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Post-collapse of seasonal blooms of gelatinous zooplankton (Cnidaria, Ctenophora, and
Thaliacea) sinking carcasses transports labile carbon (jelly-C) to benthic continental
margins and the deep sea. In recent decades, bloom frequency and intensity have
increased globally; however, how sinking jelly-C affects benthic communities is poorly
known. Further, as climate change and other anthropogenic impacts may increase
gelatinous blooms in the future, understanding the contributions and impacts of jelly-C
upon benthic communities is of pivotal importance. Thus, in this study, we assessed jelly-
C deposits post-intense blooming of a pelagic species of marine colonial gelatinous
tunicate in the Thaliacean class, Pyrosoma atlanticum. We studied the seabed using a
remotely operated vehicle (ROV) from 26 to 1,276 m, documenting jelly-C deposits and
species of the megafaunal benthic community. Environmental variables from water
column profiles at transects near our own off the Ivory Coast of West Africa were used
in assessments. Jelly-C biomass peaked at 400 m (1,500 grC 100 m~2) and remained at
the average (300 grC 100 m~2) through 1,276 m. Typically, in depth strata between 300
and 800 m, peaks in jelly-C biomass (500 to 1,500 grC 100 m~2) corresponded to areas
with significantly reduced benthic megafaunal species abundances as well as diversity.
From 800 to 1,276 m, we noted patchier jelly-C biomass deposits where individual
megafauna species abundances and diversity correspondingly increased, yet total
organism counts remained low. We observed 11 species from 5 phyla directly feeding
on jelly-C and 10 single-species aggregations triggering megafaunal dominance events at
various localized depth strata. Although such dynamics have been hypothesized and
examined for some time with respect to phytodetritus biomass, they have been rarely
described for jelly-C. Thus, our novel findings for jelly-C dynamics in the offshore regions
can help to provide a better understanding of the ecological role that this component plays
in marine benthic ecosystems and continental margins.
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INTRODUCTION

Marine zooplankton play prominent roles as ecosystem
engineers in coastal and open ocean areas, as they link primary
production, higher trophic levels, and deep-sea communities via
carbon export (Purcell, 2005; Billett et al., 2006; Henschke et al.,
2019; Lebrato et al., 2019). In particular, gelatinous zooplankton
(Cnidaria, Ctenophora, and Thaliacea), herein referred to as
jelly-carbon (jelly-C) (Lebrato et al., 2012), rapidly reproduce
and, under favorable conditions, form large seasonal blooms.
Globally, jelly-C accounts for 38.3 Tg C (1 Tg = 10'* g) of carbon
as living biomass in the upper 200 m of the ocean (Lucas et al,
2014), with 0.038 Pg C year ' being exported to the ocean
interior (Lebrato et al., 2019). Despite being an important
carbon export mechanism (Buesseler et al., 2007; Lebrato et al,,
2012; Lebrato et al., 2013; Lebrato et al., 2019), its contribution is
smaller than global primary production (50 Pg C year') (Field
et al., 1998), which translates into export estimates close to 6 Pg
C year! below 100 m (Moore et al., 2004; Siegel et al., 2014).
Sinking and laterally transported jelly-C can fuel benthic
ecosystem production in continental margins and the deep sea
(Lebrato and Jones, 2009; Robinson et al., 2010; Lebrato et al.,
2013; Smith et al, 2014), even supporting some commercial
fisheries (Dunlop et al., 2017).

Sinking carbon reaching the seafloor shapes spatiotemporal
ecological patterns in benthic communities, driving biological
responses along bathymetric gradients (Pearson and Rosenberg,
1978; Gage and Tyler, 1991; Glover et al., 2010). Benthic
organisms appear in successions that lag food supply, a
dynamic that often depends upon a balance between the depth
(Rex et al,, 2006), organic matter input (Ruhl, 2007), and
migratory capabilities within respective physiological and
ecological limits (Drazen et al., 2012). The spatial structure of
benthic communities often depends upon spatiotemporally
variable and relatively localized food supplies; however, it is
also driven by habitat heterogeneity, i.e., substrate (Gooday et al.,
2010). Because of the inherent complexity and difficulty of
studying biological, bathymetric, and chemical effects of
organic matter, and other aspects related to jelly-C dynamics,
their impacts upon benthic communities in vast oceanic areas
including continental margins and deep-sea regions have been
challenging to assess and characterize.

Recent assessments highlighted large amounts of jelly-C
depositions in coastal areas, continental shelves, and slopes
(Billett et al., 2006; Lebrato et al., 2012; Smith et al., 2014;
Sweetman et al,, 2014; Archer et al, 2018). Jelly-C depositions
upon the seabed occur after seasonal accumulations of gelatinous
zooplankton and subsequent die-offs and sinking through the
water column. The bloom-bust dynamics of many gelatinous
zooplankton populations exacerbates jelly-C export to the
benthic environment, and biological processes at the seabed
inundated with these materials can become limited. For example,
such resulting seabed jelly-C can impact biogeochemical and
ecological processes including reductions in available dissolved
oxygen (DO); affecting dissolved inorganic carbon (DIC) levels;
inducing the leaching of nitrogen and phosphorus (non-Redfield

stoichiometry), a pH decline, and undesirable bacterial growth; and
creating opportunities for meio-, macro-, and megafauna
scavengers (West et al., 2009; Frost et al.,, 2012; Sweetman et al.,
2016). Recent examinations of jelly-C biogeochemistry revealed
decay-based pathways similar to other types of biomasses. In these
pathways, jelly-C enters into food webs through benthic scavengers
or microbial loops that promote decomposition in both the water
column and at the seabed (Tinta et al, 2016). Microbial decay
ensues rapidly in the initial days post-settlement and as materials
become increasingly labile (Sempere et al., 2000). The rate of decay
then declines, being partially controlled by temperature (Lebrato
et al,, 2011), until all material is microbially respired.

