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Arctic charr (Salvelinus alpinus) in a Svalbard lake
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Abstract

Mysis segerstralei is distributed over a wide geographic area and in habitats with a variety of salinity conditions, including
marine and brackish waters around Svalbard. The species has seldom been found in freshwater lakes, and the discovery of
M. segerstralei in Lake Pulmankijirvi at the border between Northeastern Norway and Finland, may represent the single
known freshwater occurrences in western Europe. Svalbard lake systems are characterized by very low water temperatures,
long-term ice cover, and low levels of nutrients. Food is thus limited, and chironomids generally dominate the stomach
contents in Arctic charr, the only freshwater fish species on Svalbard. Based on several surveys in more than 30 of Svalbard
lakes over many decades, M. segerstralei has only been found as food for Arctic charr in Lake Varfluesjgen. In a later fishery
survey, we studied the diet of Arctic charr in this lake. The stomach contents from Arctic charr sampled in the profundal
habitats were dominated by M. segerstralei, but the species was also among the most frequent prey items in the littoral and
pelagic habitats. This unexpected occurrence of M. segerstralei demonstrates the high importance of mysids even in a low-
productive, High Arctic lake.
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Introduction

The Mysis relicta species group consists of several species
living in the northern Holarctic, with M. relicta, M. salemaai,
and M. segerstralei in Northern Europe and Russia, and M.
segerstralei and M. diluviana in North America and on the
High Arctic islands (Audzijonyte and Viinold 2005). In south-
ern Fennoscandia, the Mysis species’ have a natural occur-
rence in lakes below the marine limit, both in deep, cold, and
relatively shallow lakes (Enckell 1980; Hessen and Kjellberg
1995). According to Audzijonyte and Vidinold (2005), M.
segerstralei has a circumpolar distribution along the Arctic
coasts and islands of Eurasia and North America (Audzijonyte
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and Viinold 2006; Spikkeland et al. 2016). Thus, the species
seems to be distributed over a wide geographic area and in
habitats with a variety of salinity conditions, mainly close
to and within river estuaries, and have seldom been found in
freshwater lakes (Audzijonyte and Viinolda 2005). The find-
ing of M. segerstralei in Lake Pulmankijarvi, at the border
between Northeastern Norway and Finland, as far as we are
aware, may represent the single known freshwater occurrence
in western Europe (Spikkeland et al. 2016), and despite sur-
veys in a set of similar lakes in Northern Norway, additional
findings have never been reported (Holmquist 1959; Viinola
1993). M. segerstralei is the only Mysis species documented
from any of the Arctic islands, including Svalbard, where it
was found in marine waters in the Hinlopen Strait, between
the islands Nord-Austlandet and Spitsbergen (Audzijonyte
and Viinold 2005, 2006). Olofsson (2018) described a popu-
lation of mysids, probably M. segerstralei, from a lagoon
(“Der Reliktsee”) at the Van Mijenfjorden (77.88 N 16.78 E),
and further, Holmquist (1959) referred to another sample of
mysids from Olofsson’s samples in a small lagoon near Nor-
denskioldsbreen, which probably also was M. segerstralei.
Except from an observation of M. segerstralei in the stomachs
of three Atlantic cod (Gadus morhua) captured in a meromictic
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lake (Torskevatnet; “Cod lake” in English) on Nordaustlandet,
Svalbard in 1997 (pers. comm. M-A. Svenning), we have not
been aware of any registrations of M. segerstralei in Svalbard
freshwater lakes. Further, Walseng et al. (2018) who con-
ducted a survey of freshwater invertebrates in 75 ponds and
lakes on Svalbard in 2014 and 2015, did not discover mysids
in any of the sampled locations.

