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Abstract
In recent years, jellyfish as important members of the zooplankton community and
formation of jellyfish blooms have been the subject of several studies in different parts
of the world. Few earlier studies have been done in Icelandic waters in the 1930’s and
40’s, but apart from them, little was known about scyphozoans in Icelandic waters prior
to this study.
In the summer of 2007 research project started with the aim to learn more about
the ecology and distribution of jellyfish around Iceland. During 2007 sampling was
carried out in four areas, i.e. in Southwest, Northwest, North and East Iceland
(Hvalfjörður, Álftafjörður, Eyjafjörður and Mjóifjörður), and in 2008 two fjords in the
northwest were added (Patreksfjörður and Tálknafjörður). In each area plankton hauls
were taken with Bongo nets at several stations approximately monthly from late spring
to early autumn (May – September). All gelatinous zooplankton (hydrozoans,
scyphozoans and ctenophores) were identified to species in the samples taken in
Patreksfjörður and Tálknafjörður. Only scyphozoans were indentified in the samples
taken in the other areas.
A total of 11 taxa of hydromedusae were collected in Patreksfjörður and
Tálknafjörður, one ctenophore species and two species of scyphozoans. Highest species
richness was observed in June (12 species) whereas Shannon’s index of diversity was
highest in early May (~1.5). The most common species was Clytia sp.
Two species of scyphozoans were abundant, i.e. Aurelia aurita and C. capillata.
Fewer scyphozoans were collected in 2007 than in 2008. This was especially evident for
A. aurita, being very abundant in all areas in 2008 but was only found in low numbers in
2007. The highest abundances of A. aurita were observed in September 2008 in
Eyjafjörður North Iceland (~120 individuals/1000 m3) whereas the highest abundances
of C. capillata were observed in May 2008 in Álftafjörður Northwest Iceland (~17
individuals/1000 m3).
The size range of A. aurita was different between the areas. A. aurita collected
in the Westfjords, Northwest Iceland, were generally smaller than A. aurita collected in
Hvalfjörður, Southwest Iceland, and in Eyjafjörður, North Iceland.
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The main distribution of C. capillata in Icelandic waters has shifted northwards
along the west coast to the Westfjords from what was seen in the 1930’s and 40’s.
Furthermore both C. capillata and A. aurita seem to appear earlier in the water column
than in the first half of the twentieth century.
Changes in Icelandic waters associated with a period of warming since 1996 are
likely to have shaped the distribution of the jellyfish. Other factors that are likely to
affect the distribution and abundance of jellyfish are predation, competition, and
additionally life conditions of the sessile polyp stage (formations of podocysts, etc.).
The Westfjords may act as an important breeding ground for C. capillata in
Icelandic coastal waters. From there the animals may be advected with coastal currents
and the North Icelandic Irminger Current eastwards along the north coast of Iceland. The
amount of C. capillata ephyrae collected in spring is not a good indicator of the number
of adults in late summer.

v

Ágrip
Á nálægum hafsvæðum virðist fjöldi marglyttna og marglyttutorfa hafa verið að aukast
nokkuð undanfarin ár samhliða hlýnun sjávar. Þessir atburður og aukinn skilningur
manna á mikilvægi marglyttna í samfélögum uppsjávarins hefur orðið tilefni aukinna
rannsókna á marglyttum á nálægum hafsvæðum. Fyrri rannsóknir á marglyttum hér við
land fóru fram á árunum milli 1930 og 1940. Því er ljóst að þekking á marglyttum hér
við land er komin til ára sinna og þörf á nýjum upplýsingum um líffræði og útbreiðslu
þeirra.
Sumarið 2007 hófust rannsóknir á líffræði marglyttna við Ísland. Tekin voru sýni
á fjórum svæðum við landið, þ.e. í Hvalfirði, í Álftafirði í Ísafjarðardjúpi, í Eyjafirði og í
Mjóafirði á Austfjörðum. Árið 2008 var síðan Patreksfirði og Tálknafirði bætt við.
Svifsýni voru tekin með Bongóháfi á nokkrum stöðvum í hverjum firði mánaðarlega frá
maí til september. Allt hlaupkennt dýrasvif (marglyttur, smáhveljur (hydrozoa) og
kambhveljur) var greint til tegunda úr sýnum sem tekin voru í Patreksfirði og
Tálknafirði. Frá hinum svæðunum voru einungis marglyttur greindar. Þvermál allra
heillegra marglytta var mælt.
Árið 2008 fundust ellefu tegundir af smáhveljum (Hydrozoa) í Patreksfirði og
Tálknafirði, ein kambhveljutegund (Ctenophora) og tvær tegundir af marglyttum
(Scyphozoa) en þessir hópar eru stór hluti þess sem kallað er „hlaupkennt dýrasvif”.
Tegundafjöldi var mestur í júní (12 tegundir), en Shannon’s H’ fjölbreytileikastuðullinn
var hæstur snemma í maí (~1.5). Algengasta tegundin reyndist vera Clytia sp.
Tvær tegundir af marglyttum reyndust algengar, þ.e. bláglytta (Aurelia aurita) og
brennihvelja (C. capillata). Mun færri marglyttur veiddust árið 2007 en árið 2008, og á
það sérstaklega við um bláglyttu (A. aurita), sem var mjög algeng á flestum svæðum
árið 2008, en aðeins fáein eintök fundust árið á undan. Flestar bláglyttur veiddust í
september árið 2008 í Eyjafirði (~120 einstaklingar/1000 m3). Mest veiddist hinsvegar af
brennihvelju í maí 2008 í Álftafirði (~17 einstaklingar/1000 m3).
Árið 2008 var stærðardreifing bláglyttna mismunandi á milli svæða og voru
bláglyttur á Vestfjörðum (Álftafjörður, Patreksfjörður og Tálknafjörður) minni en
bláglyttur í Hvalfirði og í Eyjafirði.
vi

