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In autumn 2015, several sources reported observations of tge amounts of gelatinous
material in a large north Norwegian fjord system, either cant when trawling for other
organisms or fouling shing gear. The responsible organisrwas identi ed as a physonect
siphonophore, Nanomia cara,while a ctenophore,Beroe cucumis, and a hydromedusa,
Modeeria rotunda were also registered in high abundances on a couple of occaens.

To document the phenomena, we have compiled a variety of datdrom concurrent

sheries surveys and local shermen, including physical smples, trawl catch, and

acoustic data, photo and video evidence, and environmentablata. Because of the
gas- lled pneumatophore, characteristic for these types & siphonophores, acoustics
provided detailed and unique insight to the horizontal and ertical distribution and
potential abundances ( 0.2—20 coloniesm 2) of N. carawith the highest concentrations
observed in the near bottom region at 320 m depth in the study area. This suggests
that these animals were retained and accumulated in the deepasins of the fjord system
possibly blooming here because of favorable environmentalonditions and potentially
higher prey availability compared to the shallower shelf @as to the north. Few cues as
to the origin and onset of the bloom were found, but it may haveriginated from locally
resident siphonophores. The characteristics of the deep-ater masses in the fjord basins
were different compared to the deep water outside the fjord gstem, suggesting no recent
deep-water import to the fjords. However, water-masses cotaining siphonophores
(not necessarily very abundant), may have been additionalintroduced to the fjords
at intermediate depths, with the animals subsequently trgped in the deeper fjord
basins. The simultaneous observations of abundant siphorghores, hydromedusae, and
ctenophores in the Lyngen-Kvaenangen fjord system are inguing, but dif cult to provide

a uni ed explanation for, as the organisms differ in their biogy and ecology. Nanomia
and Beroe spp. are holopelagic, whileM. rotunda has a benthic hydroid stage. The
species also have different trophic ecologies and dietaryngferences. Only by combining
information from acoustics, trawling, genetics, and localshermen, were the identity,

abundance, and the vertical and horizontal distribution athe physonect siphonophore,

N. cara, established.
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INTRODUCTION brought boreal species further into the Arctic regidbelpadado
et al., 201p In the future, primarily Atlantic boreal gelatinous
Gelatinous predators, such as pelagic cnidarians angredators could be able to extend their ranges northwards int
ctenophores, are a ubiquitous component of marine pelagithe Arctic. One of the greatest impediments to documenting
communities. Typical for both pelagic cnidarians andand understanding changes in the gelatinous fauna of thei@rct
ctenophores, often jointly referred to as jellies, is that snanand Subarctic is the lack of reliable baseline informaticomn
species can sporadically and often unpredictably occur in higtvhich changes can be identi ed. Better abundance estinaftes
abundances, colloquially referred to as jelly sh bloomsciSu gelatinous zooplankton, as well as an improved understanding
mass occurrences of jellies, can indeed be true bloomsedauf the conditions promoting harmful blooms and the fate
by the combination of favorable environmental conditionsda and local ecosystem e ects of such blooms, are crucial for
life history events resulting in a rapid increase in populationfuture management and development of mitigation measures to
numbers. They can also represent aggregations of individuatsinimize ecosystem, aquaculture, and sheries impact.
brought together by physical forcing of water movements In autumn 2015, several sources reported observations of
and bottom topography Arai, 1992; Graham et al., 20Q%or large amounts of gelatinous material in North Norwegiarndis,
behavioral responses. It is often not immediately apparenthwhiceither caught when trawling for other organisms or fouling
processes are responsible for an observed high-density.event shing gear. Also, strong and peculiar echosounder recagdin
Regardless of the cause, mass occurrences of pelaffibm research and shing vessels operating in the area were
cnidarians or ctenophores can have severe ecosystem impaceported. While such events may be frequent, they are both
including diverting carbon ow to gelatinous predators and unpredictable and ephemeral, and are seldom documented.
initiating trophic cascades with consequences for the lowefhe mass occurrences described here were also encountered
trophic levels Condon et al., 2011; Oguz et al., 2l1&ecting  unexpectedly and the conducted sampling was far from optimal,
nutrient regeneration and productivityHtt et al., 2009; Hosia as the vessels originally had a di erent focus. We have contbine
et al., 201} and in uencing the vertical ux of carbonl(ebrato a range of data from a variety available sources including
et al., 2013; Sweetman and Chapman, 20Aggregations of physical samples, trawl catch data, acoustic data, as well as phot
jellies also have socio-economic costs and may negativelgdm and video evidence to describe mass occurrences of gelatinou
or hinder sheries, cause losses to aquaculture, clog vigiizkes  predators, resulting in a rare account of simultaneous high-
of power and desalination plants, or cause a problem for théensity events of both hydrozoan and ctenophoran gelatinous
tourism industry Eurcell et al., 2097 Jellies are thus often zooplankton from a large subarctic archipelago and fjord syste
considered a nuisance and concern has been raised that humannorthern Norway. Only a few catches contained substéntia
activities could be promoting higher abundances and moreumbers of ctenophorderoespp. or hydromedusdodeeria
frequent bloom events\(ills, 2001; Richardson et al., 2009; Brotzrotunda These species or groups of organisms as well as non-
et al., 201p While several plausible mechanisms for how thigphysonect siphonophores are nearly acoustically transpacent t
could be brought about have been proposed (reviewedlbgell the echosounder frequencies used during these investigatio
et al., 2007; Richardson et al., 2))(scarcity of long term data since they do not have a gas inclusion organ. Thus, the maimsfo
on gelatinous zooplankton numbers or blooms makes it di cult of this paper is on the physonect siphonophddanomia cara
to corroborate claims of persistent increasm(don et al., 2012, that has a gas-inclusion both as juvenile and adult.
2013; Sanz-Martin et al., 2016 Based on previous accounts on mass occurrences of gelatinous
Relatively little has been published on species distributiongooplankton in Norway Bamstedt et al., 1998; Fossa et al.,
or abundances of gelatinous zooplankton in Northern Norway2003; Smage et al., 2Q¥@viewed inHalsband et al., 20),/we
and the wider Arctic (but se€alkenhaug, 1996; Brodeur et al.,hypothesize that abundarianomiacolonies could potentially
1999, 2008; Rasko et al., 2005; Purcell et al., 2010; Manlncrease mortality of farmed and wild shin an a ected region
et al., 2015; Ronowicz et al., 2Q)1Nevertheless, gelatinous
predators can at times exert considerable predation pressuATERIALS AND METHODS
on other zooplankton in the Arctic §wanberg and Bamstedt,
1991; Purcell et al., 2010; Majaneva et al., ROl Arctic and  Acoustic, biological, and environmental data from Lyngertdj
subarctic seas are under high anthropogenic pressure, imgud Kvaenangen, and the adjacent region during the period 1 Octobe
climate change, high shing pressure and other resource 9 November 2015Figure 1) were collected by two research
exploitation, rising levels of pollutants, and introductiohalien  vessels conducting surveys in the area, as well as from local
species Halpern et al., 2008 Several changes in the Arctic shermen. Additional information of anecdotal characteraw

marine ecosystem as a response to climate change have begb obtained later in the November 2015 to January 2016 gerio
documented, such as northward range shifts of species, elsang

in biodiversity, and altered food web structur&Vgssmann Survey Area

et al.,, 201)L. Strongly uctuating abundances of scyphozoanThe study area is situated north-east of Tromsg, Troms County
jelly sh, potentially related to climatic conditions, haueeen northern Norway. It consists of a coastal archipelago and
reported from the subarctic seaBrpdeur et al., 1999; Eriksen several large fjords oriented in the north-south directiavith

et al., 201® In recent years, increased temperature associataétle Lyngenfjord system being a central feature, Balsfjord a
with increased advection of warmer Atlantic water masses haJllsfjord located to the west, and Reisafjord and Kvaenangen
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FIGURE 1 | (A) Overview of various types of sampling including trawl- andtd-stations during the RV H&kon Mosby and RV Helmer Hanssengerations in Lyngenfjord
and adjacent fjords during 6—9 October and 3—-9 November 2015respectively. a, b, and c: Acoustic transect as shown irFigures 9A-C respectively.(B) High
resolution bottom topography with bottom contours, at 50 m ntervals from 50 to 400 m depth. Names of deep-water basin andsome other key features included.

to the east figures 1A,B. These coastal waters are in uenced In the Kveenangen basin, maximum bottom depths a#00-
by the Norwegian coastal current (NCC) owing in a north- 450 m. The deep area extends south and east of Rgdgya, with
easterly direction along the Norwegian coast, and by thesden maximum depths around 325m. Toward the south, close to
and deeper Atlantic current running in parallel westwardsiw t the island Spildra, a cross fjord sill of160 m depth (arsen,
coastal current. The salinity of the Atlantic water is by diéion 1997 separates the outer basin from two mid-fjord basins on

35.0 psu, while the coastal water varies between 33 and 34iher side of the island, the northern and southern basiagihg
psu. In general, surface water temperature in the area vaides f maximum depths of 315and 205 m, respectively. Further into

3 Cin winter (March) to 10 to 12 C in July/August. Thus, ice the fjord bottom depths become shallower with smaller local
free conditions are maintained throughout the year in théesu basins (arsen, 1997
coastal waters of Northern Norway, except for the innermost
parts of some fjordsAure, 1983. Local Fishermen Observations

The topography of the study area is compldxgure 1B).  During autumn 2015, local shermen at Arngya reported on
The area seawards of the fjords is characterized by sewveadll s a particular red “slime” that stuck tenaciously to shing gear
banks, deep depressions, and narrow channels connectitngto t(Figure 2). This slime was reported to contain a substantial
inner fjord systems. On either side of Arngya, deep channelamount of fat and threads/ laments, and was di cult to wash o
connect Lyngenfjord and Kvaenangen to the open waters o shorenechanically remove from gear.
The particularly deep Arngya basin (max450 m) lies between One sample of fouling red “slime” was obtained on 23
the tip of the Lyngen peninsula and Arngya. The LyngenfjordOctober 2015 by a sherman from Arngya who scraped it o
consists of four basins separated by local sille(dbg Hegstad, a contaminated ropeHigure 2) that anchored a shing net to
2019. The northern basin (Basin |, max.340 m) has a 200— the bottom at 275m depth mid-fiord between Arngya and
300 m deep outer sill located just east of the tip of the Lyngethe tip of the Lyngen peninsulaF{gure 1). The sample was
peninsula {enssen, 2006The 50-100m deep sill between immediately xed in 4% formalin that was prepared and made
Basins | and Il is located slightly south of 88N, with the available by Gunnar Szetra (Public relations and commurdaati
shallowest areas only 20m deep J{enssen, 2006; KvendbgDepartment, IMR, Tromsg@) on a visit to Arngya. It was
Hegstad, 2074 Another 80m deep sill at around 680N  immediately sent to Bergen for taxonomic analysis (see Helow
separates Basins Il and Il (max.125m), while Basin IV lies Pneumatophore gas inclusions were measured from this sample.
south of the map border ifrigure 1

