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a b s t r a c t

The mesopelagic region (200–1000 m) hosts a wide variety of organisms in a concentrated layer known
as the deep scattering layer (DSL). Much of the mesopelagic region in the central North Pacific remains
unexplored, limiting ecosystem considerations in fisheries management and other applications. The
National Oceanic and Atmospheric Administration (NOAA) Office of Ocean Exploration and Research
used NOAA Ship Okeanos Explorer to conduct two expeditions in the region, one to Johnston Atoll and
the other to Musicians Seamounts. During these expeditions, a remotely operated vehicle collected
video and CTD environmental data while the ship collected active acoustics. This project analyzed the
video, CTD, and acoustic data to create an ecological characterization of the mesopelagic at Johnston
Atoll and Musicians Seamounts. The initial characterization included a full inventory of mesopelagic
fauna imaged, the relationship between the abundance of categorical groups (gelatinous, Chaetognatha,
Crustacea, and fish) and the environmental variables of salinity, oxygen, and temperature, a comparison
between the abundance of mesopelagic fauna below, within, and above the DSL, and a qualitative
analysis of the spatial distribution of categorical groups. There was a significant negative relationship
between the abundance of the gelatinous organisms and salinity and oxygen concentrations. Overall,
there were more sightings per minute of all organisms combined below and within the DSL than above
the DSL at Musicians Seamounts, while there was no difference in sightings per minute between the
below, within, and above DSL groups at Johnston Atoll. Proportionally, there were more gelatinous
organisms than any other single category (fish, Chaetognatha, and Crustacea) at all dive sites in the
study. These initial characterizations strive to develop biodiversity concepts and the relationships
between the environment and fauna. Progress in these areas can aid the management of marine
national monuments and serve as a baseline for future ROV dives.

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The mesopelagic region of the ocean, as defined by Gjøsaeter
nd Kawaguchi (1980) and Sutton (2013), typically extends from
00 to 1000 m and receives enough sunlight for organisms to
iscern diel cycles, but too little light for photosynthesis to oc-
ur. Despite containing 20% of the ocean’s volume, much of the
esopelagic region or ‘‘twilight zone’’ remains unexplored and
oorly understood (Proud et al., 2017). The direct observation of
his region is a relatively new endeavor and as such the general
nowledge and trends known about the mesopelagic are based
pon observations in a small subset of the ocean.
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352-4855/© 2023 The Authors. Published by Elsevier B.V. This is an open access a
c-nd/4.0/).
The non-homogeneous region is further distinguished by sink-
ing marine snow, an increase in hydrostatic pressure, an intermit-
tent food supply, and a diverse assemblage of fauna (Alldredge
and Silver, 1988; Lindsay et al., 2015; Robinson et al., 2010).
Fauna within this layer participate in diel vertical migration in
which they ascend to the epipelagic zone at dusk and then retreat
to the darkness of the twilight zone during the day, contributing
to the cycling of carbon and other organic matter (Hays, 2003;
Robinson et al., 2010).

Historically, the biomass of fauna within the twilight zone
has been underestimated. The diversity of organisms is also not
fully known, with a possibility of one million undescribed species
(Klevjer et al., 2016; Robison, 2004). Biomass for sound reflecting
organisms is concentrated in the deep scattering layer (DSL)
(Barham, 1963, 1966). The DSL is a vertically expansive layer
(sometimes greater than 200 m) within the mesopelagic and rel-
atively denser (backscatter approximately 1.59 × 10−5 m2m−2)
han the rest of the water column (Proud et al., 2017). The
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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ensity and position of the DSL are highly influenced by the
ime of day (due to diel vertical migration patterns), surface
rimary productivity, ocean temperature, and surface wind stress
Proud et al., 2017). Oxygen minimum zones (OMZs; areas with
ess than 0.5 ml l−1) may be present in mesopelagic regions
nd the amount of dissolved oxygen can affect both the lower
nd upper boundaries of the DSL (Netburn and Anthony Koslow,
015) and the intensity of vertical migration (Perelman et al.,
021). Common mesopelagic fauna found throughout the water
olumn include but are not limited to gelatinous zooplankton like
alps, appendicularians (larvaceans), siphonophores, ctenophores,
nd medusae; crustaceans such as copepods and euphausiids;
redatory worms like Chaetognatha; cephalopods; midwater fish
uch as Myctophidae and Gonostomatidae; and a vast array of
icroorganisms (Irigoien et al., 2014; Robison, 2004). Due to en-
ironmental conditions and ecological relationships, the biomass
f non-gelatinous organisms tends to decrease exponentially with
epth, while the abundance of gelatinous creatures can increase
Arístegui et al., 2009; Lindsay and Hunt, 2005; Reinthaler et al.,
006; Robinson et al., 2010; Yamaguchi et al., 2004).
Understanding the ecology of the mesopelagic is vital because

he fauna provide an extensive amount of known and unknown
cosystem services. Mesopelagic fauna serves an important food
upply for commercial pelagic species (Robison, 2009). For exam-
le, Hoki (New Zealand’s largest commercial fishery), is supported
y the mesopelagic fishes that serve as their main prey items
McClatchie and Dunford, 2003). Furthermore, mesopelagic mi-
ronekton are key prey for larger, deep-diving mammals and
hus are a necessary part of the food web. Short-finned pilot
hales, beaked whales, and sperm whales have been observed

oraging in areas with high micronekton backscatter (Copeland
t al., 2019). Mesopelagic fauna also serve as a carbon sink in
hich they store and transport to depth the carbon captured from
he atmosphere by phytoplankton at the surface (Hernández-
eón et al., 2019; Saba et al., 2021). An estimated average of over
0% of the total carbon export in the oligotrophic North Pacific
ubtropical Gyre is facilitated by mesopelagic fish alone (Davison
t al., 2013). Gelatinous organisms within the mesopelagic have
igh pharmaceutical and commercial potential, commonly used
or medicine, food, and other products (Robison, 2009; Leone
t al., 2015).
The techniques and technology used to study the deep sea

ave evolved over time. Methods have ranged from the landmark
ceanographic expedition on the H.M.S. Challenger in the late
800s that used bottom dredging and open water trawl nets
Wüst, 1964); to the decades after World War II that saw the
dvent of Nansen bottles and closing trawling nets to collect
argeted samples at discrete depths (Johnson et al., 1956); to the
daptation of military sonar technology used to discover the deep
cattering layer between the late 1940s and 1960s (Sutton, 2013).
ore recently, surveys with human operated vehicles (HOVs) and

