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ARTICLE INFO ABSTRACT

Keywords: Abyssal and hadal macroinfaunal communities (>300 pm) were studied across a longitudinal geographic transect
Macrobenthos in the Southeast Pacific region (71°- 109°W). Composition, structure, and distribution were analyzed in relation
Seamounts to the seafloor organic content associated with surface productivity. Sediment samples were collected at each
Organic content dv si ith Iti - ioh £ . 1di . iated

Copepoda study site with a multicore containing eight cores of 7.5 cm internal diameter, covering associated seamounts,
Polychaeta oceanic islands, and trench environments. Faunal composition was dominated by Crustacea, Mollusca, and
Abyssal Annelida, with Crustacea as the most diverse. Polychaeta and Copepoda were always the most common and

Hadal abundant in all sites recording a relative abundance of 38% and 33%, respectively. Vertical distribution showed
that 73% of fauna inhabit the first centimeter of sediment. The number of individuals was low and mean density
per site was 710 ind. m~2, however the high number of species recorded only once would indicate a high di-
versity of species in the study zone. Ecological indices showed higher values in eutrophic and mesotrophic areas
coinciding with the record of the highest concentrations of parameters related to sediment organic content.
Differences between habitats were observed, recording higher abundance and diversity on Trench and Seamount
sites from eutrophic and mesotrophic zones, while lower values of these descriptors on Seamount and Oceanic
Island sites associated with less productive zones. Statistical analysis and correlations showed that Chloroplast
Pigment Equivalent and Chlorophyll-a may explain the observed patterns for the benthic community. The
macroinfaunal communities described are typical of abyssal and hadal sediment environments and they appear
to respond to organic inputs according to recorded spatial distribution patterns.

1. Introduction

The deep sea is considered one of the most extensive and remote
ecosystems in the planet hosting 85% of the Earth surface (Harris et al.,
2014). A large part of the seafloor is composed of soft sediments, how-
ever the study of this ecosystem has been a demanding challenge and
historically it was thought to be azoic (Anderson and Rice, 2006).
Currently, this assumption has changed by many subsequent in-
vestigations recording higher levels of benthic species richness than in
the past at small spatial scales (Heip et al., 1985; Grassle and Maciolek,
1992) and highlighting the importance of deep-sea sediment ecosys-
tems. Deep sea sediment ecosystems host a wide variety of organisms
and habitats, and they are key in the provision of important services and
goods (Thurber et al., 2013). The study of deep macrobenthic
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communities remains a pending topic due to limited knowledge about
the deep ocean. However, Rex et al. (2006) described a global pattern
where abundance and biomass decrease with depth. Additionally, these
communities are generally dominated by typical taxa such as poly-
chaetes, crustaceans, bivalves, nematodes, and sipunculans (Brandt
et al., 2019; Nomaki et al., 2021a,b).

According to Smith et al. (2008) the main energy source in the deep
sea comes from the surface by means of vertical fluxes of particulate
organic carbon (POC). POC fluxes decrease with depth, and at three
thousand meters depth just 1% of total surface primary production is
estimated to reach the seabed (Poulton et al., 2006). Lampitt (1985) and
Billett et al. (2010) have also observed that seasonal pulses determine
large concentrations of phytodetritus reaching the abyssal seafloor.
These food inputs may determine different responses on deep-sea
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benthic biota, observing important shifts in composition, standing stock
and function (Billett et al., 2010; Nomaki et al., 2021b; Gaurisas et al.,
2025). This confirms that surface energy supply dynamics are key for
deep benthic communities (Smith et al., 2008; Fernandez-Urruzola
et al., 2021).

Surface productivity and POC fluxes have been linked to the distri-
bution of macrobenthic communities in the deep sea (Glover et al.,
2002; Smith et al., 2008; Wei et al., 2010; Nomaki et al., 2021a,b).
Several authors have found that an increase in these factors would
explain increases in density, biomass, and composition of the macro-
infauna (Levin et al., 2001; Smith et al., 2008; Wei and Rowe, 2019;
Washburn et al., 2021). These findings are particularly important in the
Southeast Pacific where an extreme productivity gradient has been
recorded (0.017 mg m~> to 10 mg m~> chlorophyll-a) between the
continent and the basin center (Von Dassow and Collado-Fabbri, 2014;
Espinosa-Leal et al., 2021) associated with the presence of several sea-
mounts. However, it has also been seen that productivity regimes in
other seamount areas do not always lead to high abundances on mac-
robenthic communities (Bongiorni et al., 2013). For example, studies
carried out on Condor seamount (NE Atlantic) showed macrofaunal
diversity does not always reflect that seamounts slope and rise are more
biodiverse than the surrounding seafloor areas (Rowden et al., 2010.
The macrofauna community on the Condor summit recorded high
abundance and dominance but low biodiversity, while low dominance
and high biodiversity at the flank (Bongiorni et al., 2013).

Seamounts are marine elevations higher than one hundred meters
that do not reach the ocean surface (Staudigel and Clague, 2010; Yesson
et al., 2011). Studies estimate the total number of seamounts in the
oceans to be between 35,000 and 150,000, and half of these would be in
the Pacific Ocean (Kim and Wessel, 2011; Yesson et al., 2011).

Seamounts exhibit a complex oceanography; the interactions be-
tween currents and bathymetry cause several processes that determine
the increase of local productivity, explaining in some cases the aggre-
gations of pelagic and benthic species (Morato et al., 2010; Rogers,
2018), a phenomenon known as “the seamount effect” (Djurhuus
et al., 2017; Fredericket al. 2018).

Several investigations consider seamounts as “hotspots” of produc-
tivity, diversity, and endemism (Koslow et al., 2001; Clark et al., 2010).
Due to their varied topography (summit, terrace, flanks, and base)
combined with soft and hard substrates, habitat heterogeneity allows
the development of highly diverse benthic communities (Henry et al.,
2014; De la Torriente et al., 2019; 2020). However, there is still
limited knowledge about their biology and ecology because only about
4% of all seamounts have been scientifically surveyed (Kvile et al.,
2014). This lack of information questions the main paradigms (e.g.,
endemism, productivity) related to seamounts (Rowden et al., 2010).

