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Abstract

Gelatinous zooplankton (GZ), play a crucial role in marine food webs, nutrient cycling, and carbon sequestration, however,
quantifying their abundances remains challenging due to their delicate body structure, complex life cycles and variable popu-
lation dynamics. Their tendency to form sporadic, large-scale aggregations further complicate the differentiation between true
ecosystem alterations and stochastic variations in their abundance. In the Arctic Ocean, our understanding of GZ aggregations
remains generally incomplete. Using in-situ observations from a towed pelagic camera system, we assessed the diversity
and vertical distributions of GZ in fjord and offshore environments in northern Norway and the Svalbard archipelago. We
found that Atlantic water masses harbored the highest GZ abundance, while intermediate waters showed the highest diversity.
We documented dense aggregations of Beroe spp. in Van Mijenfjorden in Svalbard (observed during ascent of the camera
system, not quantified in ind. m~>) and Bolinopsis infundibulum in the open Barents Sea (>2.67 ind. m~> at 100 m). Other
observed taxa included the hydrozoans Aglantha digitale, Melicertum octocostatum, Solmundella bitentaculata, Pandeidae
sp. and Physonectae spp., the scyphozoan Cyanea capillata and the ctenophores Mertensia ovum and Euplokamis sp. By
linking the vertical distribution and observations of local aggregations with physical and biotic factors, we described the
potential drivers of the distributional patterns observed. Towed camera surveys contribute to accurate in-sifu observations,
thereby improving our understanding of GZ aggregations and distributions in the Arctic Ocean.

Keywords Ctenophore aggregations - Gelatinous zooplankton - Beroe - Bolinopsis - Underwater towed camera - Arctic
Ocean

Introduction

Gelatinous zooplankton (GZ) are a polyphyletic group
of marine animals that share traits of high water con-
centration in their bodies (often over 95% of wet weight,
Liiskow et al. 2021) and an inherent fragility (Larson
1986). GZ includes taxa belonging to the phyla Cnidaria
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(scyphozoans, hydromedusae and siphonophores), Cte-
nophora and Chordata (appendicularians, doliolids, salps),
which play an essential role in marine food webs, nutrient
cycling, and carbon sequestration (Choy et al. 2017; Luo
et al. 2020). GZ are often characterized by rapid growth,
short generation times and high grazing or predation pres-
sures, particularly when occurring in high numbers (All-
dredge 1984). Most GZ groups have the ability to form
large aggregations that are influenced by a complex of
physical, behavioral, and reproductive factors (Dawson
and Hamner 2009; Fernandez-Alias et al. 2021). Large
aggregations are broadly categorized into (i) physical
aggregations, which are driven by hydrographic features
such as gradients in physical factors near the pycno/
thermo/halocline (e.g., Raskoff et al. 2005), or by surface,
wind-driven features (e.g., Hamner & Schneider 1986)
and seafloor characteristics (Graham et al. 2001), and (ii)
blooms, which are associated with seasonal reproduc-
tive events (e.g., Arai 1992). Physical aggregations also
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include the complexity of demographic changes, such as
different distribution patterns of juveniles and adults in the
water column (Batisti¢ et al. 2004), and diurnal vertical
migrations (Graham et al. 2001). What triggers GZ blooms
and aggregations, and how they are organized in time and
space, is to a large extent not well understood (Hamner
and Dawson 2009).

Gelatinous zooplankton can be divided into holo- and
meroplanktonic species, with the latter having a benthic
polyp stage, controlling the release and development of
small medusae and hence adding complexity to their bloom
dynamics. GZ blooms, including those of Scyphozoa,
Hydrozoa, and Ctenophora, are either initiated by the release
of medusae by benthic polyps in Scyphozoa and Hydrozoa,
or through reproductive peaks in holoplanktonic Cnidaria
and Ctenophora, resulting in sequential seasonal peaks in
abundance among species (Mills 2001). Members of the
Class Scyphozoa are particularly notable for their bloom-
ing potential (Ferndndez-Alias et al. 2021), reaching den-
sities of several thousand medusae per square meter (Hari
Praved et al. 2021). GZ, such as Ctenophora, can also form
dense aggregations. However, they are usually poorly docu-
mented due to their fragility and the associated challenges
when applying traditional collection methods (Hosia et al.
2017). These traditional methods, such as net tows, do not
always yield reliable datasets, particularly for estimating the
abundance and biomass of more fragile GZ like ctenophores
and appendicularians (e.g., Hosia et al. 2017; Long et al.
2020). These methods usually fragment or entirely destroy
individuals of the more delicate species. Moreover, despite
their efficiency of sampling large water volumes and bio-
masses over large areas, these sampling gear fail to detect
local aggregations and fine-scale patchiness. In contrast to
traditional methods, optical imaging techniques, such as
cameras on remotely operated vehicles (Robison 2004),
vertical profiling cameras (Picheral et al. 2022) and hori-
zontally towed pelagic cameras, provide non-invasive, high-
resolution observations (Hoving et al. 2019). These in-situ
systems allow organisms to be recorded without damaging
their structural integrity, avoiding the problems associated
with fragmentation or destruction of gelatinous organisms.
In addition, their application enhances our ability to deter-
mine distribution gradients with higher resolution and allows
the detection of local aggregation patterns.

Recent studies have hypothesized an increase in the abun-
dance of GZ worldwide (Brotz et al. 2012), a phenomenon
often referred to as “ocean jellification” (Roux et al. 2013).
However, substantial support for this hypothesis is lacking,
largely due to the paucity of comprehensive spatio-temporal
datasets (Condon et al. 2013). This is further complicated by
the difficulty of distinguishing intra- and interannual popula-
tion fluctuations from global, climate-change driven trends
(Purcell 2005).
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The Arctic Ocean is undergoing rapid ecological changes,
and these changes are driven by temperatures that are rising
four times faster than the global average and causing major
sea-ice retreat (Fox-Kemper et al. 2021). Physical changes
induce major oceanographic phenomena such as the influx
of warmer, temperate waters into the Arctic Ocean, via both
the Pacific and Atlantic gateways, referred to as ‘pacifica-
tion” and ‘atlantification’, respectively (Polyakov et al. 2020;
Ingvaldsen et al. 2021). This warm water influx causes shifts
in communities, where cold-water Arctic species are being
replaced by their boreal counterparts, a process which is
increasingly reported for the Atlantic sector of the Arc-
tic Ocean (Polyakov et al. 2020; Ingvaldsen et al. 2021).
Despite the general lack of studies on distributional patterns
of GZ in the region, recent studies (Marko et al. 2020; Pan-
tiukhin et al. 2023) projected that several species with an
affinity for Atlantic waters, such as the hydrozoan Aglantha
digitale, will become increasingly abundant with further
atlantification, while some species with cold-water affinity,
such as Sminthea arctica, will significantly decrease in num-
bers (Pantiukhin et al. 2023, 2024). Several key GZ species,
such as the scyphozoan Cyanea capillata and Periphylla
periphylla, ctenophores such as Beroe spp., and appen-
dicularians including Fritillaria borealis, were predicted to
expand their ranges with future climate-change projections
(Pantiukhin et al. 2024).

