that behaviour throughout the night. The night and
crepuscular data were mainly collected at the McNish seamount.

Biomass Estimation at McNish and RSA
The catches of the RMT25 and RMT8 pelagic nets performed
over the summit of these seamounts (below), confirmed our
assumption that the main component of the SSL to be
pearlside (Maurolicus inventionis), although small numbers of
siphonophores and several species of euphausiids were also
caught. Because the acoustic contribution of the other organisms
was not known we converted the backscatter of the SSL at
McNish and RSA into biomass based on pearlside TS equations.
The pearlside density for McNish (mean length estimated from
net samples: 4.2 cm) was estimated to be 127.4 fish/m2 for the
plateau area and 23.07 fish/m2 for the slope area resulting in a
total biomass of 113,503 tonnes on the slope and plateau of the
seamount (area: 407 km2). The pearlside density for RSA (using
a mean length of 3.7 cm based on net samples) was estimated
to be 154.7 fish/m2 for the plateau area and 2.3 fish/m2 for the
slope area resulting in a total biomass of 29,952 tonnes (area:
784 km2) (Table 1).

A large and very dense discrete aggregation, which was not
part of the SSL, was also detected on McNish (Figure 8). This
aggregation was distributed over the slope of the seamount near
the seafloor at depths ranging approximately from 200 to 500 m.

FIGURE 5 | Boxplot of the log-transformed Nautical Area Backscattering Coefficient (NASC) calculated at the plateau and slope for each of the seamounts. Lower
and the upper hinges correspond to the first and third quartiles. Dots at the end of the boxplot represent outliers.
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FIGURE 6 | Smooths of generalised additive model terms showing the effect of slope (degrees) and distance from the plateau edges (metre; the negative values are
distances from the edges of the plateau to the centre of the seamount and the positive values are distances from the edges of the plateau going toward the open
ocean) on the backscattering at 70 kHz for the shallow seamounts (McNish, RSA, Yakhont, Crawford West; (A) and the deeper seamounts (un-named, Crawford
east; (B). The solid lines are the estimates of the smooths, the thick marks on the x-axis are observed datapoints and the shaded regions indicate 95% confidence
bounds.

It was detected on every pass performed over the seamount with
the highest density and size detected at the south-west side of the
seamount where it reached a length of about 4 km and a height
of 200 m. No net deployment could be conducted due to risks of
damaging the gear on the slope and the species composition of the
school could therefore not be validated. However, based on the
high backscattering strength, the morphology that characterised
the aggregation and the outcome of the multifrequency analysis
(limited to the shallower part of the aggregation), we attributed
the aggregation to fish with swimbladders. The aggregation
could be ascribed to different bentho-pelagic fish species that
are known to inhabit seamounts in this area such as alfonsino
(Beryx splendens), rockfish (Sebastes sp.), jacopever (Helicolenus

mouchezi) and bluenose warehou (Hyperoglyphe antarctica).
As mentioned previously, we considered it was most likely
a bluenose warehou spawning or feeding aggregation. In the
absence of a dedicated TS equation for this species and limited
information on the morphology of the swimbladder, we used
two existing but contrasting equations, to estimate the minimum
and maximum biomass. Using a conservative physoclist fish
target strength equation, the acoustic backscatter of the total
aggregation was estimated to represent a biomass of 548,851
tonnes with a density of 0.5 fish/m2. The biologically more
comparable target strength equation of the orange roughy,
suggested a biomass of 3,307,159 tonnes with a density of 3
fish/m2. For both estimates we used a mean bluenose length
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FIGURE 7 | Sv (volume backscattering strength) echograms at 70 kHz of two adjacent transects conducted at night (top) and day (bottom) at the McNish seamount.

of 84 cm (range 57–124 cm) and mean weight of 9.4 kg that
were derived from fisheries observer data collected at McNish
in March-April 2018 (Bell et al., 2021). Other discrete, but
considerably smaller, schools were also detected on Yakhont at
a similar depth range to that observed at McNish.