emotely operated vehicles (ROVs) mounted with conductivity,
emperature, and depth (CTD) sensors have been routinely im-
lemented in ecological and biological studies due to their ability
o make direct in situ observations at depth, discretely collect
iological samples, and make environmental observations (Kelley
t al., 2016; McLean et al., 2020; Robison et al., 2017; Selig et al.,
019). The use of submersible platforms has led to the documen-
ation of known and unknown species, such as the discovery of an
ndescribed species from the deep-sea Asteroidea Superorders:
alvatacea, Forcipulatacea, Echinodermata (Mah, 2022) and new
igher taxa ctenophores, such as Duobrachium sparksae (Ford
t al., 2020; Lindsay and Miyake, 2007). ROV imaging can reveal
ew ecological relationships, for example, range shifts of Hum-
oldt squid and their primary prey items, myctophid fishes, in the

onterey Bay region in response to an expanding OMZ (Stewart

2

et al., 2014). They can also allow for observations of unique
behaviors, such as a previously unknown social entanglement
behavior exhibited by mesopelagic Periphylla periphylla jellyfish
n Lurefjorden, Norway or the inverted swimming behavior of the
am’s Horn Squid (Kaartvedt et al., 2015; Lindsay et al., 2020).
As of 2022, only 23.4% of the world’s seafloor has been mapped

nd even less of the midwater has been explored using remote
ensing technologies, leaving large gaps in region-specific ecol-
gy (Mapping progress, 2022). Places in the North Central Pa-
ific like Johnston Atoll and Musicians Seamounts have been
xamined before, but not with ROVs and other remote sens-
ng equipment. Instead, previous biological studies at Johnston
toll have focused on surveying shallow water biodiversity using
CUBA techniques (Kosaki et al., 1991; Lobel et al., 2020; Wag-
er et al., 2014), tagging (Economakis and Lobel, 1998), genetic
nalysis studies (Tenggardjaja et al., 2014; Yabsley et al., 2006),
nd computer simulations (Kobayashi, 2006). Some studies have
xamined deep-sea fish fauna at Johnston Atoll, but these studies
ave been limited and focused on trawl surveys and submersibles
hat visited depths between 40 and 2000 m (Chave and Mundy,
995). In contrast, previous studies at Musician Seamounts cen-
ered around the geologic history of the seamounts and how
hey relate to the Hawaiian Islands (Li et al., 2008; Sager and
ringle, 1987). Prior to this study, the mesopelagic macrofauna
t Johnston Atoll and Musicians Seamounts had yet to be fully
xamined.
The Campaign to Address Pacific Monument Science, Technol-

gy, and Ocean Needs (CAPSTONE), led by the National Oceanic
nd Atmospheric Administration’s (NOAA) Office of Ocean Explo-
ation and Research (OER), was an exploratory mission designed
o increase the understanding of the regional biogeography, pro-
ide science for management making decisions, and explore mid-
ater regions (Ford and Netburn, 2017; Netburn et al., 2018;
ennedy et al., 2019). The NOAA Ship Okeanos Explorer, collects
eep-sea data using ROVs, echosounders, and CTD sensors (Ro-
ison et al., 2017; Ford and Netburn, 2017). The purpose of this
tudy was to refine our understanding of the water column dis-
ribution of mesopelagic organisms at a regional scale (Johnston
toll and Musicians Seamounts). This characterization examined
he abundance of regional mesopelagic fauna in relation to the
nvironmental conditions of salinity, temperature, and oxygen.
hen, the abundance of fauna was compared to the depths of the
SL. Finally, the abundance and proportions of fauna seen was
ompared spatially across dive sites. These findings were placed
n a broader context by comparing patterns seen locally to other
esopelagic studies in the North Central Pacific and across the
lobe.

. Methods

.1. Study regions

This study focused on two NOAA Ocean Exploration Okeanos
xplorer missions (Johnston Atoll/EX1706 and Musicians Seamo-
nt/EX1708) to two monuments located in the North Central Pa-
ific, Papahānaumokuākea Marine National Monument (PMNM)
nd Pacific Remote Islands Marine National Monument (PRIMNM)
Fig. 1). PRIMNM and PMNM are especially important as they
ontain ‘‘one million square miles of emergent land, coral reef,
cean, and maritime heritage resources, as well as harbor numer-
us protected species and likely an abundance of undiscovered
esources’’ (Elliott et al., 2017).

The first expedition, 2017 Laulima O Ka Moana: Exploring
eep Monument Waters Around Johnston Atoll (EX1706), took
lace from July 7 - August 2, 2017, with the goal of collecting
aseline ecological and mapping data around the Johnston Atoll
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Fig. 1. Depicts the location of the mesopelagic dives for the two study areas: Johnston Atoll (EX1706), denoted by a blue dot, and Musicians Seamounts (EX1708),
enoted with a shaded blue rectangle encompassing all seamounts particular to the region. Protected areas within Papahānaumokuākea Marine National Monument
PMNM) and Pacific Remote Islands Marine National Monument (PRIMNM) are represented by red shaded rectangles. The filled blue rectangle on the global inset
ap indicates the general study area. The ROV dives are indicated by black dots. Each expedition had four ROV dives exploring the mesopelagic zone: EX1706 -
ives 3, 5, 8, and 14 and EX1708 - dives 4, 10, 13, and 17. See Table 1 for specific information on the transect depths for each dive. (For interpretation of the
eferences to color in this figure legend, the reader is referred to the web version of this article.)
Table 1
A summary of the mesopelagic dives for the Johnston Atoll (EX1706) and Musicians Seamounts (EX1708) expeditions. Includes information about the expedition
number, dive number, dive name, date, latitude, longitude, time range (converted from UTC to local Hawaiian standard time) transect depths (meters) and times
(mins) in parentheses, and a link to the orignial SeaTube footage.
Dive
#

Dive name Date Latitude Longitude Time range
(local time)

Transect depth (m) for time
(min) format: Depth (min)

SeaTube link

Johnston Atoll (EX1706)

3 Unnamed
Seamount

7/14/2017 18.15335 −169.73398 16:18 – 18:18 800 (11), 700 (10), 600 (11),
500 (11), 400 (10), 300 (11)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=603

5 Sally
Seamount

7/17/2017 16.79496 −169.56541 16:18 – 18:17 900 (10), 700 (9), 550 (10),
500 (10), 400 (10), 350 (10)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=623