Mysis species are important components in the diet of Arc-
tic charr in several locations, including many of the southern-
most charr lakes in Sweden and lakes in Finland. In the lakes
of the Russian Republic of Karelia, M. relicta is, along with
the European smelt (Osmerus eperlanus), a key prey species
for large-sized piscivorous members of the Salvelinus alpi-
nus complex that coexist with other fish species and several
glacial relicts (Hammar 2014). In the large reservoir Limin-
gen in Mid-Norway, M. relicta was first observed in Arctic
charr stomachs in 1974 after an introduction of the species and
has become an important part of the diet (Gregersen 2006).
In the profundal zone of this reservoir, M. relicta dominated
(50-60%) the Arctic charr diet (Knudsen et al. 2019). It is
interesting to note that M. segerstralei is an intermediate host
for the acanthocephalan Echinorhynchus bothniensis in Lake
Pulmankijérvi (Aura et al. 2015) and the most heavily infected
fish species were Arctic charr and a benthic-feeding morph
of whitefish Coregonus lavaretus, indicating that both these
species fed to a large extent on M. segerstralei.

From surveys in more than 30 Svalbard lakes from 1962
to 2020, chironomids have dominated the stomach contents
of sampled Arctic charr, together with smaller amounts of
caddisflies (Apatania zonella), nematodes, oligochaetes, and
a few zooplankton species (Gullestad 1973; Hammar 1982,
2023; Svenning 1992, 1993; Aas 2007; Svenning et al. 2007,
Svenning and Bergane 2020; Borgstrgm et al. 2015; Bergane
2018). Since larger charr are cannibalistic, smaller charr are
frequently found as prey in resident charr larger than 20-25 cm
(Svenning and Borgstrgm 1995; Hammar 2000; Svenning
et al. 2007). In Lake Varfluesjgen, northwestern Spitsbergen,
however, M. segerstralei was registered as prey of Arctic charr
for the first time in the late 1990s. In connection with a fish-
ery survey in Varfluesjgen in 2005, we had the opportunity
to study the diet of Arctic charr by gillnet sampling of Arctic
charr from both the littoral, profundal, and pelagic habitats.

Material and methods

Study site

The Svalbard Archipelago consists of four large islands,
Edgegya, Barentsgya, Spitsbergen, and Nordaustlandet in
addition to several smaller islands (Fig. 1). Lake Varflues-

joen (79.7°N) is located 10 m.a.s.l. on the northwestern part
of the largest island, Spitsbergen, on the eastern side of the
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Wood fjord (Fig. 1). The name of the lake comes from Dege
(1938), who gave it the German name ‘Kocherfliegen-See’,
which in English means ‘Caddis-fly Lake’. The surface area
is 1.8 km? and the maximum depth is 33 m. The water flow
in the 1 km long outlet river is relatively stable/high during
summer (July—September), i.e., migratory Arctic charr can
easily descend and ascend this passage from early July to late
September. As for most lake systems on Svalbard, there is no
water flow in the outlet river during winter, i.e., from early
October to late June (Svenning and Gullestad 2002). Var-
fluesjgen receives substantial drainage from glaciers during
summer, and water transparency in the ice-free period varies
between 10 and 30 cm. Varfluesjgen is oligotrophic and a
typical cold monomictic lake with a complete mixing of the
water column in summer, with water temperatures varying
in the range 4-6 °C (Svenning 2015). The lake freezes over
in late September, or early October, while ice cover usu-
ally disappears around mid-to-late July, corresponding to an
ice-free period of ca. 3 months. The ice thickness gradually
builds up to a maximum of 1.8-2 m (Svenning 2015).

We observed a rich bird community at the lake during
the fieldwork in 2005, of which the Brent goose (Branta
bernicla) dominated, with daily visits of flocks counting
20-40 individuals around the lake. Three other species, the
red-throated loon (Gavia stellata), the black guillemot (Cep-
phus grylle), and the Arctic tern (Sterna paradisaea) were
seen fishing in the lake. The bird activity may result in an
increased nutrient and food supply to the lake by excrements,
mainly from the numerous geese. Arctic charr is the only
fish species in Lake Varfluesjgen, forming both resident and
anadromous individuals (Svenning 1993).

