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Abstract

Gelatinous zooplankton, here referring to the phylum Cnidaria and Ctenophora and the class
Appendicularia are important components of marine ecosystems due to their very diverse diets,
life cycles and seasonal dynamics. In the Barents Sea, several studies reviewed the gelatinous
zooplankton diversity, yet few studies documented the diversity and distribution patterns
between the advected Atlantic Waters (AW) and Polar waters (PW) and no study reviewed the
gelatinous zooplankton seasonality over a full year. The aim of this master thesis is to (1)
investigate diversity and distribution patterns between the different water masses and regions
of the northern Barents Sea and (2) investigate the gelatinous zooplankton seasonality over a
whole year in the northern Barents Sea. For this purpose, during the Nansen Legacy project
four seasonal surveys covered the full seasonal cycle of the Barents Sea marginal ice zone and
collected both biological and physical data, including gelatinous zooplankton. Overall, 31
gelatinous zooplankton taxa were identified. Fritillaria borealis, Oikopleura sp. and Aeginopsis
laurentii were the most abundant taxa and AW and PW influenced areas had different seasonal
dynamics and composition, which were significantly influenced by the primary production, the

zooplankton biomass, the inflow of AW and the latitudes.

Keywords: Gelatinous zooplankton, Barents Sea, Seasonality, Distribution, Atlantic Waters,

Polar Waters, Nansen Legacy



Table of Contents

1 INEEOAUCTION ...ttt et st et e st e bt e et e ebeeeaeeenee 1
1.1 Life cycles and S€asonality ...........cccueeeriieeiiieeiiie e svee e sree e evee e s 3
1.2 TrOPhiC INTETACTIONS ...eecuviieeiieeiiieeesieeesieeesiteeestreeetaeeetaeesseeessseeeessaeessseeensseeensseeensseens 6
1.3 Sampling, conservation and identification challenges ............ccccceevveevcieinciieencieeennnnn. 7
1.4 AIM Of MY SEUAY .eeeiiiiiiiieciie ettt et e e et e st e e sebeeesabeeeesseessseeennneeens 7

2 Material and MethOdS ........c.ooiiiiiiiiii e e 9
2.1 SAMPIING ATCA ....viiiiieiieeiii ettt ettt ettt e eee et e st e s beestaeeabeeaeeesbeesseesnbeeseeenseenees 9
2.2 SaMPIING AESIN ..cuvviiniieiiiieiieeiit ettt et eteestee et e e st e s beesbeeenbeessaesnseennaeenne 9
2.3 Sample processing and StOTAZE.......cccvveeuieriieriiieriieeieerie et eriee et e seeeebeesaeeebeeneaeeneeas 10
2.4 Additional data COIECHION. .....cc.eiruiriiriiiiieieeieeee ettt 11
2.5 Molecular species identifiCation.............ceccuierieriiieriienie et 12

2.5.1  Tissue sampling & DNA eXtraction ..........cceevueeiiienieeniienieeieesieeieesieeevee e ens 12
2.5.2  DNA amplifiCatiON . ......cceeuiiieiiieeiieeeiie ettt et teeesteeesraeesnaee e veeenasee s 12
2.5.3  DNA purification and SEqUENCING..........cc.eevvureeriuieeriieeiieeeieeeeireeesereeesreeenaeeens 13
2.6 Data Processing & statistical analyses..........ccccuveeriiieriieeiiieeiieecie e 13
2.6.1  CTD data PrOCESSING ...eceeuveeeiureeeiieeeitieeeireesteeesseeessseeessseeessseessseeessseeessessssseesns 13
2.6.2  BiOtiC data PrOCESSING ..eccuvieeierieeiiiieeiiieeeiieesieeesiteeesereeessaeeesseeesseeesseeessseesnsseeens 14
2.6.3  StatistiCal ANALYSIS ..ececuiieeiiiieiiieeciie ettt e eeenaaee s 15
2.6.4  DNA SEqUENCES ANALYSIS ...eeeuiieiiiiieeiieeeiieeeieeesieeerteeesteeerreesreeesseeeseseeeesseeens 16

3 RESUILS ettt sttt et sae e 18
3.1 HYydrOGraphy ..coeee ittt ettt et ettt ebeeaeaens 18
3.2 Chlorophyll a and zooplankton biomass seasonal and spatial patterns..................... 20
3.3 Gelatinous zooplankton diVETSItY ........c.eerveecuierieiiiieiie ettt 21
3.4  Gelatinous zooplankton distribution and seasonality ............ccccceeveerieeviienieeiiiennnans 23

3.4.1  Central Barents Sea and continental SIOPe...........cecueervieriiiiieniiieierieeeee, 24

3.4.2 Northwest Barents S€a Shelf ......ccooooiuieeeieeeeeeeeeee e 26



343 NANSEN BaASIN..coiiiiiieeieeeeeeeeeeeeeeeeee e, 26

3.5 Environmental factors impact on the gelatinous community composition ............... 27
3.6  Beroe genus identification and seasonal and distribution patterns...............cccceeueenn. 29
3.6.1  Beroe genus 1dentifiCation...........cceeeiieriieriieniieeie ettt 30
3.6.2  Beroe genus distribution and seasonal patterns............cceeeveeevierieeieeniencieennenns 30

4 DASCUSSION ..ttt ettt ettt ettt et e et e et e e et e e sate et e eshteea bt e sbeeeabeesaeeenbeesabeeabeesabeenbeesaeeenees 32
4.1  Environmental drivers of the gelatinous zooplankton community............cccccuee..e. 33
4.2 Gelatinous zooplankton diversity PatteIns .........ccceecveeerieeeiiieeiieeeieeeeieeeereeeeree e 35
4.3  Gelatinous zooplankton spatio-temporal dynamics............cccueereureercieeerieeenieeeieennns 36

4.3.1  Gelatinous zooplankton community seasonal dynamics in the AW influenced

Central Barents Sea and Continental SIOpe..........ccceoieriiiiiiiiiiieiieiieeiee e 36

4.3.2  Gelatinous zooplankton community seasonal dynamics in the northwest Barents

SEA SHEIL ... st 38

4.4  Distribution patterns in different Water MasSes ..........cccveerveerieeriierieeiiienieeieenee e 39
4.5  Beroe genus identification, distribution and seasonal trends .........c..ccccveeecieeennennee. 40
4.5.1  Beroe genus identifiCation...........ccuieeiieeeiieeeiiee et eiee e e aee e e e e e 40
4.5.2  Beroe genus distribution and seasonal trends ...........cccceeevieieiiencieencie e, 42

4.6 Method IMItAtIONS. ...ccoueiiiiiiieiieeiie ettt sttt eaeeas 43

5 CONCIUSION. ..ttt ettt ettt s bt e b e et e e bt e st e e sbbeeabeesbeeenteans 46
RETEIEIICES ...t ettt et et et e st e et esaeeenneens 47
F N 0153 T £ RSP URPSRRRTR 64
APPENAIX T ottt ettt et et e et e e be et e e b e e bt e st e e bt e enbeeteeenbeeneeenseennes 64
APPEIAIX 2 .ttt ettt ettt et ettt e et et e et e e be e bt e e b e e tte et e e bt e enbeeneeenbeeseeenbeennes 64
APPEIAIX 3 ..ottt ettt ettt ettt e et e et e et e abe e beeeabe e bt e et e e bt e enbeensaeeabeeneeenseennes 65
FN 0153 T £ R URRUUPS PRSI 67
APPEIAIX 5 1ottt ettt ettt et be e bt e e b e e bt e et e e bt e enbeeesteenbeeseeenseennes 68
ADPPEIAIX 6 ..ottt ettt et ettt e et e et ebe e e be e beeeabe e tteeab e e bt e enbeeteeeabe e neeenbeennes 69

F N o) 0153116 S RSP 70



ADPPENAIX 8 ..ttt a et e h bt et sh bt et at e b et e saeen 71

ADPPENAIX D 1.ttt et b et sttt et e b et naeen 72
APPENAIX QA ..ottt ettt ettt e e bt et e e bt e taeebeeeateenbeennaeenreas 72
APPENAIX OB ..o ettt b et e st e ateenbeeteeenrean 73
APPENAIX OC ..ottt ettt et sat e et e et e e te e te e et e e taeeabeeateenbeeteeenrean 74
APPENAIX OD ittt et e et e e et e e et e e et e e e rbaeeeabaeensaeeennaaeanns 75

F N o) 0153516 1 ' SRR 76

F N o) 0153116 1 ' USRS 77



List of Tables

Table 1 - Water masses definitions and descriptions from Sundfjord et al (2020).................. 14
Table 2 — Number of taxa detected along the transect (P1- P7) in August 2019, December 2019,
March 2021 and May 2021, ....ooouiiiiieieee ettt ettt sttt st e ees 22
Table 3 - Mean gelatinous zooplankton abundance (ind.m™) and standard deviation from both

MIK net and Multinet data for all seasons (August 2019, December 2019, March 2021, May

Table 4 — P-values of the different environmental factors from the MIK net and MultiNet
redundancy analysis. One star (*) or two stars (**) indicate respectively a p-value smaller than
0.05 or 0.01, hence show significance effect. A dot (.) indicates a p-value under 0.1 and shows
Jo Lo TS o] (SIS i o1 APPSR 27
Table 5 - Potential study design for a gelatinous zooplankton diversity, distribution and

SCASONALIEY STUAY ..evvvieiiiiiiiieiieeie ettt ettt ettt et e et e et e st e e aaeenbeeseesnbeeseesnseeseeans 44



List of Figures

Figure 1 — Sampling stations (red dots) from the seasonal surveys in 2019 and 2021 in the
northern Barents Sea. The current systems NAC (Norwegian Atlantic Current), NoCC (North
Cape Current), and WSC (West Spitsbergen Current) are indicated in the colours of their
respective water masses. The different openings of the Barents Sea BSO (Barents Sea
Opening), BSE (Barents Sea Exit), NBSO (Northern Barents Sea Opening) are also included.
The figure is modified from Figure 1 in Van Engeland et al. (submitted to Progress in
OCEANOZTAPNY ). 1.evieiiieiieeie ettt et ettt e e et e e st e e beeeabeesbeeesbeenseessaeenseesnseenseeenseenne 2
Figure 2 — Nemopilema normurai (Schypozoa) life cycle, alternating between poylp stages
(Scyphistoma) and medusae life stage (Medusa). From Kawahara et al. (2006)....................... 3
Figure 3 — Mnemiopsis leidyi (Ctenophora) life cycle. Including the egg, cydippid larva (larva)
and adult life stages. From Arai et al. (2017) ..c.coovuiiriiiiiieiiieiecieceeee e 4
Figure 4 — Oikopleura dioica (Appendicularia) life cycle. Including the tadpole larva (Early
Tadpole & Late Tadpole) and adult life stages. It also includes interesting life history events
such as the death of the indidual by releasing the eggs (Spawning and Death) and the first
inflated filtration house (1st House). From Deibel & Lowen (2012).......ccccccvveviieniienieniieneens 5
Figure 5 — Hydrology of the transect (P1-P7) in August 2019 (pink), December 2019 (magenta),
March 2021 (cyan) and May 2021 (spring green). Figure A, dispay the percentage of every
watermasses in percent, EBDW was excluded and mAW was merged into AW. Figure B,
shows the mean salinity in g.L"!. Figure C, shows the mean temperature in °Celsius. ........... 18
Figure 6 — Watermasses vertical distribution along the transect (P1-P7) in August 2019,
December 2019, Mars 2021 and May 2021. The colors represent the different water masses,
notably, AW (red), PW (light blue), wPW (orange), IW (green) and CBSDW (dark blue).
EBDW were excluded and mAW was merged into AW. For the shelf stations (P1, P2, P3, P4,
P5) the maximum depth displayed is 300m and for the off-shelf stations (P6, P7) the whole
water column 1S diSPlay@d. .......oouiiiiiiiiiiiieie e e 19
Figure 7 — Chlorophyll a stock and zooplankton biomass along the transect (P1-P7) in August
2019 (pink), December 2019 (magenta), March 2021 (cyan) and May 2021 (spring green).
Figure A display the chlorophyll a stock in mg.m?, It was integrated for the first 50m of the
water column. Figure B, shows the microzooplankton biomass in gC.m™, it included the
dinoflagellates and cilliates. Figure C, shows the mesozooplankton and macrozooplankton

biomass in mg.m™, the gelatinous zooplankton were excluded. .............cccoovevevevevereeerereeennne, 20



Figure 8 - Gelatinous zooplankton abundance in ind.m> sampled with a MIK net along the
transect (P1-P7) in August 2019, December 2019 and March 2021. Colored by taxonomic
groups. Other taxa (grey), included the following taxa Atolla tenella, Botrynema brucei,
Botrynema ellinorae, Catablema vescicarium, Cyanea sp., Dryotora glandiformis,
Bougainvillia superciliaris, Sarsia sp., Sarsia tubulosa and an unamed cydippid. ND stand for
CNO DIALAY. ..ttt st ettt et e beenane s 21
Figure 9 - Gelatinous zooplankton abundance in ind.m> sampled with a MultiNet in August
2019, December 2019, March 2021 and May 2021 along the transect (P1-P7). Colored by
taxonomic groups. Abundance axes range vary within each station and Hydrozoa correspond
t0 HYdrOZoa LarVae. ......c.eeouiieiieiieeiieie ettt et ettt ettt e be et nnaas 22
Figure 10 — Gelatinous zooplankton species richness along the transect (P1-P7) in August 2019,
December 2019, March 2021 and May 2021. The color range from the lowest lowest species
richness (yellow) to the highest species richness (red). Based from both Multinet and MIK net
AL Lttt h et et h et et sh et eat e h et et 23
Figure 11 — Common gelatinous zooplankton taxa abundance (ind.m>) in August 2019,

December 2019, March 2021, May 2021 along the transect (P1-P7). Based on MultiNet data.