Recent studies have characterized spatial distributions of
GZ in the Arctic using depth-stratified plankton nets (Mariko
et al. 2020), under-ice trawls (David et al. 2015), or optical
surveys (Remotely Operated Vehicles in Raskoff et al. 2005,
2010; PELAGIOS in Pantiukhin et al. 2023). Nonetheless,
the study of regional or local aggregation dynamics of GZ
in the Arctic, especially in fjord and shelf systems of the
European Arctic, remains poorly documented. The afore-
mentioned studies could link species distributions with the
complex and multi-origin water layers typical of the Arctic
Ocean (Raskoff et al. 2005; Purcell et al. 2010). Indeed, the
Arctic Ocean is characterized by strong near-surface dis-
continuities in temperature and salinity. The interaction of
warm, salty Atlantic waters and cold, fresher Polar waters,
as well as meltwater from sea-ice, can generate sharp sub-
mesoscale fronts (von Appen et al. 2018).

The environmental characteristics of Arctic fjord systems
are characterized by the relative influence of the different
water masses, as well as by sea-ice processes and marine-
terminating glaciers more inwards into the fjord (Cottier
et al. 2010). In Svalbard, the Kongsfjorden and Krossfjorden
fjords are connected by a common mouth, through which
they experience a strong exchange with the warm West
Spitsbergen Current (Svendsen et al. 2002). Both fjords are
strongly influenced by tidewater glaciers (seven glaciers
in Kongsfjorden, only one in Krossfjorden). To the south
lies Van Mijenfjorden, which is less glaciated and has the



Polar Biology

characteristics of a semi-enclosed fjord (Skardhamar and
Svendsen 2010). Due to its narrow mouth and the pres-
ence of the island of Akselgya, the influence of the West
Spitsbergen Current is reduced compared to the Kongsf-
jorden—Krossfjorden system, while the importance of the
local hydrography (e.g., landfast ice and discharging rivers)
is known to be more pronounced (Skardhamar and Svendsen
2010). Hornsund is the southernmost fjord of Svalbard. Only
34 km long, it has a wide mouth that allows free entry of
both cold surface Arctic water masses and the warm West
Spitsbergen Current (Btaszczyk et al. 2013). The hydrogra-
phy is also complicated by the presence of strong tidewater
glacier discharge from fourteen glaciers, resulting in strong
stratification of the fjord (Swerpel 1985). The Barents Sea
region is influenced by significant amounts of Atlantic water,
which cools and mixes with other water masses in the region
(Jakobsen and Ozhigin 2011). Finally, Porsangerfjorden, the
largest fjord in northern Norway, is divided into an outer and
inner basin, where the outer basin is more influenced by the
Norwegian coastal current, while the inner basin is charac-
terized by cold Arctic waters of local origin (Svendsen 1991;
Wassmann et al. 1996).

With regard to the association of zooplankton with dif-
ferent water masses, it has been hypothesized that Atlantic
water masses bring more diverse and abundant communi-
ties to the Arctic (Hop et al. 2019). Conversely, other stud-
ies recorded higher abundances of GZ in Atlantic water

Fig. 1 Map displaying the

PELAGIOS and OFOS st

masses, while Arctic waters harbored a higher species
richness (Mariko et al. 2020; Pantiukhin et al. 2023).

The main goal of this study is to describe and charac-
terize GZ aggregations in Arctic waters. To do this, we
have conducted optical surveys in three different marine
environments: fjord systems of the high Arctic Svalbard
archipelago, a fjord system in northern Norway mainland,
and the open waters of the Barents Sea shelf (Fig. 1). Spe-
cifically, to investigate the occurrence of aggregations
and small-scale vertical distributions of GZ in the Arctic
Ocean, their link to different water masses and potential
other environmental factors driving them, we conducted
optical surveys at several localities along a poleward gra-
dient, including the fjords of Svalbard, the open waters of
the Barents Sea and the largest fjord of northern Norway,
i.e., Porsangerfjorden, all of which are under differing
influence of Atlantic waters. By carrying out depth-layered
transects with a towed video camera system, we aimed to
elucidate the spatial distribution of GZ in the water col-
umn and to quantify their local populations. Using these
data, we estimated the abundance of GZ at specific depths
and interpreted the findings in the context of the abiotic
and biotic conditions at each station. This study provides
a solid foundation for understanding the GZ aggregations
and their spatial dynamics in the Arctic region. Addition-
ally, our work contributes to establishing further baselines
of local spatial patterns of GZ in different Arctic marine
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environments, which is crucial for improving the detection
of species shifts with continued atlantification.

Methods

Study area and deployments during the R/V Heincke
expedition HE605

During the HE605 expedition “RISING” with the research
vessel R/V Heincke (Alfred Wegener Institute 2017) in
August 2022 over 15 days (Havermans 2023), we deployed
the Pelagic In Situ Observing System (PELAGIOS; Hov-
ing et al. 2019) and the Ocean Floor Observation System
(OFOS; Alfred Wegener Institute 2017) to observe Arctic
epi- and mesopelagic ecosystems along a poleward gradient
(Fig. 1, Table 1). The surveys were conducted in four fjords

in the western Svalbard archipelago (Krossfjorden, Kongsf-
jorden, Hornsund, and Van Mijenfjorden), one station in the
Barents Sea shelf zone, and one fjord in northern Norway
(Porsangerfjorden). These optical transects were preceded
by the physical characterisation of the water masses using a
CTD rosette (see below).