The outer basin of Reisafjord (max.280m) has a deep sill Biological Data From Research Vessels
(200-250 m) toward the Kveenangen basin in the north. FurtheBamples of sh, micronekton, and macrozooplankton were
into the fjord, the basin becomes gradually shallower, with @ollected with a Campelen 1800 bottom trawingas, 1994by

60 m deep sill separating the inner basin (max.15 m). RV Hakon Mosby (2-11 October 2015) and RV Helmer Hanssen

Frontiers in Marine Science | www.frontiersin.org 3 May 2018 | Volume 5 | Article 158


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles

Knutsen et al. Coincident Mass Occurrence Gelatinous Zooplankton

(3-7 November 2015). The latter vessel also used the pelagiart of Kveenangen. In addition, ve pelagic hauls were taken in
Harstad trawl Nedreaas and Smedstad, 1987; Godg et al.)19%he deeper part of the water column; three of them close to the
to obtain information on acoustic scattering structures. bottom and two at intermediate depthEigure 1, Table 2.

During 2-11 October 2015, RV Hakon Mosby covered the An overview of trawl- and ctd-stations undertaken by both
north Norwegian fjords from Varangerfjord in the north-éa®  research vessels, along with information on acoustic gatssand
Andgya in the south-west as part of the annual IMR Coastaspeci ¢ biological material collected in the target area, muted
Survey, but only worked in the Lyngenfjord-Kveenangen arean Figure 1, andTables 1 2.

(Figure ) on 7-9 October. In the extended area, a total of Contamination of the bottom trawl Kigure 3), and catches
42 bottom trawl stations were conductedi¢hl et al., 2015 consisting of large amounts of ctenophores and other jeliese
St137-St178, their Figure 2), including the stationsTable 1 ~ photographically documented, particularly from RV Helmer
During the registration of bottom trawl catches, all typedasfje  Hanssen in Lyngenfjord and Kvaenangen, 3-7 November 2015.
scyphomedusae (i.e€CyaneaPeriphylla Aurelia) where pooled On 9 November 2015 (at 696N; 20 23E), two vertical
and registered as “Jelly sh”. deployments were conducted from RV Helmer Hanssen with a

RV Helmer Hanssen visited several fjords in the Lyngendouble set of underwater HD GoPro video cameras mounted on
Kveenangen area during 3-9 November 2015 to conduct pelagicframe attached to the CTD. The cameras were kept recording
and bottom trawl sampling, along with acoustic surveyingigsi in the densest part of the acoustic registrations at 30-15m
the Simrad EK60 echosounder system. RV Helmer Hanssabove the bottom for 20min in Lyngenfjord, Basin | (see
conducted nine bottom trawl hauls within the fjord system Figure 1), coinciding with a very strong acoustic backscatter on
(Figure 1, Table 2. Six of the hauls were taken in Lyngenfjord the echosounders registered 2 days earlier.
and two in Reisafjord, while the last haul was taken in the mne A second sample of the fouling red “slime” was collected from
the net of a bottom trawl haul in 325 m water depth conducted
from the RV Helmer Hanssen on 7 November 2015 just east
of the northern tip of the Lyngen peninsula (686.2N; 20
24.6E, Figure 1). The sample was immediately frozen a20 C
and later brought to the Institute of Marine Research (IMR)
plankton laboratory, where a thawed subsample was examined
with a stereomicroscope and several physonect colonies were
separated from it and individually xated in 95% alcohol for
genetic analyses.

Hydrographic and Topographic Data

Temperature and salinity were measured at all stations using

a Seabird 911plus CTD. The CTD on RV Helmer Hanssen

was equipped with a Seapoint sensor for measuring ahl

uorescence, and the one on RV Hakon Mosby had a Chelsea

Instrument Aquatracka Il chla uorometer. Both ship CTDs

FIGURE 2 | A net rope heavily contaminated with the red “slime” documeted were equipped with a SBE 43 oxygen sensor.

tneved ne. iours aken Fridey 23 October 2015, PhotcGunnar St righ resalution coasta bathymetric data originally 50

Institute of Marine Research, Bergen/Tromss, Norw'ay_ ' 50m honzontal resoluhon) were obtained from.the quweg|a
Mapping Authority (the Norwegian Hydrographic Service) and

TABLE 1 | Overview of bottom trawl catches (kgnmi 1) in Lyngen and adjacent fjords, conducted by RV Hakon Mosby ithin the region ofFigure 1, 7-9 October 2015.

BALSFJORD ULLSFJORD-LYNGENFJORD KVZANANGEN-REISAFJORD
Date 9-Oct 9-Oct 9-Oct 9-Oct 8-Oct 8-Oct 8-Oct 8-Oct 7-Oct 7- Oct 8-Oct
Time (UTC) 19:45 17:27 07:38 02:32 12:03 14:32 18:35 21:47 2221 20:02 06:36
Station 169** 168** 167* 166 162 163 164 165 160 159 161
SPECIES/GROUP
SHRIMPS 20.00 2.22 24.29 40.00 21.33
FISH 65.29 107.96 56.47 5.84 54.89 1,321.39 237.99 202.51 5097 137.06 145.67
JELLYFISH 1.67 41.67 13.18 77.78

Trawl depth [m]  165-177m  116-124m  255-262m  425-450m  325-330m  198-202m  81-95m  118-128m  370-400m 88-90m  277-282m

*Outer Ullsfjord.”Balsfjord, south-west of Ullsfjord.
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326-328m  324-328m

Trawl depth [m]

278 m

402m 314m

127m

299 m

Bottom depth [m]

For the bottom trawl hauls trawl depth is synonymous with bottom depth at station. Gresd elds indicate pelagic hauls.

FIGURE 3 | (A) Trawl bag of RV Helmer Hanssen showing the red slime
contaminating the trawl bag and(B) Close-up view of the trawl meshes,
following one of the Campelen 1800# bottom trawl hauls, st1@8 on 7
November 2015 (Table 2).

the maps were produced using Matlab R2013a and M_Map
version 1.4d.

The hydrographic data have been visualized using Ocean
Data View (ODV),Schlitzer (2015http://odv.awi.de, including
section bottom topography using the IBCAO_V3_90x30sec.nc
database with a 500 500 m grid resolution (sedakobsson
et al., 201 The fjords in the study region are up to10km
wide at their mouth, but winding and narrowing toward the
head of the fjords. Although the database has a reasonatpy hi
resolution, there are a restricted number of points across th
width of the fjords. Depending on the way a section is selgcted
the number of hydrographic stations included, the width oéth
selected section, how the grid points within the selectedbreg
are processed by ODV, and whether they were close to a steep
slope or even land grid points, the resulting bottom topography
of a section could vary somewhat and was not easily reprotiicib
However, despite such limitations, there was a reasonable
match between the contoured high-resolution topography data
used in the maps Higure 1B) and the bottom topography
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displayed through the hydrographic transectsly@rography named “O-group herring,” “Herring,” “Saithe,” “HaddocKCod,’
section below). Nevertheless, the complex bottom topographgnd “Others,” which were later lumped in the category “Fish.”
could inuence the gridding and interpolation of section The remaining backscatter was assigned to the bulk category
isosurfaces, particularly when the number of stationswas lo ~ “Plankton,” which also included the “resonant” and initial
unexplained scattering structures mentioned above. Onby th

Acoustic Data Collection category “Plankton” has been processed and visualized in the
Acoustic data for estimation of the distribution and abumda current work, except for example echograms showing the
of water column plankton and sh were collected with caliledt characteristics of the raw acoustic data.
EK60 echo sounder split beam systems at 1 ms pulse duration. A sub-set of the acoustic data was recorded during
The acoustic frequencies were 18, 38, and 120 kHz on RV Helmevening/nighttime conditions on 7 November 2015 over a
Hanssen and 18, 38, 120, and 200kHz on RV Hakon Mosby.3.5 nmi distance east of Lyngen with very dense acoustic
On both ships, the echo sounders were connected to transducenegistrations. Here, total echo integrator valugs veere stored at
mounted on a protruding instrument keel, with transducerdac all three frequencies (18, 38, and 120 kHz, RV Helmer Har)ssen

3 m below the hull and usually 8.5 m below the sea surface onwith 10-m vertical and 0.1 nmi horizontal resolution. This
RV Helmer Hanssenand2.5and 7.5m on RV Hakon Mosby. allowed the examination of the frequency dependence of the s
The threshold in terms of volume backscattering strengtl) (S independent of the LSSS. The ratio, RFR(f), ofas a given
was setto 82dBre 1 m! (MacLennan etal., 2002The vessels' frequency f and at 38 kHz, could then be explored as suggested
EK60 systems are normally calibrated once a year usingatdnd by Korneliussen and Ona (2003)ut here used as expressed by
methods and metal sphereSdote et al., 1987; ICES, 20)aad Godg et al. (2009RFR(f)D sa(f)/sa (38 kHz). This entails that
are known to be very stable over timér{(udsen, 200Q RFRg D sa(18 kHz)/s, (38 kHz) and RFo D sa(120 kHz)/%