Figure 12 - MIK net (A) and MultiNet (B) redundancy analysis biplot showing correlations
between the gelatinous zooplankton taxa and the environmental factors...........ccccceevveeennenn. 28
Figure 13 — 18S rRNA maximum likelihood (GTR+G+I model) phylogenetic tree, made with
141 Ctenophora sequences and four root sequences (pink). Bootstrap support values are located
near their respective clade node and my sequences are grouped inside the coloured clade (green,
VEIHLOW QN TEA). ..viiieiieeiiie ettt e et e e e e e et e e st e e s beeesabeeenabeeesseeenaeeeas 29
Figure 14 — Number of Beroe abyssicola (A) and Beroe cf. cucumis (B) found along the transect
(P1-P7) in August 2019, December 2019, March 2021 and May 2021. The color range from

one individual (yellow) to six individuals (red) found. Grey is used when no individual was

Figure 15 — Proportion of both species Beroe cf. cucumis and Beroe abyssicola in the study
area in August 2019, December 2019, March 2021 and May 2021. The gradient of color

illustrate the degree of dominance (yellow — dominated, red — dominant)............c.ccceeeeenne 31



1 Introduction

The Barents Sea is ecologically and economically important (Nilssen, 2003; Sakshaug
et al., 2009). It’s a shallow shelf sea influenced by the inflow of warm (2°C - 5°C) and high
salinity (>35 g.L!) Atlantic Waters passing in the Barents Sea Opening in the South and the
inflow of cold (<0°C) and low salinity (<34.4 g.L!) Arctic Waters passing between the
archipelago of Svalbard and Novaya Zemlya in the North (Figure 1)(Drinkwater, 2011; Loeng
& Drinkwater, 2007; Skagseth, 2008). As a result, it is a diversity hotspot and both Arctic and
Atlantic expatriate species co-exist, for example, Calanus finmarchicus and Calanus glacialis
(Melle & Skjoldal, 1998). Moreover, due to the seasonal light regime, seasonal ice melt and the
inflow of Atlantic Waters replenishing the nutrients, the primary production and bloom activity
in most regions of the Barents Sea is peaking and high between May to June, leading to high
secondary production and fish stocks (Loeng & Drinkwater, 2007; Rey, 1985; Wassmann et
al., 1999). Some of the fishes are commercially important and are exploited by fisheries, for
example, cod (Gadus morhua), capelin (Mallotus villosus) and haddock (Melanogrammus
aeglefinus) (Eriksen et al., 2018). These fisheries are some of the largest fisheries in the world
making the Barents Sea particularly important for the economy of neighbouring countries,

Russia and Norway (Eriksen, Gjeseter, et al., 2018; Nilssen, 2003).

However, in the last decade human perturbances have increased in the Barents Sea
(shipping, oil and gas exploration, tourism) and with climate changes, the temperatures of the
Barents Sea have increased (Barton et al., 2018; Ellingsen et al., 2008; Holthus et al., 2013;
Loeng et al., 2005). In the future, further warming is predicted due to an increase in both the
volume and temperature of the Atlantic inflow (Slagstad et al., 2015). The warming of the
Barents Sea will likely cause a decrease of the annual sea ice concentration, an increase in
primary production and a shift northward in habitats is predicted (Slagstad et al., 2015). As a
result, Atlantic and boreal species will be found at higher latitudes and more in the eastern
Barents Sea and Arctic species will be more restrained to the Arctic Basins (Fossheim et al.,
2015; Slagstad et al., 2015). This can lead to a decline in diversity in the Barents Sea, changes
in repartition of the fish stocks and increase in the probability of mismatch between
phytoplankton blooms and predator spawning (Asch et al., 2019; Fossheim et al., 2015).
Therefore, to assess possible changes and contribute to the conservation and monitoring of the
Barents Sea ecosystem, it is crucial to study and understand in detail its community composition

and their distribution and seasonal dynamics.
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Figure 1 — Sampling stations (red dots) from the seasonal surveys in 2019 and 2021 in the northern Barents Sea.
The current systems NAC (Norwegian Atlantic Current), NoCC (North Cape Current), and WSC (West Spitsbergen
Current) are indicated in the colours of their respective water masses. The different openings of the Barents Sea
BSO (Barents Sea Opening), BSE (Barents Sea Exit), NBSO (Northern Barents Sea Opening) are also included.
The figure is modified from Figure 1 in Van Engeland et al. (submitted to Progress in Oceanography).

I will focus, in this study, on the gelatinous zooplankton, a polyphyletic group,
composed by translucent and soft body taxa having high-water and low-carbon contents (Pitt
& Lucas, 2014). By definition, gelatinous zooplankton commonly includes the phylum
Cnidaria, Ctenophora and Chaetognatha as well as the pelagic tunicates (Steinberg & Saba,
2008). However, almost all marine phyla, including Annelida, Mollusca and Arthropoda,
contain gelatinous species or life stages (Harbison, 2009). In this study, when referring to
gelatinous zooplankton, I will only include the phylum Cnidaria and Ctenophora and the class
Appendicularia. It’s a very diverse group in terms of sizes, life strategies, life cycles, trophic

interactions, distribution and seasonal dynamics (Harbison, 2009; Pitt & Lucas, 2014).
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1.1 Life cycles and seasonality

Gelatinous zooplankton life cycles are very diverse, sometimes very complex and differ
between the phylogenetic groups (Arai et al., 2017; Collins, 2002; Deibel & Lowen, 2012).
Most Cnidaria, namely the classes Cubozoa and Scyphozoa and the orders Leptomedusae and
Anthomedusae, during their life cycle alternate between short lifespan medusae and perennial
polyp forms (Figure 2)(Collins, 2002; Lucas et al., 2012; Pitt & Lucas, 2014). Polyp life stages
are often colonial with specialized members, they reproduce mostly asexually through
metagenesis and strobilation and are mostly benthic and sessile (Arai et al., 2017; Boero et al.,
2008; Collins, 2002). Medusae life stages on the other hand are free living individuals, they
reproduce sexually and are only pelagic (Boero et al., 2008; Collins, 2002). Some other
Cnidaria taxa, have either no polyp stage (e.g. Trachymedusae, Narcomedusae) or no medusae
stage (e.g. Hydridae, Siphonophorae)(Arai et al., 2017; Collins, 2002). Most Cnidarians are

meroplanktonic, as they have a both benthic and pelagic life stages in their life cycle.

Cnidaria life cycle durations vary between taxa and for example, the Schypozoa Cyanea
nozakii has a one-year life cycle whereas the Hydrozoan Aglantha digitale can possibly have
multiple generation per year (Ikeda & Imamura, 1996; Manko et al., 2020; Pertsova et al., 2006;
Thein et al., 2013). Additionally, Cnidaria sexual and asexual reproduction have been shown
in previous studies to be influenced by temperature, food availability and light regimes (Lucas

et al., 2012; Pertsova et al., 2006; Purcell et al., 2009; Thein et al., 2013).

30-40 days
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Figure 2 — Nemopilema normurai (Schypozoa) life cycle, alternating between poylp stages (Scyphistoma) and
medusae life stage (Medusa). From Kawahara et al. (2006)
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Ctenophora are holoplanktonic and will reproduce sexually possibly multiple time per year
by adults releasing sperm and eggs in the surrounding water (Arai et al., 2017; Larson, 1986;
Zelickman, 1972). If fertilized, the eggs will grow into a cydippid larva and then into an adult
(Figure 3). Most Ctenophora are self-fertile hermaphrodites, have a rapid gametogenesis (~2
days) and high fecundity (Greve, 1970; Reeve & Walter, 1979). Some Ctenophora species, such
as Mnemiopsis leidyi, can also conduct larval reproduction (dissogeny) where larvae can
produce functional gametes (Edgar et al., 2022; Martindale & Henry, 2015). Growth and
development of Ctenophora has been shown to be highly influenced by food availability
(Kremer & Reeve, 1989).

Figure 3 — Mnemiopsis leidyi (Ctenophora) life cycle. Including the egg, cydippid larva (larva) and adult life stages.
From Arai et al. (2017)

Appendicularia have a relatively simple life cycle with direct development, they are
semelparous, holoplanktonic and protandric hermaphrodites (Deibel & Lowen, 2012). They
reproduce sexually, adults produce eggs inside their body then their body wall rupture and the
adults die releasing the unfertilized eggs in the surrounding water (Figure 4)(Deibel & Lowen,
2012). Then if the eggs are fertilized, they hatch into a tadpole larva that will grow into an adult
(Figure 4)(Deibel & Lowen, 2012). Appendicularia development rates are documented to be
fast compared to other tunicates and it takes only some hours to a day for the first filtration
house to be inflated (Deibel & Lowen, 2012; Troedsson et al., 2002). Additionally, it has been
shown, that their generation time decrease and egg production increase with increasing

temperature and food availability (Deibel & Lowen, 2012).
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Figure 4 — Oikopleura dioica (Appendicularia) life cycle. Including the tadpole larva (Early Tadpole & Late Tadpole)
and adult life stages. It also includes interesting life history events such as the death of the indidual by releasing
the eggs (Spawning and Death) and the first inflated filtration house (1st House). From Deibel & Lowen (2012).
Despite very different life cycles, most gelatinous zooplankton taxa increase in
abundance and biomass when the environmental conditions, such as food availability, primary
production and temperature are suitable (Boero et al., 2008; Lucas et al., 2014; K. Raskoff et
al., 2003). For some taxa, the increases in abundance can be very sharp, leading to population
outbreaks and swarms of individuals (true bloom or apparent bloom) (Pitt & Lucas, 2014).
These swarms of individuals are often due to life cycle characteristics, notably, fast
development rates, high fecundity, rapid gametogenesis and asexual reproduction (Deibel &
Lowen, 2012; Pitt & Lucas, 2014). In this case they are called true blooms. However, they may
also be initiated by the aggregation of individuals due to advections, currents and behaviours
(Graham et al., 2001; Pitt & Lucas, 2014). In which case they are called apparent blooms.
Making the distinction between apparent blooms, true blooms or blooms appearing due to the
combination of true and apparent blooms is difficult, as the number of births, deaths,
immigrants and emigrants should be estimated in case of the accumulation of organisms (Pitt
& Lucas, 2014). As a result, it’s difficult to identify the origin of the gelatinous zooplankton

seasonal variations in abundance.

At higher latitudes and in the Barents Sea the growth, development, spawning,
reproduction and accumulation of most gelatinous zooplankton taxa is related to the seasonal
increase in temperature and light exposure coinciding with the periods of high primary

productivity (Kremer & Reeve, 1989; Purcell et al., 2009; Zelickman, 1972). Hence, highest
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abundances are often reached in spring and summer (Falkenhaug, 1996; Hosia & Béamstedt,

2007; Larson, 1986; Pertsova et al., 2006).

1.2 Trophic interactions

Gelatinous zooplankton have an important role in the marine food web by exerting top-
down control on their prey population and structuring the food web (Jaspers et al., 2015; Pitt &
Lucas, 2014). They are both carnivores and herbivores feeding on a wide variety of prey. They
are known for example to feed on fish larvae or eggs, zooplankton, phytoplankton and bacteria
(Alvarifio, 1985; Bouillon et al., 2004; Purcell & Arai, 2001). The consumption rate of their
prey is generally less than 10% of the prey population, but it can reach more than 50% during
bloom periods, hence, they could occasionally and locally decimate their prey population
(Alldredge, 1984; Majaneva et al., 2013; Pages et al., 1996; Reeve et al., 1978). Such events
can cause a temporal regime shift from a crustacean to a jelly-dominated system (Hwang et al.,

2013; Yilmaz, 2015).

Historically, gelatinous zooplankton have been considered a trophic dead end (Verity &
Smetacek, 1996). However, recently it has been documented that they are also preyed by
crustaceans, seabirds and commercially and ecologically important fishes. For example, in the
Barents Sea, the species Gadus morhua (cod), Salmo salar (salmon), Cyclopterus lumpus
(Lumpfish), Anarhichas denticulatus (Wolffish) and Pandalus borealis were reported to feed
on gelatinous taxa (Eriksen et al., 2020; Eriksen, Gjeseter, et al., 2018; Hamilton, 2016) (Urban
et al., 2022). Hence, gelatinous zooplanktons are in fact a channel of energy between low

trophic levels and higher trophic levels (Jaspers et al., 2015).