The Pelagic In-situ Observation System (PELAGIOS) is
a high-definition video camera system that records at 50
frames per second. It was towed horizontally from the side
of the research vessel at a speed of approximately 1 knot,
covering different depth layers within the water column. The
resulting horizontal profiles were carried out in depths from
3 to 300 m, in order to cover a representative range of GZ
habitats and to cover the entire water column (Fig. 2). Due
to the design of the PELAGIOS system, we only used data
from horizontal transects for quantitative taxa estimation,
while for the ascent and descent phases, we only reported

Table 1 Details on the analyzed PELAGIOS and OFOS surveys of the HE605 expedition

Event label Optional label Method/device Date Time (UTC) Latitude start Longitude start Latitude end Longitude end

HE605_1-5  Krossfjorden-1 PELAGIOS 2022-08-15 10:55:50 79°12,230'N 011°48,984'E 79°10,728' N 011°47,350'E

HE605_5-5  Kongsfjorden-3 PELAGIOS 2022-08-16 9:45:05 78°56,775'N 011°54,472'E 78°56,923' N 011°56,453'E

HE605_12-5 Van Mijenf- OFOS 2022-08-18 11:39:00 77°48,376' N 015°19,359'E 77°47,543' N 015° 19,499'E
jorden-3

HE605_16-1 Hornsund-4 PELAGIOS 2022-08-19 21:10:50 76° 59,266’ N 015°49,480'E 76° 58,474'N 015°46,889'E

HE605_18-5 Barents Sea-1 PELAGIOS 2022-08-21 8:11:26 72°17,892' N 024°27,466'E 72°19,016'N 024° 28,586'E

HE605_23-13 Porsangerf- PELAGIOS 2022-08-24 10:12:18 70° 06,501’ N 025°09,047"E 70°07,411'N 025° 10,683'E
jorden-3

HE605_24-14 Porsangerf- PELAGIOS 2022-08-25 10:35:31 70°19,865'N 025°19,635'E 70° 21,173’ N 025° 20,203’ E
jorden-4

Fig.2 Graphical representa-
tion of the dive transects of the
PELAGIOS video system
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counts of encountered individuals for each taxa. In total, we
performed 33 unique horizontal transects at the six studied
stations, representing ~ 5.6 h of videos. The majority of these
transects had a duration of 10 min (Fig. 2). Out of the multi-
ple Ocean Floor Observation System (OFOS) stations during
the HE605 expedition, we have only included one survey,
as the major focus of these transects are the fauna residing
on the seafloor. During the survey in the Van Mijenfjorden
station we observed a conspicuously high number of cteno-
phores during the ascent of the OFOS survey, hence, this
dive has been further analyzed.

Biological data

The optical data from the cruise were analyzed in the marine
image annotation tool BIIGLE 2.0 (biigle.de; Langenkdmper
et al. 2020). First, the video files were converted from MTS
video format to MPEG-4/H.264 using the ffmpeg software
(https://ffmpeg.org). The data were then manually annotated
using ‘point annotation’ in BIIGLE 2.0. The resulting count
data from the PELAGIOS transects were converted to indi-
viduals per 1000 m® using the formula described in Hoving
et al. (2019). Each 10-min video tow captured approximately
69.6 m® of water, based on an average recorded volume of
0.116 m? per second at a towing speed of approximately 1
knot. Data from the ascending and descending transects
could not be converted to the same format due to their
biased estimates, thus they are presented as normal counts in
Table S1. OFOS data are also presented as counts for every
10 m of ascent. The majority of gelatinous taxa encoun-
tered were annotated to species-level (Fig. 3); annotations
of Beroe were only to genus level (listed as Beroe spp.) since

this is a poorly resolved species complex (Bayha et al. 2004;
Johansson et al. 2018; Shiganova and Abyzova 2022) and
molecular analyses have shown that diagnostic characters of
Beroe in Arctic waters are currently insufficiently delimited
(Jucker and Havermans 2022).

In terms of taxonomic delineation, Euplokamis sp. was
identified by the conspicuous arrangement of typically
coiled tentilla resembling droplets, Pleurobrachia sp. was
categorized based on its “egg-shaped” body and numerous
tentilla when visible. Broad categories such as Ctenophora
spp. and Cydippida spp. were used for lower quality images
and include several morphological types. In the case of
Beroe spp., its morphotype was aligned with Beroe cucumis,
but due to the aforementioned problems with current species
delimitations (Jucker and Havermans 2022), it is placed at
the level of Beroe spp. The ctenophore M. ovum was identi-
fied based on their flattened appearance, pointed oral region
and contrasting keels in the aboral region, followed by tenta-
cles when extended. The lobate ctenophore B. infundibulum
was recognized by the presence of large lobes, rounded in
lateral view and contrasting with the flattened aboral region,
or their elongated general shape in frontal view. The hydro-
zoan M. octocostatum was determined by the observation of
8 clear bands representing the gonads in the radial canals.

Environmental data

During the HE605 expedition, environmental data for
temperature (°C), salinity (PSU), oxygen concentration
(ml 171, and fluorescencE (mg m~3) were collected at
each PELAGIOS and OFOS station using the CTD sys-
tem (SBE911plus). The CTD sensors included SBE3plus

Fig.3 Examples of gelatinous zooplankton detected by the PELAGIOS video system. a Pandeidae sp.; b Beroe sp.; ¢ Aglantha digitale; d
Mertensia ovum; e, f Bolinopsis infundibulum;, g Cyanea capillata; h Melicertum octocostatum

@ Springer


https://ffmpeg.org

Polar Biology

Krossfjorden-1

100

Depth (m)

300

PELAGIOS
i i o u Aglantha digitale
[ | Appendicularia sp.
T =Y "~ Beroe spp.
|
® Ctenophora spp.
® Cydippida spp.
® Euplokamis sp.
I = Mertensia ovum
== No detection
[
Water Masses
IAtlantic Water!
0 250 500

Individuals * 1000 m-3

Kongsfjorden-3

5 10-30 32 34 O 1 2 65 7 7.5 8
Temperature Salinity  Fluorescence Oxygen
(°c) (PSU) (mg *m=3) (ml* 1)
0

120

[y
[e)]
©

~
£
=
=
=}
a
@
[a)

10 30 6.5 7 7.5 8
Temperature Salinity  Fluorescence  Oxygen
(°C) (PSU) (mg*m=3) (ml*I1)

Fig.4 Depth distribution of gelatinous zooplankton by station at dif-
ferent depths with corresponding CTD data. Data from the PELA-
GIOS video system are presented in individuals per cubic meter,

for temperature, SBE4c for conductivity, an oxygen sensor
(SBE43), a transmissometer (WetLabs CStar), a fluorom-
eter (WetLabs, EcoFl) for chlorophyll-a concentration and
an altimeter (Benthos, PSA 900D). In Porsangerfjorden,
PELAGIOS was deployed deeper than the CTD rosette due
to the difficulties associated with the underwater topogra-
phy. Similarly, the CTD did not cover the full depth profile
compared to the OFOS dive, also due to the same reason.
The oceanographic data for each PELAGIOS station was
derived from the nearest corresponding CTD station. Further
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PELAGIOS
u Aglantha digitale