Echogram categorization (sometimes called scrutinizatio (38 kHz).
interpretation) is based on the shape of the echo-tracesy thei For this sub-set of data, it was hypothesized that
scattering strength, and the relative frequency responeof(  siphonophores were the dominant scatterers throughout
scattering layers, schools, or mixed scatterings strestufhe the water column. Using acoustic backscattering models,
relative frequency response is de ned accordingltoneliussen this data-set has been used to explore the likelihood that
and Ona (2003)as r(f)  s,(f) / sy(38kHz), where s is siphonophores were the key scatterers responsible for the
the volume-backscattering coe cient and the response at théackscattering observed throughout the water column as$ thi
acoustic frequency f is normalized to that at 38 kHz. Echogra particular time and also over the period of these investigetjo
scrutinizing is normally carried out by an experienced teaim oparticularly in the deeper parts of the water column.
two persons, with data available on historical catches frabmmt  Two backscattering models were employed to theoretically
waters, e.g., from previous scienti ¢ surveys, and knowdedgexamine the eects of size and depth distribution of
on the behavior, abundance, and distribution of the speciesiphonophore gas-inclusions on the target strength (TS)
commonly found in the investigated area or nearby watersand resonance frequency,)f to aid the interpretation of
Multi-frequency scrutinizing, target strength, TS, anayand the measured backscattering at the three used frequencies.
thresholding were conducted with the Large Scale Surveyoth models assume spherical gas-inclusions. The rst, a
System (LSSS), a data post processing systemmgliussen hybrid scattering model for a uid- lled sphere adapted for
et al., 2006, 20)6 which was also used for exporting les siphonophore pneumatophores (cfavery et al.,, 2007 see
for subsequent analysis in Matlab and Excel. The processimgguations 3 and 4 page 3309), is a simple model that includes
involved manual removal of unwanted acoustic temporal noiselamping with damping constantg, for ka<0.1, whereka is
from the trawl sensors during trawl operations. During thethe product of wavenumberkf and (@) is the bubble radius of
current investigations, the nature and distribution of vilean  the modeled siphonophore gas bubble. A shortcoming of this
be called “resonant” scattering structures, particulatig&and hybrid model is that the quality factor, @ d 1, is seemingly
38kHz, were very characteristic and strong, which facdiiahe too small 05), which yieldsd D 0.2 (cf.Lavery et al., 2007
“isolation” of the dominant scatterers where they occutf®wl  but was originally proposed biachok (2001)as typical for
data were used to corroborate the interpretation of the atious swim-bladdered sh. However, for resonant and near-resdnan
data. The acoustic backscattering data in the reports wetigein  oscillating bubbles in water this number is not possible toecé
form of sa, the nautical area scattering coe cient (NASC) for at any frequency [falen and Lgvik, 1981; Medwin and Clay,
10m depth intervals with a horizontal resolution of 1 nautica 1998 p. 301), but for comparative purposes we have kept the
mile, in units of n? nmi 2 (MacLennan et al., 2002 value proposed byiachok (2001)and implemented in_avery

The multi-frequency recordings were interpreted and storecet al. (2007)
daily, mainly at 38 kHz, since the observation range of the 12 The second model is the exact modal series solution, otligina
and 200 kHz systems usually are limited t®20 m. However, for a uid sphere (Anderson, 195)) To examine the di erence
for the 120 kHz system under calm sea state conditions and lobetween the exact model and the hybrid damped model, both
vessel speed together with very low level of internal elaagtro models were applied to a broad frequency range and a restricted
noise, the signal to noise ratio was still acceptable to aB60m  set of gas bubble sizesD 0.20, 0.30 for depths 17.5, 50, and
depth. Interpretations were made according to standard IMRLOOm anda D 0.45, 0.50, and 0.55mm for depths 0, 100, and
procedures (seéCES, 2015b; Korneliussen et al., 20JFrst, 300m, also foka> 0.1. For the frequencies 18 and 38 kia,
LSSS was used to allocate backscatter to the scatteriggiate is<0.1 for any sized gas bubble having a rada)sitf the range
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0.1 a 0.55mm. Fora0.5mm radius sphere at 0 m and 300 nmegion in the geometric scattering zone. For this reasoso al
depth ka is 0.25 at 120 kHz, but the two models still producesmaller gas-bubble sizes were explored with respect to target
very similar values (Supplementary Figure S1). strength, and resonance at the above frequencies.

In this study, the pneumatophore gas bubble “size” is given by
the Equivalent Spherical Radius (ESR) of a sphere of the sarpe

NP : : : enetic Analyses
volume as a prolate ellipsoid with major and minor axes given b;i_o con rm the species identity of the physonect siphonophores
the measured length (L) and width (W), ESR[(LW 2) 9)/2. :

The same applies for the average values of gas bubble length eéLnGdS and Cytochrome oxidase | (COI) markers were sequenced
width obtained fromBarham (1963) rom seven colonies separated from a sample of slime fouling a

. trawl net on RV Helmer Hanssen on 7 November 2015. The DNA
To understand how the target strength, TS, of a siphonophore ~ . . ) : .
. ; . L . . Was isolated using DNeasy blood and tissue kit, accordirigeo
gas-inclusion varies with size and depth, the hybrid scaiter rotocol supplied by the manufacturer (Qiagen). PCR was used
model (Lavery et al., 20Q&vas run for spheres in the size rangep pp y gen).

0.10 a 1.01 mm with 0.05mm steps, considering 5-m dep'[htO amplify fragments of the 165 and_ COl. . . .
The 16S fragment was amplied using primers primer

strata from 20 - 335 m depth. A variable sound velocity prole,, . -

obtained at st1673 on 3 November 2015 was applied (i.e. tlelopnmer 2 (Cunmngha.m and BUS_S’ L9pdThe PCR pro le was
. . . cycles of 94, 60s; 40C, 30s; 72C, 150s, followed by 40

same location as the acoustic data from 7 November). Hig

resolution sound velocity data (range 1479.00-1485.55 T cyc_les of 94C, 60s; 5, SQ S 7201 150 s: Ampli cation was

. S veri ed by gel electrophoresis showing a single band of exgaect
from the Seabird Scientic's SBE 911plus CTD were averaged’ | (app. 650 bp). The COl fragment was ampli ed using primers
over a restricted number of records! (D 9-15), surrounding pp. P). 9 P 9p

the 5-m depth strata for which the hybrid dampened acousticLCO'.Mg.O/ HCO-2607Kolmer et al., 1994; Bucklin etal., 2910
. Ampli cation was veri ed by gel electrophoresis showing agie
scattering model was run.

The vertical distribution of target strength at 18, 38, andband of expected size (app. 1100 bp). The PCR pro le wa€ .94

. . - . . 300s, proceeded by 40 cycles of ®460s; 45C, 120s; 72,
120 kHz for three di erent sizes of siphonophore gas-inclusion 180's. For both markers. amolicons were subsequently seedenc
(a D 0.45, 0.50, and 0.55mm ESR) were derived from th ' » amp q y sed

hybrid model, T§y,. These were used along with the strati ed Ey sanger sequencing using BigDye and the above primers.
. . . . The obtained COIl and 16S sequences were aligned using
nautical area scattering coe cients data for the correspiod : - .
. 5 Y . . Muscle (default settings) in MEGA 7.0.18. Trimmed sequences
frequencies (&m< nmi <, 10-m depth bins vertically and 0.1 oS . .
T . were compared pairwise (with complete deletion of gaps) for
nmi distance horizontally), to compute and explore the ared an

. . . nucleotide di erences and percentage similarity in MEGA 7 and
volume density of siphonophores /gas- lled pneumatophores in : . . .

. - L matched against nucleotide sequences present in GenBartk usin
the water column applying the following equations;

NCBI BLASTN 2.5.14hang et al., 200@o con rm their identity.

bs D 1001 TSwo) @
AID — A @ RESULTS
(4 bs)
rmp AL @) Hydrography
1852’ CTD stations were undertaken in Lyngenfjord and Kvaenangen
A2 during the course of the two cruises with RV Hakon Mosby
Vpens D 17’ 4 (October) and RV Helmer Hanssen (November). To evaluate the

oceanographic conditions during the surveys, the ctd-dedenf

Here sps is the backscattering cross-section ZQmTSM, is the two vessels, obtained 1 month apart, have been combined
the depth specic target strength from the hybrid scatteringin the same graphHRigure 4). The highly saline Atlantic Water
model in dB re 1 M, used according tdviacLennan et al. (AW, salinity 35.00 psu) was present only in the deeper part of
(2002) while applying the echo sounder system, EK60, fronthe water column in the coastal waters outside the fjord syste
Kongsberg Maritime AS for data acquisition. A1 equals numbe(Figure 4A). The Arngya basin from 100-450 m depth appears
of gas-inclusion per square nautical miles (Nos/AmA2 equals to contain water of primarily coastal origin (salinities34.80
number of gas-inclusion per square meter (NodJmVpens psu). This water also extended into the outer part of Lyngedfjo
equals volume density (NosA)n and 1 z is the depth interval Basin I, but not further into the fjord. In Lyngenfjord Basin
(10m) for which the g were computed from the raw acoustic Il and Il salinity was around 33.78-33.84 psu in waters below
data on 7 November 2015 (see above). 100 m, but lower in the surface layers due to freshwater runo .

Generally, maximum backscattering from an ensemble ofhis fresher surface layer extended seawards into Basihd. T
bubbles (here siphonophores), is obtained when the bubbkes asalinity distribution Figure 4A) shows no indication of Atlantic
ensoni ed with frequencies that make them oscillate at theilWater ( 35.00 psu) being introduced to the fjord systems during
resonance or near-resonance frequencigedwin and Clay, the period of these investigations.
199§ 287-341). Even if there is no coincidence or match between Temperature in the Arngya basin and in Basin | was mostly
the applied frequencies and resonant bubbles, still consiider below 7.5C at depths>150m (igure 4B). Surface water
amounts of backscattered intensity can be expected—iogn, fr temperatures in the Arngya basin and coastal area (9510
smaller bubbles below their resonance region in the Rayleigwere somewhat higher than in Basin ¢ 8 C), but this may
scattering zone, and from larger bubbles above their resoma represent seasonal cooling of the upper water column, as the
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50
Distance [km]

FIGURE 4 | Hydrographic conditions along a transect from the outer costal areas in the north (left), the Arngya basin (center) amgngenfjord basins in the south
(right), during October—-November 2015. Research vessel dtstation numbers on top of the gure with pre x HM (RV Hakon Mosy) and HH (RV Helmer Hanssen),
respectively.(A) Salinity (psu),(B) Temperature ( C), (C) Oxygen (mil l).