8 Pierpoint
Seamount

7/22/2017 15.47146 −171.99310 15:57 – 18:17 800 (14), 700 (11), 600 (15),
500 (15), 400 (10), 300 (10)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=653

14 Keli Ridge 7/28/2017 15.09452 −167.95966 16:17 – 18:15 800 (10), 700 (12), 600 (12),
500 (10), 400 (10), 300 (11)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=713

Musicians Seamounts (EX1708)

4 Sibelius
Seamount

9/10/2017 27.24802 −160.63327 16:20 – 18:21 800 (10), 700 (14), 600 (10),
500 (15), 400 (10), 300 (10)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=1470

10 Shostakovich
Seamount

9/16/2017 33.25124 −164.76734 16:09 – 17:26 800 (10), 700 (10), 600
(12), 500 (10)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=843

13 Pagannini
Seamount

9/19/2017 28.68279 −162.60977 16:27 – 18:08 800 (10), 700 (10), 500
(10), 300 (10)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=873

17 Rapano
Ridge

9/23/2017 26.59547 −160.67291 16:06 – 18:01 800 (13), 700 (10), 600
(10), 500 (12), 300 (10)

https://data.oceannetworks.ca/SeaTubeV3?
resourceTypeId=600&resourceId=913
Unit (JAU) of the PRIMNM (Kelley et al., 2019). The JAU is lo-
cated approximately 800 nautical miles southwest of the main
Hawaiian Islands chain and includes a wide variety of underwater
seamounts that host a diversity of aquatic life (Fig. 1). A total
of four exploratory mesopelagic ROV dives were conducted at
targeted seamounts and ridges. Six horizontal transects (i.e., at
near constant depth) were run for each dive, at depths ranging
3

from 300 to 900 m, and for durations ranging from 9 to 15 min.
For specific information about each dive location, refer to Table 1.

The second expedition, Deep-Sea Symphony: Exploring the
Musicians Seamounts (EX1708), occurred from September 6–30,
2017, to the Musicians Seamounts, located approximately 650
nautical miles northwest of the Hawaiian Ridge and near the
PMNM (Cantwell et al., 2020) (Fig. 1). This expedition had four

https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=603
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=603
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=623
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=623
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=653
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=653
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=713
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=713
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=1470
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=1470
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=843
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=843
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=873
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=873
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=913
https://data.oceannetworks.ca/SeaTubeV3?resourceTypeId=600&resourceId=913
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esopelagic ROV dives at predetermined seamounts and ridges.
ive four had six transects, ranging from depths of 300 to 800 m,
nd ranging in duration from 10 to 15 min. Due to time con-
traints and a technical glitch in which the video stream was
nterrupted, dives 10 and 13 conducted four transects each, cov-
ring depths between 300 and 800 m, and durations ranging
rom 10 to 12 min. Dive 17 had 5 mesopelagic transects, covering
epths between 300 and 800 m, and durations from 10 to 13 min.
or more specific information on each dive, refer to Table 1. All
idwater transects for EX1706 and EX1708 occurred between
:30 and 4:30 UTC (3:30 to 6:30 pm local time), with sunset
ccurring between 5:10 and 5:18 UTC (7:10 and 7:18 PM HST)
or EX106 and 4:14 and 4:43 UTC (6:14 and 6:43 PM HST) for
X1708.

.2. Video data

During EX1706 and EX1708 the two-part system, the ROV
eep Discoverer (D2) and its accompanying camera sled, Seirios,
sed Insite Pacific ‘‘Zeus Plus’’ HD Video Cameras to capture video
ootage. The video was recorded at a resolution of 1920 x 1080
ixels and using a frame rate of 29.97i. Specifics regarding the
ighting and color correction used to produce the video is found
n Ford et al. (2020).

The ROV maintained a near constant depth during the mid-
ater transects and recorded various targets while moving for-
ard for a predetermined amount of time, between 9–15 min.
hese were exploratory transects that did not have a set transit
peed, distance, or camera zoom and were occasionally inter-
upted to image specific targets. All organisms, including cope-
ods when they could be clearly identified by shape or move-
ent, were counted and identified to the most descriptive taxo-
omic level possible without compromising accuracy using Sea-
ube V2 (https://data.oceannetworks.ca/SeaTubeV2). The video
ootage was rigorously reviewed in consultation with experts
nd then annotated with the World Register of Marine Species
WoRMS). All original comments from offshore participants are
reserved within SeaTubeV2 and are available to the public. Con-
ult Table 1 for transect times. See Fig. 2 for examples of organ-
sms encountered on these expeditions.

Once the transect was complete, the ROV would ascend ap-
roximately 100 m and repeat the transect process. On most dives
he pilots would conduct two transects outside the DSL (800 and
00 m) and four within the DSL (700, 600, 500, and 400 m). The
SL depth was determined by active acoustic data.

.3. Acoustic data

Active acoustic data were collected with a hull mounted cal-
brated Simrad EK60 multi-frequency echosounder. The echo-
ounder was calibrated using standard techniques (Foote, 1987;
emer et al., 2015). The echosounder began recording data prior
o the start of each ROV dive and collected data at 18, 70, 120,
nd 200 kHz frequencies until the ROV was brought back to the
urface. For this paper, the 18 kHz frequency was used instead
f 38 kHz frequency, because the 38 kHz caused interference be-
ween the ROV USBL navigation and multibeam sonar, which may
ave led to navigation errors and risked the safety of the ROV. The
8 kHZ data was analyzed and cleaned with a power of 2000 W
nd a pulse length of 8.192 ms in Echoview V11.0.304 (Echoview
oftware Pty Ltd, 2013), using the impulse noise control and re-
uced pings operands. The mean volume backscattering strength
mean Sv; dB re m2/m3) minimum threshold was set to −80 dB re
2/m3 to better identify the DSL (Colombo et al., 2003). A bottom

ine was placed to outline the upper boundary of the seafloor. To

utline the range of the DSL, a maximum Sv algorithm, with a

4

minimum Sv value at −70 dB re m−1, was used to mark the lower
depth boundary and the upper depth boundary. The maximum
Sv algorithm spans the gaps in between the acoustic backscatter
to create the boundary line. The upper and lower depth DSL
boundary lines were visually inspected and edited to fit the data
when the algorithm detection and a visual assessment were not
matched. Once the lines sufficiently captured the DSL boundaries,
they were exported to a csv file and analyzed in RStudio V4.0.2
(RStudio, 2020).