Útbreiðsla brennihvelju við landið hefur breyst frá þeim tíma þegar
kerfisbundnar rannsóknir voru síðast gerðar við landið á fjórða og fimmta áratug síðustu
aldar. Megin útbreiðslusvæði brennihvelju hefur færst norðar og bæði bláglytta og
brennihvelja taka að birtast fyrr á vorin. Ekki er ljóst hvað veldur þessari breytingu, en
breytingar í hafinu umhverfis landið tengdar hlýindatímabili sem hefur staðið yfir frá því
um 1996 eru líklegar til að hafa áhrif á magn og útbreiðslu marglyttna við Ísland. Aðrir
þættir sem geta einnig haft áhrif á magn og útbreiðslu marglyttna eru m.a. afrán,
samkeppni og ástand botnlæga dvalarstigs marglyttnanna, þ.e. sepans.
Niðurstöður rannsóknarinnar benda til, að Vestfirðir séu uppeldisstöðvar fyrir
brennihvelju við landið og að þaðan dreifast ungar hveljur með strandstraumnum og
hlýsjónum norður og vestur með landinu. Hins vegar er magn af lirfum brennihveljunnar
að vori ekki góð vísbending um þéttleika fullorðna hvelja að sumarlagi.
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Introduction
Gelatinous zooplankton, consists of pelagic cnidarians (scyphozoans and hydrozoans)
and ctenophores while salps (pelagic tunicates) and chaetognaths are also sometimes
included (Hosia 2007). Members of this group are efficient predators that can have
significant effects on the pelagic community when in high abundances. They are known
to have short generation times, rapid growth and ability to exploit high concentrations of
prey effectively (Hosia 2007).
Gelatinous zooplankton has been fairly extensively studied in the North Atlantic.
Recent studies include Hosia (2007) and Hosia and Båmstedt (2007) from western
Norway and Ballard and Myers (2008) from Irish waters. Several studies have also been
done in polar waters, both the Arctic (e.g. Raskoff et al. 2005) and the Pacific subarctic
(e.g. Nishikawa et al. 2001). However, little is still known about distribution and
ecology of gelatinous zooplankton in Icelandic sub-arctic coastal waters apart from the
earlier studies by Kramp (1938, 1939) and Jespersen (1940). Several authors have
reported on the species composition, occurrence and distribution of the benthic polyp
stages of the hydrozoans (Cnidaria) in Icelandic waters (Kramp 1938, 1959, Ólafsson
1975, Schuchert 2000, 2001).
Scyphozoans are a small class, with around 200 species known within five
orders, i.e. Cubomedusae (box jellies), Coronatae, Stauromedusae (stalked jellyfish),
Semaeostomeae and Rhizostomeae (Russel 1970).
Six species have been recorded in Icelandic waters (Kramp 1939). Three of the
order Semaeostomeae, i.e. Cyanea capillata (Linnaeus, 1758), Cyanea lamarckii (Péron
and Lesuer, 1809) and Aurelia aurita (Linnaeus, 1758), and Periphylla periphylla
(Péron and Lesueur, 1809) from the order Coronatae. Additionally two species of the
order Stauromedusae, Haliclystus octoradiatus (Lamarck, 1816) and Halimocyathus
lagena (Müller, 1776) have been reported. It is likely that Atolla parva (Russel, 1958)
(order Coronatae) occurs deep in Icelandic waters, as specimens of Atolla sp. have been
found in the BIOICE (Benthic invertebrates in Icelandic waters) project (own
unpublished observation).
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Earlier works of Kramp (1939), Jespersen (1940) and Sæmundsson (1942)
indicate that both C. capillata and A. aurita are generally common all around Iceland
though their occurrence in different areas is dependent on seasons and prevailing
currents. C. lamarckii is described as having occasional occurrence while P. periphylla
is reported from deep offshore waters, mostly in the south and southwest (Kramp 1939,
Sæmundsson 1942).
Jespersen (1940) studied the abundance and distribution of zooplankton around
Iceland and described the distribution of both C. capillata and A. aurita in Icelandic
coastal waters. He stated that both species first appeared off the west coast in June and
then gradually spread around the whole north coast and some ever off the east coast
during the following months. According to Jespersen (1940) C. capillata was rare in
June, especially in the north, but the first occurrences were west of the country and south
off the Westfjords. By the end of July it appeared in high numbers in the north and
northwest and finally off East Iceland in August. Based on these observations, Jespersen
(1940) concluded that C. capillata is primarily an inhabitant of the coastal water with the
greatest abundance in the fjords and in the vicinity of the coast with numbers generally
decreasing towards offshore waters. A. aurita had a similar coastal distribution and was
rarely found above deeper water (Jespersen 1940). It appeared off the west coast in June
and gradually spread north and east during the subsequent months. The species was not
observed in Icelandic waters in April and May although a number of investigations were
made in these months (1903, 1904, 1905 and 1934). The two species did not occur off
the south coast in significant abundances, probably due to the nature of the coastline,
which is sandy and without hard bottom substrata were the polyps can grow (Jespersen
1940).
A. aurita has a global distribution, and is common between 70°N and 40°S both
in the Atlantic and the Pacific. It occurs off all coasts of Europe as far north as Lofoten
in Norway and the White Sea and Barents Sea, all around the North American Atlantic
coast, the Mediterranean, in the Black Sea, Sea of Azov as well in the Indian Ocean and
most of the Pacific (Russel 1970). The ecology of the species has been studied
extensively, and it has even been regarded as “the most studied jellyfish in the world”
(Gröndahl 1988a, Gröndahl 1988b, Båmstedt et al. 1999, Purcell et al. 2000, Båmstedt et
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al. 2001, Dawson 2003, Barz and Hirche 2005, Hansson 2006). Adults feed on various
species of plankton and often occur in great numbers in bays and inlets where they may
reduce zooplankton and ichthyoplankton densities and change zooplankton species
composition (Purcell et al. 2000, Purcel and Sturdevant 2001). Large quantities
combined with efficient prey capturing abilities make the species able to restructure food
webs, by predation, that they dominate periodically (Russel 1970, Purcell et al. 2000,
Colin and Kremer 2002).
C. capillata is common in the North Atlantic and the North Pacific, and also in
the southern North Sea and in the Skagerrak and Kattegat and occurs regularly in the
western half of the Baltic. It is also abundant off the coast of Hokkaido, Japan, where it
is usually associated with cold currents (Russel 1970). Recent genetic and
morphological analyses have, however, shown that C. capillata occurring around
Australia and Tasmania is in fact a different Cyanea species (Dawson 2005). Its
distribution, abundance, growth and reproduction have been studied in several areas
(Brewer 1989, Berstad et al. 1995, Costello and Colin 1995, Colin and Kremer 2002,
Barz and Hirche 2007, Doyle et al. 2007). It is very likely that C. capillata may have a
significant effect on food web dynamics in coastal waters where it could even affect fish
stocks by predation on small fish larvae like herring (Purcell et al. 1987, Brewer 1989,
Martinussen and Båmstedt 1999, Colin and Kremer 2002, Purcell 2003, Lynam et al.
2005, Barz and Hirche 2007, Holst and Jarms 2007). Young gadoid fish larvae may use
adult C. capillata medusae as shelter and thus increasing their survival rates in the
waters around Alaska (van Hyning and Cooney 1974, Purcell et al. 2000), in the North
Sea, the North-Atlantic (Russel 1970) and in the waters around Iceland (own
unpublished observation).
The life cycles of A. aurita and C. capillata are similar. In autumn adult A. aurita
medusae release eggs, planula larvae hatch from the eggs and search for suitable settling
substrate on the bottom. The eggs of C. capillata hatch, however, in the gonads and are
released as planulae. The settled planula larvae develop into scyphistoma polyps that
later develop into strobila that release young medusae (ephyrae) which quickly grow to
adult medusae. The scyphistomae can live for several years and can go through several
seasonal rounds of strobilation (Brewer 1976, Gröndahl 1988a). The scyphistomae can
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produce podocysts that are important stage which the benthic polyp stage produces
asexually under harsh conditions. The excystment of the podocysts then occurs when
conditions have improved (Arai 2009). Most other jellyfish in the order Semaeostomeae
have similar life cycles as described above but open-ocean species like P. periphylla and
A. parwa usually skip the benthic polyp stages (Russel 1970).
Several recent studies show substantial increase in number of jellyfish swarms
worldwide, which may be related to overfishing, changes in ecosystems or global
climate change (Brodeur et al. 1999, Purcell 2003, Purcell et al. 2007, Gibbons and
Richardson 2009, Hamner and Dawson 2009). Recently it has also been noted that
podocysts, which are produced by some scyphozoans (e.g. A. aurita, C. capillata and C.
lamarckii) during their asexual reproduction at the polyp stages, may have substantial
effect on the formation of scyphozoan blooms (Arai 2009).
Pelagia noctiluca (Forsskål, 1775) swarms in the Mediterranean have caused
severe problems in tourist resorts and beaches and Sanderia malayensis (Goette, 1886)
bloom in the Yangtze estuary in 2004 caused difficulties for the large fishery industry in
the region (Graham et al. 2001, Doyle et al. 2007). In areas with heavy commercial
fishing, jellyfish blooms may represent a serious problem. Thus in the Bering Sea
(Brodeur et al. 2002) and the Benguela Current system, jellyfish now dominate the
ecosystem after years of overfishing (Lynam et al. 2002). Jellyfish blooms have also
caused problems in power- and desalination plants in Asia, especially in Japan, by
clogging up seawater intakes causing power failures or even shutdowns (Purcell et al.
2007). Decomposing jellyfish from swarms can also substantially affect benthic
communities and cause hypoxia or eutrophication (West et al. 2009).
Some jellyfish species, mostly in the order Rhizostomeae, are caught and used
for human consumption in Asia, especially China (Hsieh et al. 2001). Some species, e.g.
Rhopilema esculentum (Kishinouye, 1891) are being cultured to meet the demand of
growing market (You et al. 2007).
In the North Atlantic, jellyfish blooms have mostly caused problems in
aquaculture, especially salmon culture, by wounding the fish in the sea cage farms. In
1994 salmon and trout were killed in culture in Brittany, France, by P. noctuluga, and in
1996 thousands of salmon were killed by C. capillata in Loch Fyne, Scotland. Solmaris
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corona (Keferstein and Ehlers, 1861) and other Hydromedusae (including Phialidium
sp., Catablema vesicarium (Agassiz, 1862) and Leuckartiara octona (Fleming, 1823))
killed salmon in large numbers in Shetland in 1997, and around the Isle of Lewis 11
incidents were reported in August 2001 and 2002, with estimated loss around 5 million
GBP. West off Norway in 1997 and 1998 the siphonophore Apolemia uvaria (Leseuer,
1815) killed 600 tons of salmon in sea pens (Purcell et al. 2007).
Off East Iceland, jellyfish have caused problems in salmon aquaculture, most
likely because of jellyfish combined with wind and currents contributing to the
advections of jellyfish towards the salmon cages. In late August/early September 2001,
2002 and 2006, C. capillata caused severe damage in salmon sea cage farm in
Mjóifjörður, East Iceland. The damage was particularly serious in 2006 when around
1000 tons of salmon were killed or had to be slaughtered prematurely due to mass death
or wounds of salmon because of the jellyfish. In 2004 a special fence was put up in the
sea cage farm in Mjóifjörður in order to protect the cages, but in 2006 it failed to stop a
swarm (Gunnarsson et al. 2007). In autumn, the jellyfish may get quite large (>50 cm in
diameter) with long tentacles that can be over 10 meters in length covered in cnidocysts
that inject toxin into prey (Helmholz et al. 2007). In conditions with strong currents like
tidal currents (~40 m/s) combined with winds, swarms of jellyfish may hit the sea cages
and break into parts on colliding with the nets. Bits and tentacles from the jellyfish may
then hit the fish and cause wounds or even instant death. The wounds make the fish
more vulnerable for infections that often cause death.
With this background it is very important to get an up to date knowledge of the
distribution and quantities of scyphozoans in Icelandic waters since it is very likely that
changes have taken place within the jellyfish fauna around Iceland.
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Objectives
The main objectives of this study were to examine the seasonal and spatial variability in
abundance and distribution of the scyphozoans Aurelia aurita and Cyanea capillata in
Icelandic waters.
Sub-objectives were to study the variability between abundance and distribution
of scyphozoans between the years of the study, and seasonal changes of the gelatinous
zooplankton community in an Icelandic subarctic fjord from April to September.
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Materials and methods