former temperatures were recorded in October and the latier ibelow 100m and ca. 4.84 nhl! close to the bottom at
November. 350 m (November). In the northern basin of Reisafjord, oxygen
Oxygen levels in Lyngenfjord were moderate to low (4.6-values were slightly higher throughout the water column and
5.5 mll 1) throughout the water columnRigure 40). Lowest only <5.0 mll 1 below 250 m depth (October). These values
oxygen concentrations were observed in the Arngya basierevh are comparable to what was reported for the Arngya basin in
the O, concentration in early October was below 4.9 Iml  October. At the innermost station in Reisafjord, oxygen ealu
from 230m to the bottom, and in Lyngenfjord Basin |, whereranged from 5.3 mll 1in the surface layer to 4.86 rhl! close
concentrations in November were below 4.9Imtfrom 130m  to the bottom at 102 m. There were no signs of Atlantic water
to the bottom ( 325 m). Close to bottom, oxygen concentrationpenetrating the outer part of Kveenangen and Reisafjord as both
in the Arngya basin was 4.72 mll 1 and in Lyngenfjord Basin fjords had a bottom water salinity of around 34.60 psu.
I 4.57mll 1. The coastal stations outside the fjofeigure 40
had higher oxygen levels over the entire water columb.0-5.3 Local Fishermen Observations
mil 1. Morphological examination under a stereo-microscope of
Hydrographic conditions in Kveenangen-Reisafjord were quitghe material collected by a sherman on 23 October 2015
similar to those in Lyngenfjord. At the central station ofteu  suggested the “slime” was remnants of physonect siphonophores.
Kvaenangen (HH1687), oxygen concentrations weBe0 mll 1 Diagnostic structures identi ed in the lamentous mass lnded
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pneumatophores, palpons, and gastrozoiééggre 5. While  hauls taken outside the current target aréaD 31), with the
no nectophores that could aid in species identi cation wereaverage catch of jellies in these 8 hauls being 15.99rkg!
preserved, the presence of oil droplets, typically found at théstd D 27.65 kgnmi 1, maxD 83.0 and minD 0.67 kgnmi 1)
base of palpons imNanomiaspp. (Mapstone, 2008 suggested and no extreme values recorded. Within the target aféguyre 1
Nanomiaas a candidate genus. The pneumatophor€igure 5 andTable 1), “Jelly sh” were recorded in four of the 11 hauls, the
was measured in November 2015, while the remaining gasverage catch in these 4 hauls being 33.5@rkg ! [std D 33.93
inclusions were measured 1 year later. The size range of ttgnmi 1 (maxD 77.78 and mirD 1.67 kgnmi 1.
pneumatophore gas-inclusion®l (D 11) in terms of ESR was  The mean catch of jellies in the bottom trawls within the targe
0.34-0.56 mm. The largest gas-inclusion was the one mehsurarea Figure 1) was not signi cantly di erent compared to the
and photographed in 2015, while many of the pneumatophorewider area covering the North Norwegian fjords north of 88'N
measured in 2016 were partly collapsed (distorted shape), wifwelch two sample t.test (R version 3.283Core Team, 20)5
at least one ruptured pneumatophore, and obviously containedero's notincludedt D 0.898, dD 5.083p-valueD 0.4097 and
less gas than could be expected compared to the seemingly intaero's includedt D 1.0034, dD 12.666p-valueD 0.3344). No
specimen irFigure 5. ctenophores were registered in the trawl catches, and thesiel
The shermen also observed the phenomenon on their vesselsaught in these hauls were probably scyphozoans suCasea
echosounders and sometimes described it as “dense as derricapillatg Aurelia aurita,and Periphylla periphyllzas these large
schools.” According to the shermen this “slime” was logate  species are the most common in the fjords and in the Atlantid an
a layer below 150 m, with seemingly increasing density towardcoastal waters along the northern Norwegian coast.
the bottom at 300 m depth. It was reported that the “slime” had It was reported from RV Hakon Mosby that at some stations
increased in magnitude from around 20 August 2015, and thatvithin the study area, the bottom trawl clogged severely and
it had been present in the area from that date onwards, whileequired thorough cleaning between hauls due to contamamati
the last reports on the fouling red “slime” were from Januaryby the red “slime” mentioned earlier. This was particularly
2016. According to other shermen, the phenomenon was alsevident at st166 in the Arngya basin, where it probably also
observed in the areas outside Lyngenfjord, in Reisafjordeh a in uenced the sh catch, which was only 5.84 kgni ! and
Kvaenangen. Several shermen claimed it was the rst time thi much lower than at the other stationggble 1). This information
type of phenomenon had been observed in the area, but anoth&r a large extent supports the reports by local shermen of

described an event that took place in 1959/1960. poor catches and heavy contamination of their shing gear

. (cf. Figure 2). Also, the IMR Coastal Survey cruise report
Research Vessel Observations (Mehl et al., 201psuggested somewhat lower catches of sh in
Biological Data From RV Hakon Mosby the Lyngenfjord-Kveenangen area compared to the larger area

No catch that could be assigned to the category Jelly sh wergxamined during their investigations.

caught in 30 of the total 42 bottom trawl hauls made by RV

Hékon Mosby within the extended study area during the annuaBiological Data From RV Helmer Hanssen

IMR Coastal Survey. “Jelly sh” were registered in eight of thedf particular interest were two nighttime bottom trawl hauls
conducted at nearby locations in the outer part of Lyngerdjor
on 3 November (St1672, 326—-328 m) and 7 November (St1706,
324-328m). The rst haul gave a sh catch of 46.6 kgi 1

and contained no ctenophores. In the second haul 4 days later,
1250 kgnmi 1 of ctenophores and only 0.9 kyni ! of shwere
caught [Table 2. Based on photos of the catch, the ctenophores
were mostlhyBeroecf. cucumigFigure 6A).

In a daytime pelagic haul in Kveenangen (St1688, bottom
depth 402 m) at a sampling depth of 320-370m, a ctenophore
(Beroecf. cucumij catch of 1248.75 kgmi 1 was recorded on 6
November. This latter haul was the only one where numeidus
rotundahydromedusae were registerdeldure 6B), the catch of
this species being 62.5 kegni 1.

During another daytime pelagic haul in Lyngenfjord (St1705,
bottom depth 300 m, Figure 1) at 200—240 m depth, 76.92
kgnmi 1 of ctenophores were recorded on 7 November 2015.
A total of 11.2 kgnmi 1 sh were caught simultaneously, with
haddock being the key species (9.3rkgi 1). The catches of
scyphozoan jelly sh in the bottom trawl hauls within the study
FIGURE 5 | Formalin xated remnants of siphonophoran origin collectedy a region were very low in Novembe]'@ble 3
sherman and scraped off a net rope oqtside Arngya (Troms, Navay) 0r_1 23 On 9 November, during a brief revisit to the area, dense
October 2015. A, pneumatophore; B, oil droplets; €, palponégastrozooids. acoustic backscatter was still evident on the echosoundptayj.
Scale bar at lower right of length 2mm. X R ) N I

The video recordings obtained on this dateigure 1), clearly
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FIGURE 7 | Still photos from the GoPro video recordings at 265 m depth in
Lyngenfjord on 9 November 2015 (cf. Figure 1), showing mostmpbably
physonect siphonopohores.(A) Specimen with pneumatophore encircled (red
ring) and an amphipod (cyan ring)(B) Siphonophore with an amphipod
encircled (cyan ring) to indicate size difference betweemé two. The
amphipod could be of the genusThemistoand 2-3cm in total length. Note
the pinkish to orange coloration of the gastrozooids and/or gnophores. The
white bar at the bottom of both images and at the top of(B) are parts of the
Seabird CTD frame. According to Seabird the distance betwee upper and
lower part of this frame is 82.5 cm. See http://www.seabird.©om/sbe32-
carousel-water-sampler.

. ) . ! also in the deeper depressions here, west of the island Loppa
FIGURE 6 | (A) Picture showing the dominant species, the ctenophoreBeroe

cucumis caught by pelagic trawl st1688 on 6 November 2015. Note the bot (Flgures 1 9C)'

in the lower left part of the picture as a “size reference(B) Exemplary The category “Plankton” showed mostly lower values in the
specimens of the hydrozoanModeeria rotundain the bottom of a plastic upper part of the water column<150 m), although elevated
bucket (15 cm diameter) caught in the pelagic trawl st1688 on 6 Novemér values (ﬁ D 30-32dBre l(r% nmi 2) were observed in regions

2015. with high values below 150 m depth. In the shallow inner fjords

the abundance of the category Plankton was very low both below
and above 150 nmHjgure 8). In Lyngenfjord, denser registrations

. . . . were recorded along the bottom in Basin I, but did not extend
showed agalmid physonect siphonophores, likdgnomiasp. ;-1 Basin I Figures 8 9B).

(Figure 7), actively swimming around. A range of colony sizes | October, RV Hakon Mosby recorded maximuma s
appeared to be present, but due to the quality of the recording%'ues of 30 000 dnm 2 integrated over the water

limited eld of VIeV\{, and organism densny, neither S|zg NOr olumn from the 38kHz echosoundervighl et al., 2015
water column strati ed abundances colonies were possible tgy o \onth later RV Helmer Hanssen recorded integrated

estimate. values of 100 000 M nm 2 averaged over a 1 nmi distance
(Figure 10 Log 8624-8625, 7 November 2015) just east of
Echo Sounder Registrations the northern tip of the Lyngen peninsula. These night time

According to echosounder data from RV Hakon Mosby (6-recordings show very dense registrations throughout the
9 October 2015) and RV Helmer Hanssen (3-7 Novembewater column, increasing toward the bottom, and seemingly
2015), the highest concentrations of the scrutinized aateg extending into the epipelagic more than can been seen
“Plankton” were found on the eastern side of Lyngenfijordfrom the RV Hakon Mosby recordings 1 month earlier

Basin | and in the Arngya basinF{gures 8 9A). Elevated (Figure 9A).

levels were also evident in the outer part of Kveenangen, east Maximum s values recorded in November 2015 by RV

of Arngya toward the open ocean, and even in coastal watetdelmer Hanssen in the deeper part of the water column (bottom-
outside the fjord Figure 8). Echogram images from October 150m) were 3.5 times higher than what was recorded with

clearly show dense registrationsa(s 15, 000 Mnm 2) RV Hakon Mosby 1 month earlier. During both surveys, the
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FIGURE 8 | (A,B) Acoustic registrations per 1 nmi cruise track scrutinized stPlankton, 6-9 October 2015 with RV Hakon Mosby(C,D) Acoustic registrations per 1
nmi cruise track scrutinized as Plankton, 3—7 November 2018iith RV Helmer Hanssen(A,C) Integrated values of g (m? nmi 2) between 15 and 150 m depth.
(B,D): Integrated values of g, (r’n2 nmi 2) between 150 m and bottom. Data presented as nautical area sattering strength (S, dB re 1 mZ  nmi 2),