This lack of knowledge is even more clear in the Southeast Pacific
(SEP), where the few studies on benthic communities have focused on
bathyal epifauna (Parin and Mironov, 1997; Mecho et al., 2021; Tapia
et al., 2021). In the SEP there are two main seamount chains: Nazca
and Salas y Gomez. These two chains are composed of over 110 sea-
mounts formed from the Easter “hotspot” and measure approximately
2900 km. These seamount chains stand out for presenting high pro-
ductivity and biological diversity (pelagic and benthic) as well as
prominent levels of endemism (Parin and Mironov, 1997; Mironov et al.,
2006; Galvez-Larach, 2009; Friedlander et al., 2021; Wagner et al.,
2021). Nevertheless, the exploration of these seamounts is limited and
just 3% has been scientifically studied (Wagner et al., 2021); therefore,
the SEP is still one of the least explored areas in the world.

The Salas y Gémez and Nazca seamount chains were declared as
Ecologically and Biologically Significant Areas (EBSA) in 2014 (CBD,
2014). This confirms that these ecosystems are key zones for func-
tioning of the global ocean. Several initiatives from the Chilean gov-
ernment have promoted the conservation of these seamounts and their
waters, establishing the Motu Motiro Hiva (in 2010) and
Nazca-Desventuradas (in 2016) Marine Parks in the areas of Salas y
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Gomez and Nazca, respectively. The need for biological knowledge of
benthic communities on these seamount chains is urgent considering
that many of these seamounts are in international waters where
important anthropogenic pressures and activities take place.

At present in this area, except for only one study on meiobenthic
communities (Horacek et al., 2022), there is no biological-ecological
information on the seamount bases or adjacent abyssal plains. Because
most research efforts have focused on the study of mesophotic com-
munities at less than five hundred meters depth (Mecho et al., 2021;
Tapia-Guerra et al., 2021), studies below one thousand meters are very
scarce (Parin and Mironov, 1997; Friedlander et al., 2021). This research
seeks to cover this essential information gap for deep-sea macroinfaunal
benthic communities.

The current study aimed to describe the soft-bottom macroinfaunal
communities inhabiting abyssal and hadal environments, (abyssal sites
on this study are associated to seamount and oceanic island bases), and
characterize their response to distinct sediment parameters related to
organic content. Because there is a close relationship between deep
benthos and surface productivity (benthic-pelagic coupling), we hy-
pothesized the longitudinal productivity gradient in the SE Pacific
Ocean influencing deep-sea macroinfaunal communities, while the ef-
fect of local seamount productivity on benthos is less. Therefore,
changes in macroinfaunal composition and a decrease in the abundance
and taxa richness should be expected as we approach more oligotrophic
conditions in the center of the South Pacific Subtropical Gyre (SPSG).

2. Methods
2.1. Study area

Between January 27th and March 2nd, 2019, the oceanographic
cruise MR18-06 Leg 3 "East/Central Pacific International Campaign”
(EPIC-II) was conducted onboard the vessel R/V Mirai of the Japan
Agency for Marine-Earth Science and Technology (JAMSTEC). Seven
sampling stations were established along a longitudinal transect (East to
West), including one sampling station in the hadal environment at the
Atacama Trench (SPG1), located approximately 160 km off the Chilean
coast. Six abyssal sites were located at seamount bases (SPG2 to SPG7)
between 4114 and 2999 m depth and the last abyssal site, around Rapa
Nui Island, was located at 2895 m depth. Two stations (SPG2-SPG3)
were isolated seamounts between the Salas y Gomez Ridge and the
Atacama Trench. SPG4 and SPG5 were located at the intersection of the
Salas-y-Gomez Ridge (SYG) and the Nazca Ridge (NR), and the last
seamount (SPG6) was in the middle of SYG. Finally, the westernmost
station was located near the base of Rapa Nui Island, one of the two
points that rise above sea level from these chains, located 3700 km off
the coast in the center of the SPSG (Newman and Foster, 1983). It should
be noted that all stations except SPG2 and SPG5 are within Chile's
Exclusive Economic Zone (Table 1, Fig. 1).

2.2. Oceanographic background

The SE Pacific Ocean has a clear productivity gradient between the
coastal waters, influenced by the Humboldt Current, and the center of
the basin, which is influenced by the SPSG, one of the least productive
areas on the planet (Morel et al., 2010; Von Dassow and Collado-Fabri,
2014). Thus, four zones have been identified on this gradient concerning
chlorophyll concentration: eutrophic coastal waters (chlorophyll
>0.5 mg’?’), mesotrophic coastal transition zone (0.5 — 0.1 mg’S),
oligotrophic oceanic waters (0.1-0.05 mg™>), and ultra-oligotrophic
conditions (<0.05 mg*3) in the center of the SPGS (Gonzalez et al.,
2019; Espinosa-Leal et al., 2021).

In surface waters, an increase in temperature and surface salinity has
also been recorded (Fuenzalida et al., 2007), along with a decrease in the
availability of nutrients and Colored Dissolved Organic Matter (CDOM)
from east to west (Morel et al., 2010). At depth, the conditions are



E.H. Soto et al.

Table 1
Geographic position and information for the sampled stations. Categorization of
surface productivity is according to Gonzdlez et al. (2019).

Site Location Productivity Latitude Longitude Depth
(O] ©) (m)

SPG Atacama Eutrophic 25°38.47 71°32.85 7742
1 Trench

SPG Off San Mesotrophic 26°04.84 75°57.33 3982
2 Ambrosio

SPG Off San Mesotrophic 26°31.63 79°38.36 3447
3 Ambrosio

SPG SE of Mesotrophic 25°25.51 81°38.87 2999
4 Stockman

guyot

SPG Pearl Oligotrophic 25°41.87 88°55.25 4114
5 Seamount

SPG Seamount N°  Ultraoligotrophic ~ 26°04.58 102°49.85 3214
6 30

SPG Off Easter Ultraoligotrophic ~ 26°57.41 109°08.23 2895
7 Island

relatively homogeneous, dominated by Pacific Deep Water (PDW),
which has low oxygen concentration and high nutrients (Peters et al.,
2018).