Micronekton and Fish Community
Eighteen net hauls were undertaken to target acoustically
detected aggregations over the seamounts (Supplementary
Table 3) and of these, fourteen were dominated by catches
of Maurolicus inventionis (pearlside) (37–90% of the catch).
The only target hauls that did not catch pearlside were those
targeting layers in the upper 100 m, which had catches dominated
by siphonophores and salps (Supplementary Table 3). Over
Yakhont Seamount (2018) two size modes of pearlsides (25–
28 mm and 44–46 mm SL) were caught, with both modes only
found in deeper layers (∼200 M), but only the smaller mode
caught during shallower (<150 m) deployments. Twenty-eight
non-target, depth stratified RMT deployments were undertaken
in the vicinity of the seamounts and in open ocean in the Tristan
EEZ. Of these only the nets that fished over the seamount plateaus
or very close (Net 21-2 near Yakhont) to the seamounts caught
substantial numbers of pearlsides (Supplementary Table 3). The
small numbers of fish caught in nets on the slope (Supplementary
Table 3) may have been stuck in the net, undetected when
large catches were taken over the seamounts. Of the RMT nets
that fished open ocean areas, only one caught pearlsides and
that was near RSA Seamount. Across all deployments, pearlside
was caught primarily between 100 and 400 m depths with
size ranging from 19 to 66 mm. Away from the seamounts,
the mesopelagic fish fauna was much more diverse, with
the genera Cyclothone, Diaphus, Lampanyctus, Argyropelecus,
Protomyctophum, Bathylagus and Ceratoscopelus well represented
in catches. Siphonophores were another important group present
in almost all stations, with higher densities caught especially in
shallow waters (10–100 m). Similar to the catches from open
oceanic waters, catches over the seamount slopes showed high
variability within seamounts and stations.

Hydrodynamics
The 10-year mean horizontal velocities revealed a tendency for
anticyclonic flows around McNish Seamount, with strongest
flows on the south and east flanks (Figure 9A). These were
particularly clear in the flows at 10 m depth, but were also
evident at 200 m, albeit weaker (not shown). Associated with the
anticyclonic circulation were enhanced vertical velocities, with
upwelling in the centre of the seamount, and downwelling on the
southeast and northwest flanks (Figure 9C). The simulated mean
circulation patterns thus suggested a tendency for local retention
on the seamount through the convergent nature of anticyclonic
flows, and the potential for increased local productivity through
vertical mixing of nutrients associated with enhanced vertical
velocities. By comparison, the 10-year mean flows at RSA
seamount showed a weak anticyclonic circulation at 10 m
depth, centred over the shallower western part of the seamount
(Figure 9B). At 200 m, an additional weak anticyclonic flow was
centred over the eastern part of the seamount (not shown). Whilst
the model suggested enhanced vertical velocities over the RSA
seamount relative to the surrounding open ocean (Figure 9D),
they were weaker than those at McNish seamount. Thus, whilst
the mean flow fields suggested an increase in productivity at RSA
Seamount relative to the open ocean, and some local retention,
the patterns were weaker than at McNish Seamount.

A more detailed picture of the oceanography around McNish
Seamount was provided in cross-sections of 5-day mean
oceanographic properties (Figure 10). Considering a west-east
section along 40◦8"S for the 5-day period 31st January to 4th
February 2006, and focussing on the upper 300 m, the isotherms,
isohalines and isopycnals were inclined downward toward the
flanks of the seamount below ∼70 m, with an upward doming
above the seamount itself (Figures 10A–C). The associated
horizontal flows (Figure 10D) were strongest at a depth of ∼50
m, and were southward (northward) on the west (east) side of
the seamount. A north-south section across the seamount for
the same time period showed westward (eastward) flows on the
north (south) side of the seamount (not shown); such flows are
consistent with an anticyclonic circulation around the seamount,
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FIGURE 8 | Presumed bluenose warehou (Hyperoglyphe antarctica) aggregation at McNish seamount visualised in two ways: (A) Interpolated map of NASC of the
bluenose aggregation at McNish. (B) 70 kHz Sv (volume backscattering strength) echogram curtain of the bluenose aggregation overlaid on the 3D McNish elevation.

FIGURE 9 | Simulated 10-year mean horizontal velocities (A,B) and vertical velocities (C,D) at 10 m depth from the regional oceanographic model: McNish
seamount (A,C), RSA seamount (B,D). Vectors in (A,B) indicate the direction of flow [every 2nd flow vector shown in (B)], and shading represents current speed.

Frontiers in Marine Science | www.frontiersin.org 11 June 2021 | Volume 8 | Article 663278

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-663278 June 12, 2021 Time: 15:12 # 12

Campanella et al. Seamount Fish Dynamics in the South Atlantic

in accord with the mean circulation pattern described earlier.
However, detailed examination of the 5-day mean fields for
2000–2009 suggested that, although the anticyclonic circulation
was a frequent occurrence, it is not a persistent feature. There
may therefore be temporal variability in any associated local
productivity and retention.