Sa D 10logg(sa). Open white circles in pane(B,D) represent locations where bottom depth is shallower than 18 m, thus containing no acoustic data.

highest values were observed in the layer extending 150m fro 325 m depth—about an order of magnitude lower than recorded

the bottom, increasing with depth (e.¢igures 9A-C 10). at 38 kHz. It is also observed that the trend in Gautical area
The vertical structure of backscattering over an acoukjica scattering strength) vs. depth at 38 and 120 kHz were veryaimi

reasonably homogenous distance of ca 3.5 nmi in the deepestIn terms of the Relative Frequency Response, R§Rvas

part of Lyngenfjord Basin | (cfrigures 1, 10) was examined for close to 1 in the upper 50m of the water column, thus quite

all available frequencies; 18, 38, and 120 kHguyre 11). This  similar to the backscattering at 38 kHz, while the backscatye

is to understand and quantify how the acoustic backscatteri displayed as RRRR peaked between 45 and 65m being 10-

varied with depth in an area seemingly dominated by physoned2 times the backscattering at 38 kHz hefeg(re 1J). It is

siphonophores with a gas- lled pneumatophore, and to estimatevident that the backscattering at 38 kHz considerably datad

the density of these organisms. In the linear domain, adoustover backscattering at 18 and 120 kHz from about 150 m to the

backscattering at 18 kHz dominated in most of the epipelagibottom. This indicates that there likely is resonant scatigat

with average s values in the range 350-420°mmi 2, and a 38 kHz taking place in the deeper part of the water column.

secondary peak of 200 n? nmi 2at 320m depth. A shift in

dominant frequencies occurred at130 m depth, below which Acoustic Scattering Models, Siphonophore

average s for 38kHz was higher than for 18 kHz, reaching aGas-Inclusion Target Strengths and Abundance

peak of 22,000 M nmi 2 around 320m depth. The means Both the full modal series solution and the hybrid models

at 120 kHz was much lower in most of the water columri8—67 demonstrate byigure 12that gas- lled spheres with equivalent

m? nmi 2 in the upper 250 m with a peak 0f1,900 n nmi 2at  spherical radii (ESR) of 0.20mm have their resonance
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FIGURE 9 | Echograms obtained at 38 kHz from RV Hakon Mosby in Lyngenfid and nearby area.(A) Acoustic record between Arngya and the tip of the Lyngen
peninsula on 9 October 2015.(B) Acoustic record from the central part of Lyngenfjord crossig the sill from Basin | to Basin Il in Lyngenfjord on 8 OctobefC) Acoustic
record from the outer coastal area west of the island Loppa o6 October. Locations of echograms marked with bold black lies in Figure 1. (a), (b), and (c) denote
the bottom channel registrations in the nearest 10 m to the btiom. The volume backscattering strength threshold in the eho integrator, Sv,t,D 82dBre1m 1.
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FIGURE 10 | Echogram from RV Helmer Hanssen recorded on 7 November 201%u$t east of the northern tip of the Lyngen peninsula. Locatio of registrations is
shown on the map in the lower left corner of the gure. The charateristic frequency response is shown next to the map. The treshold SvtD 82 dBre 1 m 1 Time
17:55-18:18 UTC.

frequencies, i.e., maximum target strengths, between 1B3kHz appears progressively deeper as the gas-inclusion radius
and 38 kHz at 17.5 m depth, very close to 38 kHz at around 50 rimcreases from 0.35 to 0.55 mm, a trend that continues fagdar
depth, 17.5m and slightly above 38 kHz at 100 m depth. A slightlgized spheres (Supplementary Figure S2). Simultaneously, the
larger 0.30 mm radius sphere, is extremely close to resoretncedepth range where TS at 18 kHz dominates over 38 and 120 kHz
18kHz and 17.5m depth, but near resonant at 38 kHz at 100 rincreases: TS at 18 kHz is greater than the TS at 38 and 120 kHz
depth. More importantly, gas- lled spheres with ESRs of 0.450ver the depth range of 20-50 m for a gas-inclusion radius of
0.50, and 0.55 mm all have resonance frequencies close tHz18 k0.35 mm, 20-75m for a radius of 0.45 mm, and20—140 m for
at depths around 100 m, and close to 38kHz at 300 m depth radius of 0.55 mm. Further, the depth where the TS at 18 kHz
with the 0.45 mm radius sphere closest to the 38-kHz resonand®comes lower than the TS at 38kHz i420m and 145m
peak at this depthKigure 12. At 100m depth, the 0.55mm for a gas-inclusion radius of 0.50 and 0.55mm respectively,
radius sphere is the closest to the resonance peak at 18 kHhile for gas-inclusions having a radius of 0.60 and 0.65mm
These theoretical considerations support thsitu acoustic data the corresponding depths are clearly deepet,75 and 205m
observations above-igure 11), where g at 18 kHz dominates respectively (Supplementary Figure S2). Interestingly, ®gts-
in the upper 125m of the water column and RfgRpeaks at inclusions with a radius of 0.50 and 0.55mm, the shapes and
around 55 m depth. However, the two models di er signi cantly features of target strengths vs. depth curves compare rellsona
in the peak resonance, the full model without any damping beingvell with the in-situ data in Figure 11 where this transition is
much higher than the hybrid model. It has been argued that théocated at 130 m depth. Thén situ vertical distributions of g
membrane surrounding the pneumatophore adds considerabl@igure 11)are most similar to the TS distributions with radius
damping (Trevorrow et al., 2005thus making the hybrid model of gas-inclusions in the range 0.45-0.55 mm. It is noted that
more realistic. TS at 120 kHz were reasonably constant over the water column
The vertical distribution of the target strength, TS, based for most of the bubble radiusea D 0.20-0.55mm) as displayed
the hybrid model shows distinct changes as bubble rad#ys (in Figure 13and thus also far from resonance at this frequency.
changes in the range 0.10-0.55mfrigure 13. The vertical Hence, both the 38 and 120kHz TS distributions were used to
distribution of TS for the larger sized gas-inclusions is ofexplore the estimated density of pneumatophores present in the
particular interest Figure 13 lower panel). Here, the peak TS atwater column Figures 14A,B.
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FIGURE 11 | (A) Vertical structure in acoustic backscatter, presented as autical area scattering strength, @ D 10log1g (Sa), over a 3.5 nmi distance (Log
8623.4-8626.9, cf. Figure 10) for the frequencies 18, 38, and 120 kHz from RV Helmer Hansseon 7 November 2015. (B) Relative Frequency Response RFR for 18
and 120 kHz respectively vs. depth. Stippled vertical linesdicates when the RFR ratio is equal to 1. The volume backs¢tering strength threshold §,1 D 82 dB re
1m 1. Note, x-axes are unequal.

Based on the 38-kHz data, water column estimated volumematches, with 99.5-99.7% similarity (alignment length -966
densities (Weng Of siphonophore pneumatophores with gas-971 bp), con rming our tentative identi cation based on the
inclusion bubble radiusd) of 0.45, 0.50 and 0.55mm were in collected material and the images. BLAST found no close match
the range 0.2—20.5 coloniem 2. At 25-265m depth, average for the 16S sequences, the closest hit beigglma clausil6S,
estimated density was0.5 coloniesn 3, with a maximum of  accession no. AY935270, at 89% similarity.

1.0 colonym 2 around 135m depth. Below 265m densities
increased and peaked around 325 m depth close to the botto
with densities in the range 9-20.5 colonias® (Figure 144). rE)ISCUSSION
For 120 kHz the trends in the data are very similar to 38 kHz

. ~The current material documents exceptional abundancesretth
but computed densities were overall somewhat lower and darie

less between given gas bubble sizes (i.e., 12.6-18. ) species of jellies occurring within the northern Norwegiamdst

. .7 area during a relatively short time period in the autumn 2015.
in the range 315-325 mHgure 148. For both frequencies it Substantial quantities of ctenophoreBefoecf. cucumi¥ were

IS n_oted that number of pneumatophores increase in the deF)tgaught with trawls, attracting considerable media attention
reglon. 250 -295m .and here the number of pngjmatophores Concurrent with the ctenophore catches, research vessels an
per unitvolume were in the range 0.4-2.5 colomes”. local shermen operating in the area experienced heavy fgulin
of their equipment by a red “slime.” The descriptions of the
Genetic Analysis fouling material were very similar to those provided by shen
Length of the obtained genetic marker sequences was 983-10#om the Gulf of Maine during aN. caramass occurrence in
bp for COIl and 314-617 bp for 16S. Trimmed alignmentsl975 (described ifRogers, 197§aMorphological examination
were 969 bp for COI (all 7 sequences) and 480 bp for 16& the current fouling material suggested that it was prokabl
(disregarding the shortest sequence). Pairwise comparisoalso attributable to physonect siphonophores of the genus
showed that the COI sequences diered by 0-2 bp (0-0.2%)anomia
and the 16S sequences by 1-5 bp (0-1.0%). For COIl, BLAST One of the trawl hauls also included numerous specimens of
identi ed sevenN. cara COIl sequences (GenBank accessiorthe conspicuous hydromedus$é. rotunda—a widely occurring,
no. GQ120027.1, GQ120025.1, GQ120024.1, GQ12002%dt relatively rarely observed specibk. rotundais considered
GQ120029.1, GQ120028.1, and GQ120026.1) as the closesta deep-sea oceanic meduSar(ielius, 1995 but is also
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FIGURE 12 | Modeled target strength, TS [dB re 1 m 2] versus frequency (f) for the full modal series solutiolnderson (1950)[red line] and the damped hybrid model
(Lavery et al., 2007 [blue dotted line] for a gas-inclusion with bubble radiua D 0.20 mm (a—c), 0.30 mm (d—f), 0.45 mm (g—h), 0.50 mm (i—j) and 0.55 mm (k-1).
Upper panels (a—f): Small gas-bubbles 0.20 and 0.30 mm at 17.5, 50 and 100 m depth Lower panels(g—l): Larger gas-bubbles 0.45, 0.50 and 0.55 mm at 100 and
300 m depth.
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FIGURE 13 | Depth strati ed estimated target strength, TS [dBre 1 m 2] based on the hybrid damped model for siphonophore gas-inelsions with bubble radius (a)
in the range 0.1 — 0.55 mm in steps of 0.05 mm.