Gelatinous zooplanktons are considered to have a negative impact on fisheries because
they feed on fish larvae and compete with zooplanktivorous fishes and larvae, hence reducing
the fish stocks (Brodeur et al., 2008, 2011). This have been shown to have a high impact on
already weakened and overexploited fish stocks where ultimately gelatinous zooplankton
overtake fish in the ecosystem (Lynam et al., 2006; Oguz & Gilbert, 2007). However, since
they can also be prey of commercially important species, it may not be easy to conclude that
gelatinous have a negative impact on fisheries as it will depend on the species present. Hence,

reinforcing the need of good monitoring of the gelatinous zooplankton community.
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1.3 Sampling, conservation and identification challenges

Historically, gelatinous zooplankton have been overlooked in the world oceans and in the
Barents Sea due to sampling, identification and conservation challenges (Majaneva &

Majaneva, 2013; K. Raskoff et al., 2003; Swanberg & Bamstedt, 1991a).

Gelatinous zooplankton have a wide range of sizes, ranging from less than a millimeter to more
than a meter, and covering the whole range will require different sampling gears (Agassiz,
1865; Harbison, 2009). They are fragile and often damaged when sampled with plankton nets
and trawls, leading to an underestimation of the fragile taxa (e.g. Appendicularia). Also, due to
their high transparency, some species can be hard to observe using ROV (e.g. Aglantha digitale)
(Raskoff et al., 2005). Hence, using multiple methods (nets, ROV and diving) is recommended
to prevent sampling biases due to the differences in size, transparency and fragility between

gelatinous taxa (Raskoff et al., 2003).

The identification literature is often incomplete and focused on specific, often adult, life stages.
As a result, identifying earlier life stages can be difficult and sometimes impossible. DNA
barcoding methods are starting to be more used, but the lack of reference databases and
amplification protocols make the application of DNA barcoding methods difficult for some taxa

(Jucker & Havermans, 2022; Ortman et al., 2010).

Some gelatinous zooplankton taxa are altered in conservative mediums, they can lose
taxonomic features and shrink, making their identification difficult or impossible (Mutlu,
1996). Nowadays, despite the bad conservation of some taxa it’s sometimes possible to identify

them using DNA barcoding methods (Ortman et al., 2010).

1.4 Aim of my study

In recent years gelatinous zooplankton have drawn more attention due to their negative
impacts on fisheries, aquaculture, and tourism (Halsband et al., 2018; Yilmaz, 2015). Recent
papers, highlight that given the importance of gelatinous zooplankton, future ecosystem-based
management efforts should include standardized, consistent and coordinated monitoring of
gelatinous zooplankton (Pierson et al., 2020). In the Barents Sea, several studies have reviewed
the gelatinous zooplankton diversity, yet few studies reviewed the diversity and distribution

patterns between the different Barents Sea water masses and as far as I known no study
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documented the gelatinous zooplankton seasonality over a whole year in the Barents Sea
(Blachowiak-Samolyk, 2008; Dvoretsky & Dvoretsky, 2010; Eriksen, Bogstad, et al., 2018;
Eriksen et al., 2012; Manko et al., 2015; Ronowicz et al., 2015; Yaragina et al., 2021,
Zelickman, 1972). The Nansen Legacy project covered with four seasonal surveys the full
seasonal cycle of the Barents Sea marginal ice zone, a vast area, ranging from the central
Barents Sea to the Arctic Ocean Nansen Basin (Figure 1). During the four surveys, both
biological and physical data were collected, including gelatinous zooplankton, permitting the
investigation of their diversity, distribution and seasonal dynamics. The aim of this master
thesis is to (1) investigate diversity and distribution patterns between the different water masses
and regions from the northern Barents Sea and (2) investigate the gelatinous zooplankton

seasonality over a whole year in the northern Barents Sea.
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2 Material and methods

2.1 Sampling area

The sampling was conducted east of Svalbard from the central Barents Sea to the Nansen
Basin in a region known for having advections of both Atlantic and Arctic Waters (Figure

1)(Lind & Ingvaldsen, 2012; Loeng, 1991).

Relatively warm (2°C - 5°C) and high salinity (> 35g.L") Atlantic Waters are transported
into the Barents Sea by two flowing branches (Lind & Ingvaldsen, 2012; Loeng, 1991). The
first Atlantic Water branch is slow and wide, it comes from the Norwegian Atlantic Current
(NAC) and enters the Barents Sea by the Barents Sea Opening (BSO) (Loeng, 1991). It flows
eastward over the Barents Sea shelf and exits into the Arctic Ocean east of Franz Josef Land
(Figure 1)(Rudels et al., 2015). The second Atlantic Water branch is relatively fast and narrow
and originates from the West Spitzbergen Current (WSC) (Aksenov et al., 2011). It flows
eastward along the Barents Sea continental slope under Arctic Waters and sometimes enters the
Barents Sea through the Northern Barents Sea Opening (NBSO) (Figure 1)(Lind & Ingvaldsen,
2012).

Relatively cold (< 0°C) and low salinity (< 34.4 g.L'!) Arctic Waters are advected from
the Arctic Ocean (Loeng, 1991). They enter the Barents Sea through the North Barents Sea
Opening (NBSO) and Barents Sea Exit (BSE) and flow westward over the northern Barents
Sea until the Spitzbergen Bank (Figure 1)(Loeng, 1991).

The Atlantic Waters in the south and Arctic Waters in the north are separated by the
oceanic Polar Front (Loeng, 1991). This Polar Front is located in my study area between the
central Barents Sea station P1 and the northwest Barents Sea station P2 (Figure 1). The southern
Barents Sea, south of the Polar Front is highly influenced by the warm Atlantic Waters (Loeng,
1991). Whereas, the northern Barents Sea, north of the Polar front is highly influenced by the
cold Arctic Waters and is seasonally ice-covered (Kvingedal, 2005; Loeng, 1991).

2.2 Sampling design

During the Nansen Legacy campaign, four cruises with R/V Kronprins Haakon covered

different seasons, Q3 (late Summer) and Q4 (early Winter) were sampled in August 2019 and
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December 2019. The quarters Q1 (late Winter) and Q2 (Spring) were sampled in March 2021

and May 2021, two years later due to the Coronavirus pandemic.

During each cruise physical and biological data were collected at 7 stations (P1-P7) along a
transect from the central Barents Sea, south of the Polar Front (P1; 76° 0' 0" N, 31° 13" 10.92"
E) to the Arctic Ocean (P7; 81° 59' 50.64" N, 29° 58' 48" E) (Figure 1).

Gelatinous zooplankton samples were collected using Methot-Isaac-Kidd ring net (MIK net)
(3.15m? aperture, 13-m long net with 1500um pore size and a 500pum mesh in the last meter)
fitted with a 10-L cod end and MultiNet Midi (HydroBios, opening: 0.25m?, net length: 2.50m).
The MIK nets were used to collect the macrozooplankton (2 to 20mm) at every station of the
transect and quarter of the year (except Q3-P6, Q1-P1, Q2-P2). They were hauled vertically
from 20 meters of the seafloor to the surface at a speed of 1.5m.s”' (AeN protocol). The
MultiNets with both 64pum and 180um mesh sizes were used to collect both small
mesozooplankton (0.1 to 0.2mm) and larger mesozooplankton (0.2 to 2mm) (Makoto &
Tsutomu, 1984). They were hauled vertically at a speed of 0.3 and 0.5m.s™! for every quarter of
the year over the intervals bottom-200m, 200-100m, 100-50m, 50-20m, 20-Om for the stations
P1 to P5 and the intervals bottom-600m, 600-200m, 200-50m, 50-20m, 20-Om for the stations
P6 and P7.

2.3 Sample processing and storage

The gelatinous zooplanktons from the MIK net were manually picked out immediately
using filtering spoons or wide-mouthed pipettes on board. The individuals were identified to
the highest taxonomic level possible and counted. Then selected individuals (up to 12
individuals per taxa) were pictured, weighted, volume measured and stored in >96% non-
denatured EtOH at -20°C for possible DNA analysis. From some cruises, the total volume and

total wet biomass per station of the gelatinous species was also measured.

The remaining MIK net sample was divided in two, one half for taxonomy analyses at
the Institute of Marine Research (IMR) and one half for metabarcoding at the Arctic university
of Norway (UiT). The missed picked out gelatinous from the MIK nets were obtained from
IMR, but they were very few and their identification resolution was low, so they were not

included in the analysis. The metabarcoding data were not used in this project.
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Further identification of the MIK net individuals was done with morphological
examinations using a stereomicroscope at the Trondheim Biological Station (TBS) and by
examining the on-board pictures. Mills & Haddock (2007) and Licandro & Lindsay (2017)
were used for the identification of Ctenophora and “The ID guide for pelagic gelatinous
zooplankton (Cnidaria and Ctenophora) from the Norwegian Arctic” made by Aino Hosia, Luis
Martell and Sanna Majaneva (Unpublished) was used for the identification of both Cnidaria
and Ctenophora. When the identification was still unsure, a tissue sample was taken for possible

DNA analysis (See 2.5 Laboratory analysis).

MultiNet samples (including gelatinous organisms) were concentrated on sieves (64 pm
and 180 um respectively), gently flushed with filtered seawater before being preserved in 4 %
formaldehyde free from acid. They were analysed at the Institute of Oceanology of the Polish
Academy of Sciences (IOPAN). The organisms were identified and counted under a
stereomicroscope equipped with an ocular micrometer according to standard procedures (Harris

et al. 2000).

2.4 Additional data collection

A shipboard conductivity, temperature and depth profiler (Seabird 911 plus CTD) was
used to get the physical properties (conductivity, temperature and depth) of the water column
at all stations during all cruises. It was hauled down from the surface to 5-10m above bottom
and then up to the surface again. It was mounted on a 24-bottles rosette system and equipped
with a double set of temperature and conductivity sensors, pressure sensor, oxygen and
fluorescence sensors, an altimeter and a turbidity and PAR sensor (Nansen Legacy protocol).
Water samples were collected at selected depths from 0 to 100 meters for Chlorophyll a (Chl
a) measurements using a fluorometer. The Chlorophyll a standing stock (mg.m?) was
integrated for every station over the first 50 meters of the water column using the trapezoidal
rule. Protists were also extracted from the water samples and the carbon weight (gC.m™) of the

different protist's phylum were calculated by Philipp Assmy.
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2.5 Molecular species identification

2.5.1 Tissue sampling & DNA extraction

The tissue sampling and DNA extraction was done on 161 gelatinous individuals that
could not be identified using taxonomic methods. The tissue sampling and DNA extraction
were both performed in the pre-PCR part of the laboratory in the Trondheim Biological Station
(TBS) (Appendix 1).

The tissue samples (~1mm) were collected around the mouth for Beroe spp., at the
ctenes or the pigmented zones for the Cydippida and at the base of the umbrella from the
medusae. The tissue samples were placed in ImL DNase-free Eppendorf tubes and dried under
the ventilation hood. The tools used for the tissue sampling were carefully rinsed three times

using tap water between the individuals.

The DNA was extracted using the Chelex rapid-boiling procedure (Granhag et al.,
2012). In the dried tissue Eppendorf tubes was added 50 pL of 6% Chelex solution. The tubes
were then vortexed (7sec), heated at 98°C for 10minutes and centrifuged at 15 000 n.min™! for
10 minutes. The surnactant (DNA) was finally pipetted into a new DNase-free 1mL Eppendorf
tube and stored at -20°C.

2.5.2 DNA amplification

Polymerase Chain Reactions (PCRs) were used to amplify the DNA samples. The PCRs
were performed on 118 DNA samples in September 2022 and February 2023 in TBS post-PCR
lab using the Applied Biosystems SimpliAmp Thermal Cycler (Appendix 2). Only Beroe spp.

samples were amplified due to time constraints.

For these Beroe spp. samples, the gene coding for the 18S ribosomal RNA (18S rRNA
gene) was chosen to be amplified using the pair of primers Kober 18SF (5'CTG GTT GAT
CCT GCC AGT AGT3") and Kober 18SR (5" GCA GGT TCA CCT ACA GAA ACC3’),
respectively the forward and reverse primers (Kober & Nichols, 2007). The PCR wells
contained 20uL of solution, consisting in 1puL. of DNA material from my extraction, 1uL of
Kober 18SF and Kober 18SR and the commercial PCR mix composed by 0.4uL of the Phire®
Hot Start Il polymerase, 4 pL. of Phire® reaction buffer (5x buffer), 0.4 pL of ANTP 10 mM,
0.6 uL of 3% DMSO, 11.6 pL of Nuclease free water (dH20). Negative controls had 1uL of
dH>O instead of the DNA (Appendix 3).
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The PCR DNA amplification started with a first denaturation at 98°C for 5 minutes,
followed by 40 cycles including a denaturation at 98°C for 8seconds, annealing at 56°C for
10seconds and synthesis at 72°C for 1minutes. Lastly, there was a final synthesis at 72°C for
Sminutes and the PCR ended keeping the PCR products at 4°C until they were taken out
(Appendix 3).

The success of the amplifications was then checked by conducting gel-electrophoresis

on the PCR products (Appendix 3 & 4).

2.5.3 DNA purification and sequencing

The PCR products successfully amplified were purified using the Cytiva GFX"™ PCR
DNA and gel purification kit and following the manufacturer standard protocol (Appendix 3).
The purified DNA solutions were then sent for forward and reverse Sanger sequencing at
Macrogen Europe in Amsterdam (Netherland)(Sanger et al., 1977). In total, 88 purified DNA

solutions were sent for sequencing.