The effect of the localised circulation patterns on time scales of
retention of marine biota at McNish Seamount was illustrated by
calculating the e-folding time for passive particles released above
the seamount in the model. By simulating particle releases for a
year of oceanographic model output, the potential impact of the
predicted anticyclonic circulation features on local retention was
shown within a wider temporal context. Simulations of particles
released at 5-day intervals for a year (2000) suggested a mean
e-folding time of 17 days, albeit with considerable temporal
variability (ranging from 1 to 37 days). Such temporal variability
likely introduces variability in the retention of passive marine
biota. However, the long mean e-folding time suggests that
the local oceanography associated with McNish Seamount is
able to support enhanced productivity, and potentially to allow
marine biota such as fish larvae sufficient time to develop active
behaviour that would enable them to maintain their position
at the seamount.

DISCUSSION

The results of this study provide a first insight into the Sound
Scattering Layers around several little-known seamounts of
Tristan da Cunha in the south Atlantic Ocean. They confirm
previous observations from other areas, that these relatively small
structures have a significant role in supporting high quantities of
fish, and other organisms, at different trophic levels, compared
to the surrounding waters. Only shallow seamounts, with plateau
depths of less than 400 m below the surface, exhibited this
increased production (Genin and Dower, 2007) in contrast to the
two deeper seamounts. In general, the plateau areas supported
higher biomass (backscatter) than the slope.

McNish exhibited some of the highest biomass (backscatter)
in the area and modelling outputs, presented in this study,
suggested that this might be linked to a specific hydrographic
regime. Frequent anticyclonic flows, with isopycnal doming
and enhanced vertical velocities, may positively affect retention
and vertical mixing of nutrients, which propagate to the
higher trophic levels. McNish’s regular shape and homogenous
topography are likely contributors to this process, as the
hydrographic patterns at RSA, a larger seamount characterised
by a more complex topography, were much weaker and
more variable. However, variability was also predicted in the
hydrodynamic processes at McNish that adversely influenced the
long-term persistence of these features. The processes linking
the increased productivity and hydrodynamics, even though
possible and detected over some seamounts (Genin and Boehlert,
1985; Dower et al., 1992), are difficult to quantify without
extensive measurements.

All seamounts, except the deeper un-named and Crawford
(east side), featured layers of strong backscatter. The acoustic

properties and the catch composition of the targeted trawl
hauls, suggested these consisted of micronekton, dominated by
pearlsides (Maurolicus inventionis). Small mesopelagic fish of the
genus Maurolicus are abundant in all oceans (Kalinowski and
Linkowski, 1983; Boehlert et al., 1994; Sassa et al., 2002; Wilson
and Boehlert, 2004), and M. inventionis (Parin and Kobylianski,
1996) is endemic to the southern Atlantic, notably around the
Discovery seamounts. Pearlsides are considered “pseuodoceanic”
(sensu Hulley and Lutkeharms, 1989), and prefer continental
shelf-slope breaks to open ocean habitats. This matches the
results from this study where they were not observed away
from the seamount plateaus and flanks and suggests they were
part of a seamount mesopelagic boundary community (Reid
et al., 1991; Benoit-bird et al., 2001). The absence of other
mesopelagic species over the seamounts may be due to the
shallow depths (<250 m) of the plateaus, which prevented lateral
advection of diel migrating micronekton from the surrounding
mesopelagic zones.

The results of this study could not confirm whether the
pearlsides observed at the seamounts were part of resident
seamount populations or whether they were reliant on periodic
replenishment through advection of eggs, larvae and juveniles
from larger populations elsewhere. Most of the pearlside sampled
over the Tristan da Cunha seamounts during this study
and previously (Linkowski, 1983) were juveniles and sexually
immature specimens. The absence of adults could suggest that
the juveniles were advected from a different location and were
not spawned locally. However, it cannot be excluded that adults
were present but were not caught by the trawl because they
occupied a different habitat on the seamount (e.g., close to the
seafloor) or avoided the RMT nets. In addition, biological data
were only collected during the limited temporal window of the
survey and may have missed the spawning period. For these
reasons, the presence of a self-recruiting resident populations
cannot be excluded. Pearlside would benefit from the enhanced
productivity of the seamounts and the specific hydrographic
regimes, such as the ones simulated at McNish, that could
favour retention of eggs and larvae at the seamounts. Seasonal
information about length, age and maturity of pearlside and
an analysis of the connectivity between seamounts and other
potential sources of recruitment is needed to confirm the role of
these seamounts in this species’ ecology.