Despite the emergence of gelatinous creatures in imbalance
with ecosystems in recent decades due to climate change and
other anthropogenic factors, it still has taken a relatively long
time to assemble field-based evidence describing some of the
roles that jelly-C plays as an important source of labile materials
to marine benthic communities. Congregations of brittle stars on
jelly-C were first documented by Jumars (1976) at 1,000 m in the
Pacific Ocean. Since then, a number of studies on jelly-C have
been published, but its importance as a food source has not been
acknowledged until recently (reviewed in Ates, 2017). Multiple
studies have examined jelly-C using photographs and video-
based evidence of organisms scavenging at different depths
(Billett et al., 2006; Lebrato and Jones, 2009; Lebrato et al.,
2012; Sweetman et al., 2014; Dunlop et al., 2017; Archer et al,,
2018). In the Atlantic, Pacific, and Indian oceans, the taxonomic
list of organisms scavenging on benthic jelly-C mostly includes
fish, echinoderms, cnidaria (actinaria), crustaceans, and
arthropods. In the Mediterranean Sea, jelly-C from the salp
Soestia zonaria, the pyrosome Pyrosoma atlanticum, and the
scyphozoan Periphylla periphylla has often been found in the
guts of crustaceans (Fanelli and Cartes, 2008) and fishes
(Carrasson and Cartes, 2002). Pelagic organisms also consume
jelly-C, accounting for 20% to 40% of the diet in some species
and up to 80% in others, including tuna, billfish, mackerel and
penguin species, sun fish, turtles, fish larvae, and juveniles
(Sampey et al., 2007; Llopiz et al., 2010; Cardona et al., 2012;
Thiebot et al., 2017; Hays et al., 2018). Although jelly-C is low in
energy content at only 0.5-6 gross energy dry mass kJ g™, as
compared to other food sources like fish (5-22 gross energy dry
mass kJ g~') or algae (>10 gross energy dry mass kJ g™') (Doyle
etal,, 2007), reduced energy spent searching for carcasses and the
lability of jelly-C compared to other sources of detritus may
cancel such bioenergetic costs to scavengers (Sweetman
et al., 2014).

When jelly-C reaches the seafloor, it is often scavenged by
megafaunal organisms (Sweetman et al., 2014); sometimes, it is
partly consumed (Lebrato and Jones, 2009); and occasionally, it
remains intact, being respired by microbial communities (Billett
et al., 2006). In all cases, however, jelly-C depositions impact the
dynamics of seawater carbon and nutrient cycling, as well as
overall water and localized benthic chemistry and microbial
respiration (West et al., 2009; Sweetman et al., 2016). To date,
assessments of the responses of macro- and megafaunal
communities along bathymetric gradients in continental
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margins that are naturally enriched with jelly-C are unknown,
except from experiments that used manually placed bait
(Sweetman et al., 2014; Dunlop et al, 2017; Dunlop et al,
2018) and examinations of fixed stations only at single depths
(Smith et al., 2014). Thus, in this study, we sought to combine
observations from a benthic remotely operated vehicle (ROV)
video survey and from water column profiles off the Ivory Coast
of West Africa. Further, we sought to assess how freshly
deposited jelly-C can shape benthic ecological processes and
megafaunal diversity, as well as dominance, aggregation, and
opportunistic events spanning sample locations across a vast
bathymetric gradient. We expected that data from field
observations could help provide strong supporting evidence for
the importance of jelly-C and its roles in the dynamics of species
in marine benthic ecosystems and continental margins.

METHODS
Study Area

The Ivory Coast of West Africa faces the central Atlantic Ocean
and has warm waters dominated by strong surface as well as deep
currents, which can trigger seasonal upwelling (Bakun, 1978;
Colin, 1988) (Figure 1A). The study area experiences zones of
seasonal minima of DO; however, based upon assessments
spanning from 1973 to 2010, these are not as strong as in
other tropical areas such as the Arabian Sea (Gooday et al,
2010) (Figure 2B). However, biological production in our study
area still remains relatively high with strong phytoplankton
production consequently regularly triggering pelagic gelatinous
zooplankton blooms exceeding hundreds of km?> (Goy, 1977
Roger, 1982; Le-Borgne, 1983). Few publications have assessed
benthic ecology in the area (Buchanan, 1958; Koranteng, 2001).
For our study, the benthic data were opportunistic and derived
from oil and gas industry prospecting, off the Ghanaian Ivory
Coast, West Africa (SPTEC Advisory; SERPENT Project; Lebrato
and Jones, 2009) (Figure 1).

The sample region off the Ghanaian Ivory Coast spanning the
continental margin is very narrow. This facilitates relatively rapid
carbon transfer to the deep sea upon the sinking of jelly-C
biomass post-blooms. With steep slopes beginning at
approximately 200 m, the seabed topography has many
canyons and complex structures, making an assessment of
relatively localized jelly-C deposits difficult but important.
Thus, in our study, we sought to use ROV data in the form of
video over a continuous depth range starting at 20 m through
1,276 m (also see Delteil et al., 1974; Basile et al., 1993). Our
sampling region covered a broad range of a suite of
environmental characteristics and parameters that we felt
could help to objectively capture some of the dynamics
underlying jelly-C in offshore benthic systems.

Remotely Operated Vehicle

Benthic Transects

During an ongoing collaboration between the oil industry and
marine sciences (SERPENT project; Gates et al., 2016), we gained

access to ROV videos (Sonsub vehicle type, operated from the DP
Reel Vessel) in the Baobab oil field (discovered in 2001) off
Ghanaian Ivory Coast. The ROV video footage we selected was
originally meant to study the mechanical state of the Baobab Oil
Pipelines and their structures using umbilical-based inspections
and cone penetrometer (CP) surveys. The ROV footage spanned
dives completed upon days from February 28, 2006, to March 19,
2006, and coverage ranged from only 26 to a depth of 1,276 m
(Figure 1A; Tables 1, 2). Most oil field structures coincided with
large areas of seabed, and the ROV thoroughly inspected the
entirety of the pipeline route from 26- to 1,276-m depth,
mimicking a planned scientific survey (Figure 1A). The total
pipeline-seabed distance covered and analyzed was 142 km of
Pipelines and 29.9 km of CP Surveys (Figure 2A; Table 1).
Surveys allowed for the identification of large depositions of
jelly-C composed of P. atlanticum and megafaunal assemblages
that covered over 10,000 m? of the seafloor (Figure 1). A large
number of ROV video transects were conducted for areas of
relative plain seabed, or for very low-profiled pipelines (sometimes
buried) showing megafaunal organisms aggregating and
scavenging on jelly-C.