Sampling areas
Iceland is located at border of the North Atlantic proper and the Nordic Seas (Greenland,
Iceland and the Norwegian Seas). Modified North Atlantic Waters (MNAW; 7.0–8.5°C,
salinity 35.10–35.30) reaches Iceland at the south and southeast coasts and flows
clockwise around the country. On the way the MNAW water mass mixes with water
masses from the North and Modified East Icelandic Water (MEIW; 1–3°C, salinity
34.70–34.90) characterizes some the areas north and east of Iceland. The coastal currents
are characterized by Coastal Water (CW; 5–12°C, salinity <34.50) (Malmberg and
Valdimarsson 2003). Accordingly, there is a fairly strong thermal gradient in Icelandic
water (see Ingólfsson 1996).
Samples were collected in four areas around Iceland in the summer of 2007 and
in five areas in the summer of 2008 (Figs 1 and 2, Table 1). The fjords used for sampling
were: Patreksfjörður and Tálknafjörður (Northwest Iceland), Álftafjörður (Northwest
Iceland), Eyjafjörður (North Iceland), Mjóifjörður (East Iceland) and Hvalfjörður
(Southwest Iceland) (Figs 1 and 2). Due to logistics, the most complete sampling series
was obtained in Eyjafjörður, Patreksfjörður and Tálknafjörður, but for comparison and
information on spatial variability, sampling was carried out in the other areas when
possible. For detailed location of sampling stations see Appendix 2.
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Table 1. Summary of sampling, x denotes that sampling was carried out
2007
Location:

Jul. Aug. Sept.

Patreksfjörður/ -

2008
Mar.

Apr.

May

Jun Jul

Aug. Sept. Oct.

-

-

-

x

x

x

x

x

x

-

Tálknafjörður
Álftafjörður

x

x

-

-

-

x

-

x

x

-

x

Eyjafjörður

x

x

x

-

-

x

x

x

x

x

-

Mjóifjörður

x

x

-

-

-

-

-

-

x

x

-

Hvalfjörður

x

x

-

x

-

-

-

x

x

-

-

The fjords differ in their lengths, but their depths are fairly similar.
Patreksfjörður (Fig. 2) is the southernmost fjord of the Westfjords, ~18 km in length, ~5
km in maximum width and with a maximum depth of ~70 meters. Tálknafjörður is the
next fjord north of Patreksfjörður, ~14 km in length, ~4 km wide with maximum depth
of ~60 meters. Due to the proximity and similarities of those two fjords the data from
them are grouped together for the present analysis.
Álftafjörður (Fig. 2) is further north from the previous fjords, being ~13 km in
length, 2.6 km in width and with the maximum depth of ~60 meters.
Eyjafjörður (Fig. 2) is a large fjord in the north of Iceland. The fjord is ~60 km in
length, ~17 km in width and has a maximum depth of ~120 meters. Due to size of this
fjord it was often impossible to sample at all stations in the fjord due to weather and sea
conditions.
Mjóifjörður (Fig. 2) is a narrow fjord in East Iceland, ~17 km in length, ~3 km
where it is widest and with a maximum depth of ~98 meters.
Hvalfjörður (Fig. 2) is a long but relatively narrow fjord, ~30 km in length, ~5
km in width and with maximum depth ~80 meters, located in the southwest of Iceland.
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Figure 1. Map of Iceland, showing the sampling fjords, which are indicated with stars.
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A

B

D

C

E

Figure 2. The sampling areas, showing all sampling stations which are indicated with
black dots. A = Patreksfjörður and Tálknafjörður Northwest Iceland, B = Álftafjörður
Northwest Iceland, C = Eyjafjörður North Iceland, D = Mjóifjörður East Iceland and E =
Hvalfjörður Southwest Iceland.
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Methods
Samples were collected with standard Bongo nets (Hydro-bios Apparatbau
GmbH, Germany), with 60 cm ring diameter, 250 cm net length and 500 µm mesh size.
A V-fin suppressor was used to submerge and stabilize the nets while sampling. At each
sampling station the Bongo nets were towed at ~10 meters depth for 10 minutes while
the boat sailed with a speed of ~3 nm/hour. The samples were preserved in 10%
formalin. The amount of seawater filtered by the Bongo nets was measured by a Hydrobios digital flow meter fitted in the opening of the net. The numbers of jellyfish were
standardized as individuals/1000 m3.
In Tálknafjörður and Patreksfjörður, all gelatinous zooplankton was identified to
species when possible. In other areas, all scyphozoans collected were identified to
species. The bell diameter of the scyphozoans was also measured. However, since
scyphozoans tend to be fragile and break apart easily on capture, some were damaged
when caught on board and subsequently not measured.
The diversity of the gelatinous zooplankton was estimated using two indices
which capture different aspects of diversity:
•

Species richness is one of the most commonly used indicators of species
diversity and indicates the number of species collected at each sampling
date.