2.3. Sampling design and sediment processing

The selection of each sampling station prioritized the presence of flat
bottoms with soft sediments on each study area. The search for these
conditions was performed by a multibeam and sub-bottom profiler from
the R/V Mirai. The surface sediment was obtained using a multicorer

109.0°W

99.0°W

Pacific Ocean

Ultraoligotrophic Oligotrophic
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(JAMSTEC). The instrument consisted of the body (600 kg) and eight
acrylic cores, each measuring 60 cm in length and 7.5 cm in diameter
(Material supplementary 6a, b). Of the eight available cores, five were
chosen for macrofauna analysis and one for the analysis of biogeo-
chemical variables of the sediment. The remaining two cores were used
for meiofauna analysis (see Horacek et al., 2022). Box-core devices
(0.25 m?) are commonly used for abyssal macroinfaunal communities,
however for this study a multicore was used since box-core was not
available on the ship.

Sediment redox potential (EhNHE) was measured for the 0-2 cm
surface sediment layer using a platinum standard combination electrode
with a calomel internal reference (SG™, Mettler Toledo). The pH of the
0-2 cm surface sediment and water was measured using a LE 438 IP67
Sensor (Five GoTM, Mettler Toledo). Both measurements were done
onboard directly on the one intact core before slicing and at once after
samples were collected. Due to equipment malfunctioning, the pH could
not be recorded for the sediment from stations SPG4, SPG5, SPG6 and
SPG7.

For macroinfauna analysis, most cores were separated into layers up
to 20 cm (0-1, 1-3, 3-5, 5-10, 10-15, and 15-20), preserved in 26%
formalin for 24 h, then emptied and filled with 80% alcohol. However,
the results presented on this study correspond to first three layers (0-1,
1-3 and 3-5 cms), since no macroinfauna was recorded below 5 cm. For
the first three layers macroinfauna was manually sorted in the Ben-
thology laboratory of the University of Valparaiso using a stereoscopic
microscope (Nikon SZX7). Starting from the fourth layer (5-10 cms)
samples were sieved using a 300 pm mesh sieve. Identification was
conducted to the highest taxonomic level possible (family, genus or
species/morphotypes, depending on the case) based on the condition of

79.0°W 69.0°W

37.0°S

Mesotrophic

" Eutrophic

Fig. 1. Study area in the Southeast Pacific showing the sampling sites. SPG: South Pacific Gyre. Red lines indicate the Chile Exclusive Economic Zone and pro-
ductivity zones (dotted white lines) according with Espinosa-Leal et al. (2021). (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)
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the organisms using the microscope. Two cores per station were used for
live sorting of macroinfauna: the 0-5 cm layer was resuspended in cold
seawater, sieved over a 300 pm mesh sieve, and examined using a Leica
S8Apo stereomicroscope. This 0-5 cm layer was not separated into
smaller layers. Live-sorted specimens were preserved in 95% ethanol or
subsampled into 95% ethanol with morphological vouchers fixed in 10%
formalin and deposited in the Scripps Institution of Oceanography
Benthic Invertebrate Collection (SIO-BIC) in La Jolla, California, USA
(Material supplementary 7). For biogeochemical variables, the core was
separated into 1 cm layers, and the samples were frozen (—20°C) before
carbon and nitrogen isotope analysis for organic matter analysis.

2.4. Biogeochemical analysis of the sediment

Total organic carbon (TOC), total nitrogen (TN), carbon (613C) and
nitrogen ©BN) isotopes in surface sediments (0-2 cm) were analyzed by
mass spectrometry (Thermo Scientific Delta V Advantage IRMS with EA-
2000 Flash Elemental analyzer). In sediment the s13C (%o) values were
compared to the Vienna Pee Dee Belemnite (VPDB), and the nitrogen
isotope values were relative to the air. Analyses were performed at the
Laboratory of Biogeochemistry and Applied Stable Isotopes (LABASI,
Pontificia Universidad Catdlica), Chile.

The calcium carbonate contents (CaCOs3) of the sediment in the cores
(0-1 cm) were determined with the use of dried homogenized sediment
(0.1 g, accurately weighed) in centrifuge tubes; 2 mL hydrochloric acid
(10%) was then added. Once the effervescence ceased, concentrated HCI
(~5 drops) was added to samples for the total dissolution of the car-
bonate. Afterwards, the solution was diluted with Milli-Q water,
centrifuged (3000 rpm for 10 min), and then the supernatant was
removed. The decarbonated sediment was dried to 60 oC by 24 h and
weighed, after which carbonate content was calculated using the dif-
ference between the weight before and after carbonate removal. Ana-
lyses were performed at the Laboratory of Oceanography and Benthos
(LOBOS, Pontificia Universidad Catdlica de Valparaiso), Chile.

Sediment-bound chlorophyll (Chla.) and phaeopigments (Phaeo.)
(0-1 cm) were extracted from duplicate subsamples of wet sediment (ca.
1 g) using 90% acetone. After 24 h of darkness at 4 oC, the samples were
sonicated for 5 min, centrifuged at 3000 rpm (1000xg) for 10 min, and
extracts were analyzed fluorometrically for Chla. and Phaeo. Content in
quadruplicate. The values for photosynthetic pigment were obtained
before and after acidification with 1 N HCI (Lorenzen, 1967; Parsons
et al.,, 1984), substituting the dry weight (DW) of the sediment in
grams per volume of water. After drying duplicate sediment subsamples
(ca. 1 g) at 105 oC for 20 h, values were expressed as yg Chla g~ ! DW
after correcting for porosity obtained from the water content. The sum of
Chla and Phaeo, referred to as the chloroplast pigment equivalent (CPE),
provides an indicator of phytodetrital input to sediments (Quiroga et al.,
2016).