© Pandeidae sp.
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== No detection

Water Masses

10 15 20 Intermedlate Water

Individuals * 1000 m-3

while OFOS data are presented in counts only. Water mass classifica-
tion is adapted from Cottier et al. (2005)

the water masses were classified according to Cottier et al.
(2005), including Atlantic Water (AW, T>3 °C, §>34.65),
Arctic Water (ArW, T —1.5to 1.0 °C, § 34.30-34.80), Win-
ter Cooled Water (WCW, T<—-0.5 °C, S 34.40-35.00),
Local Water (LW, T —0.5 to 1.0 °C, S 34.30-34.85), Sur-
face Water (SW, T> 1.0 °C, S <34.00), Transformed Atlan-
tic Water (TAW, T'1.0-3.0 °C, S > 34.65), and Intermediate
Water IW, T> 1.0 °C, S 34.00-34.65; Table S1; Fig. 4).
To further interpret the dynamics of GZ aggregations,
we also collected satellite data on the concentration of
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Fig.4 (continued)

phytoplankton in the surface waters in the upper 25 m
(mg m~?), as well as a re-analysis of the potential tempera-
ture (°C) and salinity (PSU). The chlorophyll concentration
data were obtained from the AQUA MODIS satellite and
were retrieved from oceancolor.gsfc.nasa.gov (OCI algo-
rithm). We examined chlorophyll concentration data from
8 days prior to the sampling event (13.08-20.08; Fig. 5) to
track the dynamics of potential phytoplankton blooms at the
sampling sites. The data were extracted from data.marine.
copernicus.eu and represent daily projections of these values

Cydippida spp.

B EFuplokamis sp.
Mertensia ovum
Pandeidae sp.

® Pleurobrachia sp.

Trachymedusae sp.

Water Masses

Transformed Atlantic Water
400 Intermediate Water
Surface Water

0 100 200 300

Individuals * 1000 m-3

from 2018 to mid-2023 (Sakov et al. 2012; Melsom et al.
2012).

Statistical analysis

To assess the relationships between GZ communities and
environmental factors, we employed a series of statistical
analyses using R (version 4.3.2; R Core Team 2023). Spe-
cies richness was calculated using the specnumber function
from the vegan package (version 2.5-7; Oksanen et al. 2024).
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Fig.4 (continued)

We conducted one-way ANOVAs followed by Tukey’s HSD
post-hoc tests to examine differences in species richness and
total abundance across water masses. Principal component
analysis (PCA) was performed on the Hellinger-transformed
species abundance data to visualize community composition
patterns. To test the effects of environmental variables on
community structure, we used Permutational Multivariate
Analysis of Variance (PERMANOVA) with 999 permuta-
tions, implemented through the adonis2 function in vegan.
This analysis was conducted on both overall community data
and individual species abundances, considering temperature,
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salinity, depth, and water mass type as explanatory variables.
The interaction between temperature and salinity was also
examined. Results were visualized using ggplot2 (version
3.3.5; Wickham et al. 2016).
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Fig.4 (continued)

Results
Study areas and oceanography

At the stations Krossfjorden-1 and Kongsfjorden-3, CTD
measurements revealed the presence of four distinct water
masses: surface water (SW), intermediate water (IW), trans-
formed Atlantic water (TAW), and Atlantic water (AW)
(Fig. 4). In terms of depth distribution, surface and transi-
tional waters were found down to 50 m in Krossfjorden-1,
from below 50 to 170 m were Atlantic waters and the deep-
est level, up to 300 m depth, was represented by transformed
Atlantic waters. At Krossfjorden-1, a sharp thermocline was
observed between 20 and 50 m depth, where temperature
dropped rapidly from approximately 6.5 to 4.8 °C, with a
more gradual decrease to about 1 °C at 300 m depth. A cor-
responding halocline showed a rapid increase from about
31 PSU at the surface to 34.6 PSU at 50 m depth, gradu-
ally increasing to about 34.8 PSU at 300 m. Fluorescence
displayed a pronounced peak at around 10 m depth. Oxygen
concentration drops at the surface from 8 to 7 ml/l; then
shows a slight increase of concentrations from 20 to 180 m
and reaches a maximum zone of oxygen from 180 to 220 m
(8.2 ml/1), then again drops to 7.5 ml/l near the bottom at
340 m. The water masses in Kongsfjorden-3 were domi-
nated by a thicker layer of Atlantic water masses. This layer
was found at depths between 50 and 220 m and was also
mixed with intermediate water masses at depths between 40
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|
B Cyanea capillata
B Cyanea capillata (tent.)
== No detection
I
||
[
Water Masses
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and 70 m. The layer of transformed Atlantic water masses
was thinner and situated between 240 and 270 m (Fig. 4).
At Kongsfjorden-3, the CTD profile revealed a sharp ther-
mocline between 20 and 60 m depth, where temperature
dropped rapidly from approximately 6.8 to 5 °C, with a grad-
ual decrease to about 1.7 °C at 270 m depth. A correspond-
ing halocline showed a rapid increase from about 31.2 PSU
at the surface to 34.7 PSU at 40 m depth, gradually increas-
ing to about 34.85 PSU at 270 m. Fluorescence displayed a
pronounced peak at around 12—14 m depth. Oxygen concen-
tration showed an initial decrease from about 7.8 ml/l at the
surface to approximately 7 ml/l at 40 m depth, followed by
a slight increase to about 7.5 ml/l near the bottom at 270 m.

At the Van Mijenfjorden-3 station, where OFOS was
deployed, the water masses were mainly represented by
surface waters identified down to 75 m, while the deeper
water masses were represented by transitional water masses
(Fig. 4). The CTD profile at Van Mijenfjorden-3 showed a
gradual thermocline extending from 40 m to about 75 m
depth, where the temperature decreased from about 4.9 °C
at 40 m to 1.6 °C at 75 m, with a slight further decrease to
about 0.7 °C at the near bottom (85 m). A corresponding
halocline showed a steady increase from about 29.7 PSU at
the surface to 32.5 PSU at 40 m depth, with a more gradual
increase down to deeper layers with values of 34.1 PSU
(85 m). Fluorescence showed a broad peak between 5 and
40 m depth, indicating a deeper and more diffuse chloro-
phyll maximum compared to the other Svalbard stations.
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Oxygen concentration remained relatively stable throughout
the water column, with only a slight decrease from about
7.5 ml/l at the surface to 7 ml/l near the bottom.