Another notable observation, which further confirmed the
unique properties of McNish Seamount and its likely important
ecological role in the area, was the presence of a large acoustic
aggregation on its slopes, locally as large as 200 m tall and
4 km long. We were unable to confirm the identity of the
taxa contributing to this aggregation, but we have presented
evidence that it most likely consisted of bentho-pelagic fish with
candidate species including bluenose warehou, alfonsino (Beryx
spp.) and rockfish (Sebastes spp.), all of which have been caught
commercially in the vicinity of the Tristan seamounts (Marecol,
2017) and were sampled during longline surveys close to the
timing of the survey (Laptikhovsky et al., 2020). In recent years,
the principal commercially caught species was bluenose warehou,
known to form large feeding and spawning aggregations at
seamounts, including on McNish. It is a long-lived, slow-growing
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FIGURE 10 | Cross-section of 5-day mean (31/1/2006–4/2/2006) ocean properties along 40◦8"S from the regional oceanographic model: (A) potential temperature
(◦C), (B) salinity, (C) potential density (σ, kg m−3), (D) horizontal current (m s−1). Positive (negative) horizontal currents are northward (southward). Model grid cells
below the seabed are shaded white.

fish that is widely distributed in the southern oceans although
little is known about its ecology in the southern Atlantic Ocean.

On the basis that there is a high probability that the
aggregation consisted of bluenose, we attempted to estimate
the biomass from the acoustic data using two different Target
Strength (TS) equations, in the absence of a dedicated bluenose
TS value. The resulting density and biomass estimates ranged
from 0.5 to 3 fish/m2 and 548,851 to 3,307,159 tonnes,
respectively, representing fish with well-developed swim-bladder

vs. those with a regressed swimbladder. Both scenarios were
explored as the size and physiology of a swimbladder is the most
significant variable affecting the TS (Simmonds and Maclennan,
2005) and no detailed information on bluenose swimbladders was
available. For context, we point out that if fish species without
a swimbladder were present in the aggregation, the resulting
biomass estimate would be higher than the (conservative) value
provided. Also, if the aggregation consisted (partly) of other
bentho-pelagic species like alfonsino (Beryx spp.) or rockfish
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(Sebastes spp.), the same physoclist swimbladder target strength
equations would have been applied. Regardless of the taxa
concerned (and swim-bladder form), this study presents evidence
of significant bentho-pelagic fish biomass at McNish. If the
aggregation is bluenose, our data suggest that the stock size of this
species at McNish could be very high compared to other bluenose
stocks for which stock assessments have been produced (Cordue
and Pomaréde, 2012; Williams et al., 2016). However, given the
aforementioned uncertainties and the resulting large variability
in the estimates, the results on the biomass of presumed bluenose
reported in this paper are only preliminary and should not be
used, in isolation, for any management decisions such as the
status and size of bluenose warehou stock.

It is unclear if the population of bluenose at McNish is self-
recruiting at the seamount or if it receives external fluxes of eggs
and larvae. The specific hydrodynamic conditions at McNish that
seem to allow a relatively persistent retention, could facilitate self-
recruitment at the seamount in different ways. Firstly, a portion
of the planktonic eggs and larvae produced at the seamount could
be retained. Accumulation of larval stages has been observed
on other seamounts characterised by persistent hydrographic
features (Mullineaux and Mills, 1997; Dower and Ian Perry,
2001). Secondly, the hydrographic conditions may also act to
create an optimal habitat for bluenose juveniles with flotsam
and drift algae, known to provide suitable habitat conditions
for its early pelagic life stages (Blackwell and Gilbert, 2003),
accumulating over the seamounts and juvenile bluenose prey,
such as salps and pyrosomes, advecting by prevailing currents
(Laptikhovsky et al., 2020).