2.6 Data Processing & statistical analyses

2.6.1 CTD data processing

Mean temperature and mean salinity at every station and quarter of the year were
calculated by averaging the CTD temperature and salinity measurements taken over the whole

water column.

The CTD data were also assigned to a water mass using the water masses definitions
outlined for the Nansen Legacy project (Sundfjord et al., 2020). In this report they documented
the seven different water masses that can be found in the Northern Barents Sea and Nansen
Basin. Namely, Polar Water (PW), Warm Polar Water (WPW), Atlantic Water (AW), Modified
Atlantic Water (mAW), Cold Barents Sea Deep Water (CBSDW), Intermediate Water (IW)
and Eurasian Basin Deep Water (ESDW) (Table 1).

In my analysis, the water masses AW and mAW were combined and called AW and the
distinction of ESDW from IW wasn’t done. This was performed to reduce the complexity and

make the analysis easier.
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Table 1 - Water masses definitions and descriptions from Sundfjord et al (2020).

Water mass name | Definition Description

PW (Polar water) | CT <0.0°C, g, <27.97 | Polar Water is formed by the introduction of

kg.m (cold) sea ice melt water.
wPW (Warm CT > 0.0°C, SA<35.06 | Warm Polar Water can be PW that has been
Polar Water) gkg! heated through solar radiation or mixing
products between AW/mAW and PW.
AW (Atlantic CT > 2.0°C, Sa > 35.06 | Atlantic Water is relatively warm and saline
Water) gkg! although not as warm and saline as in the

upstream areas

mAW (Modified | 0.0°C <CT <£2.0°C, Modified Atlantic Water is AW that lost heat
Atlantic Water) Sa>35.06 gkg! but hasn’t been strongly mixed with the

surrounding waters.

IW (Intermediate | -1.1°C <CT <0.0°C, Intermediate Water is colder and typically
Water) 0o >27.97 kg.m™ found at greater depth than AW and mAW. It
can also have lower salinities than AW and

mAW.

EBDW (Eurasian | -1.1°C < CT <0.0°C, Eurasian Basin Deep Water overlaps with IW

Basin Deep Sa>35.06 g.kg! and is said to be used for stations over 500m
Water) isobath.

CBSDW (Cold CT <-1.1°C, gy > Cold Barents Sea Deep Water is said to be used
Barents Sea Deep | 27.97 kg.m™ only for Barents Sea.

Water)

The in-situ temperature, salinity and pressure measurements were converted into the
conservative temperature, absolute salinity and potential density anomaly using the R package

gsw (Gibbs Sea Water functions).

2.6.2 Biotic data processing

MultiNet and MIK net gelatinous zooplankton abundances (ind.m™) were obtained by
dividing the organism counts by the filtered volume for every sampling event. The filtered

volumes (V, m?) were calculated as follows,

MIK net: V= 3.14m? x hauled distance,
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MultiNet: V=-1.2681 + 0.3298 x hauled distance.

Where, for the MultiNets, the filtered volume formula is based on a regression between the
flow meter readings and the theoretical filtered volumes (0.25m? x hauled distance). Moreover,

MultiNet taxa abundances per station (A) for all taxa were calculated using the formula,
A =3N (4 x Wy,

where, N is the number of sampling intervals, A is the abundance of the taxon at the i sampling

interval, and Wi is the width of the i sampling interval.

Missing total counts data in MIK net data were assessed using the pictures from the
cruises and the total wet biomass records when they were recorded. Otherwise, it was assumed
to be the number of samples taken for DNA analysis when there were less than six DNA
samples, as it was the minimum number of DNA samples taken. In the case of more than six

DNA samples, the total count was left empty.

The detection/no detection matrix (Appendix 10) was obtained by checking the
detection of every taxon in both the MultiNet and MIK net data.

2.6.3 Statistical analysis

Statistical analyses were conducted on the statistical software R.

To compare the abundance distributions obtained from the MultiNet and MIK net a
Wilcoxon-Mann-Whitney test was conducted using the R function wilcox.test() (Neuh&user,
2011). It was statistically significant with a p-value of 1.8 x 10°'2. Hence, the null hypothesis

“there are no difference between the MultiNet and MIK net abundances groups” was rejected.

To study the impact of the environmental variables on the gelatinous zooplankton
composition, two redundancy analyses (RDA) were conducted using the abundances from the
MIK nets and MultiNets. A redundancy analysis is an extension of a multiple regression, they
model the effects of an explanatory matrix X € M, ,,(R) (environmental matrix) on a
response matrix Y € M, ,(R) (abundance matrix) (Legendre & Legendre, 2012).Where, n is
the number of sites, m the number of environmental variables and k the number of taxa. They
were conducted using the R-package ‘vegan’ (Oksanen et al., 2019). The highest available

taxonomic resolution was used in the abundance matrixes, but rare taxa were excluded for both
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MultiNets and MIK nets (Single individuals, Sarsia species were grouped under Sarsia sp.). To
do the redundancy analyses, the two abundances matrixes (Appendix 5 & 6) were transformed
using Hellinger transformation (Legendre & Gallagher, 2001; Rao, 1995). The environmental

table (Appendix 7) was standardized and centered using the R function decostand().

The set of environmental variables used for the redundancy analyses was determined
by the biological interest of the variables and the multicollinearity between the variables. The
final set of environmental variables included the percentage of AW (AW _perc), the percentage
of PW (PW_perc), the percentage of wWPW (WPW _perc), the chlorophyll a standing stock in the
first 50 meter of the water column in mg.m™ (Chla_stock), the total mesozooplankton and
macrozooplankton  biomass in  mgm? excluding the gelatinous zooplankton
(tot_zooplankton biomass), the sum of the ciliates and dinoflagellates biomass in gC.m™

(ciliate_dino biomass), the day of the year (Day of year) and the latitude (latitude).

The redundancy analysis models based on MIK net and MultiNet abundances were both
statistically significant (p=0.021 and p=0.003) and explained after adjustments regarding the
number of variables 22% and 25% of the variations (adjusted 12). In both redundancy analyses,
only, the first axis was significant, and the proportion of unexplained variation was high (50%
and 52%). Finally, no significant collinearity was detected during the VIF test. The global, axis
and terms significance of the redundancy analyses were accessed with permutation tests, using
the function anova.cca() from vegan (Borcard et al., 2011). The multicollinearity was checked

using the R function vif.cca() from vegan.

2.6.4 DNA sequences analysis

Forward and reverse sequence chromatograms were visually checked and cleaned using
Chromas 2.6.6 software. During the cleaning, low quality ends with low quality scores and
undefined peak in signal intensity were cut off and uncertain base pairs with low quality scores
were changed using the base pair ambiguity code (Cornish-Bowden, 1985). Additionally,

sequences with low qualities were discarded.

Cleaned forward and reverse sequences were then assembled using BioEdit 7.2.5
software. During that process twenty-six sequences could not be assembled because they were

too short.
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A reference library was made using all available Ctenophora 18S rRNA gene sequences
(in total 168 sequences, 02/05/2023) from the National Center for Biotechnology Information,
GenBank. Additionally, for the root of the tree, two 18S rRNA gene sequences of Cyanea

capillata and Aurelia aurita were extracted from Genbank.

The sequences from my study, the Ctenophora reference library and the root sequences
were aligned using MAFFT (Multiple Alignment using Fast Fourier Transform), with a gap
penalty of 1.53 and a gap extension penalty of 0.123 (Katoh et al., 2002; Katoh & Standley,
2013; Madeira et al., 2022). The alignment was then checked and cleaned using BioEdit 7.2.5
software. During the cleaning, poorly aligned regions (gaps) and partial sequences were
removed, and the sequences ends were trimmed to match the length of my sequences. If

interested the final alignment can be checked in the annex.

From the cleaned MAFFT alignment, containing total 141 Ctenophora sequences and four
root sequences, a maximum likelihood (GTR+G+I model) phylogenetic tree was made using
GARLI 2.0.1019 software and the bootstrap support values or confidence levels of the clades
were calculated from 500 replicates (Zwickl, 2006).
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3 Results

3.1 Hydrography

Over the four seasons there were similar patterns in the hydrography along the transect.
Firstly, the northwest Barents Sea shelf stations P2 to P5 located north from the Polar Front
were more influenced by PW and wPW than the rest of the stations (Figure 5A). Hence, they
had lower mean temperatures (under 0°C) and mean salinities (under 34.6 g.L")(Figure 5B &
C, Table 1). Moreover, in March and May 2021, there was an increase of wPW in those
northwest Barents Sea shelf stations leading to higher temperatures (except in P5, hence leading

to colder temperatures).
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Figure 5 — Hydrology of the transect (P1-P7) in August 2019 (pink), December 2019 (magenta), March 2021 (cyan) and May 2021 (spring

green). Figure A, dispay the percentage of every watermasses in percent, EBDW was excluded and mAW was merged into AW.
shows the mean salinity in g.L-". Figure C, shows the mean temperature in °Celsius.
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Secondly, the central Barents Sea station (P1), the continental slope station (P6) and the
Nansen basin station (P7) had an inflow of Atlantic Water (AW), leading to higher mean
temperatures (0°C to 2.5°C) and mean salinities (around 34.9 g.L "V (Figure 1 and 2). The AW
was the dominant water mass of the central Barents Sea and Barents Sea continental slope
stations and occupied more than 50% of their water column. In the Nansen Basin, the AW was
not dominant. Also, notably, in the Barents Sea continental slope station and Nansen Basin

station during all seasons, the first hundred meters above the AW were wPW and PW. (Figure
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Figure 6 — Watermasses vertical distribution along the transect (P1-P7) in August 2019, December 2019, Mars 2021 and May 2021. The
colors represent the different water masses, notably, AW (red), PW (light blue), wPW (orange), IW (green) and CBSDW (dark blue).
EBDW were excluded and mAW was merged into AW. For the shelf stations (P1, P2, P3, P4, P5) the maximum depth displayed is 300m
and for the off-shelf stations (P6, P7) the whole water column is displayed.
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3.2 Chlorophyll a and zooplankton biomass seasonal and
spatial patterns

The chlorophyll a stock and microzooplankton biomass peaked in May and August
reaching highest abundances in the central Barents Sea and continental slope stations (P1, P6)

(Figure 7A & B). The mesozooplankton and macrozooplankton total biomass peaked later in

August and December and reached highest biomasses in the northwest Barents Sea shelf

stations (P2-P5) (Figure 7C).
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Figure 7 — Chlorophyill a stock and zooplankton biomass along the transect (P1-P7) in August 2019 (pink), December 2019 (magenta),
March 2021 (cyan) and May 2021 (spring green). Figure A display the chlorophyll a stock in mg.m, It was integrated for the first 50m of
the water column. Figure B, shows the microzooplankton biomass in gC.m, it included the dinoflagellates and cilliates. Figure C, shows
the mesozooplankton and macrozooplankton biomass in mg.m3, the gelatinous zooplankton were excluded.
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3.3 Gelatinous zooplankton diversity

For all stations and all seasons, a total of 31 gelatinous taxa were found, of which 23
were identified to species level, four to genus level, two to order level, one to class level and

one to phylum level.

The most common and abundant taxa along the transect were the Appendicularia
Fritillaria borealis and Oikopleura sp., the Anthoathecata Plotocnide borealis, Rathkea
octopunctata and Sarsia spp., the Narcomedusae Aeginopsis laurentii, the Trachymedusae
Aglantha digitale and Homoeonema platygonon, the Beroida Beroe spp., the Cydippida
Mertensia ovum and the Siphonophorae Dimophyes arctica (Appendix 8, Figure 8 & 9).
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Figure 8 - Gelatinous zooplankton abundance in ind.m sampled with a MIK net along the transect (P1-P7) in August 2019, December
2019 and March 2021. Colored by taxonomic groups. Other taxa (grey), included the following taxa Atolla tenella, Botrynema brucei,
Botrynema ellinorae, Catablema vescicarium, Cyanea sp., Dryotora glandiformis, Bougainvillia superciliaris, Sarsia sp., Sarsia tubulosa and
an unamed cydippid. ND stand for «No Datax.
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Figure 9 - Gelatinous zooplankton abundance in ind.m= sampled with a MultiNet in August 2019, December 2019, March 2021 and May 2021
along the transect (P1-P7). Colored by taxonomic groups. Abundance axes range vary within each station and Hydrozoa correspond to

Hydrozoa larvae.

The number of taxa was used to estimate the species richness. Such estimator may be

biased, and the species richness may be overestimated if the higher taxonomic groups were in

fact an already recorded species. Vice versa, the species richness might be underestimated if

the higher taxonomic groups included multiple species.

Table 2 — Number of taxa detected along the transect (P1- P7) in August 2019, December 2019, March 2021 and

May 2021.
Season Number of taxa detected
August 2019 25
December 2019 22
March 2021 21
May 2021 19

The species richness of the study area was at its highest in August 2019, with 25 taxa

found along the transect (Table 2). The taxonomic richness was highly variable in the central

Barents Sea and continental slope stations (P1, P6) and seemed to vary less in the northwest
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Barents Sea and Nansen Basin stations (P2, P3, P4, P5, P7) (Figure 10). Also, overall, the shelf
station P3, P4 and Nansen Basin station P7 had higher species richness all year around (Figure

10).