Remotely Operated Vehicle Videos and
Ecological Data Acquisition

The ROV benthic transects were first analyzed in 2007-2008 using
309 videos with a focus on P. atlanticum biomass and jelly-C export
(Lebrato and Jones, 2009), with a qualitative basic description of the
ecology. Thus, herein we sought to re-analyze the benthic video
surveys (“Pipelines” in Table 1), including additional videos (“CP
Surveys” in Table 1), to assess quantitatively the importance of jelly-
C depositions on major benthic ecological processes. All videos
were assessed using VisualReview 6.5 (VisualSoft Limited). From a
total of 705 initial videos including pipelines, seabed, and
underwater machinery (summing over 150 h), 148 (summing
over 33 h) showed concomitant jelly-C and megafaunal
communities and thus were selected for further analyses.
Following the methods outlined in Lebrato and Jones (2009), a
sampling unit of video representing 100 m* of the seabed was used.
Using data quantified based on ROV position and scaled sizes of the
nearby pipeline, we were able to assess P. atlanticum colony
densities, sizes, and conditions (fresh, degraded, and
decomposing, visually categorized), to provide a general overview
(Figure 3). We also analyzed current speed and direction by using
particle tracking in video images and estimated substrate type
(pipeline or land-based materials, pipeline and fine sediments,
pipeline and coarse sediment, and pipeline and disturbed
sediment). Further, both the pipeline diameter (15, 25, and 30
cm) (Figure 3; Table 1) and megafauna size were estimated (for taxa
> 50 mm in size) (see Jones et al., 2007) from the sub-selections of
video. Megafaunal assessments for fine-scale patterns analyses were
based upon 50-m? sampling units in video transects. This was novel,
in that this was at a higher spatial resolution for the visual
assessments. Subsequently, our approach resulted in high
megafaunal counts at similar individual depths where the seabed
profile sloped gently (resulting in often extensive replication of
measurements within a similar depth), but sometimes there were
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FIGURE 1 | Map of the remotely operated vehicle (ROV) benthic surveys off the Ghanaian Ivory Coast (Africa) continental margin. (A) Pyrosome jelly-C benthic
observations, biomass, and carbon estimations at the seafloor from 20 to 1,276 m near an oil pipeline in 2006 using an ROV. Survey types include “Pipelines”
and “CP Surveys” alongside a canyon. (B) Examples of megafaunal organisms’ aggregations triggering dominance events by single species: 1, Diadema spp.;
2, Galathea sp.; 3-4, Phormosoma sp.; 5, Ophiolepadidae; 6, Actinostola sp. The numbers in panel A correspond to the areas of the observations/organisms in
panel (B) A full taxonomic list of organisms from this study is available in Table 2. The 3D seabed map was rendered by Sonsub technical staff and was

6 (1251 m)

abrupt depth changes with fewer counts. We resolved this issue by
estimating depth band averages for organisms every 50 and 100 m
for statistical analyses to avoid the weighting of certain individual
depths overriding others. Further, the averaging was performed so
as to integrate zero measurements at certain depths. All megafaunal
organisms were characterized by operational taxonomic units
(OTUs) for further analyses. These OTUs were identified to at
least the genus level and in many cases to the species level. In cases
lacking positive identification, we allocated the respective
organisms to family or class with respect to the most distinctive

morphologies or colors (see Table 2 for a complete taxonomic list).
As Supplementary Materials, the 705 transect videos were used to
create two videos summarizing the findings: 1) a summary 12-min
presentation (Video S1, https://www.youtube.com/watch?v=
Ai0QODpghlA) and 2) a detailed 130-min presentation (Video
S2, https://www.youtube.com/watch?v=KejvhIczDXU). Videos
include commentary from the first author herein. From
visualizations, we provided an annotated document including any
relevant feature, behavior, or event as well as working comments on
observations (Text S1).
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FIGURE 2 | Detailed map of the remotely operated vehicle (ROV)-based surveys. Also included is the wider area from which water column profile data from
GLODAP v2 were derived. Profiles of benthic environmental data vs. depth over time to justify the GLODAP v2 data use. (A) Detailed ROV-based survey map with
tracks to help understand the complexity and positioning of the CLIVAR Repeat Section A13.5 2010 (closest year to 2006 with reliable data available) with respect to
the ROV survey. Also included maps of the GLODAP v2 (https://www.nodc.noaa.gov/ocads/oceans/GLODAPV2/) transects from 1973 to 2010 used to understand
water column profiles environmental data variability in the area. (B) Near-bottom water profiles and ROV-derived temperature, salinity, and dissolved oxygen (DO)
profiles, from 1973 to 2010, were compared to justify the use of 2010 data to analyze the 2006 events. All 11 profiles were remarkably similar near the seabed,
despite covering an area wider than 500 km across the Ghanaian Ivory Coast continental margin. The base map was retrieved from https://www.google.com/maps/
d/u/0/edit?hl=en&mid=118kWIJnxdfJ_aa79Qq6JFqf-aedacoi7&ll=5.049633727701252%2C-4.5044818z=12, and then survey data were plotted on it (Google, n.d.).

Jelly-C Analytics

Pyrosome carcasses were counted and measured for total length
(nearest cm) individually from the video. Counts and metrics
were extracted from still photos and imported into Image]J
software (Version 1.31; Schreider et al., 2012) to provide an
average for each analyzed depth band using 50- and 100-m>
transects. Published equations were used to convert length to dry
weight using P. atlanticum data (Mayzaud, 2007):

Logyy dry weight = —1.804 + 1.692 log), total length Eq. 1

Pyrosome dry weight was converted to carbon units per 50-
and 100-m” transects using a value = 34.93% (organic carbon)

measured in Lebrato and Jones (2009) and used by Lucas et al.
(2011). Biomass and jelly-C data were used as the “organic” input
to facilitate the assessment of the influence of the averaged depth
bands (50 and 100 m), jelly-C food sources, and environmental
variables upon the observances of benthic megafaunal
assemblages (Figures 2B, 3).

Environmental Data and Limitations

Aspects of our study were limited by the absence of seawater
environmental data obtained concurrently with the ROV
surveys. However, measures for seawater temperature were
obtained and taken from an ROV-based probe ( + 0.43°C).
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TABLE 1 | Ivory Coast remotely operated vehicle (ROV) video survey metadata.

Survey Date Depthrange Lat.start Long.start Lat.end Long.end Current speed Current Substrate Areasampled
(m) (°N) (°w) (°N) (m/s) direction (m?)

CP 15/03/  1,000-1,300 4.9390 4.4762 4.4390 45213 15.00 SE Qil rig structure/fine 200

Surveys 2006 sediment

CP 16/03/  1,000-1,300 4.9393 4.4764 4.9391 4.5212 10.00 SE Qil rig structure/fine 400

Surveys 2006 sediment

CP 18/03/  1,000-1,300 4.9639 4.5243 4.9459 4.5247 3.65 SE Qil rig structure/fine 300

Surveys 2006 sediment

CP 19/03/  1,000-1,300 4.9461 4.5248 4.9645 4.5248 6.25 SE Qil rig structure/fine 600

Surveys 2006 sediment

Pipelines  27/02/ 20-60 5.1554 45193 5.1107 4.4886 11.15 SE Pipeline/fine sediment 900
2006

Pipelines  26/02/ 60-85 5.1046 4.4837 5.0689 4.4608 10.00 SE Pipeline/fine-coarse 2,400
2006 sediment

Pipelines  25/02/ 85-107 5.0622 4.4580 5.0413 4.4497 10.00 SE Pipeline/fine sediment 1,500
2006