•

Shannon index of diversity (H’), which takes into account both species
richness and the relative abundance of individuals among species,
calculated as:

Where H’ = the Shannon index, S = Species richness and pi is the relative abundance of
each species, calculated as proportion of individuals of a given species to the total
number of individuals collected at that sampling date (Shannon and Weaver 1963,
Hurlbert 1971).
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Temperature data was acquired from auto logging temperature meters located in
the fjords or nearby areas. For a list of these measurements, see Appendix 1. Data on
wind speed and wind direction in Eyjafjörður were acquired from the Icelandic
Meteorological Office.
Statistical calculations (Wilcoxon rank sum tests, a non parametric test suitable
to estimate differences between two samples of different size) and box plots were done
in R (R Development Core Team 2008). Maps were done in ArcGIS version 9.2 (ESRI
2006).
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Results

Seasonal changes in the gelatinous zooplankton community in
Patreksfjörður and Tálknafjörður
Eleven taxa of hydromedusae, one ctenophore species and two species of scyphozoans
were collected in Tálknafjörður and Patreksfjörður from April to September 2008 (Table
2). The most abundant hydromedusae group was Clytia sp., the most abundant
scyphozoan was Aurelia aurita, and the only ctenophore collected was Beroë cucumis
(Fabricius, 1780).
In April only low numbers of gelatinous zooplankton (Hydromedusae,
scyphozoans and ctenophores) were observed (1.6 individuals/1000 m3) and only two
species found (Bougainvillea superciliaris and Leuckartiara octona) (Fig. 3, Table 2). In
early May the number of individuals collected had increased (96.3 individuals/1000 m3)
and eight species were found. During this time Podocoryne borealis was most common,
closely followed by Sarsia tubulosa and Aurelia aurita. The species Leuckartiara
breviconis, L. octona, Clytia sp., B. superciliaris and Cyanea capillata were also present
(Table 2).
In the middle of May, the abundance had increased more than tenfold (1164
individuals/1000 m3), and two additional species were found, i.e. the hydrozoans
Staurophora mertensii and Obelia sp.
Total number of gelatinous zooplankton reached maximum in June (2190
individuals/1000 m3) when 12 species were found. Numbers were lower in July (712
individuals/1000 m3) and in August (913 individuals/1000 m3) but in September the
second highest total number was collected (1655 individuals/1000 m3) (Fig. 3, Table 2).
The most abundant taxa was Clytia sp., 72.2 % of all the gelatinous zooplankton
caught. Other fairly common taxa were A. aurita, Eutonia indicans, Obelia sp., P.
borealis, and S. tubulosa (Table 2). The number of gelatinous zooplankton species and
groups was highest in June (12 species), whereas the Shannon’s index of diversity was
highest in July (Table 2).
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Figure 3. Mean number of gelatinous zooplankton in Patreksfjörður and Tálknafjörður
from April to September 2008. Hydrozoa (open), Scyphozoa (filled) and Ctenophora
(gray).
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Seasonal abundance of scyphozoans
In 2007 two species of scyphozoans were found, Aurelia aurita and Cyanea capillata.
Still another species, Cyanea lamarckii was observed at the surface in Eyjafjörður,
North Iceland, but was rare and did not show up in the samples. Both A. aurita and C.
capillata were found in Álftafjörður and Eyjafjörður but not in Mjóifjörður and
Hvalfjörður in 2007.
In 2008, both C. capillata and A. aurita were found on all sampling locations
except for Hvalfjörður where only the latter species was found.
Aurelia aurita

In 2007, the annual average number of A. aurita was highest in Eyjafjörður (0.97
individuals/1000 m3; July–September; three samplings) closely followed by Álftafjörður
(0.7 individuals/1000 m3; July–August; two samplings).
In 2008, the annual average number of A. aurita was highest in Eyjafjörður (38.9
individuals/1000 m3, May–September; five samplings) and lowest in Álftafjörður (27.7
individuals/1000 m3, May–October; four samplings). Mjóifjörður and Hvalfjörður were
only sampled two and three times, respectively, so they are not included in this
comparison.
The abundances of A. aurita were highest in May (37.6–51.1 individuals/1000
m3), July (24.9–91.9 individuals/1000 m3) and September (2.4–121.3 individuals/1000
m3) (Table 3).
Although not all the fjords were sampled in 2007, it is evident from Table 3 that
the densities of A. aurita were much higher in 2008 (0.4–121.3 individuals/1000 m3)
than in 2007 (0.3–1.3 individuals/1000 m3) (Table 3).
Standard deviations were high, and that could indicate a clustered distribution.
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Table 3. Mean number of Aurelia aurita (individuals/1000 m3), from July to September 2007 and from
April to October 2008. Samples were collected twice in May in Patreksfjörður and Tálknafjörður and
twice in July in Hvalfjörður. The table shows average values for these samples. Standard deviations are
shown in parenthesis.
2007
Location

Jul

Patreksfjörður/ Tálknafjörður

2008

Aug. Sept.

April

May

June

July

Aug.

Sept.

Oct.

-

0

51.1
(54.3)

99.6
(143.6)

44.2
(74.3)

21.6
(26.4)

2.8
(4.3)

-

-

Álftafjörður

0.3
1.1 (1.0) (2.3)

-

48.6
(64.7)

-

54.8
(64.1)

7.0
(9.6)

-

0.4
(1.7)

Eyjafjörður

0.9
0.7
1.3
(7.6) (3.9) (1.3)

-

37.6
(48.7)

0

24.9
(52.1)

10.5
(17.3)

121.3
(211.8)

-

Mjóifjörður

0

0

-

-

-

-

-

0

2.4
(4.6)

-

Hvalfjörður

0

0

-

-

-

0

91.9
(72.2)

9.8
(6.9)

-

-

Cyanea capillata

In 2007, the annual average number of Cyanea capillata was highest in Álftafjörður (0.4
individuals/1000 m3; July, August; two samplings) closely followed by Eyjafjörður
(0.27 individuals/1000 m3; July–September; three samplings). In 2008, the annual
average number of C. capillata was highest in Álftafjörður (4.4 individuals/1000 m3,
May–October; four samplings) and lowest in Eyjafjörður (0.62 individuals/1000 m3,
May–September; five samplings). Mjóifjörður was only sampled two times and no C.
capillata were collected in Hvalfjörður, respectively, so they are not included in this
comparison.
The abundances were generally highest in May in Álftafjörður (17.2 individuals/1000
m3) in June in Patreksfjörður and Tálknafjörður (2.8 individuals/1000 m3) but in August
in Eyjafjörður (1.8 individuals/1000 m3) (Table 4).
Although not all the fjords were sampled in 2007, it is evident that the densities
of C. capillata were higher in 2008 (0.4–17.2 individuals/1000 m3) than in 2007 (0.3–
0.8 individuals/1000 m3) (Table 4).
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Table 4. Mean number of Cyanea capillata (individuals/1000 m3) from July to September 2007 and
from April to October 2008. Samples were collected twice in May in Patreksfjörður and
Tálknafjörður and average values are shown for these samples. Standard deviations are shown in
parenthesis.
2007

2008

Location

Jul

Aug.

Sept.

April May

June

July

Aug.

Sept. Oct.