May20211 7 8 10 1" 9 1

Species richness

15.0
March 20214 9 10 9
125

10.0
December20194 8 10 9 10 9 10 1

August 2019. 1 11 9 6

S v & e & & ¢

Station

Season

75

Figure 10 — Gelatinous zooplankton species richness along the transect (P1-P7) in August 2019, December 2019,
March 2021 and May 2021. The color range from the lowest lowest species richness (yellow) to the highest species
richness (red). Based from both Multinet and MIK net data.

3.4 Gelatinous zooplankton distribution and seasonality

The gelatinous zooplankton MultiNet abundances per station, ranged from 0.3 ind.m™
to 175 ind.m™ (Figure 9, Appendix 6). Whereas the gelatinous zooplankton MIK net
abundances per station, ranged from 0.004 to 0.97 ind.m™ (Figure 8). The distribution of the
abundances obtained from the MultiNet and MIK net were significantly different (Wilcoxon-
Mann-Whitney, p-value 1.8 x 107'2). Therefore, the gear used to sample the gelatinous
zooplankton community had a significant effect on the estimation of the gelatinous zooplankton
abundances.

Table 3 - Mean gelatinous zooplankton abundance (ind.m) and standard deviation from both MIK net and
Multinet data for all seasons (August 2019, December 2019, March 2021, May 2021).

Season MIK net mean abundance (ind.m™) | MultiNet mean abundance (ind.m)
August 2019 0.04+0.03 35.5462.8

December 2019 | 0.03+0.03 7.6£7.9

March 2021 0.03+0.03 3.6£3

May 2021 No data 3.842.4
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The total gelatinous zooplankton abundance from the MultiNet was in average,
35.5+62.8 ind.m™ in August 2019, 7.6+7.9 ind.m™ in December 2019, 3.6+3 ind.m™ in March
2021 and 3.8+2.4 ind.m™ in May 2021 (Table 3). The standard deviation and differences in
mean highlights a high variation of the gelatinous zooplankton abundances between the stations
and seasons, which is confirmed when looking at Figure 9. Additionally, patterns in the
gelatinous zooplankton community and dynamics between the AW influenced and PW

influenced regions can be observed (Figure 8 & 9).

3.4.1 Central Barents Sea and continental slope

The Central Barents Sea and Barents Sea continental slope had similar gelatinous
zooplankton community compositions and seasonal dynamics. The most abundant taxa were,
Fritillaria borealis, Oikopleura sp., Hydrozoa larvae and Aglantha digitale. The gelatinous
zooplankton total and main taxa abundances peaked seasonally in August and vertically above
100-200m depth, in the surface waters or around the transition between wPW and AW (located
between 100 and 200m) (Figure 6 & 9, Appendix 9). The summer gelatinous community was
dominated by the appendicularians, Fritillaria borealis, Oikopleura sp. reaching very high
abundances (700 ind.m™ and 120 ind.m™) in the surface waters and above 100m depth

(Appendix 9A).

Despite having similar gelatinous zooplankton community composition and dynamics,
the gelatinous zooplankton total abundance peaked higher in the central Barents Sea than on
the Barents Sea continental slope, reaching in August 175 ind.m™ compared to 34 ind.m>,

respectively (Figure 9).

In the Central Barents Sea, the meroplanktonic taxa, Plotocnide borealis and Rathkea
octopunctata peaked in abundances in May and August respectively (Figure 11). On the Barents
Sea continental slope, Homoeonema platygonon and some taxa recorded in low numbers were
found, notably, Sminthea eurygaster, Atolla tenella, Botrynema ellinorae and an undescribed
cydippid (Figure 11, Appendix 10). Homoeonema platygonon peaked seasonally in December
(Figure 11).
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Figure 11 — Common gelatinous zooplankton taxa abundance (ind.m) in August 2019, December 2019, March
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3.4.2 Northwest Barents Sea shelf

The northwest Barents Sea shelf stations had similar gelatinous zooplankton community
compositions and dynamics. They were mostly composed of the taxa, Oikopleura sp.,
Aeginopsis laurentii, Beroe spp., Mertensia ovum, Fritillaria borealis, Dimophyes arctica,
Sarsia sp. and Plotocnide borealis (Figure 8 & 9). The gelatinous zooplankton total abundance
peaked seasonally in August or December and vertically between 50m and 200m, sometimes
associated with the transition between PW and wPW (Figure 6 & 9, Appendix 9). In August
and December, the gelatinous zooplankton community was mostly dominated by Oikopleura
sp. which peaked in abundance in December (Figure 9). On the other hand, in March and May,
the gelatinous zooplankton community was dominated by Aeginopsis laurentii which peaked

in abundance in May (Figure 9 & Figure 11).

The abundances of Sarsia sp., Dimophyes arctica, Homoeonema platygonon and
Plotocnide borealis varied seasonally (Figure 11). Dimophyes arctica peaked in March,
Homoeonema platygonon peaked in May, Sarsia sp. peaked in August and Plotocnide borealis

peaked in December (Figure 11).

Additionally, the taxa, Ptychogena lactea, Dryodora Glandiformis, Catablema
vescicarium, Halitholus cirratus, Cyanea sp. and Bougainvillia superciliaris were recorded in

low numbers (Appendix 10).

3.4.3 Nansen Basin

The Nansen Basin gelatinous zooplankton community most abundant taxa were,
Fritillaria borealis, Oikopleura sp., Dimophyes arctica, Aeginopsis laurentii, hydrozoa larvae,
Aglantha digitale and Homeonema platygonon (Figure 9). The gelatinous zooplankton total
abundances were very low (<1 ind.m™) and peaked seasonally in March (Figure 9). Vertically
the gelatinous zooplankton total abundances peaked in the upper waters (0-200m) or in the

upper half of the AW close to the transition with the wPW (200-600m) (Figure 6, Appendix 9).

Moreover, the taxa, Atolla tenella, Botrynema ellinorae, Botrynema brucei,

Undescribed cydippid and Sminthea eurygaster were recorded in low numbers (Figure 10).
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3.5 Environmental factors impact on the gelatinous community
composition

Two redundancy analysis (RDA) were made, one with the MIK net abundance data and
one with the MultiNet abundance data (Appendix 6 & 7). They both showed that the gelatinous
zooplankton community was significantly influenced by environmental factors (respectively,
p=0.021 and p=0.003). The gelatinous zooplankton community sampled with the MIK nets was
significantly impacted the Chlorophyll a stock and the total mesozooplankton and
macrozooplankton biomass (Table 4). Similarly, the gelatinous zooplankton community
sampled with the MultiNets was significantly impacted by the Chlorophyll a stock, the total
mesozooplankton and macrozooplankton biomass, the percentage of AW and the latitude
(Table 4).

Table 4 — P-values of the different environmental factors from the MIK net and MultiNet redundancy analysis. One

star (*) or two stars (**) indicate respectively a p-value smaller than 0.05 or 0.01, hence show significant effect. A
dot (.) indicates a p-value under 0.1 and shows possible effect.

Environmental factors P-values from MIK net P-values from MultiNet
redundancy analysis redundancy analysis

AW percentage 0.1631 0.0037 (**)

Latitude 0.2000 0.0473 (*)

Total mesozooplankton and 0.0257 (*) 0.0317 (*)

macrozooplankton biomass

Chlorophyll a stock 0.0023 (**) 0.0471 (*)

PW percentage 0.3323 0.4049

wPW percentage 0.7898 0.2686

Day of the year 0.2893 0.0868 (.)

Dinoflagellates and ciliates Not included 0.1446

biomass

In the MIK net redundancy analysis biplot (Figure 12A), the abundances of Ptychogena
lactea, Bougainvillia superciliaris, Euphysa flammea, and Mertensia ovum were correlated to
the percentage of wPW and total mesozooplankton and macrozooplankton biomass. Sarsia sp.
and Beroe spp. were correlated to the chlorophyll a stock. Aglantha digitale, on the other hand,
was correlated to the latitude, the day of the year, the number of water mass and the percentage
of AW.
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In the MultiNet redundancy analysis biplot (Figure 12B), the abundance of Fritillaria

borealis was correlated to the ciliates and dinoflagellates biomass, the chlorophyll a stock, the

latitude and the percentage of AW. Similarly, the hydrozoa larvae abundance was correlated to

the chlorophyll a stock and the percentage of AW. Differently, Oikopleura sp. and Plotocnide

borealis were correlated to the total zooplankton biomass, the day of the year and the percentage
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of PW. Aeginopsis laurentii, was correlated to the percentage of WPW. Dimophyes arctica and
Homoeonema platygonon were also both correlated to the percentage of wPW and the latitude.

Finally, Aglantha digitale and Beroe cucumis, were correlated with the day of the year.

3.6 Beroe genus identification and seasonal and distribution
patterns
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Figure 13 — 18S rRNA maximum likelihood (GTR+G+I model) phylogenetic tree, made with 141 Ctenophora sequences and
four root sequences (pink). Bootstrap support values are located near their respective clade node and my sequences are
grouped inside the coloured clade (green, yellow and red).
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Season

3.6.1 Beroe genus identification

The 58 Beroe spp. sequences from this study nested into three clades of the phylogenetic
tree (Highlighted in green, yellow and red in the figure 13). The green clade included 42 of my
Beroe spp. sequences, it was supported by a bootstrap value of 72%. Due to morphological

characteristics matching with Beroe Cucumis, this clade was identified as Beroe cf. cucumis.

The yellow clade included 14 of my sequences and a Beroe abyssicola sequence from
Genbank (MF599310). This clade was supported by a bootstrap value of 52%. The second
higher clade was supported by bootstrap value of 94% and included one more unidentified
Beroe spp. sequence from GenBank (HF912438). The sequences belonging to this second

higher clade including the yellow clade were identified as Beroe abyssicola.

The red clade was well supported by bootstrap value of 89% and was composed of two
of my sequences and three Mertensia ovum sequences from GenBank (FJ668937, AF293679,
HF912437). The associated samples to my sequences were morphologically identified to Beroe
spp. on board of the cruise. But considering their grouping with Mertensia ovum sequences and

the high bootstrap value of the clade, they will be in the rest of my study identified as M. ovum.

3.6.2 Beroe genus distribution and seasonal patterns

Out of the two species belonging to the genus Beroe, Beroe cf. cucumis seemed more
commonly detected in the study area and it was detected 15 times out of 28 sampling events.
The highest number of Beroe cf. cucumis detected, was in the central Barents Sea in December

with 6 individuals found (Figure 14B).

May 2021

March 2

0211

)ecember 2019 4

August 2

Figure 14 — Number of Beroe abyssicola (A) and Beroe cf. cucumis (B) found along the transect (P1-P7) in August 2019, December 2019,

019
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March 2021 and May 2021. The color range from one individual (yellow) to six individuals (red) found. Grey is used when no individual was

found.
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Beroe abyssicola, on the other hand, was more rarely detected in the study area and it
was detected only 8 times out of 28 sampling events. It peaked in number in the northwest

Barents Sea shelf station P5 in May with 6 individuals found (Figure 14A).

Beroe_abyssicola 0.17 0.09 0.18 0.45 Proportion

0.75

Season

0.50

0.25
Beroe_cucumis

Station

Figure 15 — Proportion of both species Beroe cf. cucumis and Beroe abyssicola in the study area in August 2019,
December 2019, March 2021 and May 2021. The gradient of color illustrate the degree of dominance (yellow —
dominated, red — dominant).

In the study area, the Beroe community was dominated by Beroe cf. cucumis from
August to March with more than 82% of the Beroe spp. identified being Beroe cf. cucumis
(Figure 15). Differently, in May, it was equally composed of Beroe cf. cucumis and Beroe
abyssicola and when looking at the detail per station Beroe abyssicola dominated in the station

PS5 in May (Figure 15).
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4 Discussion

Over the whole study area, including the central Barents Sea, the northwest Barents Sea
and the Nansen Basin in the Arctic Ocean, 31 gelatinous zooplankton taxa were recorded. The
most common and abundant taxa were, Aglantha digitale, Beroe spp., Mertensia ovum,
Dimophyes arctica, Oikopleura sp., Aeginopsis laurentii, Plotocnide borealis, Homoeonema
platygonon, Sarsia sp. and Fritillaria borealis (Figure 9, Appendix 8). Dvorestsky and
Dvoretsky (2010) previously categorized most of these species as common in the Barents Sea,
except the species Dimophyes arctica and Homoeonema platygonon. In my study, these two
species were associated with PW and wPW, two widely advected water masses over the
northern Barents Sea, hence possibly explaining why they were commonly present in the study
area (Figure 1 & 12B). Additionally, some less abundant and rarely recorded taxa were found,
notably, Catablema vescicarium, Ptychogena lactea, Halitholus cirratus, Cyanea capillata,
Dryodora glandiformis, Bougainvillia superciliaris, Euphysa flammea, Atolla tenella,

Botrynema brucei, Botrynema ellinorae and an unamed cydippid (Appendix 10, Figure 8 & 9).