Pipelines  01/03/ 107-200 5.0416 4.4568 4.9428 4.4684 12.55 SE Pipeline/fine sediment 600
2006

Pipelines  01/03/ 200-385 5.0203 4.4700 5.0096 4.4749 6.00 SE Pipeline/fine-disturbed 500
2006 sediment

Pipelines  01/03/ 385-674 5.0009 4.4783 4.9888 4.4834 6.00 SE Pipeline/fine-disturbed 500
2006 sediment

Pipelines  01/03/ 674-889 4.9855 4.4848 4.9748 4.4894 7.55 SE Pipeline/fine sediment 400
2006

Pipelines  28/02/ 889-927 4.9741 4.5311 49712 4.5416 5.45 SE Pipeline/fine sediment 1,100
2006

Pipelines  02/03/ 927-1,000 4.9699 4.5373 4.9696 4.5226 6.25 SE Pipeline/fine sediment 1,200
2006

Pipelines  02/03/  1,000-1,133 4.9694 4.5195 4.9699 4.4994 7.00 SE Pipeline/fine sediment 1,000
2006

Pipelines  02/03/  1,133-1,200  4.9718 4.5130 4.9570 4.4880 6.78 SE/NW Pipeline/fine sediment 1,400
2006

Pipelines  02/03/  1,200-1,232 4.9709 4.5061 49704 4.5032 2.77 SE/NW Pipeline/fine sediment 900
2006

Pipelines  02/03/  1,232-1,276 4.9685 4.5059 49474 4.4913 5.00 SE/NW Pipeline/fine sediment 600
2006

Detailed data summary from the ROV transects and videos used in the analysis. Data not available are labeled as “n/a,” and those videos were not used in the study. The ROV surveys were

mainly structure inspections with no pipeline and no megafauna or jelly-C associated.

Our limitations resulted from opportunistic uses of industry
ROVs not equipped with complex oceanographic sensors but
rather meant for visual-based monitoring. Of course, seawater
chemistry influences benthic megafaunal assemblages beyond
depth and food supplies (jelly-C). To account for the lack of ROV
environmental parameters (excepting temperature), we used the
GLODAPv2 database (https://www.nodc.noaa.gov/ocads/
oceans/ GLODAPv2/) to download data for sample sites in the
Gulf of Guinea as relatively close as possible to our ROV survey
sites (Key et al., 2015; Figure 2). We compiled water column
profile data from 1973 to 2010 for individual sections Al3,
A13.5, and Al4 to compare and understand the historical
benthic environmental variability in the area near our
bathymetric transects. Cubic line-adjusted regression equations
were fitted to salinity, DO, total pH (pHo), and seawater
saturation state of calcite (Qcgacire) data using logl0 data
transformations (for normality, Anderson-Darling p < 0.005),
adjusting to 95% ClIs of individual profiles. The data that achieved
the best fit were identified within the CLIVAR Repeat Section
A13.5 2010 (https://www.nodc.noaa.gov/ocads/oceans/

RepeatSections/clivar_al3.html). The best-fit data were used to
represent average values for environmental conditions and
parameters, along the bathymetric gradient (Figure 2). The
CLIVAR Repeat Section A13.5 2010, for which we used
parameters estimates other than the temperature for
environmental conditions, lies only 60-70 km to the east of our
ROV benthic survey (Figure 2). Further, assessments of the
CLIVAR Repeat Section A13.5 2010 had overlapping dates with
our own ROV-based surveys dates (ROV surveys from February
28,2006, through March 19, 2006; CLIVAR A13.5 section assessed
March 8, 2010, through April 17, 2010). We used water column
profiles selecting only casts where the sample was taken <5 m from
the seabed such as to best mimic near-seabed conditions.
Furthermore, when ROV-derived temperature data were plotted
concomitantly with the 1973-2010 CLIVAR Repeat Section A13.5
2010 temperature data, all data fit within the 95% Cls. In general,
in deep-sea habitats, benthic seawater conditions deeper than 100-
200 m tend to be stable, with lower variability with depth, likely
alleviating some of the concerns regarding the use of nearby data
instead of strictly ROV-derived data.
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TABLE 2 | Taxonomic list.

Depth band (m)

0- 100~ 200- 300- 400- 500- 600- 800- 900- 1,000- 1,100- 1,200~
100 200 300 400 500 600 700 900 1,000 1,100 1,200 1,300

Fish

Balistes punctatus
Balistes sp.

Bathyraja sp.
Bathysolea sp.
Branchiostegus semifasciatus
Cephalopholis taeniops
Chimaera

Dentex sp.
Epinephelus sp.
Muraena sp.
Mycteroperca sp.
Oxynotus centrina
Pagrus sp.
Pseudupeneus prayensis
Psychrolutes sp.
Sargocentron sp.
Sciaenidae

Scorpaena sp.
Serranus cabrilla
Sparus sp.

Trachurus trachurus
Zeus faber

Indet. fish (various species)
Indet. shark (various species)
Echinodermata
Henricia sp.
Astropecten sp.
Marthasterias glacialis
Indet. red Asteroid
Crinoidea

Cidaris sp.

Diadema sp.

Indet. white Echinoid
Hygrosoma sp.
Mesothuria sp.
Ophiolepadidae

Indet. red Ophiuroid
Solaster sp.

Stichopus sp.
Cnidaria

Indet. white Actinaria
Indet. red Actinaria
Actinoscyphia aurelia
Actinostola sp.
Pennatula sp.

Indet. red coral (various
species)

Crustacea

Galathea sp.

Majidae

Neolithodes grimaldi
Neolithodes sp.
Pagurus sp.

Paralomis sp.
Parapenaeus sp.
Annelida

Annelida (various)
Mollusca

Gastropods (various species)
Octopus sp. (white, purple,
red)

e
"

(Continued)
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TABLE 2 | Continued

0-
100

100-
200

200-
300

300-
400

400~
500

Depth band (m)

500~
600

600-
700

800-
900

900-
1,000

1,100-
1,200

1,200~
1,300

1,000~
1,100

Sepia sp. (white)
Arthropoda
Colossendeis sp.
Urochordata

Ascidians (various species)

Megafaunal organism’s depth zonation (gray cells), including aggregations that triggered dominance events (“D” in the gray well) per depth band (100 m).

Ecological Indices

The total number of megafaunal individuals (“organism number
N”) and the total number of species accounted for by those
individuals (“species number S”) were calculated from the video-
based megafaunal observations (Figures 3, 4). Ecological indices
for diversity (Shannon; Shannon and Weaver, 1949), evenness
(Pielou’s; Pielou, 1969), and dominance (Berger—Parker; Berger
and Parker, 1970) were also calculated.