Patreksfjörður/
Tálknafjörður

-

-

-

0

2.8
(5.4)

8.4
(14.1)

0

0

0

-

Álftafjörður

0.8
(1.3)

0

-

-

17.2
(19.5)

-

0.4
(1.4)

0

-

0

Eyjafjörður

0.5
(2.0)

0.3
(0.7)

0

-

0.4
(1.2)

0

0.5
(1.2)

1.8
(1.9)

0.4
(1.2)

-

Mjóifjörður

0

0

-

-

-

-

-

0

0.7
(0.1)

-

Hvalfjörður

0

0

-

-

-

0

0

0

-

-

Abundance of scyphozoans in relation to temperature

To evaluate changes in numbers over the season in relation to temperature the mean
numbers of Aurelia aurita were compared with data on surface temperature at the time
of sampling (Fig. 4). For this analysis only data gathered in 2008 was used as so few
jellies were collected in 2007. Furthermore as Mjóifjörður and Hvalfjörður were only
sampled two and three times, respectively, so they are not included in this comparison.
The general trend was that in April, May and June the abundances rose
approximately in parallel with the surface temperatures. Thereafter the numbers
decreased (except in Eyjafjörður) while the surface temperatures were still increasing.
This same general pattern also applied for C. capillata but due to few samples it is not
illustrated here.
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Figures 4. Seasonal variability in mean numbers of Aurelia aurita and surface
temperatures in Patreksfjörður, Álftafjörður and Eyjafjörður, from April to October 2008
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Seasonal size distribution of scyphozoans

Aurelia aurita

In Patreksfjörður and Tálknafjörður small ephyrae were found in early May (median
diameter 0.2 cm, Fig. 5). In June, the ephyrae had developed into the medusae stage
(median diameter 1.3 cm). From June to August the jellyfish grew rapidly, reaching a
median diameter of 4.7 cm in July and median diameter of 8.2 cm in August. The
growth rate had slowed down in September (median diameter 8.9 cm; Fig. 5).
In Álftafjörður, ephyrae larvae were also found in May 2008 (median diameter
0.2 cm, Fig. 5). In July the median diameter was 5.3 cm in 2008 (4.9 cm in 2007), while
being 8.8 cm in August 2008 (13.4 cm in August 2007).
In Eyjafjörður, ephyrae larvae were as well observed in May 2008 (median
diameter 0.5 cm, Fig. 5). No A. aurita were collected in June, but in July, the median
diameter had reached 6.9 cm in 2008 (3.4 cm in 2007). The median size in August 2008
was 10 cm (15.2 cm in 2007), while in September 2008 it was 12.2 cm (14.4 cm in
2007).
In Hvalfjörður, no A. aurita were collected in 2007. In 2008, no A. aurita were
collected in March, but in July the median size was 6.7 cm and 10.6 cm in August (Fig.
5).
In Mjóifjörður, A. aurita were only collected in September 2008, the median size
was 11.8 cm (Fig. 5).
The A. aurita collected in 2007 were generally significantly larger than the ones
collected in 2008 in both Eyjafjörður and Álftafjörður.
In 2008, the A. aurita sampled were generally smaller on the areas on the
Westfjords (Álftafjörður, Patreksfjörður and Tálknafjörður) than in Hvalfjörður and
Eyjafjörður. This difference was significant in July, August and September (Wilcoxon
rank sum tests).
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Patreksfjörður/
Tálknafjörður

Álftafjörður

Eyjafjörður

Hvalfjörður

Mjóifjörður

Figures 5. The bell diameter (cm) of Aurelia aurita from July 2007 to October 2008 in
Patreksfjörður and Tálknafjörður, Álftafjörður, Eyjafjörður, Hvalfjörður and
Mjóifjörður. N = number of jellyfish measured. The bottom and top of each box are the
first and third quartile and the band near the middle of each box indicates the median.
The smallest and highest values that are not considered outliers are indicated by the
whiskers (R Development Core Team 2008). Outliers are indicated by open dots.
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Cyanea capillata

In Patreksfjörður and Tálknafjörður C. capillata ephyrae larvae were first found in May
(median diameter 0.3 cm). In June the median diameter was 2.6 cm (Fig. 6).
In Álftafjörður, ephyrae larvae were also sampled in May 2008 (median diameter
0.3 cm). In July 2008, only one C. capillata was collected (diameter 14.9 cm; median
diameter 8.3 cm in 2007) (Fig. 6).
In Eyjafjörður, the median size in May 2008 was 0.3 cm. No jellyfish were
collected in June, but in July 2008 the median diameter had reached 23.8 cm (10.4 cm in
July 2007). In August 2008, the median diameter was 15.1 cm (17.2 cm in 2007), the
largest C. capillata measured in this study was collected here (39 cm). In September
2008, only one C. capillata was collected, (diameter 11.1 cm, none were caught in
2007).
In Mjóifjörður, C. capillata were only collected in September 2008 (median
diameter was 22 cm) (Fig. 6).
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Patreksfjörður/
Tálknafjörður

Álftafjörður

Eyjafjörður

Mjóifjörður

Figures 6. The bell diameter (cm) of Cyanea capillata from July 2007 to October 2008
in Patreksfjörður and Tálknafjörður, Álftafjörður, Eyjafjörður, and Mjóifjörður. N =
number of jellyfish measured. The bottom and top of each box are the first and third
quartile and the band near the middle of each box indicates the median. The smallest and
highest values that are not considered outliers are indicated by the whiskers (R
Development Core Team 2008). Outliers are indicated by open dots.
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Distribution of scyphozoans in Eyjafjörður 2008
In May 2008 most of the Aurelia aurita were found in the inner end of the fjord, and
some were found in the middle of the fjord (Fig. 7). In July A. aurita was still most
common in the end of the fjord. In August, the highest densities were seen in the middle
part of the fjord and the same pattern was observed again in September. These
differences were highly significant when densities in the outer, middle and inner parts
were compared for May, July and September (Wilcoxon rank sum tests).
Accordingly, the size distribution of A. aurita in Eyjafjörður differed between
sampling times, with the ephyrae spread over the middle and the end of the fjord in May,
while adult medusae (medusae generally > 5 cm) were mainly located in the end of the
fjord in July and the middle part of the fjord in August and September (Fig. 9).
Cyanea capillata was found in much lesser densities, and the pattern of
abundance and size distribution differed considerably from that of A. aurita (Fig. 8).
Densities in May were highest in the middle and around the head of the fjord, while in
July the densities were high in the middle/end part. In August C. capillata occurred
mainly in the outer part. In September the density was getting low, and the highest
number was found on a station in the middle of the fjord. These patterns were, however,
not significant. However, the ephyrae were only found in the middle and around the
head of the fjord, and large, mature C. capillata were never observed in the end of the
fjord (Fig. 10).
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Figures 7. Abundance of Aurelia aurita (number per station; individuals/1000 m3), from May
to September 2008) in Eyjafjörður.
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Figures 8. Abundance of Cyanea capillata (number per station; individuals/1000 m3), from
May to September 2008) in Eyjafjörður.
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Figures 9. Mean size of Aurelia aurita (bell diameter, cm) at the sampling stations in
Eyjafjörður from May to September 2008.
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Figures 10. Mean size of Cyanea capillata (bell diameter, cm) at the sampling stations in
Eyjafjörður from May to September 2008.
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Discussion