2.4. CTD data

Calibrated SeaBird SBE-911 Plus CTD sensors on ROV D2 and
camera sled Seirios collected data on conductivity (used to cal-
culate salinity), temperature, depth, and dissolved oxygen at a
rate of up to 22 times a second from the start to the end of
the dive (Fig. 3). A ROV-mounted Paroscientific 8B7000-I depth
sensor was used to record the depth and a Tracklink 10000
Ultra Short Baseline (USBL) Acoustic Tracking System was used
to record position. The salinity, temperature, depth, and dissolved
oxygen data from D2 and Seirios were compared graphically and
used in the analysis. D2 data was used preferentially because it
is the platform that housed the main video camera. Seirios was
used as a backup when the D2 data stream was interrupted and
recorded incorrect values. The CTD downcast data were converted
using SBE data processing software V7.27.2 and decimated by a
pressure increment of one (Sea-Bird Scientific, 2017) (see Fig. 3).

2.5. Data analysis

There were four dives (24 transects, 263 total minutes) at
Musicians Seamounts and four dives (19 transects, 206 total
minutes) at Johnston Atoll (Table 1). The depths of these tran-
sects ranged from 300 to 900 m. Transects were nonlinear and
conducted for 9 to 15 min. An inventory of mesopelagic organ-
isms was created from the reviewed annotations (Table 2) and
the number of sightings for each individual species was totaled.
Due to low sample sizes, the individual species were further
organized into four categorical groups (example families are in
parentheses): Chaetognatha, Crustacea (Harpacticidae, Sergesti-
dae, and Euphausiidae) fish (Myctophidae, Gonostomatidae, and
Sternoptychidae) and gelatinous (Salpidae, Cuninidae, Halicreati-
dae, Agalmatidae, Rhopalonemaidae, and Thalassocalycidae). These
groupings are not functional in nature and instead represent the
dominant types of organisms seen. The total number of sightings
of each categorical group was averaged across each transect and
then standardized by dividing the number of minutes taken to
complete the transect (Table 3) (Costello et al., 2005; Söffker et al.,
2011). Time, instead of distance, was used to standardize the
average sightings because each transect was constrained by an
ideal time range, the ROV did not move at a constant speed, and
it occasionally stopped. The nonlinear nature of the exploratory
transects makes calculating the distance using the latitude and
longitude of each point on the transect impractical. The average
sightings per minute is used as a proxy for abundance and will be
abbreviated as such for the rest of the paper. This proxy method
was used in similar studies: Hoving et al. (2019), Hidaka et al.
(2021), Lindsay and Hunt (2005), Selig et al. (2019).

2.5.1. Abundance in relation to environmental parameters

To evaluate the difference in total abundance of fauna between
expeditions, the mean fauna abundance was calculated across all
transects for each expedition and then tested with a Wilcoxon
rank sum test (RStudio, 2020). If a significant difference was

https://data.oceannetworks.ca/SeaTubeV2
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Fig. 2. Screenshots of marine organisms recorded by the ROV Deep Discover during midwater transects on expeditions at Johnston Atoll and Musicians Seamounts.
(A) Siphonophore – EX1708, Dive 17, 600 m. (B) Thalassocalyce sp. – EX1706, Dive 8, 600 m. (C) Cranchiid Squid – EX1708, Dive 8, 700 m. (D) Solmissus sp. – EX1708,
Dive 17, 700 m. (E) Argyropelachus sp. (Hatchet Fish) – EX1708, Dive 4, 500 m. (F) Anoplogaster sp. (Fangtooth Fish) – EX1708, Dive 17, 800 m.
Fig. 3. Example of CTD collected during each dive. Salinity (light blue), temper-
ature (◦ C) (red), and dissolved oxygen concentration (mg/l) (purple) are plotted
with respect to depth (m).. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
5

found, then the expedition was added to the model as a random
effect.

The abundance data for each transect was then combined with
the environmental data to build a mixed effects linear model that
explains the distribution of organisms in relation to depth and
the environmental parameters of oxygen concentration (mg/l),
salinity, and temperature (◦ C) (v1.1-26; (Bates et al., 2015)).
A separate model was run for each categorical group. Expedi-
tion was used as a random effect in each of the models (when
expedition was significant).

The general mixed linear model (Eq. (1)) is as follows:

Abundance = β + µoxygen + µsalinity + µ (1)

General mixed effects linear model relating the abundance
of fauna to environmental parameters where µoxygen, µsalinity,

µtemperature are the average environmental parameter for each
transect depth for all dives and both expeditions.
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Table 2
An inventory of all mesopelagic fauna seen, identified, and annotated using WoRMS during dives at Johnston Atoll (EX1706) and Musicians Seamounts (EX1708).
The categorical grouping that each phylum belongs to can be seen on the leftmost column. The total number of sightings for each taxonomic rank is given and is
indicative only on the ranking it corresponds to (not additive to lower taxonomic classifications). A blank space indicates that the fauna was not seen.
A. EX1706 Johnston Atoll

Categorical
group

Phylum Class Order Family Genus Species Dive 3 Dive 5 Dive 8 Dive 14

Gelatinous Annelida
Polychaeta Phyllodocida Tomopteridae Tomopteris 1

Crustacea Arthropoda
Hexanauplia 2 1
Malacostraca Amphipoda 1

Decapoda 2 1 2 1
Sergestidae 1 1 1

Sergestes 1 1
Euphausiacea Euphausiidae Euphausia 1 2

Chaetognatha Chaetognatha 4 2 3 2

Fish Chordata
Actinopterygii 11 12 12 8

Anguilliformes Nemichthyidae Nemichthys 1
Nettastomatidae Leptocephalus (larva) 1
Serrivomeridae Serrivomer 2 4 4