Data Analyses

The benthic megafaunal data (N, S, Shannon, Pielou, and
Berger—Parker), other data extracted from the images
(substratum, pipeline presence, jelly-C biomass, and jelly-C
condition), and the environmental parameters (depth,
temperature, pHyor,, and Q) Were analyzed using principal
component analysis (PCA). PCA was used to facilitate the

assessment of the main effects of biomass, environmental
parameters, and ecological responses. In order to further
analyze Berger-Parker dominance as a function of
environmental parameters (depth, jelly-C, DO, pHo, and
temperature), we used a multiple regression model following a
normal distribution (K-S > 0.05). All statistics were calculated in
Minitab 17 (Minitab LLC., 2016), plots were built in SigmaPlot
12 (SigmaPlot, 2013), and GLODAPv2 were data visualized with
Ocean Data View (ODV 5.1.7; Schlitzer, 2015).

RESULTS

Benthic surveys included areas of featureless seabed, shelf,
slope, and canyon mouths (Figure 1A). We excluded deep
canyons because many surveys were parallel to the coastline.
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FIGURE 3 | Broad-scale vertical comparison of abiotic and biotic variables along the bathymetric gradient. Abiotic (A) and biotic (B) variables used with 100-m?
transect data. Data were dependent upon the information available from remotely operated vehicle (ROV) videos: current speed, substratum (A, pipeline/land
material; B, pipeline/fine sediment; C, pipeline/coarse sediment; D, pipeline/disturbed sediment), pipeline size, jelly-C per unit area, jelly-C condition (A, no jelly-C; B,
fresh jelly-C; C, degraded jelly-C; D, decomposing jelly-C), species number (S), organism number (N), Shannon index (H), Pielou’s evenness (J), and Berger—Parker
dominance (d), and the environmental data obtained from the water column surveys (temperature, salinity, dissolved oxygen (DO), pHiota, @nd Qcarcite)- All data were
plotted in raw format (no transformation) using 100-m?-sized sampling transects to provide an overall view of the system.
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Numerous visual observations of aggregation, triggering
dominance events (wherein one or a few species dominated
the seabed for a long period of time and or a wide area),
occurred across the shelf and slope off the Ghanaian Ivory
Coast (Figure 1B). At the depths noted, there were notable
aggregations of Diadema sp. (105 m), Galathea sp. (330 m),
Hygrosoma sp. (639 and 771 m), Ophiolepadidae (935 m), and
Actinoscyphia aurelia and Actinostola sp. (1,251 m) (Figure 1;
full taxonomic list in Table 2). Pyrosome jelly-C and
megafauna were abundant from the entirety of our sampling
depth range, essentially from the shelf to the deep slope;

A ROV transect depth (m) B e |
0 100 200 300 400 500 600 700 8OO 900 100011001200 1300 =10 . .
Q"' 1200 | &
ol . sn:n{ 28 wo ! .3 .
E =] o Brea 2g 60| 4 o 8 "
. =
20 K 300 | -
E 16 “'u--. ol ' ' ! - L]
.2 “" L - - - -
o e e o 5 W 15
5 T e — - - A
E Current Speed (cm s}
2007 1S, 00 . o ol ;
) E e 'J:;Iéa'- .. I\.nmumum i e g’ | ® .:. . =020
S| M L tlnate o= . .
50 vl ¥ e g .
= 80 . *
a1 |2 . .
3 a0 é:' pH el y
= " o Minimum 0 300 600 SO0 1200 1500 1800
& 78 ol . -
78 - . g -r) T — :";D-cw
EN T e 1 1
818 |
& 12
8 10 804
B
[ {
gy a8 ig [ . =037
§ E L 780 g® .
B 04 "y .
|y L I
Q 300 600 SO0 1200 1500 1800
Jelly-C
g (arC 50 m’)
g"E 3000 g 10
(=]
88 00 88 ::
£E o
1000 4 a7z
& g o60
o g 2 aus
1000 Eom
-
& 800 024 . - . -
v E 0 300 600 SO0 1200 1500 1800
=g B0 Jally-C
S0 400 (grC 50 m’)
o
= 200 o, 106
o E 086 | L]
a £ g [TYR I —_— r?=033
_ - § E‘ 072 = -
g8, » B850 . s
& E E nas | i
zgi g :53 s & E 38 A ol -
WE g & T oz
a 56 B4 192 140 168 196
Do
EuT, (umol kg")
£ 2E E 00 1.08
SEEg E .
pI=w 200 g
o=z N 22 0ma
o idoo8oooc s
‘Z_f 3 072
g g neo
U £ o
k4
E = 14 HEH 8 E 0.36
.E 3 b © 2 . § .
wE o7 TTE TB4 TEZ 800 BAS
0.0 pHmnl
FIGURE 4 | Fine-scale vertical comparison of abiotic and biotic variables along the bathymetric gradient as well as correlations of main explanatory variables.
(A) Main environmental parameters compared with biological data on a detailed 50-m? re-analysis of the remotely operated vehicle (ROV) transect-based data.
This visualization helps to link the megafaunal aggregations, triggering dominance events to environmental context with respect to depth. (B) Individual correlations
between the main variables driving the system were assessed according to multiple regression and principal component analysis (PCA). All data are plotted in raw
format (no transformation) using 50-m?-sized sampling transects.

however, abundances and distributions were mosaic in
pattern (Videos S1, S2; Table 2).

Shelf and slope environmental conditions varied considerably
with depth. Benthic currents were strong on the shelf (up to 20
cm s7'), sharply decreased at the shelf break and in the shallow
slope (5 cm s 1), and then increased again from 800 to 1,200 m
(range 5 to 15 cm s™') (Figure 2A). Current speed affected jelly-C
transport and accumulation (see Videos S1, S2), with a critical
threshold of 8-10 ¢cm s™' resuspending and moving carcasses
downslope (Figure 2A). The substratum was mainly composed
of soft and fine sediments with some presence of land-based
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debris and coarse sediment, which included rocks and pebbles
(Figure 2A). Many small channels and depressions were
observed. The seafloor was dominated by the pipeline, which
itself had different textures, from the smooth metal surface of the
pipeline to being covered in soft sediment and calcifying/crustose
organisms (Figure 5). In many cases, the pipeline was
completely buried in the seabed, producing deep channels. The
pipeline varied in size (15, 25, and 30 cm wide) and occasionally
trapped jelly-C at current speeds under 8 cm s™' (Figures 2A,
3A). The pipeline did not exert any trapping effect with current
speeds >8-10 cm s~ (Figure 2A); however, the pipeline margins
served as a shelter for organisms and as a substrate for
attachment (Videos S1, S2). Bottom temperature profiles
indicated a sharp decrease moving towards the shelf break and
further decreases thereafter (Figure 2A). Bottom salinity varied
in the first 50 m, remained constant through about 600 m when it
decreased, and then increased again at 1,276 m. Bottom levels of
DO sharply declined from transect initiation at 50 m to the shelf
break at 200-250 m where minima occurred. Then, DO
continually increased through 1,276 m. The bottom pH,, had
a similar profile to DO with a notably sharp decrease through the
shelf break (Figure 2A). Bottom levels of Qe also declined
through the shelf break where after levels remained relatively
constant through 1,276 m (Figure 2A).