Over the Barents Sea shelf, the meroplanktonic species Rathkea octopunctata,
Plotocnide borealis and Sarsia princeps, were found in high abundance and the meroplanktonic
species Sarsia tubulosa, Ptychogena lactea, Bougainvillia supercilliaris and Halitholus
cirratus, were sometimes detected with low numbers (Figure 9, Appendix 10)(Ronowicz et al.,
2015). These meroplanktonic species have been recorded several times before in the Barents
Sea (Dvoretsky & Dvoretsky, 2010; Manko et al., 2015; Zelickman, 1972). However, their
distribution differed between areas in the Barents Sea, e.g. Bougainvillia supercilliaris was
found in high numbers (11.48 ind.m™) in the Barents Sea Opening whereas in my study it was
found in low numbers (Manko et al. 2015). In the literature, it has been shown, that due to the
short life span of the medusae life stages, the abundances of the adult Cnidaria medusae
population depend highly on the local polyp populations (Lucas et al., 2012). Hence, the
differences in abundance, I observed between my study, Manko et al (2015) and Zelickman
(1972) may reflect different polyp colonies repartition between the different regions of the
Barents Sea. In my study area, the species Rathkea octopunctata, Plotocnide borealis and
Sarsia princeps may then have numerous polyp colonies. However, in the Barents Sea, polyp
colonies and their repartition have been understudied, hence I cannot check the veracity of my
observations (Ronowicz et al., 2015). Arguably, the differences observed could also be due to
interannual variability, seasonality or sampling biases due to patchiness (Eriksen et al., 2012;

George, 1981; Yaragina et al., 2021).
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Off the Barents Sea shelf, on the Barents Sea continental slope and in the Nansen Basin,
respectively 900 meters and 3300 meters deep, the taxa Atolla tenella, Botrynema ellinorae,
Botrynema brucei, Sminthea eurygaster and an unnamed cydippid were recorded in low
numbers (Appendix 10). The unnamed cydippid was similar to the previously reported and
referred “horned” cydippid or “ctenoceros” (Hosia & Bamstedt, 2007; Johnsen, 2005; Lindsay
& Hunt, 2005). Atolla tenella, Botrynema ellinorae, Botrynema brucei and unnamed cydippid
have been documented to live in deeper waters in the Amerasian Arctic Basin, across the
Lomonosov Ridge and in the Fram Strait (Kosobokova & Hirche, 2000; Pantiukhin et al., 2023;
K. A. Raskoff et al., 2005, 2010). Their occurrence in my study, in the Nansen Basin and
Barents Sea continental slope consolidate that they are commonly distributed species in the
Arctic Ocean. The taxa Sminthea eurygaster was to my knowledge for a first time recorded in
the Arctic, and was notably found before in the Australian Waters and Adriatic Sea (Benovi¢
et al., 2005; Blackburn, 1955). As it was only detected on the continental slope and in the
Nansen Basin, it may inhabit the deep waters (Appendix 10).

4.1 Environmental drivers of the gelatinous zooplankton
community

The MIK net and MultiNet redundancy analysis conducted in my study showed that the
gelatinous zooplankton community in the central Barents Sea, northern Barents Sea and Nansen

Basin was significantly influenced by environmental factors (Table 4).

The primary production and the total zooplankton biomass had high spatio-temporal
variations in the study area especially in the AW influenced areas (Figure 7). The primary
production peaked in May and August due to the increasing light regime, stratification and sea
ice retreat (Figure 7A)(Rey, 1985). It was higher in the AW influenced central Barents Sea and
continental slope likely due to the replenishment of nutrient brought with the AW (Rey, 1985).
The mesozooplankton and macrozooplankton biomass, peaked in August and December and
was higher in the PW influenced northwest Barents Sea (Figure 7C). The primary production
and zooplankton biomass have been reported before to highly impact gelatinous zooplankton
communities, distribution and seasonality due to their direct effect on trophic interactions and
life cycles (Deibel & Lowen, 2012; Kremer & Reeve, 1989; Lucas et al., 2014; Thein et al.,
2013). Indeed, different gelatinous zooplankton taxa have different feeding behaviours and

capture abilities leading to prey selections and as a result their repartition and abundance are
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often closely related to their prey concentrations (Greene et al., 1986; Hansson & Kierboe,
2006; Paley & Beemer, 2021). Prey availability has been shown in multiple studies to regulate
spawning and reproduction of some taxa within the gelatinous phylum Appendicularia,
Ctenophora and Cnidaria, hence, greatly impacting their timing of reproduction and seasonality

(Deibel & Lowen, 2012; Kremer & Reeve, 1989; Thein et al., 2013).

The gelatinous zooplankton community was also significantly influenced by the influx
of AW (Table 4). In my study area, AW was advected in the central Barents Sea and under the
PW and wPW layers on the continental slope and in the Nansen Basin, cohering with previous
studies in the region (Lind & Ingvaldsen, 2012; Loeng, 1991). In addition to influencing the
Barents Sea temperatures, the advected AW also carry along expatriate zooplankton from the
Atlantic Ocean and the Norwegian Sea (Adlandsvik & Loeng, 1991; Hop et al., 2021; Lind &
Ingvaldsen, 2012; Manko et al., 2020). The AW expatriate species Aglantha digitale and
Fritillaria borealis documented by Manko et al (2015, 2020) and Blachowiak-Samolyk (2008)
were also found and associated with AW in my study (Figure 12). However, they sometimes
reached relatively high abundances in PW and wPW where no AW was advected, hence may

not always be AW expatriates in the central and northwest Barents Sea (Figure 6, Appendix 9).

Finally, the gelatinous zooplankton community was also significantly influenced by the
latitudes (Table 4). Indicating possible differences in the gelatinous zooplankton on the Barents
Sea shelf and in the Arctic Ocean. Several studies documented before different zooplankton
communities in the Arctic Ocean and the Shelf Seas (Abe et al., 2020; Ershova & Kosobokova,
2019). They were explained by multiple factors and notably because the Arctic Ocean is deeper,
have stronger stratification and different light regimes due to the sea ice directly impacting the
primary production dynamics (Tremblay et al., 2011). Additionally, polyp colonies repartition
might change with greater depths (Ishii & Katsukoshi, 2010). In my study, the meroplanktonic
gelatinous taxa were mostly reported on the Barents Sea shelf (see previous part) and rarely
recorded in the Arctic Ocean, hence it might indicate less abundance of polyp colonies in the
Arctic Ocean (Appendix 10). The differences I observed, may also be due to the unbalanced

sampling as only one station was in the Arctic Ocean (P7).

It's important mentioning that, in both the MIK net and MultiNet redundancy analysis
the unexplained variation was high and respectively of 50% and 52%. This could have been
caused by a missing environmental factor in my analysis, for example the dissolved oxygen.

Which was documented by Lucas et al (2014) to have significant impact on the gelatinous

Page 34 of 78



zooplankton community. However, the high unexplained variation could also just indicate that
the gelatinous zooplankton community was sometimes not impacted by external environmental

factors.

4.2 Gelatinous zooplankton diversity patterns

The Arctic Ocean has relatively low diversity compared to other marine ecosystems
(Gradinger et al., 2010). However, in my study the gelatinous zooplankton community with the
highest and seasonally stable diversity was in the Nansen Basin due to the presence all year
around of deep-water species and more widely distributed taxa (Figure 10, Appendix 10). The
Nansen Basin due to its depth, has an important pressure gradient and with the presence of
several water masses, it may have a high number of ecological niches, allowing a rich and
diverse gelatinous zooplankton community (Figure 6). Moreover, the advection of Atlantic
Water in the Nansen also caries species from further south into the Nansen basin, e.g. Aglantha

digitale.

The gelatinous zooplankton community with the second highest and seasonally stable
diversity was in the northwest Barents Sea in the PW/wWPW influenced station P4, due to the
presence of several meroplanktonic species, in addition to the commonly distributed taxa

(Figure 4 & Figure 10).

Manko et al (2020) in the Fram Strait region, reported similar species to my study and
documented also higher gelatinous diversity in colder Arctic Waters influenced shelf and deep
areas compared to AW influenced areas. However, Manko et al (2015), also compared the
diversity between the AW influenced areas PW influenced areas in the Barents Sea, and they
found higher diversities in the AW influenced areas. In their study, they used only one net to
sample the gelatinous zooplankton community and they estimated the diversity (species
richness) with the number of taxa detected, which may have been a poor estimator of the
diversity as the gelatinous zooplankton assemblage in the Barents Sea is diverse with many
rarely recorded taxa (see above)(Chao & Chiu, 2016; Dvoretsky & Dvoretsky, 2010). Indeed,
in theory the number of taxa detected converge toward the true species richness with increasing
sampling effort (Chao & Chiu, 2016). But if the assemblage is diverse and with many rare taxa
the rate of increase will be slower requiring higher sampling effort to estimate correctly the
species richness (Chao & Chiu, 2016). Hence, using only one net per station and no replicates

might not have been enough in their study to estimate the species/taxonomic richness with the
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number of taxa detected, leading to random variations between stations. In my study, two
different nets (MIK net and MultiNet) were used to sample the gelatinous zooplankton

community possibly giving a better estimate of its diversity.

The gelatinous zooplankton diversity in the AW influenced central Barents Sea and
continental slope was sometimes relatively high but it was highly variable between the seasons
and was impacted by seasonal spawning of meroplanktonic species and changes in advections
of wPW (Figure 6 & 10, Appendix 10). Indeed, with events of advections of wPW in the central
Barents Sea some wPW associated taxa were found and notably Aeginopsis laurentii (Figure

12B).

4.3 Gelatinous zooplankton spatio-temporal dynamics

The highest gelatinous zooplankton abundances were reached in August, in the AW
influenced stations, of which the central Barents Sea, had the highest gelatinous zooplankton
abundance (Figure 9). This again cohere with previous results from Manko et al (2020) which
reported in the Fram Strait higher abundances on the shelf and in the Atlantic Water influenced

areas.

In my study, the seasonal peaks in abundance of the gelatinous zooplankton were tightly
linked with peaks in primary production and zooplankton biomasses in accordance with
previous studies (Figure 7 & 9, Table 4)(Bandara et al., 2016; Larson, 1986). In my study, the
AW and PW influenced areas due to differences in their prey availability spatio-temporal
dynamics had different gelatinous zooplankton community composition and seasonal

dynamics.

4.3.1 Gelatinous zooplankton community seasonal dynamics in the AW
influenced Central Barents Sea and Continental Slope
The central Barents Sea and Barents Sea continental slope were highly influenced by
AW. They had due to the inflow of AW and its mixing with Barents Sea waters, high seasonal
increases in primary production and secondary production in May and August (Ellingsen et al.,
2008; Makarevich et al., 2012). The gelatinous zooplankton community was significantly
influenced by the AW inflow and the gelatinous zooplankton total abundances highly increased

in August coinciding with the peak in production and increase in temperatures (Figure 7 & 9 &
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12). This is similar to previous studies at higher latitudes (Falkenhaug, 1996; Hosia & Bamstedt,
2007; Larson, 1986; Pertsova et al., 2006).

In May and August, the gelatinous zooplankton community was dominated by the two
opportunistic feeder, Fritillaria borealis and Oikopleura sp., two appendicularians that have
been reported to feed on phytoplankton and microzooplankton (Deibel & Turner, 1985). They
both reached very high abundances in August (e.g 700 ind.m™ and 120 ind.m™) in the euphotic
zone above 100m depth, and sometimes at the interface between wPW and AW (Figure 6,
Appendix 9). Hence, they may have contributed to a top-down control on the phytoplankton
bloom. These appendicularians are known to be clutch size manipulators and have shorter
generation times when the food availability and temperatures increase (Deibel & Lowen, 2012).
Warmer temperatures due to the inflow of AW and the high concentration of phytoplankton
and microzooplankton may have induced mass reproduction and occurrence of Fritillaria
borealis and Oikopleura sp. in August in the central Barents Sea and Barents Sea continental
slope. Simultaneously in May and August, numerous Hydrozoan larvae were found in the
central Barents Sea and the Barents Sea continental slope up to 200m (Appendix 9). The high
primary production and higher prey availabilities may have induced sexual reproduction of
Hydrozoans (Figure 7 & 12). Indeed, Cnidaria sexual reproduction is often influenced by food
availability as it requires high energy investments and because the reproductive success rates
will depend on the amount of food ingested (Rossi et al., 2019). Also, as more Hydrozoan larvae
were found in the warmer central Barents Sea, reproduction rates may have been higher with

higher temperatures (Figure 11)(Rossi et al., 2019).

In December and March, the gelatinous zooplankton community abundances decreased
sharply and the community composition was more mixed sometimes dominated by the
carnivores species Beroe spp. and Aglantha digitale, and sometimes by the opportunistic feeder
species Fritillaria borealis and Oikopleura sp. (Figure 9)(Deibel & Turner, 1985; Kamsilov,
1960; Pagés et al., 1996). The sharp drop in gelatinous zooplankton abundances from August
to December may have been induced by the reduction of the reproduction rates with the sharp
decrease in all prey biomasses and the high mortality of the short lived appendicularians
Oikopleura sp. and Fritillaria borealis, which live only some weeks (Figure 7)(Alldredge,
1982; Deibel & Lowen, 2012). Due to these very low abundances in December and March, the
differences found in the gelatinous zooplankton community composition are based on a small

number of individuals and may come from local variations and patchiness.
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The meroplanktonic species Plotocnide borealis and Rathkea octopunctata peaked in
the central Barents Sea in May and August respectively (Figure 11). These seasonal peaks in
abundance may have been initiated by a seasonal spawning event from polyp colonies and it
may have been induced similarly to other Cnidaria taxa, by the seasonal warming of the water
column with solar radiations and the seasonal increase in prey biomasses and light regimes
(Lucas et al., 2012; Pertsova et al., 2006; Purcell et al., 2009; Thein et al., 2013). Zelickman
(1972) also found in the Barents Sea that Rathkea octopunctata bud-off (spawning) from the

polyp colonies happened in July, cohering with my observation.