Serrivomer
beanii

1

Aulopiformes Notosudidae 1
Myctophiformes 2 1

Myctophidae 1 1
Stomiiformes 6 5 4 6

Gonostomatidae 4 3 4 6
Cyclothone 2 3 3 6
Gonostoma Gonostoma

atlanticum
1

Sigmops 1
Sternoptychidae Argyropelecus 1

Sternoptyx Sternoptyx
diaphana

1

Gelatinous Appendicularia 4 6 9 4
Copelata 4 2 1 2

Oikopleuridae 1 1
Bathochordaeus 1
Mesochordaeus 1

Thaliacea Salpida 3 3 5 1
Salpidae 1 3 5 1

Gelatinous Cnidaria
Hydrozoa 17 12 16 15

Narcomedusae Aeginidae Bathykorus Bathykorus
bouilloni

1 2

Cuninidae Solmissus 3 2
Solmundaeginidae Solmundella 1 1

Solmundella
bitentaculata

1

Siphonophorae 5 5 4 8
Agalmatidae Agalma 1 1
Prayidae 2

Praya 1 1
Trachymedusae Halicreatidae 2 2 2

Haliscera 2 1
Halitrephes 1

Rhopalonematidae 2 1 1 2
Arctapodema 1
Colobonema 1 1
Tetrorchis Tetrorchis

erythrogaster
1 2

Gelatinous Ctenophora 3 3 7 3
Tentaculata

Lobata Bathocyroidae Bathocyroe 1
Thalassocalycida Thalassocalycidae Thalassocalyce Thalassocalyce

inconstans
3

Gelatinous Mollusca 1
Gastropoda Pteropoda Cavoliniidae Diacria 1

(continued on next page)
6
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Table 2 (continued).
B. EX 1708 Musicians

Seamounts

Categorical
group

Phylum Class Order Family Genus Species Dive 4 Dive 10 Dive 13 Dive 17

Gelatinous Annelida Polychaeta 1

Crustacea Arthropoda Hexanauplia 1 2 1 1
Harpacticoida Harpacticidae 1

Malacostraca Decapoda 4 1 1
Sergestidae Sergestes 1

Euphausiacea 1 1 2
Euphausiidae 1 2

Euphausia 2

Chaetongatha Chaetognatha 6 7 3 8

Fish Chordata Actinopterygii 12 7 5 8
Beryciformes Anoplogastridae Anoplogaster 1
Myctophiformes Myctophidae 5 1 2
Osmeriformes Bathylagidae 1

Microstomatidae Microstoma 1
Stephanoberyciformes Melamphaidae 1
Stomiiformes Gonostomatidae Cyclothone 4 5 5

Gonostoma 5
Sternoptychidae 2 1

Argyropelecus 1 1
Argyropelecus gigas 1

Gelatinous Appendicularia 5 4 5
Copelata Oikopleuridae Bathochordaeus 1 1 3

Mesochordaeus Mesochordaeus
Erythrocephalus

1

Thaliacea Salpida 1 1
Salpidae 1

Gelatinous Cnidaria Hydrozoa 15 13 10 17
Narcomedusae Cuninidae Solmissus 3 3 1 1

Solmissus incisa 3 1
Solmundaeginidae Solmundella 1

Siphonophorae 9 5 4 10
Agalmatidae Agalma Agalma elegans 1

Frillagalma Frillagalma vityazi 1 2
Prayidae Praya 1 1

Trachymedusae Halicreatidae Halicreas Halicreas minimum 2 1
Halitrephes 1

Rhopalonematidae 1 3 3
Arctapodema 1 1 1
Colobonema 3 1

Colobonema
sericeum

1

Scyphozoa Coronatae Periphyllidae Periphyllopsis 1
Semaeostomeae Ulmaridae 2 1 1

Poralia Poralia rufescens 2 1 1

Gelatinous Ctenophora 3 1 3 5
Tentculata Cydippida 1 1

Lobata Bathocyroidae Bathocyroe 1 1 1
Bathocyroe fosteri 1

Thalassocalycida Thalassocalycidae Thalassocalyce Thalassocalyce
inconstans

1

Gelatinous Mollusca Cephalopoda Oegopsida Cranchiidae 1 1
Helicocranchia 1
2.5.2. Abundance in relation to the deep scattering layer (DSL)

We combined the DSL boundary data with the ROV annota-
ions in order to determine the abundance within and outside
f the DSL. Since there was a difference in abundance between
ohnston Atoll and Musicians Seamounts, we separated each ex-
edition and then subsetted the transects based on their position
elative to the DSL: ‘‘in’’, ‘‘above’’, and ‘‘below’’. A Wilcoxon Rank
um Test was used to determine the difference in abundance
ithin, below, and above DSL (RStudio, 2020).
7

2.5.3. Spatial distribution of categorical groups

To qualitatively assess the spatial distribution of the four cat-
egorical groups, sightings per minute of each categorical group
were divided by the total sightings per minute of all organisms
seen for each ROV dive. The categorical group proportions were
graphed as pie charts using Scatterpie (Yu, 2017) and positioned
on a map according to their geographic coordinates (RStudio,
2020).
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Table 3
An abbreviated inventory of all mesopelagic fauna seen, identified, and annotated using WoRMS during dives at Johnston Atoll
(EX1706) and Musicians Seamounts (EX1708) used for data analysis. The categorical grouping that each phylum belongs to can be
seen on the leftmost column. The total number of sightings per minute for each taxonomic rank is given and is indicative only on
the ranking it corresponds to (not additive to lower taxonomic classifications). A blank space indicates that the fauna was not seen.
A. EX1706 Johnston Atoll

Categorical group Phylum Class Dive 3 Dive 5 Dive 8 Dive 14

Gelatinous Annelida 0.07
Polychaeta 0.07

Crustacea Arthropoda 0.10 0.31 0.28 0.38
Hexanauplia 0.14 0.08
Malacostraca 0.10 0.31 0.14 0.30

Chaetognatha Chaetognatha 0.39 0.20 0.24 0.30

Fish Chordata 1.60 2.17 1.98 1.18
Actinopterygii 1.02 1.23 0.79 0.72

Gelatinous Appendicularia 0.38 0.62 0.76 0.37
Thaliacea 0.29 0.31 0.43 0.10

Gelatinous Cnidaria 1.59 1.23 1.29 1.40
Hydrozoa 1.59 1.23 1.29 1.40

Gelatinous Ctenophora 0.30 0.20 0.50 0.28
Tentaculata 0.23 0.10

B. EX 1708 Musicians Seamounts

Categorical group Phylum Class Dive 4 Dive 10 Dive 13 Dive 17

Gelatinous Annelida 0.10
Polychaeta 0.10

Crustacea Arthropoda 0.54 0.30 0.20 0.38
Hexanauplia 0.10
Malacostraca 0.44 0.10 0.10 0.28

Chaetongatha Chaetognatha 0.57 0.65 0.30 0.75

Fish Chordata 1.45 0.75 1.00 1.11
Actinopterygii 1.01 0.65 0.50 0.67

Gelatinous Appendicularia 0.44 0.40 0.44
Thaliacea 0.10 0.10

Gelatinous Cnidaria 1.42 1.27 1.10 1.64
Hydrozoa 1.22 1.17 1.00 1.56
Scyphozoa 0.20 0.10 0.10 0.08