2.5. Data processing

Abundance was analyzed as the total number of individuals per core
due to the high difference between the area captured by the core
(0.0043 m?) compared to a 0.25 m? box corer, which is the more com-
mon sampling device used on these environments. Therefore, we avoi-
ded the results being potentially overestimated. However, abundance
data was also standardized to individuals e m~? for comparisons with
other studies (Table 2b).

Species richness (S) was considered as taxa richness and calculated as
the number of distinct morphotypes (species) in a sample. Since taxo-
nomic identification at species level was often not possible the category
of morphotype sp1, sp2, etc. Was mainly assigned. Diversity indices such
as Shannon diversity and Pielou evenness (H' (log.) and J, respectively)
were calculated using the statistical software Primer-e v6 and excluding
the abundance of “Copepoda incertae sedis”, as this taxon corresponds to
various copepods that could not be identified due to their degree of
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degradation. Higher values of H show a more diverse macrobenthic
community, while that J’ values close to 1 show a more uniform com-
munity in terms of abundance. Anyway, the diversity estimates should
be considered with caution due to limitations on species-level taxonomic
resolution. For the non-metric multidimensional scaling (nMDS) (Clarke
and Gorley, 2006) and dendrogram (Cluster) (Warwick and Clarke,
1993) analysis, the average abundance of major taxonomic groups per
station was used (see major groups on Tables 2a and 2b for more de-
tails), transformed to square root, due to the high number of taxa
recorded only once and dissimilarity between stations.

Principal Component Analysis (PCA) was performed using a
Euclidean distance matrix, based on the normalized values of the
biogeochemical variables. Normalization was done to avoid different
measurement scales. Chla and Phaeo values were excluded from the
analysis as they were correlated with CPE. To calculate the correlation
between biological diversity variables (abundance, taxa richness,
Shannon diversity and major faunal groups) and environmental vari-
ables (Chl-a, CPE, Longitude, CaCos and d13%) Spearman rank corre-
lation was analyzed (Zar, 2005).

Statistical analyses were performed using the softwares Primer-e v6
(Clarke and Gorley, 2006) (www.primer-e.com) and PAST v4.12 b
(Hammer et al., 2001) (https://www.nhm.uio.no/english/research
/resources/past/).

3. Results
3.1. Macroinfaunal communities

3.1.1. Composition, abundance and diversity

A total number of 106 macrobenthic individuals were recorded, and
77 different morphotypes (species) were identified. The organisms were
assigned to 15 major taxonomic groups among Phylum, Order, and Class
(Tables 2a and 2b). Approximately 90% of all species (69 morphotypes)
were recorded only once. Hence, our results would indicate that there is
a direct relationship between abundance and taxa richness (number of
species) in the study area.

About abundance (total number of individuals), Arthropoda (mostly
Copepoda) was the dominant Phylum, representing 44.3% of the total
macroinfauna (47 individuals), and was the only group present at all
stations. The class Copepoda, represented by the order Harpacticoida,
recorded a total of 33 individuals, corresponding to 31.1% of the total
abundance. The Phylum Annelida, represented widely by the class
Polychaeta, was second with 36.8% of the total macroinfaunal com-
munity (39 individuals) and was not recorded at SPG5. Nematoda and
Mollusca represented 5% and 4,7% of the abundance, respectively,
while Nemertea, Porifera, and Sipuncula recorded abundances less than
5%. (Fig. 2a; 2 b).

The highest values of total abundance and taxa richness were
recorded in the sampling station associated with the Atacama Trench
(SPG1 site), with 29 individuals and 21 taxa, respectively (Fig. 3a; 3 b).
On this environment such polychaetes, harpacticoid copepods, and
nematodes were the dominant faunal groups (Fig. 2b). Besides, in
sampling sites associated with the base of seamounts, the highest
abundances were recorded in the seamounts closest to the Desventur-
adas and the Nazca Ridge areas, reaching the highest values in SPG3 and
SPG#4 sites with 22 individuals. By contrast, the lowest abundance was
recorded at SPG5 and SPG6 sites, both found in Salas y Gémez Ridge,
with 3 and 2 individuals, respectively.

Mean density (individualsem 2) varied from 93 individualsem 2 at
SPG6 (Salas y Gomez Ridge) to 1349 individualsem 2 at SPG1 (Atacama
Trench). The average per sampling site was 710 individualsem 2
(Table 2b). In terms of major taxonomic groups, the lower densities per
site were recorded in the groups such Sipuncula, Gastropoda, Bivalvia,
Monoplacophora, Cumacea and Annelida (Polychaeta excluded) with
mean densities of 47 individualsem 2. While that the higher densities
per site corresponded to Polychaeta and Copepoda with mean values of