known from West-Norwegian fjords{osia and Bamstedt, 20007 hydroid stage. The species also di er in their trophic ecology an
Its rather inconspicuous hydroid stage is known to occur indietary preferences.
tropical to boreal Atlantic up to Iceland and Greenland, aslwe
as the Barents- and Kara Seas in the Arctic region (reviewed Local Oceanographic Processes
Cornelius, 1995; Schuchert, 2001 During this study of the Lyngen-Kveenangen fjord system, the
The bottom trawl data obtained by RV Hakon Mosby indicatessalinity of the deep-waters seawards of the fjord system was
that the concurrent abundances of the larger jelly sh, theclearly higher than salinities in the basin waters of the dfor
scyphomedusa€yanea Aurelia, and Periphylla,in the study deeper than 200 m. This suggests there had been no recent
area were in no way extraordinary or signicantly dierent renewal of the basin waters of the fjords prior to the events
compared to the average abundance in the larger area of timeonitored in October and November 2015. The oxygen content
north-Norwegian fjords from Andgya in the south-west to the of the near bottom water of the fjord basins (Arngya and Lymge
Varangerfjord in the north-east. Basin I), was also markedly lower than observed further aedsy
The current data do not allow us to ascertain whether thesupporting this interpretation. However, at intermediate dept
observed accumulations dfanomia, Beroegnd Modeeriawere  (75-150m), both salinity and temperature conditions were
true blooms resulting from population increases or the resulsimilar in the deep shelf areas and the Arngya basin. This
of advective or behavioral aggregation. However, therengas indicates similar density of water masses within this depth
indication that any of the species were particularly assediat range (Supplementary Figure S3), and could potentially fatglita
with Atlantic water, which would have suggested advectiomf ~ exchange of water masses between nearby fjords and the outer
o shore as described in the next section. The three species di coastal regions. Also in November, the temperature, sglinitd
in terms of their biology and the same explanation for thedensity 6t—-kgm 3) pro les in Kvaenangen (HH1687) and in
observed high abundances may not apply to all of thdemomia  Lyngenfjord Basin | (HH1673) were nearly identical over the
and Beroespp. are holopelagic, whil. rotundahas a benthic depth range given above (Supplementary Figure S4), suggesting
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probably a result of regional oceanographic processes imglvi
coastal water masses in uencing both fjords at intermealiat
depths in a near identical manner.

Changes in fjord ecosystems, such as coastal water darkening
which might favor tactile predators over visual ones {dfsnes
et al., 200Q might be an additional e ect that could increase the
frequency of bloom occurrences, although we have curremily
new data that can support such ecosystem change.

The Ctenophore Beroe
The ctenophores were identi ed d&eroecf. cucumisbased on
photos of the trawl catchBeroe cucumis found in the North
Atlantic and the Arctic Ocean, and is common along the entire
Norwegian coast. However, it is worthwhile to note that its
congenerB. abyssicolalso occurs in the Boreal North Atlantic
and Norwegian Arctic, and can have a rather similar habitus
(Licandro et al., 20%3;3Hosia and Majaneva, unpublished data).

Beroespp. are assumed to largely feed on other ctenophores
(reviewed inPurcell, 1991, 199and the high biomass d3eroe
observed in the trawls in Lyngen and Kvaenangen indicates the
presence of large amounts of ctenophore prey in the area. We
have no information on abundances of other ctenophore species
during or prior to our observations in November 2015. However
dense blooms of the lobate ctenophdelinopsis infundibulum
are common in coastal waters of northern Norway during spring
and summer until Augustfalkenhaug, 1996lt is thus likely that
the high biomass d8. cucumi#n Lyngenfjord had been sustained
by feeding on blooms d. infundibulumearlier in the season.

The fate of ctenophore populations during winter is scarcely
described in the literature and it is often believed that a
small number of individuals overwinter in the water column

; 3 ; . . .
FIGURE 14 | Number of Nanomia pneumatophores [Nosm °] as.determlned in sheltered areasCIosteIIo et al., 2006 Overwintering of
based on the theoretical depth dependent target strengthsTS) using the . .

- ) . . S ctenophores in deeper layers, close to the bottom, has preyiousl
hybrid damped model for three different sizes of siphonoph@ gas-inclusions : i X
with bubble radius 0.45, 0.50, and 0.55 mm. Computations bagd on bee'_'] rep_orted foB. ovataand Mertensia ovunin the Canadian
(A) 38 kHz and (B) 120 kHz. Arctic (Siferd and Conover, 19%2for B. cucumisn northern

Norway (Falkenhaug, 1996 and for Mnemiopsis leidyiin
Argentina (Costello and Mianzan, 2003To remain in deeper
waters below sill level may be an overwintering strategy of
ﬁeroespp. in high latitudes. In Malangen fjord (northern
Norway), B. cucumisperformed a seasonal vertical migration,
from distributions above 50 m in summer (May—July), to below

that both fjord basins were in uenced by the same type of wate
of outer coastal origin. The water masses in the North Noraeg
fjords in the Troms region are known to be tightly integratedh
and a ected by the Norwegian Coastal Current (NCC) and North .
Atlantic Current (NAC) (Falkenhaug et al., 1995; Svendsen, 199 00 m from September to ApriFalkenhaug, 1996The observed

Wassmann et al., 19pBoth abrupt exchange of waters massesa L?J‘;\?;:iing ?;’rggc duunr]iT Itgtee ?zﬁ g%b;:rlln svzfniztf rl;?;r;gin
and more subtle introductions of outer coastal water andpdee gent 9 y

water have been documented on multiple occasions during thkée explained by a combination of high local production in the

year in Balsfjorden Wassmann et al., 20§0despite a very surface water during summer and a seasonal vertical marati

. ) during autumn. This will lead to accumulations &. cucumis
shallow sill. In contrast, Lyngenfjord and Kveenangen, grero . . .
. . . . : - in the deeper basins where the advective losses are low. These
fijords with deep sills, situated in close proximity to the l§he

areas to the north. The shallow connections between these tv\kl)asms serve as overwintering refugia that seed populatiowtyr

fiords (cf. Figure 18 most likely limit the exchange of deep during the following productive seasof¢stello et al., 2006

and intermediate water masses between their basins. Howeve

Espeland et al. (201%ised nested ocean circulation models toThe Siphonophore Nanomia