Gelatinous Ctenophora 0.24 0.10 0.30 0.46
Tentculata 0.10 0.20 0.26

Gelatinous Mollusca 0.10 0.10
Cephalopoda 0.10 0.10
0
(
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3. Results

3.1. Abundance in relation to environmental parameters

There was a total of 43 transects used to assess the relation-
hip between abundance (average sightings per minute) of the
our categorical groups and environmental parameters. (Table 1).
here was a significantly higher abundance of organisms sighted
t Musicians Seamounts when compared to Johnston Atoll (W =

903, p-value = 0.01943) (Fig. 4) and so the expedition was added
s a random effect to the mixed effects linear model.
The abundance of gelatinous organisms was negatively cor-

elated with oxygen concentration (p = 0.010) and salinity
p = 0.001); temperature was not significantly related (p =

.249). As the average oxygen concentration (mg/l) increased, the
bundance of gelatinous organisms decreased (Fig. 5 A). Similarly,
s the average salinity increased, the abundance of gelatinous
rganisms decreased (Fig. 5B). The nonsignificant relationship be-
ween temperature and abundance of gelatinous organisms is not
hown. The gelatinous categorical group mixed model accounts
or 29.5% of the variation found in the abundance of gelati-
ous fauna (Table 4). Neither Crustacea, fish, nor Chaetognatha
bundance had significant relationships with the environmental
ariables of oxygen (p = 0.823, 0.591, 0.084), salinity (p =
8

.885, 0.388, 0.262), and temperature (p = 0.305, 0.631, 0.401)
Table 4).

.2. Abundance in relation to the deep scattering layer

At Johnston Atoll, there were 14 transects within the DSL and
0 transects outside of the DSL (6 below and 4 above); Musicians
eamounts had 10 transects within the DSL and 9 transects out-
ide the DSL (6 below and 3 above). For Johnston Atoll, there was
o significant difference between the overall median sightings
er minute within the DSL compared to below the DSL (W = 736,

p = 0.246), above the DSL (W = 535, p = 0.110), nor between
he above and below DSL groups (W = 217, p = 0.240) (Fig. 6 A).
n contrast, Musicians Seamount had higher median sightings
er minute within and below the DSL when compared to above
W = 377.5, p = 0.001; W = 204, p = 0.022), while there was
o significant difference between the below and within group
W = 541.5, p-value = 0.197) (Fig. 6B).

.3. Spatial distribution of categorical groups

Johnston Atoll ROV dives to Unnamed Seamount (Dive 3),
ally Seamount (Dive 5), Pierpont Seamount (Dive 8), and Keli
idge (Dive 14) had total average fauna sightings per minute
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Fig. 4. Differences between the average sightings per minute of all observed organisms between the two expedition locations: Johnston Atoll and Musicians Seamounts.
There were significantly more average sightings per minute at Musicians Seamount when compared to Johnston Atoll. The horizontal lines in the boxplot represent
the median, the boxes represent the interquartile range, the whiskers represent the data values between the interquartile range and either the minimum/maximum,
and the dots represent outliers.

Fig. 5. A & B. Relationship between the abundance of gelatinous organisms when compared to (A) average oxygen concentration levels and (B) average salinity
levels. The points depict the abundance of gelatinous organisms in comparison to the average oxygen concentration or average salinity of each transect and the
depth (m) and location is denoted by color and shape respectively. The blue line demonstrates the fitted regression model. The shaded blue area represents the 95%
confidence interval. As average oxygen levels and average salinity increased, the average sightings per minute of gelatinous organisms decreased.. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

9
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Table 4
Summary of environmental mixed linear regressions for the Crustacea, Gelatinous, Fish, and Chaetognatha categorical groups. The models for the Crustacea, Fish, and
Chaetognatha categorical groups were not significant. The average sightings per minute for the Gelatinous group decreased as the oxygen concentration (mg/l) and
salinity increased.
Predictors Crustacea Gelatinous Fish Chaetognatha

Estimates CI p value Estimates CI p value Estimates CI p value Estimates CI p value

(Intercept) 0.93 8.61 –
10.46

0.849 24.79 10.55 –
39.03

0.001 5.38 −6.17 –
16.93

0.361 3.51 −2.48 –
9.49

0.251

Oxygen (mg/l) −0.01 −0.07 –
0.05

0.823 −0.13 −0.22 –
−0.03

0.01 −0.02 −0.10 –
0.06

0.591 0.04 −0.00 –
0.07

0.084

Salinity −0.02 −0.30 –
0.26

0.885 −0.71 −1.13 –
−0.29

0.001 −0.15 −0.49 –
0.19

0.388 −0.1 −0.28 –
0.08

0.262

Temperature
(C◦)

−0.01 −0.30 –
0.04

0.305 0.03 −0.02 –
0.07

0.249 −0.01 −0.05 –
0.03

0.613 −0.01 −0.03 –
0.01

0.401

Random
Effects

σ 2 0.01 0.03 0.02 0
N (Expedition) 2 2 2 2

Observations 43 43 43 43
Marginal R2 0.117 0.295 0.114 0.257
Fig. 6. A & B. Sightings per minute of all organisms above, below, or within the deep scattering layer for Johnston Atoll, plotted on the left, and for Musicians
Seamounts, plotted on the right. The median of the sample is represented by the bold horizontal line, the interquartile range is represented by the non-bold box.
The lines extending from the box demonstrate the outer quartiles while the black dots show outliers. The above group was not significantly different in median
sightings per minute, compared to the below or within ‘‘group for Johnston Atoll. For Musicians Seamounts, the abundances of the below and within group were
significantly higher than for the above group.
of 0.6455, 0.7056, 0.6754, 0.5245 respectively (Table 5). Mu-
sicians Seamounts ROV dives to Sibelius Seamount (Dive 4),
Shostakovich Seamount (Dive 10), Paganini Seamount (Dive 13),
and Rapano Ridge (Dive 17) had total average fauna sightings
per minute of 0.9450,0.8775, 0.7250, 0.9000 respectively (Ta-
ble 5). Musician Seamounts had higher total fauna sightings per
minute overall when compared to Johnston Atoll (Fig. 7). Johnston
Atoll had a higher average proportion of gelatinous (63.06%) and
10
fish (23.52%) fauna when compared with Musicians Seamounts
(53.41% and 18.45%). Conversely, Musicians Seamounts had a
higher proportion of Crustacea (15.29%) and Chaetognatha
(12.85%) when compared to Johnston Atoll (7.59% and 5.83%).