4.3.2 Gelatinous zooplankton community seasonal dynamics in the
northwest Barents Sea Shelf
The northwest Barents Sea shelf was highly influenced by PW and wPW. The primary
production and microzooplankton biomass increased seasonally in May and August and the
mesozooplankton and macrozooplankton biomass increased in August and December (Figure
7). The gelatinous zooplankton community total abundance peaked in August and December
coinciding with the high primary production in August or the peak in mesozooplankton and

macrozooplankton biomass in December (Figure 7 & 9).

In August, the gelatinous zooplankton community was similarly to the AW influenced
areas dominated by the opportunistic feeders Oikopleura sp. and Fritillaria borealis (Figure
9)(Deibel & Turner, 1985). However, Fritillaria borealis reached lower abundances than in the
AW influenced areas, possibly caused by the lower temperatures leading to slower reproduction
rates and smaller clutch sizes (Deibel & Lowen, 2012). The gelatinous zooplankton community
in August peaked in abundance around 50 meters depth deeper than in the AW influenced area
possibly coinciding with the July sub-surface chlorophyll maximum reported by Rey (1985) in
PW influenced regions of the Barents Sea (Appendix 9).

In December and March, the gelatinous zooplankton total abundances peaked vertically
from 50m to 200m depth (Appendix 9), possibly following other zooplankton (potential preys)
repartitions (Hirche & Kosobokova, 2011) (Bandara et al., 2016). The gelatinous zooplankton
community was diverse with the presence of several sometime abundant carnivorous taxa,
notably Aeginopsis laurentii, Beroe cucumis, Mertensia ovum, Aglantha digitale, Dimophyes
arctica and Homoeonema platygonon (Barry, 1974; Dunn, 2009; Pages et al., 1996; Siferd &
Conover, 1992). The high number of carnivores taxa in the gelatinous zooplankton community

was probably due to the high mesozooplankton and macrozooplankton biomasses, their
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potential preys (Barry, 1974; Kamsilov, 1960; Nelson et al., 2000; Pages et al., 1996; Siferd &
Conover, 1992; Swanberg & Bamstedt, 1991a). In addition, the taxa Oikopleura sp. was also
very abundant in December, possibly due its opportunistic diet and its ability to feed on
copepods faecal pellets (Sampei et al., 2009). In March, Oikopleura sp. decreased in abundance,
possibly due to the reduction of faecal pellets production by copepods due to the low prey
availabilities (Seuthe et al., 2007).

In May, the gelatinous zooplanton community, was dominated by Aeginopsis laurentii
and still mainly composed of carnivore taxa, such as Aeginopsis laurentii, Beroe spp.,
Homoeonema platygonon, Dimophyes arctica and Plotocnide borealis, but the phytoplankton
and microzooplankton associated/predators taxa hydrozoan larvae and Fritillaria borealis
increased in abundance, probably due to the seasonal increase in primary production (Figure

7).

The most abundant carnivore and opportunistic feeder species found in winter and
spring in the PW/wWPW influenced northwest Barents Sea were reported to reproduce in the
winter (e.g. Dimophyes arctica), multiple times per year (e.g. Aglantha digitale) or all year
around, (e.g. Beroe cucumis, Mertensia ovum, Aeginopsis laurentii and Oikopleura sp.) (Deibel
& Lowen, 2012; Tkeda & Imamura, 1996; Jaspers, 2015; Jaspers et al., 2015; Manko et al.,
2020; Pertsova et al., 2006; Zelickman, 1972). Hence, due to the high winter zooplankton
biomasses they may have been able to reproduce in the winter, leading to their dominance in

the gelatinous zooplankton community.

The meroplanktonic taxa Sarsia sp. and Plotocnide borealis respectively peaked in
abundance in August and May (Figure 8 & 11). Again, similarly to the AW areas, this was
possibly due to a seasonal spawning from polyp colonies which may have been induced by the
increase in primary production and light regimes (Figure 7) (Lucas et al., 2012; Pertsova et al.,

2006; Purcell et al., 2009; Thein et al., 2013).

4.4 Distribution patterns in different water masses

As in the previous part, the AW and PW influenced areas had quite different gelatinous
zooplankton community composition and abundances. These differences could have been the
combined results of the gelatinous zooplankton specialized diets, the different prey distribution

and the physical properties of the water masses (Figure 12).
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Indeed, the taxa Oikopleura sp., Plotocnide borealis, Beroe spp. and Mertensia ovum
were found in high abundances in wPW and PW but were not restricted to these water masses
and sometimes peaked in abundance in AW (Figure 6, Appendix 9). Hence, their association
in the redundancy analyses with the PW and wPW (Figure 12) was probably due to their
carnivorous or detritivorous diets and the high mesozooplankton and macrozooplankton
biomass in the PW and wPW influenced areas. On the other hand, the taxa Aeginopsis laurentii,
Dimophyes arctica, Sarsia spp. and Homeonema platygonon were found and peaking only in
wPW and PW (Figure 6, Appendix 9). Their restriction and correlation in the redundancy
analyses to PW and wPW may have been induced by physical constraints, preventing them to
survive in AW (Zelickman, 1972). Several meroplanktonic taxa were detected only in the
PW/wPW influenced northwest Barents Sea, notably, Halitholus cirratus, Ptychogena lactea,
Sarsia princeps, Sarsia tubulosa, Bougainvillia supercilliaris (Appendix 10). These taxa may
be cold and fresh water adapted, hence leaving only in PW and wPW. However, this spatial
detection pattern could also be due to unbalanced sampling, as most of the shelf stations were

PW/wPW influenced.

Differently, the taxa Hydrozoa larvae, Aglantha digitale and Fritillaria borealis were
found in highest abundances in AW, but sometimes in lower abundances in PW and wPW
(Figure 6, Appendix 9). Their association with AW in Figure 12 was probably the result of the
higher temperatures, their microzooplanktivorous and phytoplanktivorous juvenile and adult
diets and the high primary production and microzooplankton biomass in AW influenced areas
(Deibel & Lowen, 2012; Deibel & Turner, 1985; Pages et al., 1996; Pedersen & Smidt, 2000).
These taxa have been previously documented in the area to be associated with AW in the
literature cohering with my observations (Blachowiak-Samolyk, 2008; Manko et al., 2015,
2020).

4.5 Beroe genus identification, distribution and seasonal
trends

4.5.1 Beroe genus identification

The Beroe spp. sequences in the green clade, morphologically identifies as Beroe cf.
cucumis were nesting with several Beroe species and the clades were poorly supported. This
illustrates the known complexity and problematics of the identification within the Beroe genus

(Johansson et al., 2018; Shiganova & Abyzova, 2022). In my study area, Johansson et al (2018)
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documented potential cryptic species in the Beroe genus and using DNA barcoding methods
reported the presence of two new genetic lineage, Beroe “norvegica’ and Beroe “anatoliensis”
in addition to the previously reported species Beroe cucumis Fabricius 1780, Beroe ovata
Mayer 1912 and Beroe gracilis Kiinne 1939. The lineage Beroe “norvegica’ was later refuted
by Shiganova and Abyzova (2021), which proposed that Beroe “norvegica” is in fact Beroe
cucumis in polar regions and Beroe cucumis in subtropical, tropical and equatorial regions is
Beroe pseudocucumis. My sequences did not group with Beroe cucumis sequences from Podar
et al (2001) probably because their Beroe cucumis samples came from sub-tropical regions of
the Atlantic Ocean (Santa Barbara and Florida, USA) and may not have been Beroe cucumis,
Fabricius 1780. Indeed, the recent study Shiganova and Abyzova (2022) documented that Beroe
cucumis in subtropical, tropical and equatorial regions of the Atlantic Ocean may be another
specie, called Beroe pseudocucumis. Thus, illustrating the complexity and unsettled

identification and phylogeny of the Beroe species.

The complexity in the identification and phylogeny of the Beroe genus is due to both
the difficult morphological identifications and the absence of proper DNA barcoding protocols
and reference libraries. Indeed, the common, universal cytochrome-c-oxidase subunit 1 (COI)
primers do not work properly for ctenophores and the 18S marker is highly conservative and
do not necessarily yield the resolution necessary for species level identification (Jucker &
Havermans, 2022; Ortman, 2008; Podar et al., 2001). This, however, might change in the future
with the use of different primers and markers as suggested by Christianson et al. (2021) and
Jucker and Havermans (2022). Beroe species morphological identification can be difficult for
someone untrained, as specific and difficult to observe taxonomic features should be
investigated for example, the diverticules branching to the paragastric canals (Mills & Haddock,
2007). Additionally, when conserved Beroe specimens sometimes lose their diverticules,
become opaque, shrink and lose their overall shape making the morphological identification
impossible (Appendix 11). Morphological identification of Beroe species should then be done
on fresh animals in order to see all taxonomic features needed for identification, a considerable
constraint, considering the lack in sampling expedition of trained personnel able to identify
Beroe species. However, different Beroe species may have different role in the Arctic foodweb
and in order to estimate their present and future importance in the Arctic ecosystem consistent

identification should be a priority.
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4.5.2 Beroe genus distribution and seasonal trends

Beroe cf. cucumis was commonly found in my study area and is also commonly reported
in the Barents Sea and Southern Barents Sea, which is probably due to its ability to reproduce
all year around (Figure 14B, Appendix 10)(Manko et al., 2015)(Dvorestsky and Dvoretsky
2010; Zelickman 1972) . Previous studies have reported Beroe cucumis to peak in abundance
between May and August in the Barents Sea — Svalbard region, and to live mainly in the surface
water in summer while sinking deeper in the winter (Bandara et al., 2016; Siferd & Conover,
1992; Swanberg & Béamstedt, 1991a; Zelickman, 1972). However, in my study I did not see
any change in vertical position between the seasons, it was found throughout the water column
up to 300m depth and peaked in abundances from December to March (Figure 11, Appendix

9). Such differences may have been related to the diet seasonal patterns discussed previously.

In my study, Beroe abyssicola, was rarely found and peaked in numbers in the PW
influenced northwest Barents Sea shelf station P5 in May. Beroe abyssicola is a deep-water
species, mainly living from 200 to 350 meters depth, but has been reported to survive also at
shallower depths (Mackie, 1985; Mills & Haddock, 2007). Explaining why it could also be
found in the shallow station P5 having a bottom depth of 160 meters. Beroe abyssicola has been
recorded only very few times in the Global Biodiversity Information Facility (GBIF) in the
Barents Sea, indicating that Beroe abyssicola may be rare in the Barents Sea (GBIF Secretariat,
2022). However, it is also likely that the few records in the Barents Sea are due to it being
overlooked and difficult to be identify. Beroe abyssicola on GBIF was more often recorded in
British Columbia and peaked in number of records in April, which is similar to my observation
(Figure 14A) (GBIF Secretariat, 2022). Hence, the seasonal increase in number of Beroe
abyssicola in May in the Barents Sea was possibly due to reproduction. However, as this based

on few numbers, it should be regarded carefully.

Beroe abyssicola and Beroe cucumis are both chemokinetic search carnivores feeding
on other ctenophores, but they may have different diets as suggested by Tamm and Tamm
(1993) which described different macrociliary patterns between these two species (Swanberg,
1974). Macrocilia are finger-shaped, compound ciliary organelles found in the mouth of beroide
ctenophores and are used for feeding (Horridge, 1965; Tamm & Tamm, 1993). Dissimilarities
in the diets of the Beroe cucumis and Beroe abyssicola were confirmed in feeding studies (Paley
& Beemer, 2021; Swanberg, 1974). Indeed, in Paley and Beemer (2021), Beroe abyssicola was

able to feed only on Bolinopsis infundibulum and was not able to feed on Pleurobrachia sp.
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possibly due to the lack of chemical trigger. Beroe cucumis on the other hand, was proven in
several studies to feed on multiple ctenophores, such as Mertensia ovum, Bolinopsis
infundibulum, Pleurobrachia pileus, and Swanberg (1974) reported that Beroe cucumis would
eat any ctenophores they encounter (Anderson, 1974; Greve, 1970; Siferd & Conover, 1992;
Swanberg, 1974). Beroe cucumis may then feed on a wider variety of preys that Beroe
abyssicola. Hence, the seasonal changes in the dominance of the Beroe community I observed
in Figure 15 may be accompanied with drastic changes in feeding dynamics and trophic
interactions which should be investigated. For example, dominance of Beroe abyssicola instead
of Beroe cucumis may lead to lower predation pressure on Mertensia ovum its assumed may
prey in the Barents Sea, leading to an increase in their population and locally sharp decrease in
their prey populations, notably copepods (Bandara et al., 2016; Majaneva, 2014; Majaneva et
al., 2013; Swanberg & Bamstedt, 1991a, 1991b).