2
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Table 2a
Total abundance by major taxonomic groups per station.
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Phylum Major groups SPG1 SPG2 SPG3 SPG4 SPG5 SPG6 SPG7 Total abundance
Annelida Annelida 1 0 0 0 0 0 0 1 (0,9%)
Sipuncula 0 0 0 1 0 0 0 1 (0,9%)
Polychaeta 10 7 8 9 0 1 3 38 (35,8%)
Arthropoda Cumacea 0 0 1 0 0 0 0 1 (0,9%)
Isopoda 0 0 2 1 0 0 1 4 (3,8%)
Tanaidacea 0 0 2 1 0 0 0 3 (2,8%)
Copepoda 10 7 5 4 3 1 3 33 (31,1%)
Ostracoda 1 3 0 2 0 0 0 6 (5,7%)
Mollusca Bivalvia 0 1 0 0 0 0 0 1 (0,9%)
Gastropoda 0 0 0 0 0 0 1 1 (0,9%)
Monoplacophora 0 0 0 1 0 0 0 1 (0,9%)
Scaphopoda 0 0 0 2 0 0 0 2 (1,9%)
Nematoda Nematoda 6 1 1 0 0 0 0 8 (7,5%)
Nemertea Nemertea 0 0 2 1 0 0 0 3 (2,8%)
Porifera Porifera 1 1 1 0 0 0 0 3 (2,8%)
Total abundance 29 20 22 22 3 2 8 106
Table 2b
Mean density (individuals m~2) by major taxonomic groups for each sampling site.
Phylum Major groups SPG1 SPG2 SPG3 SPG4 SPG5 SPG6 SPG7 Total
Annelida Annelida 47 47
Annelida Polychaeta 465 326 373 419 47 140 1768
Annelida Sipuncula 47 47
Arthropoda Copepoda 465 326 233 186 174 47 140 1570
Arthropoda Cumacea 47 47
Arthropoda Isopoda 93 47 47 186
Arthropoda Ostracoda 47 140 93 279
Arthropoda Tanaidacea 93 47 140
Mollusca Bivalvia 47 47
Mollusca Gastropoda 47 47
Mollusca Monoplacophora 47 47
Mollusca Scaphopoda 93 93
Nematoda Nematoda 280 47 47 373
Nemertea Nemertea 93 47 140
Porifera Porifera 47 47 47 141
Total 1349 931 1025 1024 174 93 372
a) Relative density (%) b)
. 1400
Nemertea , Porifera W Polychaeta & Copepoda
Mollusca 1200 mNematoda T Isopoda
&
Nematoda g 1000  =Tanaidacea & Ostracoda
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r— a DOPorifera OOthers
X ropoda o
POSa 3 600
]
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131
=400
200 %
Annelida %
. -
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109.1°O 102.8°0 89.1°O0 81.6°0 79.7°0 759°0 71.5°0

Fig. 2. a) Relative density (%) of the major taxonomic groups and, b) Mean density (ind/m?) of the major taxonomic groups per sampling site.

465 individualsem 2 (Table 2b). The spatial analyses of this variable
clearly proved the higher densities of macroinfaunal individuals are in
mesotrophic areas.

The highest values of taxa richness in abyssal-seamount associated
ecosystems were also recorded on SPG3 and SPG4 sites with 20 mor-
photypes (species). However, SPG5 and SPG6 sites, in the center of

SPSG, showed the lowest taxa richness, with 2 morphotypes each one.
Clearly these results show there were more species in mesotrophic areas,
however these spatial patterns may be influenced by the taxonomic
resolution that was not always at species level.

The macroinfaunal communities described in the eastern area (SPG1
to SPG4) presented a greater number of higher taxonomic groups
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Fig. 3. Ecological parameters per sampling site. a) Abundance, b) Taxa richness, ¢) Shannon diversity and d) Pielou evenness. The dotted vertical lines separate the
distinct productivity zone according with Espinosa-Leal et al. (2021). Eu (eutrophic), Meso (mesotrophic), Oligo (oligotrophic) and Ultraoligo (Ultraoligo trophic).

(Fig. 2b), which is also related to higher diversity values (H’). The
highest value was 2.97 recorded in SPG3 (Fig. 3c). In contrast, the
communities recorded to the west, within the Salas and Gémez Ridge
and Rapa Nui area, were characterized by lower diversity values,
composed exclusively of Polychaeta, Copepoda, and Isopoda organisms,
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including the lowest value at SPG6 site with 0.69. The value of O re-
ported for SPG5 was due to the deteriorated condition of the organisms
and taxonomic difficulties that reduced the data matrix used for the
index. Evenness (J') values between sampling sites were relatively ho-
mogeneous (Fig. 3d), varying from 0.95 (SPG2) to 1 (SPG6 and SPG7).
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of photosynthetic pigments in the sediment (CPE), with an average value
of 20.61 + 3.06 pg/g, compared to the other stations which had average
values below 0.98 + 0.1 pg/g.

The PC-axis 1 represented the highest percentage of variance and
showed a clear gradient in Corg%, N%, and the state of organic matter
(C/N). This showed a decrease in the concentration and quality of
organic content from left to right, proving that SPG5 and SPG2 have the
highest concentrations, which decrease through SPG3, SPG4, SPG6, and
SPG7. This is associated with the approach to the center of the SPSG,
where surface productivity and carbon flux are significantly lower.
Therefore, this lower concentration and bioavailability of food sources
affected macroinfaunal communities as observed in this study.

Spearman correlations found that CPE in the sediments (specifically
Chl-a) was important in the distribution of benthic macroinfauna
(Table 4) and community parameters (abundance, taxa richness, and
diversity). CPE decreased from east to west along the study transect and
this pattern was related to the decrease in the abundance of copepods
and polychaetes. Carbonates (CaCOs3) and the carbon isotopic signal
(8'3C) positively correlated with isopoda, instead longitude showed a
negative correlation with Copepoda and Nematoda. The rest of major
taxonomic groups and environmental variables did not showed
correlations.

4. Discussion
4.1. Composition, abundance and ecological patterns

This study provides the first approaches to understanding the
composition and structure of abyssal and hadal macroinfaunal com-
munities inhabiting mostly the bases of seamounts in the southeastern
Pacific Ocean. The results showed that Annelida and Arthropoda
dominated the composition of the benthic macroinfauna, particularly by
Polychaeta and Copepoda, followed in third and fourth place by Nem-
atoda and Ostracoda. Meanwhile, other taxonomic groups represented
significantly lower abundance in these communities, being considered
occasional groups during the study (Material supplementary 4). The
dominance of Polychaeta is like recorded by Glover et al. (2002) in the
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north and central Pacific; however, in terms of Crustacea, studies have
found Isopoda to be dominant rather than Copepoda (Brix et al., 2020;
Pasotti et al., 2021).