Jelly-C standing stock biomass was relatively low on the shelf
(under 10 grC 100 m™>) starting approximately 20 m and down
through 200 m (Figure 2B). On the slope (deeper than 200 m), the
jelly-C standing stock was much higher but variable with water
depth (from 10 to 1,600 grC 100 m ™~ near the 400-m depth zone).
Relatively dense but patchy jelly-C distributions covered hundreds

of meters of the seafloor (Videos S1, $2) and were mainly trapped
by the pipeline on the shelf. In the slope, we made frequent
observations of jelly-C being transported at 50 cm to 1 m above
the seabed/pipeline downslope; however, jelly-C accumulation
decreased linearly with increasing current speed, especially above
the 8-10 cm s threshold (Figure 2A). The jelly-C condition was
fresh only within the shelf, and on the slope, P. atlanticum was
degraded and decomposing (Figure 2B). In many cases, relatively
fluffy in appearance jelly-C material was resuspended, which
indicated advanced states of decomposition (see Videos S1, S2).
Many organisms were observed feeding or attempting to feed
on the jelly-C because they were manipulating (e.g., sharks, fish,
crustaceans, and pycnogonids), biting, nibbling, trapping, or
engulfing (e.g., cnidaria-actiniaria, echinoids, and asteroids) the
materials (Table 2; Figure 5B; Videos S1, S2). Very similar
observations to our study were also described in Archer et al.
(2018). Yet an important distinction in this study was that most
feeding events we observed occurred in the slope region, below
600 m, concomitant with localized areas heavily dominated by a
few species, which in many cases were attributed as single-species
dominance events (Table 2). Aggregations triggering dominance
were patchily distributed along with the whole depth range,
within the species’ natural zonation (Table 2; Figure S1). On a
few occasions, there were overlapping species (motile and sessile
feeding-mode) during the dominance event at different depths,
but in most cases, the dominance was caused by single species
(motile feeding-mode) at a time. Feeding strategies were
observed to have included active jelly-C scavenging (mostly
fish, including wait and feed as jelly-C, moved to them),
ambushing associated organisms (fish, sharks, and rays), jelly-
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C trapping/engulfing (cnidarians-actiniarians and asteroids),
jelly-C retaining/trapping with spines and nibbling (echinoids),
and jelly-C picking/tearing/nibbling (crustaceans). In other
cases, jelly-C was actively being carried along the seabed by
crustaceans and arthropods, suggesting feeding elsewhere
(Table 2; Figure 5; see Videos S1, S2 for examples).

The number of species varied between 3 and 15 across 100
m? transects on the shelf, with a total of 15 different species
identified. At the shelf break, the species richness was the lowest
(3-4 spp.), with a notable absence of fish species (Figure 3B).
The number of species on the upper slope (300 to 800 m), which
was an area with high jelly-C, was also low (3-6 spp.) but then
increased in deeper water. The density of organisms followed a
similar trend to the species richness along the depth zones and
the transects within them. Shannon (H) and Pielou’s (J) indices
reflected these changes in species and counts of individuals but
also varied (Figure 3).

The Berger-Parker dominance index (d) measures were
calculated, and results were compared with the measures of
biomass of jelly-C. This index indicated aggregation events
triggering dominance, potentially caused by high abundances of
a few species that appeared in visual observations along with high
levels of jelly-C (Figures 3, 4). At the shelf break (depths below
200 m), DO minima (~50 yumol kg’l), PHiota minima (~7.70), and
jelly-C maxima (1,600 grC 100 m ) all concomitantly occurred
(Figures 2, 3). The Berger-Parker index and the jelly-C were
significantly correlated (Spearman’s rank correlation: 7* = 0.37, p <
0.050), but it was difficult to separate and elucidate the effect of
depth (Figures 3B, 4). There were sharp increases in the Berger—
Parker dominance index associated with low DO, pH,q.;, and high
levels of jelly-C (Spearman’s rank correlation: r* = 0.33 DO, 0.55
PHiota, 0.63 jelly-C, p < 0.050, Figures 3B, 4). As the ROV-based
surveys moved deeper, increased DO, pH.;, and jelly-C occurred
concomitantly. Aggregation events, triggering dominance, were
more common, especially from 300- to 800-m depths than in the

shelf (<200 m), with further notable peaks at 1,000 m. Aggregation
events and dominance, then, slowly decreased with depths beyond
1,000 m, with increased megafaunal diversity through 1,276 m and
correspondingly variable levels of jelly-C (Table 2). We further
analyzed the Berger-Parker dominance index as a function of
depth, current speed, jelly-C, DO, pH o1, and temperature using a
multiple regression model. The model explained 88% of the
dominance variability (p < 0.05), confirming not only that jelly-
C was responsible for shaping dominance and ecological trends
but also that parameters used to assess environmental variability
along the bathymetric gradient also played key roles (Figure 4).
The results from PCA showed that the first two principal
component axes (PCs) captured 67% of the total environmental
variance (Figure 6). PC axis 1 (PC1; 49.60%) showed a decreasing
trend along with depth that was mainly driven by temperature
followed in importance by depth, pHot and Qcqpcire changes, jelly-
C biomass, and jelly-C condition. PC2 (17.06%) showed a decline
in the layer of 300- to 600-m depth that rose afterward with
respect to jelly-C biomass. This pattern was mainly driven by DO
and pHyo,), as well as associated with the dynamics of the pipeline
(Figure 6). The projection of species number (S), abundance (N),
and ecological indices (Shannon and Pielou’s) showed that both S
and N displayed a positive relationship with current speed (via
jelly-C distribution, Figure 3), while the ecological indices
(Shannon and Pielou’s) were positively associated with
temperature, depth, jelly-C, jelly-C condition, and Q it

DISCUSSION

We examined a uniquely derived dataset consisting of oceanic
ROV field-based observations of massive-scaled jelly-C
depositions and their influence on the shelf and slope benthic
ecosystem. Our assessments spanned a wide and deep
bathymetric gradient off the Ghanaian Ivory Coast in West
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Africa. To facilitate the assessment of the influences of
environmental parameters upon jelly-C biomass depositions
and counts of megafauna across the bathymetric gradients we
sampled, we supplemented field-based ROV observations with
water column ambient data sampled nearby to our own sites and
during overlapping time frames. The area covered, as well as the
large dataset used, allowed us to comprehensively explore the
influence of jelly-C depositions upon benthic megafauna and to
shed light on their importance for benthic ecosystems and
inhabitant megafauna in continental margins. We acknowledge
that interpretations were conditioned by the presence of artificial
structures and pipelines that can trap jelly-C as well as attract
megafauna. Yet the results shed light on the jelly-C impact upon
benthic megafaunal assemblages along large bathymetric
gradients (Figures 1, 2; Table 2).