At the station Hornsund-4 surveyed with PELAGIOS,
we found three water masses, including surface water down
to 40 m, followed by transitional water down to 125 m,
which was the most extensive of its kind in all Svalbard
fjords, and Atlantic water down to 210 m. The CTD profile
at Hornsund-4 showed a sharp thermocline between 25 and
60 m depth, where the temperature dropped from about 5
to 3.3 °C. Below this, the temperature gradually decreased
to about 32 °C at 210 m depth. A corresponding halocline
showed a rapid increase from about 32 PSU at the surface
to 34.5 PSU at 60 m depth, with a more gradual increase
to about 34.7 PSU at 210 m. Fluorescence showed a pro-
nounced peak at about 4—14 m depth, indicating a shallow
chlorophyll maximum. Oxygen concentration showed a
gradual decrease from about 7.6 ml/I at the surface to about
6.9 ml/1 at the bottom at 210 m.

The water masses surveyed around the Barents Sea-1
station were largely represented by Atlantic water masses,
with a thin layer of intermediate water masses in the upper
30 m (Fig. 4). These water masses were the warmest
recorded during the expedition, reaching temperatures
above 11 °C in the surface waters (Fig. 4; Fig. S1). A sharp
thermocline was observed between 10 and 40 m depth,
where the temperature dropped from about 10.3 to 6.1 °C.
At the same time, this station had the highest surface
chlorophyll-a concentrations of all stations observed at
30 m depth (fluorescence values reached 3 mg m~>). These
elevated chlorophyll-a concentrations are most likely the
result of advection from the nearest phytoplankton bloom
observed southwest of the site, which was detected one
week prior to the sampling period (Fig. 5). The oxygen

concentration showed a gradual decrease from the surface
from about 6.4 to 6.8 ml/l near the bottom at 210 m.
Finally, we surveyed two stations in Porsangerfjorden, the
largest fjord in northern Norway. The stations were mainly
represented by surface water masses. Both stations were
mainly represented by surface water masses. At Porsanger-
fjorden-3, the CTD profile showed a gradual thermocline
from the surface to about 45 m, with temperatures decreas-
ing from 8.7 to 3 °C, and further decreasing to 1.2 °C near
the bottom at 70 m. The halocline showed a steady increase
from 32.7 PSU at the surface to 33.5 PSU at 45 m, reaching
33.7 PSU at 70 m. Porsangerfjorden-4 showed a thermocline
from 15 to 63 m, where temperatures decreased from 9.7 °C
at the surface to 8.2 °C at 63 m, and a halocline between the
surface layer and 13 m depth, where salinity increased from
32.8 to 33.6 PSU. Fluorescence patterns differed between the
two stations, with Porsangerfjorden-3 showing a broad peak
from the surface to 50 m, and Porsangerfjorden-4 showing
a more pronounced, shallower peak at 10-15 m. Oxygen
concentrations were slightly higher at Porsangerfjorden-3,
ranging from 7 ml/l (from the surface layer to 30 m depth)
to 7.5 ml/l (from 45 m to near the bottom), compared to
uniform values of about 6.5 ml/l at Porsangerfjorden-3.

Biological data

In total, we recorded 14 taxonomic groups of GZ (Fig. 3),
among which: A. digitale (63 observations), Appendicularia
sp. (5 obs.), Beroe spp. (372 obs.), B. infundibulum (429
obs.), C. capillata (32 obs.). The rest of the taxa present
in the Table 2. Taxon richness was highest at Hornsund-4
(9 taxa). Of the 7 stations in the study, unidentifiable
ctenophores were present at 6, Beroe spp. were present at 5
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and A. digitale were present at 4. Most other taxa were only
present at a single station (Fig. 4).

Regarding the observations of GZ derived from the
PELAGIOS transects, the surveyed stations Barents Sea-1
(472 observations), Van Mijenfjorden-3 (262 observations),
and Krossfjorden-1 (146 observations) had the highest
numbers of observed organisms. The GZ fauna observed at
station Barents Sea-1 was dominated by B. infundibulum,
which accounted for most observations (90%). At station
Van Mijenfjorden-3, the presence of Beroe spp. was domi-
nant, accounting for 97% of the total observations at this
OFOS station.

In the Krossfjorden—Kongsfjorden fjord system, we
observed a significant differentiation between the types of
gelatinous communities present in each of the two fjords.
At Krossfjorden-1, we observed seven taxa of GZ, of
which Beroe spp. (55 obs.) and A. digitale (37 obs.) were
the most abundant. At Kongsfjorden-3, on the other hand,
we observed an extremely limited taxon diversity (2 taxa
observed), with a few observations of A. digitale and uni-
dentified pandeid hydromedusae. At the same time, a large
number of Chaetognatha sp. were observed (Havermans
2023). Regarding vertical zonation, station Krossfjorden-1
had the highest abundance and diversity of GZ in the near
bottom layer. The highest abundance was observed at a
depth of 300 m, where the total abundance was 920 ind.
1000 m™3. Among them, the most abundant taxon was Beroe
spp. (550 ind. 1000 m_3). At depths of 50, 100, and 200 m,
A. digitale was the dominant species, reaching a maxi-
mum abundance of 170 individuals per 1000 m~ at 200 m
(Fig. 4).

At the Van Mijenfjorden-3 station, where the OFOS
was deployed, we observed a dominant presence of Beroe
ctenophores. A total of 254 individuals of this taxon were
recorded at the station. Some unidentifiable ctenophores and
M. ovum (4 observations) were also present. Regarding the
vertical distribution, almost all observations of Beroe spp.
were below ~40 m. The distribution below this depth was
homogeneous down to the bottom at 103 m. There were also
occasional observations of unidentifiable Ctenophora, M.
ovum, and a few Solmundella bitentaculata hydrozoans in
the upper 40 m layer (Fig. 4).

At Hornsund-4, was characterized by the greatest taxon
diversity of all surveyed stations, with 9 taxa found. The
most abundant taxon included Beroe spp. (34 obs.), followed
by A. digitale (14 obs.) and Ctenophora spp. (20 obs.). We
observed a reduction in GZ abundance from the surface to
depth. At this station we also found some Pleurobrachia
sp. that were uniquely found at this station (3 obs.), as well
as two individuals of M. ovum. At the near-surface depth
of 20 m, there were 20 ind. 1000 m~3, and at 180 m depth,
the number of individuals increased to 410 ind. 1000 m~>.
At a depth of 180 m, Ctenophora spp. (100 ind. 1000 m~>)

and Beroe spp. (240 ind. 1000 m~>) were the most abun-
dant species. A. digitale individuals were evenly distributed
throughout the water column, with the greatest presence at
100 m (60 ind. 1000 m~%), but were absent from the upper
20 and 50 m (Fig. 4).