The origin of M. segerstralei in lake Varfluesjgen may
be related to the postglacial history of the lake, similar to
the occurrence of this species in lakes on Victoria Island in
the Canadian Arctic, where M. segerstralei occurs in sev-
eral lakes situated from 11 to 93 m a. s. 1. (Johnson 1964;
Audzijonyte and Viinold 2005). The marine limit in this area
seems to be around 120-150 m above the present sea level
(Andrews 1973). One of these lakes, the Greiner Lake, today
situated 15 m above sea level, with a maximum depth of
11 m and a maximum summer temperature of approximately
8 °C, has risen from the sea within the last 1300 years (John-
son 1962), while Victoria Lake, is situated 11 m a. s. 1., and
is probably even younger than Greiner Lake. Accordingly,
M. segerstralei originates from the marine environment, and
is a late immigrant to these lakes from salt water, and a true
marine relict. Likewise, the establishment of M. segerstralei
in lake Varfluesjgen has most probably taken place when
the lake was still more or less at sea level, but thousands of
years earlier than the establishment in the lakes on Victoria
Island. Another crustacean, Gammaracanthus loricatus, an
important component in food of resident Arctic charr in the
lake Jensenvatn on the island Danskgya, in the northwestern
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corner of Spitsbergen, is likewise an ancient marine-glacial
relict (Svenning 1992).

Sampling

For studying the diet of Arctic charr in the lake, fish sam-
pling was performed by gillnetting in the littoral, pelagic,
and profundal zones during the period 12-28 August 2005.
Multi-mesh gillnets with panels of bar mesh sizes 8§, 10,
12,5, 15, 18,5, 22, 26, 33, 39, and 45 mm were used. The
gillnets set in the littoral and profundal zones were 40 m
long and 1.5 m in height, while those set from the surface
in the pelagic zone were 40 m long and 3 m in height. The
gillnets were set in two depth zones in the profundal zone,
at 10-12 m and 20-28 m. The nets were set in the afternoon
and pulled or checked the day after. Catch per unit effort
(CPUE) is presented as the number of fish per 100 m? net
per 24 h.

A total of nearly 3200 ascending anadromous Arctic
charr captured in a trap placed in the outlet river from July
17 to August 28, were marked and released above the trap
(Skogstad and Skogstad 2006). Resident charr was classi-
fied according to morphology and body coloration. Further,
since all ascending fish were marked, all untagged fish older
than four years were defined as resident charr. In total, 197
resident Arctic charr in the length range of 72-241 mm were
captured and killed for stomach content sampling (Fig. 2).

All fish were measured for fork length (mm) and mass (g)
and classified according to sex, maturity, and color of flesh.
Stomachs and oesophagus’ were cut loose and preserved
in 96% ethanol with all contents. Sagittal otoliths used for
aging were removed from the fish and preserved in 96%
ethanol with a small amount of glycerol.

@ Springer



Polar Biology

Littoral Pelagic Profundal
= 157 (n=48) T (n=12) 35r (n=137)
<
< 6l 30k
-2 sk 2 25F
g 10F M _
f 4F 20
=
3 3 15F
§ 5r 2 10F
Gy
: il H il
o
Z G 1 n ] 0 1 |-|-|-| |-| ] 0 | I N |
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Length (cm) Length (cm) Length (cm)

Fig.2 Length distribution of resident Arctic charr sampled by multi-mesh gillnets in Lake Varfluesjgen, Svalbard, in August 2005. Numbers

reflect the total number of sampled fish

Diet analysis

The stomach fullness was estimated on a percentage scale.
Food items were identified and their relative contribution
to stomach fullness was estimated. The average degree of
fullness for each prey item was expressed as a percentage of
the average degree of total fullness in the sample. Percent-
age occurrences, F;=(N/N) - 100, and prey-specific abun-
dances, P;=(Z5/2S,) X 100, were calculated, where N, is the
number of fish with prey i in their stomach, N is the total
number of fish with stomach contents, S; is the stomach full-
ness for prey i, and S, the total stomach fullness of the fish
(only stomachs with content included). By plotting prey-
specific abundance (P;) against the frequency of occurrence
(F;), we visualized the different categories of individual spe-
cialization and the general importance of the different food
item categories in the diet (Amundsen et al. 1996). Some of
the stomach contents consisted of small fragments of prey
items, most likely mainly from chironomid pupae, but also
from caddisfly larvae, as well as small pebbles from cad-
disfly cases, which we decided to categorize as unidentified.

Results

During the 2 weeks of gillnet sampling, the CPUE was
higher in the littoral zone (1.70) than in the profundal (0.14)
and pelagic (0.03) zones (Table 1). The diet of the resident
Arctic charr consisted of Mysis segerstralei, larvae and
pupae of Apatania zonella and chironomids, small Arctic
charr, copepods (Cyclops abyssorum), and some undeter-
mined fragments (Figs. 3, 4).