Jelly-C Deposition Events and Deep-Sea
Benthic Macrofauna

The large quantities of jelly-C found off the Ghanaian Ivory
Coast promoted some megafaunal aggregations, triggering
opportunistic dominance driven by scavengers along the entire
bathymetric gradient (Table 2; Figures 3, 4; Video S2). Yet it
remains unclear if similar assemblages would congregate on the
site during non-bloom episodes. Most likely, megafauna are
scattered on the seabed, and they congregate on opportunistic
feeding opportunities such as the one described herein. Similar
events have been observed before, but not discussed in great
detail. For example, jelly-C and megafauna in the Arabian Sea
(Billett et al., 2006) were assessed, and likewise, in our findings,
crab species fed only through depths up to 350 m, whereas
holothuroids (which we noted at levels of dominance at our
relatively deepest sites) fed at high abundances in areas as deep as
3,000 m. Surprisingly, for areas actually directly above most of
the very dense and large-sized jelly-C mats in the Arabian Sea, no
megafauna were observed to have been ingesting or undertaking
other similar behaviors with the materials as we observed off the
Ghanaian Ivory Coast. This result could imply that in a
productive region like the Arabian Sea, jelly-C and especially
the decaying proportions of the biomass are not attractive as a
food source to a high number or diversity of species and that only
some megafaunal organisms prefer to feed on this resource.
Another hypothesis could be that microbially driven and
chemically mediated competition exists whereby microbes
make the food resource unpalatable for megafauna, which
could vary in one region or ecosystem compared to another
due to the secretion of specific compounds (Burkepile et al.,
2006). Off the Ghanaian Ivory Coast where we obtained our
samples, dense jelly-C patches were observed to have been likely
exploited by a few types of species of fish, echinoderms,
cnidarians, crustaceans, and arthropods (Table 2; Figure 5B).
Such observations occurred for single species on many occasions,
and across many different depth intervals (with overlapping),
especially for transects spanning the slope (Figure 5B; Video
§2). It is possible that increasing microbial density (Sweetman
et al,, 2016) diminished the attractiveness of otherwise relatively
large jelly-C falls either by way of inducing reductions in DO/
sulfidic conditions or by making jelly-C less attractive via

compounds segregated by microbes. For example, microbial
respiration can lead to reduced DO, and sulfide/ammonium
builds up within jelly-C (Chelsky et al., 2016). Yet in our
study, DO levels were high enough for microbial degradation
to occur and for megafauna to respire owing to anoxy likely not
reaching a point of increasing sulfide and ammonium. In our
study, jelly-C was categorized as being fresh, degraded, or
decomposing, with over 90% of the observations having been
recorded as degraded or decomposing. We did not assess the
biochemical and physical constituents, which could have
contributed to reducing attractiveness. However, on many
occasions, different levels of decomposition of overlapping
constituents of jelly-C biomass were noted across the
bathymetric gradients sampled (Figure 2B). In this situation,
the degraded and decomposing jelly-C dominating the seabed
suggests that microbes could have displaced megafauna with
respect to its use as a food source in some areas (e.g., very
advanced state of decomposition) but also made it attractive in
other cases (nitrogen source from bacteria). This would extend
the ecosystem roles of such recyclers to include them also as
competitors (Burkepile et al., 2006). A similar situation to the
Arabian Sea and off the Ivory Coast for dense jelly-C patches was
described at the Station M abyssal seafloor Californian Coast
sampling site (United States), where 6 months of salp jelly-C
export to the benthos triggered a subsequent significant
holothuroid response (Ruhl et al., 2008; Smith et al., 2014). No
other megafaunal organisms were described in that study, but it
is difficult to say if this was a dominance event or an artifact of
low densities of other megafauna because of the extreme depth at
4,000 m (Ruhl et al., 2008). However, though relatively limited,
all other studies with individual or a low number of carcasses
constituting jelly-C have shown a large number of species feeding
upon the jelly-C and a higher scavenger diversity (Jumars, 1976;
Miyake et al., 2005; Yamamoto et al, 2008; Sweetman and
Chapman, 2011; Sweetman et al., 2014). In our study, we find
both scenarios of high and low diversity coexisting with various
levels of the decomposing substrate (jelly-C), and we attribute it
to different decomposition stages. Further, many of the previous
studies were conducted at single depths; thus, it is also difficult to
separate the influence of bathymetric gradient-based responses
and zonation of jelly-C impacts from seabed heterogeneity and
niche exploitation (Figure S1). Recently, it was discovered in a
shallow coastal environment that manual additions of jelly-C
detritus to the seabed decreased macrofaunal C-uptake and
increased bacterial C-uptake and that the jelly-C decay was
capable of producing sulfides, which could further change
benthic organisms’ responses and abundances (Chelsky et al.,
2016). While similar dynamics could have been at play in some
localized areas during our sampling, we suggest that the overall
good water circulation and oxygen availability did not impact
megafaunal assemblages at large.

Varying Community Responses Over a
Bathymetric Gradient

Our findings indicate that a wide range of community-based
variations and associated responses to jelly-C exist along an
extensive and deep transect, which has not typically been captured
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in other studies of jelly-C (Smith et al., 2014; Sweetman et al., 2014).
Yet variability can also be introduced via a substantial environmental
change from ongoing water column processes. The effect of jelly-C
needs to be understood as an episodic one, adding variability to a
continuously changing system. The dense aggregations were
followed by dominance events that we observed in which one
species (different ones along the transect) was hyper-abundant in
conjunction with a relatively large jelly-C mass but often covered as
much as 50 to 100 m* per event. This did not correspond with the
scale of deposition of jelly-C, which extended over much greater
spatial scales (hundreds of square meters). Thus, peaks in jelly-C
biomass did not uniformly elicit the same aggregation response of
the same species, throughout the extent of the deposit. We believe
that this is attributed to megafaunal communities’ own zonation;
thus, the jelly-C arriving in such depths triggers an aggregation
response within their preferred depth ranges. Published megafaunal
distribution assessments for other regions far from our own
demonstrated zonation and turnover in species compositions with
increasing depth (Haedrich et al., 1980; Rowe et al., 1982). The
natural decrease in megafaunal biomass with depth is a common
phenomenon in the deep sea below 200 m and is linked to the
exponential decrease in food supply distances from coastal waters
and deeper waters (Rex and Etter, 2010). Megafaunal biomass is the
most affected by energy reduction with depth, owing to its large size
(Smith et al., 2008). Thus, jelly-C inputs, and especially those that are
palatable in deeper waters, are particularly important in driving
patterns in megafaunal assemblages. The longer life spans, greater
energy reserves, and mobility of larger-sized fauna also mean they
are more able to benefit from spatially and temporally variable food
inputs like jelly-C.