4.6 Method limitations

In this study, the collection of both physical and biological data over a full seasonal
cycle allowed for a good review of the gelatinous zooplankton spatio-temporal dynamics.
However, due to the one-year break in the sampling due to the COVID-19 pandemic, some of
the differences observed may be linked to interannual variations instead of seasonal variations,
especially considering the high interannual wvariability of the gelatinous zooplankton
community in the Barents Sea (Yaragina et al., 2021; Zelickman, 1972). Decerning between
interannual and seasonal variations was difficult to investigate because the years and seasons

were not independent.

The use of both MIK nets and MultiNets for the gelatinous zooplankton data collection
greatly increased the sampling coverage and coupled with the rechecking of the species identity
with both morphological and molecular methods allowed a better assessment of the rarer taxa
and diversity in the region. Even if, my estimations of the diversity can still be discussed as
these two gears gave significantly different estimation of the gelatinous zooplankton
community and may be adapted for different things. MIK nets caught larger individuals and
were better to detect rarer taxa and deep-water species whereas the MultiNets were better to
investigate vertical distributions and gave better abundance estimations. The MultiNet were
also sensibly better to sample appendicularians. These differences should be considered in the

future gelatinous zooplankton studies. Additionally due to their differences, they could not be
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used as replicates and the variation within each station could not be identified and abundances
patterns were sometimes based on a very low number of individuals. Future studies may need
to include a true replicate in order to assess the patchiness, the variability within each stations
and obtain strong abundance estimates (George, 1981). Especially, considering the aggregation

and patchiness of gelatinous zooplankton (Graham et al., 2001).

Considering everything that was learned in this study, a potential study design to study
the gelatinous zooplankton diversity, distribution and seasonality was developed. It can be

found in Table 5.

Table 5 - Potential study design for a gelatinous zooplankton diversity, distribution and seasonality study

Study area and Sampling area: The study area should be selected in order to reduce

investigation unwanted variations of the environmental factors, for example if the
period goal is to compare two oceanic domains, the best is to have the same
number of stations between the two domains and to choose stations

with similar depths.

Sampling period: To study the gelatinous zooplankton spatio-temporal

dynamics, a minimum of four surveys should be included in order to
cover the full seasonal cycle. If possible, more than four cruise should
be done, to reduce the probability of missing seasonal peaks in
abundance/bloom events. Indeed, the life span of gelatinous
zooplankton can range from a week (e.g. for Appendicularia) to some
months (e.g. for Cnidarians medusae) and bloom events may not be
sustained during long periods of times (Alldredge, 1982; Lucas et al.,
2012).

Data collection ROV: To get gelatinous zooplankton abundances with a high vertical
resolution and in situ observations of their predation behaviours. Also,
it does not underestimate fragile taxa and with long soak times, it’s a
good sampling gear to detect rarer taxa and deep-water species
(Raskoff et al., 2010). Species identification can be limited due to the

recording quality.
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MultiNet (64 and 180um): To collect gelatinous zooplankton

abundances and assess their vertical distribution. Good to sample the
missed transparent taxa from the ROV, e.g. Aglantha digitale (Raskoff
et al., 2005).

CTD: To record the physical properties of the water column. Crucial
to study the gelatinous zooplankton spatio-temporal dynamics,

considering their tight relation with water masses (Manko et al., 2015).

Note: Regardless of what sampling chosen to collect the data, a
standard and consistent protocol should be applied to reduce unwanted

variability.

Identification

If possible, the identification should be done on board on the fresh
individuals in order to avoid the loss of morphological features during
the conservation (Appendix 11). If possible, take good quality pictures

with scales of the fresh individuals for possible identity rechecking.

Conservation

The samples identified or not should be kept in >96% non-denatured
EtOH at -20°C, for further identification, possible DNA barcoding and

population genetics studies.
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5 Conclusion

The aim of this master thesis was to (1) investigate diversity and distribution patterns between
the different water masses and regions from the northern Barents Sea and (2) investigate the
gelatinous zooplankton seasonality over a whole year in the northern Barents Sea. This was
successfully done and I found that the gelatinous zooplankton community in the Northern
Barents Sea was highly influenced by the primary production, the zooplankton biomasses, the

latitudes and the advection of AW.

In the AW influenced central Barents Sea and continental slope, the gelatinous zooplankton
community diversity and abundance changed highly with seasons. The total abundances peaked
in August, coincidently with the high food availabilities and temperatures. The gelatinous
zooplankton community was dominated by the opportunistic feeders/grazers, Fritillaria

borealis and Oikopleura sp..

In the PW/WPW influenced northwest Barents Sea, on the other hand, the gelatinous
zooplankton community had relatively lower seasonal changes in diversity and abundance. The
total abundances peaked in August or December coincidently with the high primary production
or the high zooplankton biomasses. The PW/wPW gelatinous community differently to AW
influenced areas changed seasonally and shifted over the winter from an opportunistic feeder
community (dominated by Oikopleura sp.) to a carnivore community (dominated by Aeginopsis

laurentii).

Futures changes, such as higher advection of AW may as a result lead to more seasonally
variable communities, possibly leading to stronger grazing/predation events which may
indirectly influence zooplankton stocks and higher trophic levels. Further justifying the need of
standardized, consistent and coordinated monitoring of the gelatinous zooplankton

communities in the Barents Sea.
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Appendix

Appendix 1

Appendix 1 — Pre PCR lab in Trondheim Biological Station.

Appendix 2

‘‘‘‘

Appendix 2 — Post PCR lab in Trondheim Biological Station.
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Appendix 3

DNA extraction protocol:

- Add 50 pL of 6% Chelex solution (mixed beforehand) to the Eppendorf tissue sample tube.

- Mix the solution with vibrofix VF1 electronics for around 7 seconds.

- Heat the solution for 10 minutes at 98 degrees Celsius with the lits pierced.

- Centrifuge at 15 000 n.min for 10 minutes.

- Take the surfactant, being careful not to take any Chelex particle, and transfer it to a new
DNA free Eppendorf tube.

Mastermix recipe:

- 1L of forward primer (diluted 10 times)
- 1pL of reverse primer (diluted 10 times)
- 4 uL of 5x buffer

- 0.4 pLof dNTP 10 mM

- 0.6 pL of 3% DMSO

- 11.6 uL of H20 Q (Nuclease free water)

- 0.4 pL of Phire enzyme

Mastermix protocol:

- Thaw the components of the master mix outside the freezer (except Phire enzyme).

- Mix them briefly.

- Add the components of the master mix following the order of the recipe in a DNA free
Eppendorf.

- Keepitintheice.

- Take out the Phire enzyme from the freezer.

- Add it to the master mix, homogenize with the pipette.

- Put the master mix back in the ice and the Phire enzyme in the freezer.

Kober primers PCR cycles (Kober & Nichols, 2007):

- First denaturation: 98°C for 5 minutes.

- Denaturation: 98°C for 8 seconds.

- Anhiling: 56°C for 10 seconds. x 40

- Synthesis: 72°C for 1 minute.

- Final synthesis: 72°C for 5 minutes.

- Conservation: 4°C until the strip is taken out of the machine.

Electrophoresis gel protocol:

- Make a big gel (60 wells).
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Mix 1.8g of Agarose and 120mL of Buffer 1/50 TAE.
Cook and mix until complete dissolution of the Agarose.
Add 12 puL of Sybr safe.

Pour into a big gel mold (60 wells).

Wait until gel set (~30minutes).

Make a small gel (30 wells).

Mix 0.8g of Agarose and 50mL of Buffer 1/50 TAE.

Cook and mix until complete dissolution of the Agarose.
Add 5uL of Sybr safe.

Pour into a small mold (30 wells).

Wait until the gel set (~30minutes).

DNA purification (Cytiva GFX™ PCR DNA and gel purification kit):

1)

2)

3)

4)

Sample capture

Add 500uL of Capture buffer type 3 in new labeled DNA free Eppendorf tubes (Use one
pipette tip).

Add 15 pL of your amplified DNA sample in its respective labeled Eppendorf tube and
mix with the pipette (Change pipette tip between samples).

Check that the color of the mix is yellow or pale orange.

Assemble and label for each purification to be performed a GFX Microspin column and a
collection tube.

Sample binding

Centrifuge the Capture buffer type 3-sample mix, to make sure the liquid is at the
bottom of the tube.

Load the Capture buffer type 3-sample mix in its respective labeled assembled GFX
Microspin column and collection tube (Change pipette tip between samples).

Cap the GFX Microspin column with the lids of the collection tube.

Spin the assemblage at 16 000 x g for 30sec. This couldn’t be done with the TBS
centrifuge; hence it was spined at 15 000 x g for 1 minute (~30 sec was required to reach
15000 x g).

Discard the flow through by emptying the collection tube and place the GFX Microspin
column back inside the collection tube.

Wash and dry

Add 500uL of Wash buffer type 1 (Make sure this buffer was diluted with 250mL of
ethanol before) to the GFX Microspin column (Use one pipette tip, but if the pipette tip
touches the column, change the pipette tip).

Cap the GFX Microspin column with the lids of the collection tube.

Spin the assemblage at 16 000 x g for 30sec. Again, it wasn’t possible so, the assemblage
was spined at 15 000 x g for 1 minute.

Discard the collection tube and transfer the GFX Microspin column to a fresh DNase-free
1.5mL microcentrifuge tube.

Elution

Add 25pL of Elution buffer type 6 to the center of the membrane in the assembled GFX
Microspin column and sample tube (Use one pipette tip, but if the pipette tip touches
the column, change the pipette tip).

Incubate the assemblage for 1minute at room temperature.
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- Spin the assemblage at 16 000 x g for Iminute to recover the purified DNA. To
compensate for the 30secondes needed to reach 15 000 x g the assemblage was spin at
15 000 x g for Iminute and 30seconds.

- Discard the GFX Microspin column and store the purified DNA sample at -20°C.

Appendix 4

Well

Ladder

Detection band

Appendix 4 — Electrophoresis gel picture. It display the 50 bp DNA Ladder (ladder), a well and a detection band.
Presence of a detection band display the PCR success.
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Appendix 5

Appendix 5 — MIK net abundance matrix. Gelatinous zooplankton MIK net abundance for all stations (P1 to P7) and
seasons (August 2019, December 2019, March 2021 and May 2021). Rare taxa were excluded and Sarsia species

were grouped under Sarsia sp.
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Appendix 6

Appendix 6 — MultiNet abundance matrix. Gelatinous zooplankton MultiNet abundance for all stations (P1 to P7)
and seasons (August 2019, December 2019, March 2021 and May 2021). Rare taxa were excluded, Hydrozoa

refer to Hydrozoa larvae.
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Appendix 7

Appendix 7 — Environmental variable for all stations (P1 to P7) and seasons (August 2019, December 2019,

March 2021 and May 2021).
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Season

Appendix 8
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Gelatinous zooplankton taxa

Appendix 8 - Number of detection in August 2019, December 2019, March 2021 and May 2021 of all gelatinous zooplankton taxa. The color
range from white (not detected) to red (detected in every station). Taxa are common when recorded in more than two seasons and in more
than four stations at least once. Based from both Multinet and MIK net data.
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Appendix 9

Appendix 9A
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Appendix 9A — Gelatinous zooplankton vertical distribution along the transect (P1-P7) in August 2019. Data from the MultiNet 180um and
colored by taxonomic groups. For the shelf stations (P1, P2, P3, P4, P5) the maximum depth displayed is 300m and for the off-shelf stations
(P6, P7) the whole water column is displayed.
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Appendix 9B

P1
100-
200~
300-
P4
100-
200-
300
P7
. .
0 10 20 30

o-

10

Abundance (ind m’a)
Appendix 9B - Gelatinous zooplankton vertical distribution along the transect (P1-P7) in December 2019. Data from the MultiNet 180um and
colored by taxonomic groups. For the shelf stations (P1, P2, P3, P4, P5) the maximum depth displayed is 300m and for the off-shelf stations
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Appendix 9C
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Appendix 9C - Gelatinous zooplankton vertical distribution along the transect (P1-P7) in Mars 2021. Data from the MultiNet 180um and colored
by taxonomic groups. For the shelf stations (P1, P2, P3, P4, P5) the maximum depth displayed is 300m and for the off-shelf stations (P6, P7)
the whole water column is displayed.
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Appendix 9D
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Figure 9D - Gelatinous zooplankton vertical distribution along the transect (P1-P7) in May 2021. Data from the MultiNet 180um and colored by
taxonomic groups. For the shelf stations (P1, P2, P3, P4, P5) the maximum depth displayed is 300m and for the off-shelf stations (P6, P7) the
whole water column is displaved.
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Appendix 10
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Appendix 10 — Detection/no detection of all gelatinous taxa along the transect (P1-P7) in August 2019, December 2019, March
2021 and May 2021. The colors indicate the detection. Based from both Multinet and MIK net data. Hydrozoa stand for Hydrozoa
larvae.
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Appendix 11

Appendix 11 — Comparaison of the morphological features before and after conservation in >96% non-denatured
EtOH at -20°C.
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