Seasonal changes in the gelatinous zooplankton community in
Patreksfjörður and Tálknafjörður
The species composition as revealed by the present study shows that the gelatinous
zooplankton community in Patreksfjörður and Tálknafjörður is a mixture of subarctic
species (e.g. Bougainvillea superciliaris) and cosmopolitan species (Clytia sp. and
Obelia sp.) (Kramp 1939, Pagès et al. 2001, Hosia 2007). Some species like
Leuckartiara octona and Leuckartiara breviconis which Kramp (1939) describes to have
a southern distribution and bound to the south and south west of Iceland were somewhat
abundant in our study, and this may indicate that the distribution of these species has
shifted northwards.
A total of 14 taxa of gelatinous zooplankton were collected during the present
study, which is a lower number than according to recent studies off Norway and Ireland
(Hosia 2007, Hosia and Båmstedt 2007, Ballard and Myers 2008). Hosia and Båmstedt
2007, found 36 species of Hydromedusae, along with two species of scyphozoans, four
taxa of ctenophores and seven siphonophora species. In that study, Aglantha digitalis
was most abundant, while Clytia sp., the most common species in this present study, was
only 7th most abundant. The methodology in that study was, however, very different,
using vertical hauls with WP-3 (300 µm mesh) nets from bottom to surface.
Furthermore, the hydrography of Norwegian fjords is very different from the Icelandic
fjords and gelatinous zooplankton was sampled for the whole year (Hosia and Båmstedt
2007), not just over the summer months like in the present study.
However, there is a general tendency for species richness and diversity of
gelatinous zooplankton to decrease towards the north (Kramp 1959, Hosia 2007). The
relative low number of species found in the present study, may though probably be
explained by the sampling, as the present sampling only covered relatively shallow
waters and therefore missing mesopelagic and deep water medusae. The use of standard
plankton nets for the collection of gelatinous zooplankton has also been criticized, since
the animals caught in the net tend to disintegrate and pass through the mesh or to be
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damaged beyond recognition (Hamner et al. 1975, Hosia 2007). This may therefore lead
to underestimation of abundances and diversity of gelatinous zooplankton and is often
supported by data from other instruments (e.g. Remotely Operated Vehicles; ROVs)
(Raskoff et al. 2003, Raskoff et al. 2005).
No siphonophores were collected in the present study, but they have been
reported as abundant in studies in adjacent waters (Hosia and Båmstedt 2007, Ballard
and Myers 2008). Siphonophores in Icelandic waters tend, however, to be more oceanic
than coastal (Kramp 1939).

Seasonal abundance of scyphozoans
Large differences were observed in the abundances, distribution and local sizes of
Aurelia aurita around Iceland during the years of this study. In 2007, only few A. aurita
were collected, but in 2008 the abundance was much higher and further the animals were
collected in areas where they were not present in 2007. In contrast, Cyanea capillata had
similar distribution and abundance in 2007 and in 2008. Furthermore, A. aurita was
larger at all times in 2007, than in 2008. The reasons for these differences of A. aurita in
Icelandic waters are not clear, but large fluctuations in the abundances of scyphozoans
are known from other areas where they sometimes form dramatic aggregations (Purcell
et al. 2000, Purcell 2003)
In the present study, C. capillata were not found in Hvalfjörður, Southwest
Iceland, or in Faxaflói bay. Comparison with earlier data collected by Jespersen (1940)
indicates that the distribution of scyphozoans in coastal waters has changed since the
1930’s and 40’s. Thus, Jespersen (1940) found C. capillata to be common all around the
country, including the southwest of Iceland, especially during early summer (June and
July, Fig. 12). Sæmundsson (1942) also noted in his journal from the Danish Thor
expeditions in 1904 and 1905, that C. capillita and the hydrozoan Staurophora mertensii
were common in the waters north of the country, but that C. capillata occurred all
around the island. He also mentioned a few local names for the jellyfish from the south
and southwest of the country (Sæmundsson 1942). This indicates that the distribution of
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C. capillata in Icelandic waters was more southerly in the first half of the last century
and that it has shifted northwards since then.
Examination of the distribution maps from Jespersen (1940) also suggests a later
appearance of C. capillata and A. aurita (June–August) in the first half of the 20th
century compared to what was found in 2008 (May and June).
According to Jespersen (1940) A. aurita occurred first along the west coast of
Iceland in June, but in the present study, ephyrae larvae and even small medusae where
found at all sites but Hvalfjörður and Mjóifjörður already in May. This may indicate
some changes in the seasonal pattern of A. aurita around Iceland although it is also
possible that the equipment used by the expeditions in the 1930s and 40s was too coarse
to allow the catch of small medusae and ephyrae larvae. Jepsersen (1940) also sampled
more offshore than the present one and this could possibly explain why he did not find
any ephyrae larvae. In July and August the distribution of A. aurita according to
Jespersen (1940) (Fig. 11) was very similar to what was observed in the present study,
with the exception that Jespersen (1940) found no A. aurita around Hvalfjörður
southwest Iceland in late July whereas it was very common during the same month in
this study in 2008.
C. capillata was only collected in May and June in Patreksfjörður and
Tálknafjörður Northwest Iceland, but Jespersen (1940) found the species present in the
area from June onwards, being especially common in late July (Fig. 12). C. capillata
was characterized as being “undoubtly extremely rare along the N. country” (Jespersen
1940), in June, but in the present study, small C. capillata appeared already in May in
Eyjafjörður, North Iceland and being present more or less during the whole summer
(Table 4). Although no C. capillata were caught in June this may be due to weather and
sea conditions. Further, the present study collected C. capillata in early July in 2007 and
2008.
Relatively few C. capillata were collected in 2008 Mjóifjörður, East Iceland, and
none in 2007. However, it was probably common in 2001, 2002 and 2006 when C.
capillata caused mass killings of salmon at the sea cage farm in Mjóifjörður
(Gunnarsson et al. 2007). Jespersen (1940) found C. capillata to be common off the east
coast, especially in late summer. From the available information it is however
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impossible to predict if there is a long-term trend in the abundances of C. capillata since
there are no long term studies on the abundance of gelatinous zooplankton around
Iceland. A recent study using data from the continuous plankton recorders from the
whole North Atlantic showed that inter-annual variation in jellyfish abundance may
occur with a period as long as 30 years in shelf areas, and 20 years long in oceanic areas
of the North Atlantic (Gibbons and Richardson 2009).

Figures 11 A-D. Maps which show the distribution of Aurelia aurita around Iceland in
June (A), early July (B), late July (C) and August (D) 1924-27, 1931-34 and 1938-39.
Black dots indicate the presence of A. aurita on a station while an x represents negative
stations (Jespersen 1940).
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Figures 12 A-D. Maps which show the distribution of Cyanea capillata around Iceland
in June (A), early July (B), late July (C) and August (D) 1924-27, 1931-34 and 1938-39.
Black dots indicate the presence of C. capillata on a station while an x represents
negative stations (Jespersen 1940).
In parallel with global climate change, gelatinous zooplankton aggregations have
been increasingly common in several nearby sea areas (Brewer 1989, Purcell et al. 2007,
Pauly et al. 2009, Hamner and Dawson 2009). Since 1996, Icelandic waters have been
going through a period of some warming (Jónsson and Valdimarsson 2005, Astthorsson
and Pálsson 2006, Astthorsson et al. 2007, Ástþórsson 2008, Gislason et al. 2009). This
warming has lead to some noticeable changes in the Icelandic marine ecosystem,
especially with regard to the distribution of some species of fish (Astthorsson and
Pálsson 2006, Ástþórsson 2008, Stefánsdóttir 2008). Recent studies and observations in
Iceland indicate that the species composition and distribution of fish has changed around
the country during recent years. Sub-arctic species such as capelin (Mallotus villosus
(Müller, 1776)) are retreating north (Astthorsson and Pálsson 2006, Ástþórsson 2008,
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Stefánsdóttir 2008) while species that used to be bound to the south/southwest coast
such