The results of this study suggested the presence of potentially
high densities of bentho-pelagic fish, which matched reported
spawning behaviour of bluenose warehou (as well as several other
species). If that is the case, it would mean that McNish could act as
the main hub for these bentho-pelagic species by providing fluxes
of eggs and larvae to replenish the other seamounts in the area.
Similar to pearlside, we cannot confirm this hypothesis without
a thorough analysis of the connectivity between seamounts.
Moreover, since the coverage of our surveys was spatially and
temporally limited, especially over the larger seamounts such as
RSA, we could not confirm if other large aggregations, such as
the one observed at McNish, were present at other seamounts.
Other factors, such as larval stage duration, larval swimming
ability and spatio-temporal patterns of the spawning activity
would need to be investigated as they may largely contribute to
the self-recruitment success (Sponaugle et al., 2002).

This study implies the presence of high mesopelagic and
bentho-pelagic biomass at McNish Seamount, and would support
the important role of seamounts in betho-pelagic coupling. The
mesopelagic community, including pearlsides, transfer energy
from the productive pelagic zone to the benthic zone by diel
vertical migration (DVM) (Trueman et al., 2014). Mesopelagic
fish such as pearlside, inhabit shallower waters at dusk and during
the night (Staby et al., 2011) to feed on plankton and descend
to the seabed where they reside during the day and are predated
on by benthic and bentho-pelagic predators. The limited daytime
acoustic observations at the seamounts confirmed that the
pelagic pearlside scattering layers observed at night, descended

tight to the seafloor where they were visible on the echogram
as a dense layer.

The diet of bluenose from these seamounts (McNish, RSA
and Yakhont) is known to include pearlside (Laptikhovsky
et al., 2020), especially over McNish where it constituted more
than 60% of the total diet, confirming the important trophic
interactions between benthopelagic and pelagic environments.
High pearlside densities, estimated to range from 78.6 to 95 g/m2,
were similar to previous estimates (Kalinowski and Linkowski,
1983). The highest estimates were recorded over the flanks at
McNish (compared to RSA), which might explain the higher
importance of pearlside in the bluenose diet at McNish compared
to other seamounts. The large bentho-pelagic fish aggregation
was mainly located over the slope of the seamount, likely because
of a higher availability of migrating prey. The higher backscatter
values of both aggregations were located on the western flanks
of the seamount, which, according to the oceanographic model,
were generally characterised by weaker currents. It is possible
that pearlside occupied these calmer habitats during non-feeding
intervals to preserve energy (feed-rest hypothesis; Genin, 2004),
and bluenose would target these high concentrations of prey. It
is unclear whether the quantity of meso-pelagic prey at McNish
would be able to support such a potentially high benthopelagic
fish biomass, particularly for a prolonged period. For this reason,
another hypothesis that could explain the presence of the large
amount of fish at McNish is migration. Tagging studies on
bluenose carried out in New Zealand have shown that adults
can travel up to 490 km along the continental margin (Horn,
2003). Considering that the period of the survey (March–
April) overlaps with the spawning season reported in the South
Atlantic (Piotrovsky, 1994), bluenose might have migrated from
the nearby seamounts and islands to McNish to spawn. Even
though bluenose spawning migration has not been observed,
this hypothesis cannot be excluded and more work is needed to
investigate this further.

To our knowledge, this work represents the first scientific
study combining fisheries acoustic methods, qualitative trawls
and hydrodynamic modelling to explore the ecological role
of the seamount ecosystems around the Tristan da Cunha
archipelago. Despite several caveats, discussed in this study, the
multi-disciplinary approach enabled us to describe patterns in
the micronekton dynamics, analyse the influence of seamount
topographic features on these observations and interpret them
in context of the ecology of the region. This study contributes
toward a better understanding of the relative importance of
the newly established MPA, its role in the wider region
and, more broadly, to the general understanding of the role
of seamount systems in the open oceans. The suggested
observations of enhanced (mesopelagic and benthopelagic) fish
biomass detected near seamounts (compared to the surrounding
ocean) corroborated the role of seamounts as ecological “oasis”
(sensu McClain, 2007). As this enhanced productivity was
only observed over specific seamounts, possibly as a result of
complex interactions between topography, hydrodynamics and
environmental factors, it further highlighted the heterogeneity
of these habitats with differing ecological roles. More scientific
efforts are needed to disentangle the complex interactions
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operating at seamounts by expanding the research focus to other
components of the ecosystems such as planktonic and benthic
organisms and a more comprehensive analysis on the physical
forcing. Although further questions remain about the large
bentho-pelagic aggregation on McNish, including on the species
composition, this study has helped identify priority areas for
future monitoring surveys which will be important to underpin
sustainable management.
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