Faunal composition decreased towards oligotrophic areas; Crus-
tacea, Mollusca, Nematoda and other groups showed a decreasing trend
to the ultraoligotrophic areas and only Copepoda was present in all sites.
Horacek et al. (2022) recorded a similar pattern for meiofauna at the
same study zone, while that similar responses have also been observed in
other areas, for example the Gulf of Mexico (Wei and Rowe, 2019) and
Madeira Abyssal plain (Glover et al., 2001), confirming that produc-
tivity can determine changes in benthic community composition. On this
study the sampling sites associated with seamounts that recorded a
higher diversity of major taxonomic groups were SPG4 and SPG3. Ac-
cording with the Gonzalez et al. (2019) these sites are located under
mesotrophic conditions; therefore, the higher diversity seen on them
(also recorded in the Shannon index and Taxa richness) may also be
related to local seamount productivity.

Three of the most abundant groups recorded in this study (Copepoda,
Nematoda, and Ostracoda) are generally considered meiofauna com-
ponents (Hessler and Jumars, 1974; Dinet et al., 1985), although it is
common for the macrofauna size class to contain large nematode and
copepod species (Gunton et al., 2017). The presence of these taxa in our
samples was due to the use of 300 pm size mesh during the sorting
process, which is a standard size limit for abyssal studies (Leduc et al.,
2020; Lins et al., 2021). These faunal groups formed approximately
25% of the total taxa richness and 45% of abundance. Considering
exclusively the macroinfauna, the communities described for the
seamount-associated sites (SPG2 and SPG6) and near the base of Rapa
Nui Island (SPG7), were characterized by polychaetes and peracarid
crustaceans. These compositions showed a similar pattern to those
recorded in other studies conducted in abyssal environments of the
Pacific Ocean (De la Torriente et al., 2019; Wilson, 2017; Chuar et al.,
2020; Brandt et al., 2019; Kamenev et al., 2022; Nomaki et al., 2021a,
b). The same occurred at SPG1 (Atacama Trench site), where faunal
composition was similar to that recorded in other trenches of the Pacific
such as the Aleutian Trench (Jumars and Hessler, 1976) and
Kuril-Kamchatka Trench (Fischer and Brandt, 2015; Kamenev et al.,
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Fig. 6. Principal Component Analysis (PCA) ordination plot of sediment biogeochemical variables by sampling sites and habitat type.
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Table 4
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Spearman correlations between environmental sediment variables and macroinfauna according to major taxonomic groups. Bold values = p (<0.05), N = abundance,

S = taxa richness, H* = Shannon diversity index.

Variables N S H Polychaeta Copepoda Nematoda Isopoda
CPE 0,93 0,92 0,73 0,93 0,88 0,65 0,11
Chl-a 0,98 0,96 0,82 0,94 0,85 0,66 0,24
Longitude -0,77 —-0,76 —-0,63 -0,71 —0,94 —0,90 0,18
CaCOs3 —-0,03 0 0,32 0,03 —-0,33 —-0,43 0,87
d13% —-0,12 —-0,09 0,22 -0,07 —-0,37 —0,41 0,84

2022). Earlier studies on infaunal communities at the Atacama Trench
have only addressed meiofaunal components (Danovaro et al., 2002;
Shimabukuro et al., 2022; Horacek et al., 2022).

The recorded abundance in the study area, in terms of total number
of individuals, was low, with only 106 individuals in 35 cores. These
results were likely due to the size of the sampling device used (Material
supplementary 6). The comparison of abundance with other studies was
challenging because multicore is not the most common sampling gear
for deep-sea quantitative studies of macrofauna. Several authors
recommend a box core (typically 0.25 m?) for these purposes (Montagna
etal., 2017; Lins et al., 2021). Therefore, standardizing abundance from
the 7.5 cm corer to density (m?) could result in an overestimation of our
data. This is relevant to consider in future expeditions for making
comparisons with other studies, especially considering the complexity of
sampling in these remote areas.

There are no studies on deep sea abyssal macroinfaunal commu-
nities’ ecology in the SE Pacific associated with seamounts, therefore,
the following discussion compares our results with studies from Atlantic
and North and Central Pacific. Bongiorni et al. (2013) sampled different
areas associated with Condor Seamount (Azores, NE Atlantic), and on
those areas far from the summit (1900-m depth) recorded mean abun-
dances in a range from 150 to 533 ind. m~2. For our study, these values
are more similar to those observed in oligotrophic sites, but they are
lower in relation to mesotrophic sites. Lourido et al. (2024) recorded an
average of 1033 ind. m ™ for a group of eight sites found between 1477
and 2274 m depth in the Galicia Bank seamount (NE Atlantic). These
values are like those recorded in our sites associated with mesotrophic
conditions (SPG2, SPG3 and SPG4). At abyssal depths (4558-4629)
studies made by Pasotti et al. (2021) in the Clarion-Clipperton Fracture
area (NE Pacific) record 176 ind. m~2 at the nodule-free site, coinciding
with the second lowest value obtained at SPG5. Studies made by Levin
and Thomas (1989) in the Magellan Rise Plateau (Horizon Guyot, Cen-
tral Pacific) at 3150 m depth recorded densities 388 ind. m?, being
similar to density recorded in SPG7 (372 ind. m~2). This similarity could
be explained by both sites are in geographic areas where the oligotro-
phic conditions are dominant, therefore lower food supply to the
benthos determines lower macroinfaunal abundances.

In relation to Atacama Trench site, mean density is compared with
studies from other trenches because there are no previous studies on
macroinfaunal communities on this trench. Preickschardt et al. (2025)
recorded mean density of 561 ind. m~2 between 7139 and 7287 m depth
at Aleutian trench, NE Pacific. In the same trench Jumars and Hessler
(1976) recorded a slightly lower value (1272 ind. m_z) at 7298 m.
Schmidt et al. (2019) recorded mean densities between 196 and 1124
ind. m’z, but in the Kuril-Kamchatka Trench (NW Pacific) at
5144-9540 m depth. The higher macroinfaunal density recorded in the
Atacama Trench (1349 ind. m~2) is related to the high surface produc-
tivity where it is located. Deep sea trenches tend to accumulate organic
matter promoting elevated abundances of the hadal biota (Schmidt and
Arbizu, 2015).