show that surface water could be displaced north-eastwands f COIl sequences from specimens in the fouling material provided
Lyngenfjord through the narrow sounds between the two fgord a match withN. carasequences from GenBanK. cara(sensu
Similar hydrographic conditions in the upper 170 m of the Kirkpatrick and Pugh, 198/is a boreal North Atlantic species
water column (Supplementary Figures S3, S4, Results seatéon) &equently observed in the north east Atlantic, northern ido
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Sea, and Skagerrak, as well as in western Norwegian fjordgeasured Costello et al., 20)5Physonect colonies consist of
(Kirkpatrick and Pugh, 1984; Hosia and Bamstedt, 2008 a long stem with a gas lled pneumatophore at its apex and
To our knowledge, this is the rst report of a mass occurrencevarious specialized zooids arranged in a species-speci ¢ grann
of Nanomiasp. from Norwegian waters. However, information along it. Fully growrN. caracolonies have been reported to reach
from a retired local sherman (Jarle Mollan [age 83], Skjervg lengths in excess of 1 niRpgers et al., 1978; Mapstone, 2009
Troms, pers. comm.) suggests that at least one similar eveDue to their size and fragility, one would not normally expect
occurred during autumn/winter 1959/1960 in the currentdyu to catch identi able colonies danomiawith sh trawls and it
area. At that time, shrimp trawlers got their trawls severelywas also clear from examination of the fouling material tte
contaminated with a similar type of slime and had to cook thecolonies had lost most of their zooids. However, their lotenss
trawl nets twice with the onboard shrimp cooker before a newhad become entwined with the gear, resulting in the lamargo
haul could be made. They were nevertheless still able td catéouling mass.
shrimps, although a longer towing time was required. Mollan Information on the abundance of non-gelatinous zooplankton
also states that over the last 3-5 years, shermen have wix$er during the observed mass occurrence Ndinomiais lacking
increased amounts of the “round marble-like” hydromedusaend it is not known what the siphonophores had been feeding
(probably M. rotunda), and the “cucumber-like ctenophore” on. The zooplankton abundance in high latitudes follows a
(Beroesp.). strong seasonal pattern, with peak production restricted to a
Harmful blooms ofN. carahave been previously reported relatively short summer season. The observed mass-ocmase
from the Gulf of Maine in 1975-1976 and 1992-198®@ers, of Nanomiaoccurred after the main productive season when
1976a,b; Rogers et al., 1978; Mills, )99 the NE Atlantic, zooplankton abundances are generally low in upper waters.
abundant Nanomia sp. have been reported from ValenciaHowever, large abundances of dormant zooplankton are often
Harbour, Ireland, (a€upulita sarsjiin 1897-1898frowne etal., found below sill level in fjords during winter FHalkenhaug
1899, the Salcombe estuary, England, in 198@r(ill, 1930, et al., 1997r and the deep basins of fjords have been found
o Plymouth, England, in 1930Russell, 1933asStephanomia to hold local populations of overwinteringc. nmarchicus
bijugg), as well as from Bantry Bay, Ireland, in June 2014Baggien et al., 20D1This is especially true in advective
(Haberlin et al., 201%6 flords, where the zooplankton are supplied by advection
Further south on the West-Norwegian coast, most fjords(Matthews and Heimdal, 1980; Falkenhaug et al., J.9%he
appear to have year-round resident populations of Nanomia spyinter zooplankton community in north Norwegian fjords is
and it is also common in the coastal waters outside the fjorddlominated by large copepod€élanus nmarchicus, Metridia
as well as further o shore in the North East Atlantig\{liams  longa, Euchaetaspp.), euphausiids, and pelagic decapods
and Conway, 1981; Hosia et al., 2008; Licandro et al.,)2did  (Pasiphaea multidentat¢Hopkins et al., 1984; Falkenhaug et al.,
occurring all the way up to the Fram Strait (Hosia, unpublidhe 1997a,b; Pedersen et al., 2)Mhich are all potential prey of
data). The species could therefore potentially be presenten thsiphonophores.
Lyngenfjord-Kveenangen area year-round. Particularlyfalsle
local environmental conditions, including higher prey daaility ~ Acoustics
in the fjord basins compared to the shallower shelf area®hile the extent of observed fouling suggested the presence
to the north, possibly in combination with restricted veric of extraordinary numbers of physonect siphonophores,
migration by the siphonophores, limited exchange of deeprbasiunfortunately no quantitative physical samples were availabl
waters during the period of the bloom, and the preferencdor estimating abundances or distribution. However, physanec
of adult colonies to primarily reside in the deeper parts ofcolonies possess a gas- lled pneumatophore and it is considered
the fjord system, could have acted in concert and promote@n important source of acoustic scatterirggfham, 1963, 1966;
the accumulation and growth of colonies in the deep basins/Varren et al., 2001; Ben eld et al., 2003; Trevorrow et 8052
Additionally, shallow sills possibly prevented dispersalh&fse Lavery et al., 2007Acoustic data supported the presence of high
organisms to the inner part of the fjord system. The observedbundances of physonect siphonophores and abundant agalmid
distribution pattern could be maintained by the prevailing physonects were observed on video recordings made in the
currents, which favor seaward transport in the surface lapeid  area.
possibly weak in ow at intermediate depths. The observations The extreme backscattering values, ecorded in various
of identical acoustic structures in the deep depression an thpart of the Lyngenfjord and Kveenangen during October
northern shelf outside the fjord systerkigures 88 9C) could and November 2015 are comparable to the total integrated
be occurring in a similar way, by entrapment and enrichmentbackscatter of migrating herring observed south of the Lerfo
of colonies as these can vertically migrate to their preterrearea Zedel et al., 20Q3heir Figure 1). However, the frequency
deep-water habitat to either feed or seek shelter. response associated with these very dense registrations shows
Although relatively ubiquitous in Norwegian coastal water a peak at 38 kHzX 150 m) and much lower response at both
Nanomiais potentially underreported in plankton surveys, as1l8 and 120kHz. This is dierent from herring for which
the colonies tend to break apart in plankton nets, hinderingthe frequency response of typical schools peaks at 18 kHz
identi cation and enumerationNanomiaspp. may also be able and decreases with increasing frequency in the range 18-
to avoid slow moving plankton nets to a degré&drren et al., 200kHz (seeGorska et al., 2004; Korneliussen et al., 2009
2007, with escape swimming speeds of up t60mms 1  The nature of schooling herring (cfuse and Ona, 1996;
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Huse and Korneliussen, 2000; Zedel et al., 2003; KorneliussspecimensBarham (1963)eports on 50 pneumatophores of
et al., 200D is also quite dierent from what was observed Nanomia bijugahaving an average ESR 00.56 mm [our own
in Lyngen, and very few herring were caught in the trawlscomputation based on numbers Barham (1963)after 3 weeks
in the Lyngenfjord and Kveenangen area during the presentf xation in 10 % formalin.Warren et al. (2001jeported that
investigation. scattering levels of individual siphonophores measured pttde
The type of registrations visualized by the echosoundersyere consistent with scattering “from a gas inclusion with a
diuse but strong, and mostly concentrated below 150 mdiameter of about 1 mm” and measured similar pneumatophore
depth, was also unique. There was strong scattering at 38 kHzameters from animals captured by net tows in the upper 20m
close to the bottom during daytime, with indications of diel of the water column (N< 5). These diameters are not given,
vertical migration (DVM). The acoustic observations on 7nor is it explicitly stated whether they were measured alive
November 2015 were particularly strong, and evident also idlirectly upon retrieval, or after xation and storagéen eld et al.
the epipelagic zond~{gure 10. These recordings were aquired (2003) measured the pneumatophores of physonect siphonula
in the evening at 18:55-19:18 local time, after the sunset atarvae in situ using a Video Plankton Recorder (VPR), as
14:07, suggesting that part of thanomiapopulation migrated well as from preserved individuals caught with a MOCNESS
to shallower depths in the evening. A month earlier, dens@et sampling systemV{iebe et al., 1985 The diameter of
registrations close to the bottom, lifting o the bottom amqartly  siphonula pneumatophores ranged from 0.1-0.4 mm, with the
penetrating shallower depths during night, were also obskrve MOCNESS collected individuals showing somewhat elevated
although to a lesser degree. These observations suggest fiegjuencies of smaller diameter gas-inclusions, probably due
presence of a viabldlanomia population performing DVM. to post-collection loss of gas3éneld et al., 2008 [Note:
Nanomia spp. are considered diel vertical migratofgzckie, while (Ben eld et al., 2008suspected that the siphonulae they
1985; Robison et al., 1998; Hosia and Bamstedt, )2l imaged belonged to the genidanomiabased on the presence
during the 1993 bloom in Wilkinson Basin, large numbersof adultN. carain the waters of the Gulf of Maine during their
of colonies were also observed occupying the lower half afruise, the preserved siphonula depicted in their Figure 2d is
the water column by day and migrating toward the surfacean athorybia larva ofgalmasp.]. Notably, their data indicate
and spreading over the entire water column by nighil(s, that the diameter of the gas-lled pneumatophores did not
1995. appear to change much with depth in the upper 150 m of
The densest registrations during the current mass occueen the water column. Siphonophores are believed to be able to
were associated with the deepest part of the fjord basinmaintain the diameter of their pneumatophore by secreting or
and shallow sills appeared to act as barriers to dispersabsorbing carbon monoxide ga#léckie et al., 1987 which
(cf. Figure 9B). This t well with what is known about the also seems to apply for the siphonula larv&zi{ eld et al.,
vertical distribution of Nanomia from previous observations. 2003. The pneumatophores in the gend&nomiaalso possess
Aggregations ofN. cara close to the bottom have been an apical pore through which carbon monoxide can be released
observed in western Norwegian fjords §00-700m deep), (Pickwell etal., 1964
as well as in the Gulf of MaineMills, 1995; Hosia and
Bamstedt, 2008 Fjord sills can promote the retention of . . L. .
zooplankton in the fiord basins and in western NorwegianDensities and Vertical Distribution of
fiords physonect siphonophores, most likelianomia, Nanomia Colonies
have been observed to have the weighted mean depth ®he estimated density dfanomiacolonies based on the acoustic
their distributions below sill depth Hosia and Bamstedt, data in the current study Rigure 10 and map therein), was

2009. 0.2 to 1.0 coloniem 2 at 25-265m depth, and up to 18—
) ) 20 coloniesn 2 in the deepest part of the water column at
Size of Gas-Inclusions 320m depth, slightly depending on the frequency used for

There is in general sparse information available on the exathese computations. These numbers are comparable to previous
size ofNanomiaspp. pneumatophores. The few measurementsbservations orNanomia densities. November density d.
made during this study suggest a gas-inclusion ESR in thgeranbijuga in Glacier Bay, Knight Inlet, Canada was estimated
0.34-0.56 mm, the largest one being the pneumatophore thas 0.13 colonies 3 in a scattering layer around 30-65m
was photographed within 3 weeks of collection on 23 Octobedepth using a BIONESS net sampling systé@megorrow et al.,
2015 Figure 5. However, since most of the material was stored2005. An independent estimate based on an acoustic-statistical
in formalin for a year prior to measurement and many of thetechnique dubbed “critical density analysis” gave a verylaim
pneumatophores were at this point clearly de ated, we suspeestimate of 0.14 colonies 2 (Trevorrow et al., 2005 N.
these measurements are in the lower range of the actual sizeifuiga abundances with a mean of 0.05 coloniesn 2 (up
presentin situ. The theoretical considerations based on theo 1 colonym 3) were estimated from ROV video recordings
full modal series solution Anderson, 195p and the hybrid made in Monterey BayRobison et al., 1998However, these
damped scattering models suggest that gas inclusion radius densities are considerably lower than the 1-10 colomied

the range 0.45-0.55mm is in reasonable agreement with thestimated acoustically fod. carain the Gulf of Maine (Varren
acoustic data recordeih situ. Most existing measurements of et al., 2001; Beneld et al., 2003Similarly, in the Gulf of
pneumatophores have also been danesituafter retrieval of Maine, earlier submersible observations made dufitagnomia
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blooms have suggested densities of 1-8 colamiey with Post-cruise Observations and Fate of the
the densest concentrations often occurring between 3 anSiphonophore Bloom

45m above the bottom at 120-180rqgers et al., 198 considering the predatory impact oBeroe and Nanomia
Densities of 9.8 colonien * based on net sampling were on their respective prey, it is questionable whether the
recorded from Bantry Bay, Ireland, in June 2014aberlin  populations would be able to maintain the high biomasses
et al., 201% The highest reported densities come from thegpserved over winter. While many jellies are resistant to
Gulf of Maine in September 1993, where 50-100 colomie3  starvation and capable of shrinking during limited nutritio
were reported congregating in the 20m above the bottom &poq limitation may be a factor contributing to the eventual
270 m (Vills, 1995. This kind of swarming may be behavioral, collapse of gelatinous zooplankton bloonit( et al., 201}
resulting from siphonophores altering their swimming in The gelatinous biomass may also end up consumed by pelagic
response to prey concentrations (pers. com. BiggRamers, predators or, ultimately, benthic scavengers. Gelatinansasses
19763. sinking to the seaoor may be rapidly eaterSyeetman