At the Barents Sea-1 station, we recorded a large num-
ber of the lobate ctenophore B. infundibulum. This species
was predominantly aggregated in the 100 m depth layer,
with some extension into the 150 m layer (observed during
both the initial descent to 200 m and subsequent ascent of
the transect). At 100 m we found the densest population of
all GZ recorded, with more than 2600 ind. 1000 m~3. It is
noteworthy that this species was strongly associated with
these depth layers and was less abundant in other layers. At
this station, we also recorded a small number of C. capil-
lata in the upper 50 m (10 ind. 1000 m~>), as well as Beroe
spp. which were mainly found at 200 m depth (140 ind.
1000 m~3; Fig. 4).

Two stations surveyed with PELAGIOS in Porsangerf-
jorden (-3 and -4) had rather different patterns of GZ obser-
vations. C. capillata was the most abundant taxon recorded
at both stations with a total of 30 identified individuals (14
directly observed and 16 identified from the presence of ten-
tacles). The highest abundance was found at 20 m depth with
40 ind. 1000 m—3. At station Porsangerfjorden-3, which was
closer to the mouth of the fjord, a small number of C. capil-
lata were found on the surface, as well as M. octocostatum at
a depth of 20 m with 40 ind. 1000 m~3 (Fig. 4). In contrast,
at the deeper station Porsangerfjorden-4, the dominance of
C. capillata was more pronounced throughout the water
column. Occasional records were also made of A. digitale,
Physonectae spp., Beroe spp., and B. infundibulum.

Table 2 Taxonomic groups of gelatinous zooplankton (GZ) recorded
during the HE605 expedition and number of observations

Taxonomic group Observations
Bolinopsis infundibulum 429
Beroe spp. 372
Aglantha digitale 63
Ctenophora spp. 46
Cyanea capillata 32
Cydippida spp. 17
Mertensia ovum 16
Euplokamis sp. 9
Physonectae spp. 7
Appendicularia sp. 5
Pandeidae sp. 5
Melicertum octocostatum 4
Pleurobrachia sp. 3
Trachymedusae sp. 1
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When examining the association between various taxa of
GZ and the identified water masses during the optical tran-
sects, we found that the transformed Atlantic and Atlantic
waters were characterized by the highest abundance of GZ
(Fig. 6). Taxa such as Euplokamis sp., Beroe spp., A. digitale
had the highest abundance in the transformed Atlantic and
Atlantic waters, while B. infundibulum was predominantly
associated with the Atlantic waters. Conversely, colder,
intermediate water masses were characterized by the lowest
abundance of GZ, but higher taxa diversity (Fig. 6).

Statistical analysis

A Principal Component Analysis (PCA) was performed
on the Hellinger-transformed species abundance data to
examine patterns in community composition across differ-
ent water masses (Fig. 7). The first two principal compo-
nents accounted for 31.02 and 15.88% of the total variance,
respectively. The PCA biplot revealed a partial separation
of Atlantic Water and Transformed Atlantic Water samples
along PC1, while Intermediate Water and Surface Water
samples showed more dispersion along both axes (Fig. 7).
Species richness varied across water masses, though
the differences were not statistically significant (ANOVA,
F3,21=2.822, p=0.0636). Total GZ abundance also dif-
fered between water masses, but these differences were not
statistically significant (ANOVA, F3,21 =2.268, p=0.11).
Permutational multivariate analysis of variance (PER-
MANOVA) was used to assess the effects of temperature,
salinity, depth, and water mass type on overall community
structure and individual species abundances (Table 3).
Salinity emerged as a significant predictor of total abun-
dance (pseudo-F=4.47, p=0.042). However, temperature
(pseudo-F=3.21, p=0.086), the interaction between tem-
perature and salinity (pseudo-F=3.59, p=0.071), depth
(pseudo-F=1.12, p=0.387), and dominant water masses
(pseudo-F=2.82, p=0.063) did not show statistically sig-
nificant effects on species richness or total abundance.

Discussion

In our study area, we recorded more than 1000 individual
observations of GZ that could be assigned to 14 taxonomic
groups. The most dominant taxa encountered during the
pelagic surveys were A. digitale, Beroe spp. and B. infun-
dibulum. We found large aggregations of Beroe spp. in a
Svalbard fjord (Van Mijenfjorden) and of B. infundibulum in
the open waters of the Barents Sea. The water masses with
the highest GZ abundances were the transformed Atlantic
waters, while we observed the highest species richness in
intermediate water masses. Our results provide a better pic-
ture of the patterns of ctenophore aggregations and can be
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used as a basis for further monitoring of changing Arctic
ecosystems.

Diversity patterns

Our data showed that GZ taxa composition at Krossfjorden
was typical of fjords in Svalbard in comparison to previous
studies (Bandara et al. 2016; Hop et al. 2019). In particular,
we recorded a high prevalence of gelatinous taxa such as
Beroe spp., A. digitale and M. ovum, known to be abundant
in Arctic regions (Kosobokova et al. 2011). In contrast, the
Kongsfjorden station was dominated by Chaetognatha sp.,
with only a few observations of hydrozoan taxa (A. digitale
and Pandeidae sp.). Our results are consistent with seasonal
peaks in Chaetognatha sp. abundance, typically observed
in late summer and autumn (Grigor et al. 2014). It has been
shown in Billefjorden, another fjord in the Svalbard archi-
pelago, that Chaetognatha sp. may be competitors of A. digi-
tale and M. ovum for their main prey, Calanus spp., although
further studies on gut content have been suggested to verify
this (Bandara et al. 2016). This, together with other envi-
ronmental factors not measured here, could be a potential
explanation for the absence of M. ovum and low abundance
of A. digitale at the Kongsfjorden station, as previously sug-
gested by Bandara et al. (2016). With respect to the depth
distribution in the fjords of Svalbard, the highest abundance
of taxa found near the bottom is in line with the previously
reported descent to deeper waters of gelatinous communi-
ties in late August in the area of Fram Strait (Pantiukhin
et al. 2023). The observed aggregations in the Svalbard fjord
system might be driven by Calanus spp., the food source
for some GZ species, which are known to migrate to deeper
waters to overwinter in August (Pages and Gonzalez 1997,
Purcell et al. 2010; Hop et al. 2019). In Porsangerfjorden,
we found large numbers of C. capillata. At two stations
in this fjord, at depths where C. capillata abundance was
high, other GZ taxa were virtually absent, except for a few
specimens of Melicertum octocostatum. Since C. capillata
is known to feed on other types of GZ (Hosia and Titelman
2011; Titelman et al. 2007; Bamstedt et al. 1997), its preda-
tion pressure in the fjord may be considerable. We did not
record the newly recorded species Periphylla periphylla in
the Svalbard fjords, although this species has a fairly wide
distribution from the fjords of Norway to Svalbard (Geoftroy
et al. 2018). We however have recorded a dead individual
during a transect with the OFOS in Hornsund fjord.