haddock

(Melanogrammus

aeglefinus

(Linnaeus,

1758)),

blue

whiting

(Micromesistius poutassou (Risso, 1827)), saithe (Pollachius virens (Linnaeus, 1758)),
Atlantic herring (Clupea harengus (Linnaeus, 1758)) and monk fish (Lophius
piscatorius (Linnaeus, 1758)) are now found in increasing numbers in the north and
northwest of the country. Additionally, some species that were regarded rare or sporadic
have become more common, especially Atlantic mackerel (Scomber scombrus
(Linnaeus, 1758)), twaite shad (Alosa fallax (Lacepède, 1803)) and the sea lamprey
(Petromyzon marinus (Linnaeus, 1758)). It is possible that the distribution and
abundance of other organisms such as A. aurita and C. capillata and other gelatinous
zooplankton are also influenced by these changes in the marine environment. Studies in
adjacent waters have shown links between changes in temperature and the amount of
jellyfish (Gibbons and Richardson 2009).
Changes in the distribution of certain fish species may also affect the abundance
and/or distribution of scyphozoans as studies have shown that jellyfish often take over
ecosystems previously dominated by zooplanktivorous fish after years of overfishing or
other significant changes (Purcell 1999, Purcell and Sturdevant 2001, Lynam et al. 2002,
Purcell et al. 2007). During the past 10 years, the distribution pattern of capelin
(Mallotus villosus) has changed. Thus, the distribution during summer when the capelin
is feeding appears to have shifted towards the north and northwest, even as far as
towards the western coast of Greenland (Ástþórsson 2008). Capelin is an important
predator on zooplankton and could thus compete with jellyfish like A. aurita and C.
capillata for food (Purcell and Sturdevant 2001). Additionally the capelin stock has
declined during recent years (Anonymous 2008). Changes in the distribution and
abundance of capelin around Iceland could be one of the factors influencing the
frequency of scyphozoan s.
Other factors that could affect the frequency and formation of scyphozoan
swarms are changes in climate/temperature, zooplankton and phytoplankton abundances,
predation on polyps, formation of podocysts, currents and competition from other
scyphozoans (Hernroth and Gröndahl 1985, Gröndahl 1988b, Båmstedt et al. 1997,
Purcell 1999, Arai 2009, Gibbons and Richardson 2009).
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The results of this study show links between abundances and temperature (Fig.
4). The numbers of A. aurita were found to rise in parallel with surface temperature in
spring and early summer. Changes in the temperature could possibly directly or
indirectly hasten the start of the strobilation in spring.
The benthic polyp stage is a very important stage. Arai (2009) suggested that the
polyps could play a role in the forming of jellyfish aggregations by forming podocysts.
Podocysts are produced asexually by the benthic polyp stage as means to survive harsh
conditions. C. capillata and other Cyanea species in the Northwest Atlantic form
podocysts during the warm periods of summer, while excystment and strobilation occurs
in the cooler periods. Gröndahl (1988a) observed formation of podocysts in winter and
excystment and strobilation followed in early spring among C. capillata and A. aurita in
Sweden. It is not known if jellyfish in Icelandic waters form podocysts to survive harsh
conditions. The formation of podocysts is also an effective deterrent against predation,
but polyps are often heavily predated on by various arthropods and nudibranchs (Oakes
and Haven 1971). The predators eat the polyps but leave the podocysts unharmed (Cargo
and Schultz 1967, Hernroth and Gröndahl 1985) and predation on polyps has been
suggested as one of the regulating factors on jellyfish recruitment in spring (Hernroth
and Gröndahl 1985).
The amount of C. capillata ephyrae larvae in spring off the northwest coast of
Iceland is not a good indicator on the abundance of adults in the same area in late
summer. Thus, relatively many C. capillata larvae were collected in May in both
Patreksfjörður and Tálknafjörður and in Álftafjörður in the Westfjords but the high
densities of ephyrae larvae in May did not result in high densities of C. capillata later in
the summer. It is possible that the Westfjords may act as breeding grounds for C.
capillata in Icelandic coastal waters and that the meduase disperse from there with
coastal currents and the North Icelandic Irminger Current eastwards along the north
coast of Iceland (Stefánsson 1962, Hansen and Østerhus 2000). Jespersen (1940)
suggested that the west coast in general could act as a breeding ground and from there
the jellyfish would spread with currents to the north and eventually to the east coast of
Iceland. However, since it seems that the distribution has moved northwards since his
study it may be hypothesized that the Westfjords have now taken over that role
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(Jespersen 1940). The rocky steep benthic substrate of the fjords on the Westfjords and
the relatively shallow, glacial fjords may provide favourable settling conditions for
planula larvae of C. capillata, as they prefer to settle on rough surfaces facing down
(Brewer 1976, Holst and Jarms 2007).
Our results from Eyjafjörður, indicate that A. aurita grows locally in the
innermost part of the fjords while C. capillata is a bit more oceanic and seems to grow
closer to the opening of the fjord. A. aurita seems therefore to be more coastal in
Icelandic waters, as suggested by Jespersen (1940). This further implies that the settling
of the planula larvae may occur in different regions for those two species, i.e. possibly
shallower and more in-fjord for Aurelia than for Cyanea.

Seasonal size distribution of scyphozoans
The size range of Aurelia aurita differed between the sampling areas in 2008 (Table 3).
A. aurita collected in the Westfjords, Northwest Iceland, were generally smaller than A.
aurita in Hvalfjörður Southwest Iceland and Eyjafjörður North Iceland. Similar trend
was not seen for Cyanea capillata.
Large numbers of C. capillata ephyrae were collected in the Westfjords in May,
and small numbers were collected in Eyjafjörður so it is likely that local populations
exist in both regions. In contrast the abundances of A. aurita ephyrae were fairly similar
in all areas. The Westfjords may thus act as the main breeding region for C. capillata in
Icelandic waters while populations of A. aurita spawn locally.
Ephyrae larvae of both species were only found in May. The strobilation and
release of larvae may be linked to the spring phytoplankton bloom as the bloom, given
favorable conditions, may start to develop in late March/early April in Icelandic waters
and usually has its peak in May (Gudmundsson 1998, Anonymous 2009). The
development of the spring phytoplankton bloom depends on surface water stratification
and sunlight (Gudmundsson 1998). Many zooplankton species in Icelandic waters have
similar trend and their spawning in spring closely linked to the spring phytoplankton
bloom (Astthorsson 1987, Ástþórsson 1990).
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The planktonic stage of the life cycle of A. aurita and C. capillata in Icelandic
waters is short, from May when they appear as small ephyrae larvae (< 1 cm diameter)
to September/October when they start to disappear from the water column as large
mature medusae. In Gullmarsfjord, West Sweden (Gröndahl 1988a) C. capillata ephyrae
appear already in March to June and mature medusae with planula larvae were observed
in July to November. Mature medusae with planula larvae were observed in late August
to October in Iceland. The total planktonic phase of C. capillata in Icelandic waters is
therefore shorter than in the Skagerrak. In Skagerrak, A. aurita strobilate in October,
when the highest concentrations of zooplankton are available, and again during spring
(Gröndahl 1988a), while in Iceland only one strobilation period occurs (May). In the
Niantic River estuary in Connecticut, ephyrae of Cyanea sp. appeared shortly after the
breaking of ice in February and reproducing medusae were observed in late May and
early June (Brewer 1989). In late June and in July the medusa deteriorated and
disappeared from the water column (Brewer 1989).
The growth of the scyphozoans is characterized by a rapid growth for a few
months (Palomares and Pauly 2009). The growth period is followed by a decline in
average size when the larger and most developed individuals start to disappear from the
water column (Russel 1970, Gröndahl 1988a, Brewer 1989, Palomares and Pauly 2009).
The larger individuals often senescence and deteriorate after releasing eggs and larvae,
and parasitic amphipods (Hyperia spp.) are known speed up this process (Russel 1970).
The results of the present study accord with this general pattern.
It is interesting to compare the abundance data with the size range data between
the two years of the present study. In 2007, fewer animals were collected, but they were
also significantly larger than in 2008. This indicates that size of A. aurita in Icelandic
waters might be density dependent. Less competition for food may be a factor in this
difference. This pattern is well known for other animal populations (e.g. Blackburn et al.
1993). The higher reproductive output of larger animals might have been a factor in the
difference in abundance between 2007 and 2008, but it is also possible that some
favourable conditions for polyps in the spring of 2008 has resulted in larger output of
ephyrae that year, but polyps can live for few years and go through many seasons of
strobilation (Gröndahl 1988a).
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Distribution of scyphozoans in Eyjafjörður 2008
Spatial differences of ephyrae of Aurelia aurita and Cyanea capillata in the ~70 km
long Eyjafjörður indicate that settling of the planulae and subsequent strobilation of the
two species may occur at different areas and at different bottom conditions. The highest
abundance of A. aurita in the end of Eyjafjörður in May could indicate that the main
strobilation of A. aurita in Eyjafjörður occurs there. However, it is also possible that the
ephyrae aggregated there due to prevailing currents and winds. Calm southeastern winds
were dominant in the weeks before the sampling in May 2008 (information from the
Icelandic Meteorological Office), so the influence of winds is rather unlikely (Jónsson
and Gudmundsson 1994). C. capillata ephyrae were, however, at the same time most
common in the middle and at the head of the fjord, and that may indicate a small scale
strobilation in the middle of the fjord or influx of larvae from other areas by currents.
In July the highest abundance of A. aurita occurred again in the inner end of the
fjord. Strong northern winds dominant in the week before may have held the A. aurita in
the end of the fjord. C. capillata were however most abundant in the middle of the fjord,
but bit further south than in May, and their distribution possibly influenced by the winds
mentioned above.
In August the highest abundances of A. aurita were observed at the middle of the
fjord. Calm, southwestern winds were dominant in the week before the sampling so it is
unlikely that the distribution pattern was affected by winds. Generally, the larger
individuals (10–15 cm) were located in the middle of the fjord while the smaller ones
(5–10 cm) were located farther north. This could indicate better growth conditions for A.
aurita in the southern and middle parts of the fjord. C. capillata was most frequent in the
middle and northern regions of the fjord around the island of Hrísey. Generally, the
distribution maps (Fig. 7, Fig. 8) indicate that C. capillata is more confined to the
regions near the head of the fjord, while A. aurita is dominant in the inner regions.
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Further studies
To get a better understanding of the abundance and distribution of scyphozoans in
Icelandic waters, further studies are needed. Studies have shown that large amplitude
cycles in abundance can take up to 20–30 years to complete (Gibbons and Richardson
2009), so in order to monitor long-term changes, a long term study covering several
decades is advised.
Information on the benthic stages of scyphozoans is also of vital importance to
get a better understanding of the life cycles of the species. Study on the benthic stages
could also show if certain areas serve as breeding grounds for scyphozoans, and thus
could be useful in developing prediction models for jellyfish aggregations in Icelandic
waters. A preliminary study using settling plates was started in autumn of 2008, so a
study of that kind is already underway.
Recent genetic studies (Dawson 2003, 2005) have upset the current classification
system for species of scyphozoans and it would be interesting to compare the genetic
makeup of jellyfish in Icelandic waters with jellyfish from other areas, to search for
possible differences and variations.
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Appendices
Appendix 1. Temperature data
Average surface temperature at the auto-logging station in the study areas or nearby
fjords during the dates of sampling. The data are from auto-logging stations of the
Marine Research Institute.
Sampling date