It is realized that di erences in colony size may impact thegt g 201} and can also contribute to increased oxygen
overall size distribution of pneumatophores and represent agemand and altered nutrient dynamics in the sediment
uncertainty regarding the density of colonies estimateuaffithe (West et al., 2009
acoustic data during the current investigations. Backeced Since numerous vigorously swimming colonies were observed
intensity also originates from organisms with gas-ina@usi  on the video recordings on 9 November, there is reason tebeli
that deviate somewhat from the expected size range 0.4%mat theN. carapopulation was still alive toward the end of the
0.55mm radius (cfBarham, 1963sections Acoustic Scattering gpservation period. On the night between 26/27 November, at
Models, Siphonophore Gas-Inclusion Target Strengths anghe start of the polar night, RV Helmer Hanssen revisited the
Abundance and Size of Gas-Inclusions), and even some smallgea brie y. No quantitative acoustic data were recordeat, b
gas-inclusions might be resonant in the shallower regiohs asome screen-dumps of the EK60/ER60 echosounder main screen
the water column (cf.Figures 12 13). While no systematic \yere obtained during a pass through the area, which occurred
measurements on change in pneumatophore size during growtfround midnight Eigure 15. Very dense acoustic registrations
and development exist, it is clear that there is an increase ifyere observed close to the bottom and the strong acoustic
size from the rudimentary pneumatophore developed withingyer appeared limited to below 100 m depth, with very little
days of fertilization to the pneumatophores of mature colsnie packscatter at shallower depths. This vertical distributioars
and that pneumatophore size may continue to increase Withom that observed 20 days earlier on 7 November, and sugigest
growth of the colony. We know very little about the reprodweti  |ess DVM activity by the siphonophore population.
cycles ofNanomiain subarctic waters and how the population  The Lyngen area was visited again in December 2015 by
developed more than a month into the bloom. While there iSsRy johan Ruud undertaking shrimp trawl experiments, and
no evidence that siphonula larvae were present in the Lyngeedback from the cruise participants suggests there wese les
area during the period covered by these investigations, th@jjies registered in the trawl samples and by the echosounder
GoPro video recordings suggest the presence of slightighari compared to the situation in November. Nevertheless, some
colony sizes. However, it is believed that siphonophores withshermen in Lyngen continued to report on problems with red
gas-inclusions  0.30mm radius were not abundant during sjime on their shing gear and that sh normally present had
the latter part of the bloom, for which the above referrednot returned to the “contaminated” areas in January 2016. We
densities were computed. It is noted that at maximum depthynow of no further reports of the fouling slime from later in

of the GoPro recordings (265m, ckigure7), there were 2016 and no blooms were reported during autumn-winter of that
maximally observed 1-3 colonies in the eld of view of theyeay,

GoPro camera (distance between upper and lower CTD frame
equals 82.5cm). This would be close to an observed volume
of 1 md, if extended to three dimensions, hence very clos€otential Consequences
to the densities computed by the acoustic method at thidarge accumulations of gelatinous zooplankton in the fjords/
depth. have negative impacts on both sheries and aquaculture, hed t
Mixed sizes oN. caracolonies ranging in length from 0.2 to mass occurrence of siphonophores did indeed have consequences
3.7 m were also observed in June 1976 in the Gulf of Maine, witfor local shermen that depend on the local fjord stocks of sh
the largest colonies having over 200 feeding polyps (gasiidg and shrimps. The heavy fouling of shing gear, loss of shing
and 30—40 swimming bells (nectophore§ogers et al., 19Y8 opportunities, and possibly the avoidance of contaminatedsarea
In high density locations, colonies of varying sizes weterof by sh, all represent income loss. The 19%5carabloom in the
present, while in more peripheral low-density areas colonie§ulf of Maine was reported to foul shing gear and even clog
were generally smaller, 20 to 40cm in lengthoQers et al., trawlnets, with the estimated losses to the shing industsyhigh
1979. The vertical distribution of the colonies also changethwi as $300 000fogers, 19768)While we are currently not aware
size, with smaller colonies found higher in the water columnof Nanomiaspp. having interfered with aquaculture in the sense
than the larger onesBen eld et al. (2003jlso observed adult of having adverse e ects or lead to increased mortality omizdl
colonies co-occurring with the siphonula larvae, but in much sh, other siphonophores including\polemia uvaria Bamstedt
lower densities. et al., 1998 and Muggiaea atlanticchave been implicated in
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FIGURE 15 | Upper part: Pelagic 38 kHz screendump echogram (Simrad EK6GER6E0 system, www.simrad.com/ek60) from the outer part of Lpgen during midnight
26/27 November 2015 (23:15:58-23:28:30 UTC). Lower part: Bétom channel 38 kHz echogram, 0-20 m above the bottom.

killing farmed sh (Fossa et al., 20pand causing considerable farmed sh in the region, but overlap between sh farms
economic losses, together with a number of other cnidarianand siphonophores might not have been high given how the
and even ctenophores (cfucas et al., 2014; Halsband et al.,sh farms were located, and no farmed sh mortality due to
2017. Aquaculture activity, e.g. salmon farming, is incregsin jellies has been reported. The anomalous conditions reported
in the north Norwegian fjords and several places there are alshere lasted for about 5 months and certainly resulted in
importantlocal sheries for northern shrimpRandalus borealis income loss for local communities along the fjords, althloug
cod (Gadus morhughaddock Melanogrammus aegle nugnd we do not know if such losses have been quantied. It is
saithe Pollachius virensn the region. not inconceivable that abundamManomiaspp. also could have

In the Lyngenfjord-Kveenangen area a total of around 12adverse e ects on exposed wild sh, but we know of no such
salmon production sites had live salmonids in their pens (careports yet.
26,000 tons), at the time of this bloom (Otto Andreassen, pers Itis also known that ctenophore blooms have caused losses to
comm., Directorate of Fisheries, Norway). The majorityarfiis  aquaculture (reviewed inucas et al., 20)4but in these northern
were situated in the shallows between the island separatingorwegian fjords we know of no reports of ctenophore blooms
Lyngenfjord and Kveaenangen, or in shallow fringe areas awathat have caused problems for sh farms or commercial shing
from the basins where the density of siphonophores weractivity.
high. With the current estimates of siphonophore abundances, The combined predatory impact of large numbers of
particularly in the epipelagic zone, we can conclude thagelatinous predators on the natural zooplankton community ca
the bloom reported here had little to no direct e ect on be considerable. The trophic impactshdinomiaand Beroeare,
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however, likely to be rather di erent: Whiltlanomiaspp. feed change over time. An improved understanding of potentially
primarily on crustacean zooplankton including copepods ancharmful gelatinous zooplankton blooms and their e ects on

euphausiidsiurcell, 1981, 1997; Robison et al., ))9B&éroespp. local ecosystems is important for future management and
are assumed to feed largely on other ctenophores (reviewed development of mitigation measures to minimize ecosystem,
Purcell, 1991, 199/Nanomiamay thus be in direct competition aquaculture, and sheries impact.

with sh for the food resources, while the presenceBafroespp.

could theoretically even serve to reduce predation pressaore ETHICS STATEMENT

crustacean zooplankton through trophic cascading.

. The Institute of Marine Research (IMR) fully adheres to
Concluding Remarks Norwegian and European laws and regulations relevant tacthi
Most jelly sh blooms are ephemeral in nature. The rapidjn Science as well as Animal Welfare. The eld work on which
population expansions leading to a bloom depend on a seriagjs study is based, was carried out within the Norwegiamaaii
of advantageous events, of which food availability, swéees \yelfare act guidelines, in accordance with the Animal Welfa
reproduction and high survival rate of the younger stagesfidta  act of 20th December 1974, amended 19th June 2009. Under
individuals or colonies are crucial. Environmental comaliis  these laws and regulations there are currently no requirgme
including ambient temperature, oxygen levels, and currentgy an ethical approval of eld investigations as described an
are additional factors important in determining bloom susse reported in the current manuscript. The legal and institutign

dispersal, and longevity. For the species with a benthic staggamework within which IMR operate is detailed ifECD(2012
such as the observed. rotunda the conditions experienced by pgyt iy, Chapter 21:373-398).

the polyps or hydroids may be signi cant in determining the
magnitude of medusa productio®pero et al., 2008The bloom
of the holopelagic physonect siphonophdf@nomiasp. reported

herein, appears to be of local origin. Alocal sher_man repoiséd TK: conceived the idea to have the story disclosed, analymed t
a very similar event that occurred60 years ago in the Lyngen- .
data, wrote the paper, prepared the gures/tables, and reviewed

Kveenangen area, and there are also similar reports from othe, ) ) - : . )
. - rafts of the paper; AH: contributed to analysis of biological
parts of the Northern Atlantic (cfRogers, 197§aThe scarcity of . : . .
material and photos as well as interpretation of genetic result

these reports suggests that such events may be rare, oraEesa“wrote, and reviewed drafts of the paper. TF: contributed text

rarel rv r repor n. .
arely observed or reported o o n the ctenophore Beroe and other zooplankton in North
The current work demonstrates severe contamination o . ) . ) )
. : . . orwegian fjords and reviewed drafts of the paper; RS-M: was
various types of shing gear, particularly by the siphonophores . . .
leading to areatly reduced shing e ciency. but it is also misle responsible for the genetic analyses, wrote, and reviewedtisdr
glog y 9 Y, ' of the paper; PW: contributed on the application of the acoustic

thatwild sh mlgrated away from the areas with h'gheStde backscattering models, wrote, and reviewed drafts of the paper
of these organisms. Increased mortality of farmed sh in the

Lyngenfjord-Kvaenangen area was not reported during the plerioAA’ RL, and EB: were responsible for the eld work; scrutinized

of these investigations. One reason could be low overlapdssiw the acoustlc_ data onboarql the_vessel, ac_quwed the photdnepw
. . . ; . documentation and the biological material for genetic gsak,
farm locations and high density siphonophore areas, inclgdin

. . .analyzed the trawl catches, and reviewed drafts of the papler. Al
the tendency of the S|phonoph0res tq be particularly abundant authors have agreed to be listed and have approved the subdmitte
the deeper part of the outer fjord basins.

In this investigation, the acoustics proved to be a valuablge"='on of the manuscript.
technique to track the abundance and distribution of physzine
siphonophores, when these organisms were the dominaftUNDING
scatterers in the water column. They are the only gelatinous o _ )
zooplankton species with a gas-inclusion that allows them td he work was funded by the Ministry of Fisheries and Coastal
stand out acoustically at the frequencies used in the carrerf* @irs through the Institute of Marine Research (IMR), while the
work. For non-physonect siphonophores, hydromedusaé?eseamh Council of Norway (RCN) is thanked for the nancial
scyphomedusae, and ctenophores, their acoustic backsogtterSUpport through the project The Arctic Ocean Ecosystem—
is much less e cient. The combination of di erent approaches (SI_ARCTIC, RCN 228896). The funders had no role in study
including genetics, trawling, traditional taxonomic anseg, design, data collection, and analysis, decision to publish, o
and shers information on the species responsible for thd" Preparation of the manuscript. AH was supported by the
gelatinous blooms, enabled documentation of bloom timinga NOrwegian Taxonony Initiative (NTI 70184233) and ForBio
duration, and possible over-wintering areas for ctenophprediesearch School funding (RCN 248799 and NTI 70184215).
but particularly the physonect siphonophoe. carain the
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