With regard to the association of zooplankton with dif-
ferent water masses, it has been hypothesized that Atlantic
water masses bring more diverse and abundant communities
to the Arctic (Hop et al. 2019). As mentioned before, the
opposite trend has been shown for GZ communities inhabit-
ing the shelf areas off Svalbard and Fram Strait (Mariko et al.
2020; Pantiukhin et al. 2023). These studies found higher



Polar Biology

Mean abundance of species across different water masses
Aglantha digitale - 8.00

Appendicularia spp. -
Beroe spp. - 1.33
Bolinopsis infundibulum - 1433
Ctenophora spp. -
Cyanea capillata

Cyanea capillata (tent.)

@©
é Cydippida spp.- 10.00
|_
Euplokamis spp. - 6.67 4.00
Melicertum octocostatum - 5183
Pandeidae spp.- 1:33 10.00 2.00
Physonectae spp.- 1.33 10.00
Pleurobrachia spp. - 6.67 2.00
Trachymedusae spp. - 3138
Surface Water Intermediate Water Transformed Atlantic Water Atlantic Water
Dominant water masses
Fig.6 Mean abundance of species across different water masses (ind. 1000 m™3)
PCA of GZ Community Composition
[ J
2
. .
o® o °
« ()
S0 e dominant_water_masses
c [ ]
8_ © Atlantic Water
€ (] )
8 ® Intermediate Water
T ® Surface Water
=3 [ J PY
8 5 © Transformed Atlantic Water
X (]
-4
(]
0.0 25 5.0 75 10.0

Principal Component 1

Fig. 7 Principal component analysis (PCA) of Gelatinous Zooplankton (GZ) community composition in the Arctic region

@ Springer



Polar Biology

Table 3 The 2- and 3-way PERMANOVA tests for total abundance, species richness, and most abundant taxa

Factor Species rich- Abundance Aglantha Beroe spp. Bolinopsis ~ Ctenophora  Cyanea Cydippida Mertensia
ness digitale infundibu- spp- capillata spp- ovum
lum
Temperature  1.96 1.76 6.71% 3.77 0.01 2.05 7.56% 3.34 2.96
Salinity 1.76 5.01% 4.07* 225 1.80 3.49 6.68%* 1.29 1.18
Temperature  2.00 2.08 8.42% 4.69% 0.01 221 9.74% 4.00 3.47
x Salinity
Depth 1.06 1.26 0.97 62.93* 0.45 2.11 1.13 96.13 96.47
dominant_ 1.84 3.31% 18.37% 5.15% 1.12 1.41 1.39 8.63% 6.11%
water_
masses

The asterisks represent statistically significant results (p <0.05)

taxon richness in the Arctic and intermediate waters, while
a higher GZ abundance was characteristic of the Atlantic
water masses (Marko et al. 2020; Pantiukhin et al. 2023).
Our observations may corroborate these GZ studies, as we
observed the highest GZ diversity in the colder, intermediate
water masses, while the different types of warmer (Atlantic)
waters yielded the highest abundances of GZ, but with lower
diversity. The fact that Hornsund, the West Svalbard fjord
generally known to be still an Arctic-type fjord (Jakacki et al.
2017), harbored the highest taxon richness of all stations,
also confirms this observed trend for GZ.

Our statistical analyses provide some support for these
observations, although the results are not definitive. The
Principal Component Analysis (PCA) revealed a trend
towards separation of Atlantic Water, Transformed Atlantic
Water and Intermediate Water samples, suggesting some dis-
tinction in GZ community composition between these water
masses. While the PERMANOVA did not show statistically
significant effects of water mass type on species richness or
total abundance, the relatively low p-value (0.063) hints at
a potential relationship that might be clarified with a larger
dataset.

Ctenophores aggregations and their potential
drivers

Bolinopsis infundibulum

The highest abundances of GZ recorded with PELAGIOS
at the surveyed stations was for the species B. infundibulum.
This aggregation was observed at the Barents Sea station-1,
peaking at 2670 ind. 1000 m~ at a depth of 100 m. Such
large aggregations of B. infundibulum have been previously
described in the Irish Sea (Nagabhushanam 1959) and in
the fjords of northern Norway (Bamstedt and Martinussen
2015). In particular, Bamstedt and Martinussen (2015),
using ROV, estimated similarly high abundances in Halsaf-
jorden, with abundances of B. infundibulum up to 2000 ind.
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1000 m~>. Aggregations of GZ are rarely caused by a single
environmental or biotic driver, but rather by multiple factors
(Dawson and Hamner 2009). One of the most documented
factors driving aggregations of B. infundibulum is prey abun-
dance (Bamstedt and Martinussen 2015). B. infundibulum
can be very efficient at exploiting changes in environmental
conditions and prey availability, primarily feeding on small
crustaceans (Gamble 1974; Falkenhaug 1996). Its biomass
has been reported to triple in just two weeks (Falkenhaug
1996), while its feeding response to prey abundance is linear
(under experimental conditions; Bamstedt and Martinussen
2015).

To investigate the potential origin of such large aggre-
gations, we further explored the chlorophyll-a concentra-
tions from satellite data. At the Barents Sea station we
documented the highest chlorophyll-a concentrations in the
epipelagic layer among all stations studied during the PELA-
GIOS deployments. A study by Toyokawa et al. (2003) indi-
cated that Bolinopsis infundibulum likely relies on surface
photosynthetic products for nutrition, which might suggest a
connection to surface photosynthetic production. By inves-
tigating the origin of the high chlorophyll-a concentrations
at the Barents Sea station, we found, based on satellite data,
a phytoplankton bloom a few kilometers away that occurred
one week prior to sampling at this station. Whether the large
numbers of Bolinopsis were attracted to this bloom, and the
potentially high zooplankton biomass associated with it,
and whether such large aggregations can extend over the
few kilometers where the phytoplankton blooms could be
observed, remain open questions. Further long-term optical
studies should provide more insight.