Average surface
temperature (°C)

Sampling date

Average surface
temperature (°C)

Patreksfjörður and Tálknafjörður

Eyjafjörður

18.4.2008

3.7°

10.7.2007

11.5°

1.5.2008

3.5°

28.8.2007

10.0°

16.5.2008

5.4°

28.9.2007

7.2°

11.6.2008

8.9°

28.5.2008

5.4°

10.7.2008

10.4°

18.6.2008

7.6°

6.8.2008

12.0°

25.7.2008

10.3°

4.9.2008

11.0°

18.8.2008

10.3°

9.9.2008

9.4°

Álftafjörður
2.7.2007

10.6°

Mjóifjörður

13.8.2007

10.8°

30.7.2007

9.5°

8.5.2008

4.3°

16.8.2007

7.8°

9.7.2008

9.0°

15.8.2008

9.9°

19.8.2008

11.0°

8.9.2008

8.3°

8.10.2008

10.9°
Hvalfjörður
6.7.2007

12.1°

24.7.2007

13.7°

27.8.2007

12.2°

4.7.2008

9.6°

30.7.2008

12.6°

12.8.2008

13.4°

50

Appendix 2. Location of sample stations
The coordinates of stations used in this study
Fjord
Patreksfjörður 1
Patreksfjörður 2
Patreksfjörður 3
Tálknafjörður 1
Tálknafjörður 2

Latitude (°N)
65°32.04
65°34.64
65°38.75
65°37.66
65°39.90

Longitude (°W)
23°33.42
23°54.48
24°05.56
23°49.81
24°03.26

Álftafjörður 1
Álftafjörður 2
Álftafjörður 3
Álftafjörður 4
Álftafjörður 5
Álftafjörður 6
Álftafjörður 7
Álftafjörður 8
Álftafjörður 9
Álftafjörður 10

66°03.404
66°02.818
66°02.272
66°01.824
66°01.161
66°00.512
66°01.153
66°01.918
66°02.577
66°03.690

22°58.876
22°58.212
22°58.812
22°58.286
22°58.881
22°58.934
22°58.060
22°57.947
22°57.797
22°58.872

Eyjafjörður 1
Eyjafjörður 2
Eyjafjörður 3
Eyjafjörður 4
Eyjafjörður 5
Eyjafjörður 6
Eyjafjörður 7
Eyjafjörður 8
Eyjafjörður 9
Eyjafjörður 10
Eyjafjörður 11
Eyjafjörður 12
Eyjafjörður 13
Eyjafjörður 14
Eyjafjörður 15
Eyjafjörður 16
Eyjafjörður 17
Eyjafjörður 18
Eyjafjörður 19
Eyjafjörður 20
Eyjafjörður 21
Eyjafjörður 22
Eyjafjörður 23
Eyjafjörður 24
Eyjafjörður 25
Eyjafjörður 26
Eyjafjörður 27
Eyjafjörður 28
Eyjafjörður 29
Eyjafjörður 30
Eyjafjörður 31
Eyjafjörður 32
Eyjafjörður 33
Eyjafjörður 34

65°41.003
65°41.251
65°41.768
65°41.987
65°42.104
65°42.547
65°42.902
65°43.018
65°43.527
65°44.050
65°44.518
65°45.134
65°45.372
65°45.520
65°46.004
65°47.271
65°48.084
65°49.256
65°50.208
65°50.432
65°51.442
65°51.983
65°52.264
65°54.161
65°54.969
65°57.325
65°58.493
65°59.512
65°59.841
66°01.187
66°01.247
66°02.248
66°03.826
66°05.773

18°04.471
18°03.610
18°05.070
18°04.121
18°05.917
18°04.595
18°06.998
18°04.823
18°05.188
18°05.529
18°05.968
18°06.330
18°08.546
18°06.145
18°05.888
18°50.537
18°04.427
18°04.287
18°04.519
18°11.105
18°11.605
18°07.238
18°12.660
18°15.167
18°12.088
18°13.184
18°31.008
18°16.377
18°29.900
18°29.696
18°17.811
18°30.530
18°19.390
18°32.385
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Appendix 2. continued
Eyjafjörður 35
Eyjafjörður 36

66°05.773
66°06.168

18°25.712
18°20.859

Mjóifjörður 1
Mjóifjörður 2
Mjóifjörður 3
Mjóifjörður 4
Mjóifjörður 5
Mjóifjörður 6
Mjóifjörður 7
Mjóifjörður 8

65°12.706
65°12.440
65°12.151
65°12.137
65°12.183
65°12.058
65°11.737
65°11.432

13°39.269
13°42.270
13°45.199
13°48.112
13°51.109
13°54.145
13°57.206
14°00.651

Hvalfjörður 1
Hvalfjörður 2
Hvalfjörður 3
Hvalfjörður 4

64°22.068
64°20.020
64°13.671
64°22.415

21°31.113
21°47.563
22°04.822
21°40.542
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