Although the abundance was low, a high percentage of taxa was
recorded only once (89,6%) (Material supplementary 4). According to
Grassle and Maciolek (1992) the presence of a high number of species
recorded only once (the concept is commonly called “singletons” by this
and other authors) is characteristic in the deep-sea at all sampling scales,

suggesting that to correctly determine the species richness an increased
sampling effort is necessary. A similar conclusion was highlighted by
Pasotti et al. (2021), who, studying the macroinfauna of abyssal sedi-
ments influenced by manganese nodules in the Clarion-Clipperton
Fracture Zone, also found a high number of singletons which is also
the case for this study. These authors concluded that the sampling effort
was insufficient to characterize the diversity of dominant taxa at the
morphospecies level.

In this study we believe that taxa richness was high because 77
different morphotypes were recorded from a total of 106 individuals. In
this sense Polychaeta recorded the higher number of taxa (38) separated
into 14 families, all these species being unique. However, we think that
this taxa’ richness estimate should be taken with caution due to the high
number of taxa recorded only once, taxonomic resolution and the
sampling gear used. Pasotti et al. (2021) have also concluded that a high
number of singletons and low densities may lead to an underestimation
of species diversity.

The comparison between sampling sites indicates SPG1 recorded
higher number of taxa of polychaetes (10) followed by SPG4 (9), then
SPG3 (8) and finally SPG2 (7). Another faunal groups that also recorded
a higher number of taxa were Copepoda and Nematoda with 7 taxa and
Ostracoda with five taxa.

Considering the low number of individuals per sample, in many cases
equal to zero and therefore the low abundances recorded per sampling
site, diversity estimates based on Shannon (H') and Pielou (J') indices
may be biased. In this study Shannon diversity index (H) showed high
values always associated with eutrophic-mesotrophic areas and low
values in oligotrophic areas. This decrease in the Shannon index related
to productivity was also described in abyssal polychaete communities in
the central Pacific (Glover et al., 2002). Besides, the analysis of evenness
(J*) results is also complex due to the high number of taxa recorded only
once. Therefore, it is not accurate to analyze and compare evenness in
this situation.

Despite the differences in the number of individuals, similar trends in
diversity indices were detected for meiofaunal communities in the same
study area. Horacek et al. (2022) found that various diversity indices (e.
g. Hlog., Margalef, Shannon-Wiener and Hill and others) show a
decreasing pattern moving into oligotrophic areas. These authors sug-
gest that productivity and food supply are determinative for nematode
diversity and evenness. The spatial patterns seen for abundance, taxa
richness and Shannon diversity index in this study for macroinfaunal
communities also show a decrease in values possibly explained by
conditions more oligotrophic-ultraoligotrophic on these areas.

Therefore, our hypothesis that looks to test whether the transition to
oligotrophic conditions produces changes in composition and decreases
in abundance in macroinfaunal communities may be accepted. Our re-
sults proved these variations but also recorded lower diversity values in
oligotrophic conditions.

4.2. Biogeochemistry of abyssal-seamount sediments in the Southeast
Pacific ocean

The measured environmental parameters associated with the sedi-
ment organic content showed spatial variability possibly mirrored by
the distinct productive regimes influencing the study sites. In the same



E.H. Soto et al.

way, some biogeochemical parameters showed correlations with some
ecological descriptors, which may explain the observed patterns on
macroinfaunal community.

In general, the %C, %N, and Redox values demonstrated that these
samples were typical of sediments from oligotrophic abyssal environ-
ments (Whelan, 1977; Miiller, 1977), probably with low sedimentation
rates (Jumars and Hessler, 1976; Pedrosa-Pamies et al., 2015), which is
consistent with the low surface productivity of this area influenced by
the SPSG. Meanwhile, the isotopic signal of organic matter (®13C and
315 N), in combination with the C/N ratio, reflected that the organic
material in the sediments was possibly of marine origin (Meyers, 1994;
Rumolo et al., 2011), which is consistent with the great distance be-
tween the stations and the continent.

The concentrations of CPE in the sediments were generally low
(<1 pg/g) except for those recorded in SPG1 (20.61 + 3.06 pg/g). This is
probably because the Atacama Trench is located beneath one of the most
productive marine ecosystems on the planet (Tapia et al., 2021), coupled
with the dynamics that accumulate organic material at the bottom of the
trenches due to horizontal transport, sediment sliding, and animal car-
casses (Ichino et al., 2015; Jamieson, 2015). Furthermore, the decrease
in this parameter as the stations approached the SPSG is consistent with
chlorophyll-a concentrations observed in the column water (Material
supplementary 3), and with the reduction of carbon flux recorded in this
area at depths greater than 1000 m by Pavia et al. (2019) and the
biogeographic gradient proposed by Watling et al. (2013).

The differential response observed in sediment biogeochemistry of
each seafloor environment is a clear demonstration of the benthic-
pelagic coupling processes that have place in the ocean. The distinct
regimes of surface productivity observed in the SPSG characterized by
distinct drivers such upwelling, seamounts or oceanic islands, are linked
to seabed and therefore determined the quality and amount of organic
content in the sediments, influencing finally the changes and patterns of
the macroinfaunal communities.

4.3. Relationship between environmental variables and macroinfauna

Univariate and multivariate analyses showed that CPE was positively
related to the distribution of macroinfauna in the study area. This
relationship has been widely described in benthic environments (Witte,
2000; Pilditch et al., 2015; Vedenin et al., 2018), as it provides an es-
timate of the organic matter derived from surface productivity and the
concentration of bioavailable content (Chl-a) for macrofauna con-
sumption (Berkenbusch et al., 2011). CPE was directly correlated with
total abundance and taxa richness, while more labile content (Chl-a)
showed a positive correlation with diversity (H’) that was not the case
for CPE (Table 4), as it also has less reactive elements (Pilditch et al.,
2015). It is also possible to see that there was a direct relationship be-
tween CPE and ecological variables. At stations SPG2, SPG3 and SPG4
the highest CPE values coincided with the highest values for total
number of individuals, taxa richness and Shannon diversity index.
Studies made by Glover et al. (2002) in the central Atlantic with poly-
chaete assemblages have also shown the close relationships between
species diversity and productivity, specifically with particulate organic
carbon fluxes.