Surprisingly, we found the aggregation of B. infundibu-
lum at a depth of 100 m, which extended down to 150 m
(based on information from the descent phase), while abun-
dances were significantly lower at the surface and in the
deeper layers. B. infundibulum is known to be eurybathic
and its occurrence at different depths is closely related to
seasonality (Toyokawa et al. 2003). This species has been
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reported near the coast of Murman, south of the Barents
Sea, where it reaches its maximum abundance in shallow
waters in July—August and begins to descend to the deep
waters by the end of July (Kamshilov 1960). One of the
explanations for such a dense aggregation at deeper depths
observed in our study could be linked to predator avoid-
ance behavior, combined with feeding patterns and seasonal
vertical migrations. B. infundibulum is known to occupy a
rather low trophic level (Toyokawa et al. 2003) and is preyed
upon by many organisms, including Atlantic cod (Gadus
morhua), Beroe spp., and Cyanea species (Falkenhaug
1996). In the fjords of mainland Norway, B. infundibulum
has been shown to reach its peak abundance in early May,
with a further drastic decline when Beroe cucumis becomes
more abundant (Bamstedt and Martinussen 2015). Interest-
ingly, at this station, we only observed Beroe ctenophores
near oxygenated depths around 200 m. Although the oxygen
consumption of Beroe has been shown to be lower than that
of B. infundibulum, Beroe requires more oxygen for hunting
and digestion than does B. infundibulum, which uses a more
passive feeding mode (Gyllenberg and Greve 1979). Thus, B.
infundibulum may either actively avoid predation by Beroe
spp. in the more hypoxic zones of the upper water column,
or be largely consumed by Beroe in the higher oxygen zones,
leading to their absence. In our case, such predation pres-
sure could be the reason for the drastic decrease in B. infun-
dibulum abundance from 100 to 200 m, where we observed
Beroe ctenophores with more than 140 ind. 1000 m~>. On
the other hand, the absence of B. infundibulum from surface
zones could be due to either active avoidance of, or preda-
tion by, C. capillata. C. capillata is known to be a predator
of B. infundibulum, which is an essential food source for its
development (Bamstedt et al. 1997).

Beroe spp.

At Van Mijenfjorden station, we observed a large aggrega-
tion of Beroe spp. during the ascent of the OFOS system
at the end of a seafloor survey. Within the 7 min of ascent,
we documented more than 254 individuals of this species.
Unfortunately, due to the challenges of quantifying the water
volumes surveyed during this ascent, we cannot estimate
the exact abundance of these species, but numbers range
somewhere between 3000 and 5000 ind. 1000 m~>. At this
station, the aggregation of the Beroe ctenophores was situ-
ated in the oxygenated part of the water column where oxy-
gen concentrations were above 7.4 ml/l. It is known that
Beroe species are less tolerant to low-oxygen environments
or oxygen-depleted waters in comparison to other gelatinous
taxa (Breitburg et al. 2003). In the North Atlantic, off Cape
Verde, Beroe species were shown to have a discontinuous
distribution along the water column, explained by the avoid-
ance of oxygen minimum zones, which shows that oxygen

is an important factor for species belonging to this genus,
compared to other jellyfish and ctenophores (Hoving et al.
2020). While their oxygen consumption in the resting state is
known to be comparable to that of other ctenophores, Beroe
species exhibit more oxygen-demanding feeding habits
(Gyllenberg and Greve 1979). Their oxygen consumption
increases significantly during digestion and swallowing of
prey, which may potentially explain their aggregation around
oxygen-rich zones (Gyllenberg and Greve 1979). While
Beroe spp. were not always found at the depths of maximum
oxygen concentration, they were generally observed in rela-
tively oxygen-rich zones below the oxycline. This suggests
that while oxygen availability is an important factor, it may
not be the sole determinant of their vertical distribution.

Optical surveys to assess GZP abundances

Different types of sampling methods, including trawls, nets,
and optical methods, are known to produce different results
on the abundance and taxonomic composition of GZ in
the surveyed environment (Hosia et al. 2017). The PELA-
GIOS system provides in-situ video observations, capturing
detailed data on organisms >~ 1 cm in size (Hoving et al.
2019). However, optical surveys, including PELAGIOS,
face challenges in species-level identification for several
taxa, leading to the classification of organisms into broader
taxonomic groups. This issue is particularly noticeable in
the upper layers of the water column, where high concentra-
tions of particulate organic carbon and sunlight reduce the
effective observation distance, exacerbating classification
difficulties. This bias is evident for the Ctenophora, where
the transparency of ctenophores complicates identification.
To mitigate potential biases in abundance estimates, we
employed a conservative approach in our annotations, focus-
ing only on organisms with distinct features characteristic of
each taxonomic group. However, as noted by Neitzel et al.
(2021), estimating abundance of larger fauna with PELA-
GIOS requires further calibration efforts, as these organ-
isms may be detected at greater distances from the camera
compared to smaller ones.

Despite these challenges, PELAGIOS has demonstrated
robust data collection for taxa highly sensitive to fragmen-
tation when sampled by traditional net methods (e.g., Poly-
chaeta, Ctenophora, Appendicularia; Christiansen et al.
2018; Hoving et al. 2019; Neitzel et al. 2021). For example,
in the Barents Sea, PELAGIOS recorded high abundances
of ctenophores (mainly B. infundibulum), with average val-
ues of 670 ind. 1000 m~3 over the entire water column, and
values over 2670 ind. 1000 m~ at 100 m depth, which net
sampling missed (Havermans 2023). Additionally, the larger
observation volume of PELAGIOS compared to vertical
Multi-net hauls allows for higher detection rates of large,
sparsely distributed species such as Cyanea capillata. Both
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Multinet sampling and PELAGIOS have limitations and
advantages, and their complementary use can offer a more
comprehensive understanding of GZ diversity and abun-
dance in Arctic ecosystems.

Conclusion

Our work provides an overview on the diversity, commu-
nity structure and vertical distribution of GZ in different
Arctic fjord and shelf systems. Using the towed video sys-
tem PELAGIOS, we observed that GZ are characterized by
higher abundances in the Atlantic water masses but are more
diverse in the intermediate Arctic waters. We also detected
large aggregations of Ctenophora species, Beroe spp. inshore
in Van Mijenfjorden and B. infundibulum offshore in the
Barents Sea. B. infundibulum aggregations showed a clear
zonation with depth and probably extended over many kilo-
meters, although the spatial extent of these aggregations
remains uncertain and requires further investigation. For a
more complete understanding of the spatial and temporal
dynamics of GZ aggregations in future studies, the use of
autonomous underwater vehicles with video systems may
allow study of these aggregations while moving close to
them.
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