Jelly-C and Dissolved Oxygen

We found DO minima in our study area coinciding with jelly-C
maxima. However, DO minima never fell below oxygen
minimum zone (OMZ) concentrations (below 0.5 mg LY. As
a result, the role of DO in controlling the megafaunal response to
jelly-C is, and was for us, difficult to assess (Levin and Gage,
1998). Although higher megafaunal densities in low DO areas
tend to occur in upwelling oxygenated water (Smallwood et al.,
1999; Levin, 2003), the Ivory Coast area we sampled is not an
OMLZ such as the Arabian Sea (DO 200-400 m = 0.1/0.2 mg L.
In the coastal areas of the Pakistani margin, megafaunal
organisms were nearly or entirely almost absent from all areas
with low DO despite shallow depths and abundant food (Murty
et al,, 2009), which suggested that DO had the potential to limit
megafaunal activity regardless of other environmental conditions
or food resources. Megabenthic organisms tolerate DO as low as
0.15-0.3 mg L™" depending upon the species and physiological
dynamics (Murty et al., 2009). Such levels are relatively well
below the Ivory Coast minima that we observed at 1.6-1.76 mg
L', Thus, the findings reinforce the idea that jelly-C exerted a
strong control upon megafauna beyond the influence of other
environmental variables, in particular for DO. Notably, many
environmental conditions at the relatively deep depths we
sampled and seabed substrates were almost identical
everywhere. As calcifiers are less tolerant to hypoxia than other
organisms (Levin, 2003), we expected that they could be less

prevalent in relatively low oxygen conditions at our sites.
However, we found such taxa in all surveys (Table 2;
Figure 5B; Videos S1, S2), and they were especially prevalent
in areas of high jelly-C and relatively low DO. Galatheids,
ophiuroids, actinians, gastropods, arthropods (sea spiders), and
pennatulaceans are organisms that characteristically can be
found in OMZs and deep-sea zones (Bett, 1995), and we also
found abundances of these taxa at our sample sites off the
Ghanaian Ivory Coast using ROV visual-based surveys. These
taxa were the most important ones in the aggregations that
triggered dominance events (Table 2; Figures 1B, 3, 4).

Jelly-C as Food Resource in

Continental Margins

Megafauna were observed mostly congregating and feeding upon
freshly and degraded jelly-C (based on visual inspections), rather
than on decomposing patches. Beyond the proposed microbially
mediated competition, this could be due to jelly-C decay reducing
seawater DO at the sediment interface, increasing sediment-
related DO demand, decreasing the pH, and increasing the DIC
(Smith et al., 2014). It has also been reported that anoxic layers can
trigger megafauna dominance events (Pearson and Rosenberg,
1978). Large megafaunal aggregation and dominance events
occurred 7 times along the bathymetric gradient occupying
hundreds of meters, corresponding, in particular to 5 species,
namely, the echinoid Diadema sp., the crustacean Galathea sp., the
echinoid Phormosoma sp., ophiuroids (brittle star) identified as
Ophiolepadidae, and the holothuroid Mesothuria sp. (Table 2).
There were also aggregation events triggering dominance in
certain patches (smaller than 100 m) along the bathymetric
transect, for other species such as the fish Scorpaena sp., the
pycnogonid (arthropod) Colossendeis sp., the cnidaria Actinostola
sp., and A. aurelia, and for the asteroid Solaster sp., but at a smaller
scale (Table 2).

Substrate appeared not to have an important role, and many
areas of seabed, sediment, and pipeline remained empty of
megafauna, especially far away from the jelly-C food source
(Figures 2A, 6). In this study, some of the large stretches of jelly-
C covering the seabed also had no feeding events that aligned with
findings from the Arabian Sea (Billett et al., 2006). Thus, we suggest
that areas experiencing regular jelly-C depositions experience a
transition from grazing and scavenging to a detritus-based food
chain for detritus-feeders, followed by a transition to a bacteria-
mediated community (Sweetman etal., 2016). Field surveys, such as
this one, provide a more representative indication of scavenging
activity than the results from isolated baits in lander experiments
(Sweetman et al., 2014), although both approaches are required to
fully understand jelly-C dynamics and carbon transfer.

We also examined the influence of benthic currents, as they
resuspend and transport organic matter and jelly-C downslope
and sideways. We found that a threshold of 8-10 cm s™' was
required to lift carcasses, transport, and re-distribute them
elsewhere. It was likely that such transport indirectly shaped
megafaunal distribution. Our results show the effects of current
speeds above 10 cm s~', which reduced jelly-C accumulation to
low levels (Figures 2A, 3). This indirectly impacted ecological
patterns following and with respect to jelly-C depositions. In
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other deep-sea areas outside the Ghanaian Ivory Coast, bottom
currents have been found to interact with the terrain and control
phytodetrital distribution at spatial scales as small as tens of
meters (Morris et al., 2016). When comparing where jelly-C was
accumulating with the current speed, our results seemed to
indicate that most jelly-C depositions occurred at the lowest
current speeds from 300 to 900 m, which in turn coincided with
most megafaunal aggregation events, triggering dominance
(Figure 2). Benthic current is a key feature to accumulate
organic material of any kind around seabed features (deep
reefs, rocks, channels, depressions, etc.). We suggest that the
pyrosome jelly-C originally sunk elsewhere following major
bloom collapse, and then once it reached the seabed, the
predominant current transported the material, trapping it
against the pipeline. This resembles what would happen
around other naturally occurring seabed features that could
have also trapped the jelly-C.

Overall, the spatial distributions of megafaunal communities
observed off the Ghanaian Ivory Coast were controlled by
combinations of environmental factors (bathymetry and seawater
chemistry) and biological factors (organismal zonation and
aggregation, followed by dominance) but heavily driven by an
episodic and opportunistic manner by jelly-C mass deposits. The
jelly-C impact is transient in nature and subjected to the bloom
dynamics in the water column, but it exerts an impact on short time-
scales of several weeks. In addition to the role of jelly-C in providing
a pivotal carbon export mechanism and food resource in
continental margins and the deep sea, our novel findings indicate
that jelly-C has the capacity to impact the short-term dynamics of
benthic megafaunal assemblages at broad scales including deeper
habitats than have been previously accounted for.
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