4. Discussion

The ROV transects for Johnston Atoll and Musicians Seamounts
took place two months and approximately 700nmi (12 degrees in
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Table 5
Proportion of average sightings per minute for each categorical group across dives from the Johnston Atoll and Musicians Seamounts expeditions.
Expedition Date Latitude Longitude Dive Depth range (m) Average sightings per minute Proportion of total average sightings per minute

Gelatinous Crustacea Fish Chaetognatha

EX1706 7/14/2017 18.15335 −169.734 3 300–800 0.645455 0.562207 0.077465 0.261737 0.098592
EX1706 7/17/2017 16.79496 −169.565 5 350–900 0.705556 0.587927 0.073491 0.291339 0.047244
EX1706 7/22/2017 15.47146 −171.993 8 300–800 0.675379 0.689849 0.062722 0.191905 0.055524
EX1706 7/28/2017 15.09452 −167.96 14 300–800 0.524495 0.682234 0.090034 0.195956 0.031777
EX1708 9/10/2017 27.24802 −160.633 4 300–800 0.945 0.477954 0.223986 0.206349 0.091711
EX1708 9/16/2017 33.25124 −164.767 10 500–800 0.8775 0.452991 0.17094 0.213675 0.162393
EX1708 9/19/2017 28.68279 −162.61 13 300–800 0.725 0.627586 0.103448 0.168966 0.1
EX1708 9/23/2017 26.59547 −160.673 17 300–800 0.9 0.577778 0.113333 0.148889 0.16
Fig. 7. Abundance and proportion of the four categorical groups at each dive location. All dives were located on either seamounts or ridges. The blue-outline shaded
box represents the area covered by Musicians Seamounts while the blue dot represents Johnston Atoll. Each pie chart represents a dive location with each color
representing a different categorical group. The center point of each pie chart indicates the dive locations, while the numbers extending from the chart designate the
dive number. The size of the pie chart is proportional to the total average sightings per minute for the dive.. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
,

latitude) apart. To limit bias in the linear regression model, where
the data from the two study regions were combined, a random
effects term accounted for the difference in location.

The two study regions have a difference in productivity regimes
hich could explain why Musicians Seamounts had a higher total
bundance of fauna seen in comparison to Johnston Atoll. Primary
roductivity is positively related to Chlorophyll a concentration,
nd generally where primary productivity is high, there is a high
bundance of plankton and marine micronekton (Irigoien et al.,
014). Between September 10–19, 2017 Musicians Seamounts
ad a higher Chlorophyll a concentration (0.05mg m−3) when

compared to Johnston Atoll (0.02mg m−3) on July 14–July 28,
2017 (ERDDAP, 2017). These trends are consistent with doc-
umented trends; Johnston Atoll is located within oligotrophic
waters in the Hawaiian Island Zone, ranging from 10◦N and 18◦N
latitude (Morel et al., 2010), while Musicians Seamounts is north-
ward and near the more productive subtropical Transition Zone
Chlorophyll Front, between 32◦ N and 42◦N latitude (Polovina
et al., 2017).

While we did not find relationships between oxygen concen-
tration, salinity, nor temperature and the Crustacea, Chaetog-
natha, and fish categorical groups, there was a significant nega-
tive relationship between oxygen concentration and salinity and
the occurrence of gelatinous organisms. Gelatinous fauna re-
quire oxygen, but generally have lower metabolism and higher
11
swimming efficiency, allowing them to live in more hypoxic
conditions than other organisms (Thuesen et al., 2005) & (Pur-
cell et al., 2001). Gelatinous zooplankton like Medusozoa and
Ctenophora may be more abundant in the mesopelagic as the
oxygen concentration generally decreases with depth in the Pa-
cific Ocean, thus allowing them to outcompete or avoid predation
from other organisms that cannot tolerate hypoxic conditions
(Boero et al., 2016). Similarly, our results align with Luo et al.
(2014) who found a negative relationship between salinity and
the distribution of mesopelagic gelatinous organisms. Salinity,
used as a metric for defining fronts, was an important factor
in determining the distribution of mesopelagic gelatinous or-
ganisms, but it did not rank as high as oxygen or depth for
most species (Luo et al., 2014). Colobonema may be especially
negatively affected by an increase in salinity, as seen when an El
Niño event in Monterey Bay caused a warmer and saltier water
mass to penetrate the mesopelagic and decrease the sightings
of the normally abundant Colobonema sericeum (Raskoff, 2001).
Shallow-occurring (≤150 m) Scyphozoan jellyfish in the Gulf of
Mexico, Yellow Sea, and East China Sea have similarly been found
to be negatively correlated with lower salinity concentrations
(Heim-Ballew and Olsen, 2019; Zhang et al., 2012). Conversely,
in another study located in the Western Pacific Ocean, the indi-
viduals (or sightings) per minute of Ctenophore, Hydromedusae,
and Siphonophore either increased with an increase in salinity or
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ad a negligible effect (Hidaka et al., 2021). More investigation
nto the variable effects salinity and various water masses on
bundance of gelatinous fauna will need to be conducted to
ontinue to better understand these relationships.
Given the limited number of observations that we could make

uring these opportunistic exploratory surveys, we grouped the
iological observations into the broad taxonomic classifications
f Crustacea, Chaetognatha, and fish categorical groups in order
o investigate relationships with potential environmental drivers.
owever, these groupings may have limited our ability to de-
ects relationships at lower taxonomic levels. For example, some
pportunistic predators, such as Myctophidae, perform extensive

diel vertical migrations to support their feeding and thus their
distributions may be additionally responsive to their prey distri-
butions (Kinzer and Schulz, 1985), in addition to environmental
factors (Brodeur and Yamamura, 2005) Other fish such as most
Sternoptychidae do not conduct DVM and thus their distribution
could be based more heavily on environmental factors (Olivar
et al., 2017). In Eduardo et al. (2020), the abundance of Argy-
ropelecus hemigymnus was constrained to depths of 300–400 m
and at 700–800 m while other studies conducted in colder water
(Merrett and Roe, 1974) found their distribution’s upper range
to reach 150 m depth, indicating that some Sternoptychidae
may only tolerate specific temperature ranges Distributions of
fish and other non-gelatinous organisms may also be responsive
to light intensity (Klevjer et al., 2016) and reproductive period
(Sassa, 2019) neither of which were accounted for in this study.