Vertical distribution could be associated with the availability of ox-
ygen and food in the uppermost layers of the sediment column, as in
oligotrophic environments with low sedimentation rates, most of the
organic matter is degraded at the surface and does not get buried in the
lower levels (Witte, 2000; Nomaki et al., 2021a,b). The results presented
in this study correspond to the first 2 cm of sediment or only the 0-1 cm
layer for some parameters; therefore, it is not possible to know if some
organic content indicators were distributed in the deepest layers (Ma-
terial supplementary 5).

The results showed that the decrease in carbon flux, using CPE as a
proxy, between the sampling station closest to the coast and the center of
the SPSG was directly correlated with the loss of abundance, richness,
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and diversity of benthic communities. Polychaetes and copepods were
the most sensitive groups to these changes. This type of gradient has
been widely investigated in the northeast Pacific Ocean (CCFZ),
concluding with similar patterns to those presented in this study.
Additionally, several authors have also found Polychaeta as one of the
groups that best describes changes in carbon flux in abyssal environ-
ments (Wilson, 2017; Bonifacio et al., 2020; Chuar et al., 2020;
Washburn et al., 2021).

This pattern may influence the greater abundance, richness, and
diversity recorded between the seamounts SPG2 and SPG4, which are
located under an area considered to be a mesotrophic transition zone
(Gonzalez et al., 2019), compared to what was recorded between SPG5
and SPG7, located within the SPSG, in low-productivity waters (Von
Dassow and Collado-Fabri, 2014), where the lowest values were recor-
ded for ecological descriptors previously mentioned.

About the SPG1 site located at the Atacama Trench, any comparison
with the rest of sampling sites should consider that this sampling station
is in a distinct environment. This site corresponds to a hadal system
regularly receiving the food inputs from one of the most productive
areas in the planet and therefore may be considered an outlier for our
analysis. This condition is confirmed by Principal component analyses
(Fig. 6) and Cluster analyses (Fig. 4a). At the SPG1 site the highest
concentrations of organic content were recorded, explaining why the
maximum abundance and number of species were also observed. The
high productivity of this environment is also thought to determine the
high abundance and diversity recorded for meiofaunal communities as
observed by Danovaro et al. (2002) and Shimabukuro et al. (2022).

In addition to sediment biogeochemistry and water productivity
there are other factors that may explain the observed changes on mac-
roinfaunal communities. It is important to mention that a couple of
manganese nodules were found in the sediment of the sampling stations
SPG2 and SPG5. According to numerous studies, manganese nodules
promote benthic diversity because these minerals support habitat het-
erogeneity in the seafloor by providing additional hard substrates to the
soft-bottom environments (Smith et al., 2008; Gollner et al., 2017; Yu
et al., 2018). In this sense, our results did not support this theory for
both cases because SPG2 recorded higher values of abundance and di-
versity indices in comparison to SPG5 where the lowest values for all
study were recorded. These differences may indicate that the influence
of manganese nodules on the ecology of the macroinfaunal communities
studied is not as relevant as food availability. However, it is not possible
to say if in both sampling sites the number of manganese nodules was
high or low. Studies made by Pasotti et al. (2021) in the Northeast Pa-
cific show that there are no significant differences between nodule-rich
and the nodule-free sites in terms of biotic factors, suggesting that
macrofauna are represented by comparable densities and higher-taxon
diversity across sites. Further and comprehensive studies will allow a
better understanding of the response of benthic communities to different
environmental forcing.

5. Conclusions

This study stands for the first records of composition, abundance,
diversity and distribution on soft-bottom macroinfaunal communities in
hadal and seamount-abyssal environments in the Southeast Pacific.
Faunal composition was characterized by the higher presence of Anne-
lida, Crustacea and Mollusca, with Polychaeta and Copepoda being the
most diverse and abundant. A low number of individuals (per core) was
recorded in each sampling station, while mean density (ind. m2) in
some sites was similar to other studies; however, the number of species
was high (77) in relation to the total number of individuals recorded
(106).

The benthic community showed a response to organic inputs asso-
ciated with the distinct productive regimes. Geographically, the sam-
pling sites associated with Atacama trench and those seamount bases
influenced by mesotrophic conditions recorded the highest values of
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abundance and diversity, while sites under oligotrophic conditions to-
wards the center of the Subtropical Pacific Gyre (associated with
seamount bases and oceanic islands) recorded the lowest values.

The presence of this longitudinal pattern allows support our first
hypothesis, although it would be interesting to review it considering a
larger sample volume, and more sampling sites just considering abyssal-
seamount environments. The overall spatial trend also showed that
several parameters related to sediment organic content decreased in
oligotrophic areas, although the statistical analyses performed did not
always show clear or direct relationships.

Although most study sites were associated with seamounts, the in-
fluence of these ecosystems supporting higher abundance and diversity
due to local food supply was not clear. We recommend sampling the
flanks and summits in future surveys to better characterize the typical
benthic fauna of a seamount.

The Southeast Pacific is one of the most unknown ocean areas and
the information about deep-sea benthos, biogeochemistry and
ecosystem functioning is just developing. It is urgent to keep moving
forward in the study of these environments with higher sampling efforts
and devices that allow a better understanding about their biology and
ecology. The generation of biological information for this area is also
especially important to support the creation of the first Marine Protected
Area in the high seas, even more considering that some anthropogenic
pressures like deep-sea mining, fisheries and climate change are well
established.
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