Gelatinous organisms were seen in greater abundance than
any other categorical group which could possibly be due to avoid-
ance of the ROV by mobile organisms. Fish and other faster
moving organisms may flee from a source that outputs sound
or light (Kaartvedt et al., 2012). Significant avoidance patterns
have been observed on other Deep Discoverer dives (Leavitt et al.,
019) and other ROVs in general (Stoner et al., 2008). This pattern
uggests that ROVs may be more effective in studying slower
oving organisms and that acoustics and midwater trawls should
ossibly be used in conjunction with ROVs to get a more complete
icture of the abundance of life in the mesopelagic.
The predominance of gelatinous organisms and visual avoid-

nce patterns at higher depths could have led to the inconsistent
atterns of abundance results in relation to the DSL. The total
bundance of fauna was significantly higher within and below the
SL when compared to above the DSL at Musicians Seamounts,
hile there was no significant difference between the below,
bove, and within groups at Johnston Atoll. Gelatinous organisms,
side for some exceptions like siphonophores, are weak acoustic
argets (Colombo et al., 2003). Qualitatively, there was a greater
roportion of gelatinous organisms compared to any other cate-
ory within and outside the DSL for most transects at Johnston
toll (Fig. 8). No statistics were run on these data as the sample
ize is too small to determine meaningful results. Some fish can
lso be missed entirely by the ROV in the upper depth ranges due
o visual avoidance, and thus not counted, resulting in an under-
stimation of the population (Stoner et al., 2008). The methods
sed by NOAA Ship Okeanos Explorer may also disturb the natural
ocation of the DSL. Since the ship collects acoustic data at the
ame time the ROV is completing the midwater transects, the DSL
oundaries may shift as organisms move to avoid the ROV.
There are no ROV mesopelagic studies that have occurred

t Johnston Atoll and Musicians Seamounts, making localized
omparisons difficult. A survey conducted in 1994 at Johnston
toll used a submersible to image benthic fish and while a
ew Actinopterygii were documented in the midwater, the study
argely ignored the mesopelagic (Chave and Mundy, 1995). A
rawl survey performed 25 km off the coast of Oahu (1200 km

way from both Johnston Atoll and Musicians Seamounts) at

12
depths between 0 m and 1,200 m found Cyclothone had the
highest proportional abundance of daytime abundance in relation
to Myctophidae, Sternoptychidae and Anguilliformes (Maynard,
1975). In our study, Cyclothone similarly occupied the highest
proportional abundance of the fish categorical group (Table 2).
Maynard (1975) encountered a low number of Anguilliformes
compared to Myctophidae and Sternoptychidae, while at John-
ston Atoll there was a much higher proportion of Anguilliformes
compared to Myctophidae and Sternoptychidae. We did not en-
counter any Anguilliformes at Musicians Seamounts. A study
at Cross Seamount (1,150 km away from Johnston Atoll and
1,350 km away from Musicians Seamounts), between 500 m
and 1500 m depth, found genuses/species similar to our study:
Cyclothone, Gonostoma atlanticum, Argyropelecus, Sigmops, and
Sternoptyx (De Forest and Drazen, 2009). The Japan Agency for
Marine-Earth Science and Technology (JAMSTEC) uses method-
ology similar to our study and paired a ROV and CTD to the
study the distribution of gelatinous fauna at the Sumsi Caldera
— located 430 km southeast of Japan and approximately 6,200
km away from our study region. They observed several gelatinous
species similar to our study, including: Bathocyroe fosteri, Agalma
elegans, Halicreas minimum, Colobonema sericeum, and Solmissus
incisa (Hidaka et al., 2021). The GEOMAR Helmholtz Centre for
Ocean Research Kiel also paired a ROV and CTD to explore the
mesopelagic a Senghor Seamount (550 km west of Mauritania’s
coast). Despite being located 13,500 km from our study region,
their Pelagic In situ Observation System (PELAGIOS) ROV ob-
served similar fauna: Narcomedusae (Solmundella and Solmissus),
Trachymedusae (Halicreas, Halitrephes, and Colobonema), Siphon-
ophorae (Praya), Ctenophora (Bathocyroe and Thalassocalyce),
Chaetognatha, Phyllodocida (Tomopteris), Decapoda, Euphausi-
acea, Oegopsida (Helicocranchia), Anguilliformes, Myctophiformes,
and Stomiiformes (Hoving et al., 2019). Unlike our survey, Hoving
et al. (2019) found that there were higher proportions of fish,
chaetognaths, and crustaceans during the day when compared to
gelatinous fauna. This difference could be attributed to varying
vertical diel migration patterns differences in towing speed, or
higher rates of ROV avoidance although further study will be
needed to confirm its validity.

This study provides a new baseline understanding of the di-
versity and frequency of organisms observed at Johnston Atoll
and Musicians Seamount, in conjunction to how these organisms
relate to their environment. Localized knowledge of the organ-
isms that exist in a particular region combined with ecological
context is an important step in properly managing the marine
environment (Day et al., 2015). A lack of proper management
in the mesopelagic could have devastating impacts economically
and biologically, especially in the face of changing ocean con-
ditions. Proud et al. (2017) predicts that as the ocean warms,
mesopelagic biomass of fish will increase in Pacific gyres by the
year 2100. Conversely, abundance of 46% of individual fish stocks
are trending downward and 40% are exploited above sustainable
rates (Britten et al., 2021). Select mesopelagic fish may become
a possible replacement and are currently being investigated as
a potential source of protein and oil for animal feed and hu-
man consumption (Grimaldo et al., 2020). Gelatinous zooplankton
(especially Scyphozoa and Ctenophora) are known to thrive in
disturbed ecosystems and may increase with hotter and more
acidic oceans (Richardson et al., 2009). Outbreaks of gelatinous
zooplankton could have negative consequences on the ecosystem
through the potential exclusion of fish stocks (Richardson et al.,
2009). Background knowledge and an ecological understanding
of mesopelagic gelatinous organisms can allow for decisive man-
agement action and potentially help prevent infestations. Since
this study is only an initial investigation, a final consideration is
to improve upon this study and construct long-term monitoring
systems. The potential of marine monuments to conserve and
protect marine organisms and resources is vast - if only we take
the time to properly understand the local ecology.
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Fig. 8. Sightings per minute composition of categorical groups in relation to depth for all dives. The DSL is represented by the light gray box.. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)
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