M. segerstralei dominated the diet of resident Arctic
charr sampled in the profundal zone, with a frequency of
occurrence and prey-specific abundance of 92.2 and 98.5%,
respectively (Figs. 3, 4), and also amounted to a significant
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proportion of prey items found in charr captured in the lit-
toral and pelagic zone. The length of the M. segerstralei
found in stomach contents was in the range 11-15 mm.
Prey-specific abundance and frequency of occurrence of M.
segerstralei are high both at depth 10-12 m and 20-28 m in
the profundal zone (Fig. 5).

The diet of Arctic charr captured in the littoral zone was
dominated by A. zonella (Figs. 3, 4), with both a high fre-
quency of occurrence (66.7%) and specific volume percent
(98.7%). M. segerstralei was the second most abundant prey
in this habitat. Only one individual from the littoral sam-
ple had eaten an Arctic charr (Fig. 3). This cannibal was
207 mm, and the length of the preyed individual was 23 mm,
i.e., a young of the year.

In the pelagic habitat, where only 12 fishes were caught, a
relatively high percentage of the stomach content consisted
of unidentified insect fragments, most probably digested
pupae of chironomids. Both M. segerstralei, A. zonella, and
copepods (C. abyssorum) made up a significant part of the
stomach contents as well (Figs. 3, 4).

Table 1 Catch per unit effort (CPUE) of resident and anadromous
charr captured by multi-mesh gillnets in Lake Varfluesjgen, Svalbard,
12-28 August 2005

Sampling with mult- CPUE CPUE

mesh gillnets

Habitat Resident charr Anadromous charr
Littoral zone 1.7 3.52
Pelagic zone 0.03 0.07
Profundal zone 0.14 0.03
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Fig.3 Abundance (%) of prey species groups in the stomach con-
tents of resident Arctic charr captured in the profundal-, littoral- and
pelagic zone in Lake Varfluesjgen, Svalbard, in August 2005

Discussion

As expected from the origin of the name of Lake Varflues-
joen, A. zonella larvae and pupae dominated the diet of
resident charr captured in the littoral zone. In charr cap-
tured in the profundal zone, however, the stomach contents
were totally dominated by M. segerstralei, while in the few
fish caught in the pelagic zone, both A. zonella pupae and
M. segerstralei were important stomach items. The domi-
nance of M. segerstralei in the diet, as well as the scarcity
of chironomids as prey items, deviates from all other diet
studies of Arctic charr captured in both littoral, pelagic and
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Fig.4 Prey-specific abundances and frequencies of occurrence for
prey species groups in the stomach contents of resident Artic charr
captured in the profundal, littoral and pelagic zone in Lake Varflues-
joen, Svalbard, in August 2005

profundal habitats in lakes on Svalbard (Gullestad 1973;
Hammar 1982, 2023; Svenning 1992, 1993; Aas 2007; Sven-
ning et al. 2007, Svenning and Bergane 2020; Borgstrgm
et al. 2015; Bergane 2018).

There is little information about interactions between M.
segerstralei and freshwater fish, but the closely related M.
relicta is a typical opportunistic feeder, capable of utiliz-
ing a variety of food resources. This species may play an
important role in structuring limnetic food webs, feeding on
detritus, diatoms, phytoplankton, rotifers, ostracods, copep-
ods, Cladocera, and even the amphipod Pontoporeia, small
mysids and pollen (Grossnickle 1982; Hessen and Kjellberg
1995; Rudstam et al. 1999; Johannsson et al. 2011). Mysis
may thus be a competitor to Arctic charr and other zooplank-
ton-feeding fish, as concluded in a study from Lake Breiter,
located in north-eastern Germany, one of the few lakes in
Germany where M. relicta is registered. In this lake, Mysis
was an important food item of two sympatric populations
of European cisco, however, Mysis preyed on the same food
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Fig.5 Prey-specific abundances and frequencies of occurrence for
prey species groups in the stomach contents of resident Artic charr
captured in the profundal zone at 10-12 m (n=33) and 20-28 m
(n=57) depth in Lake Varfluesjgen, Svalbard, in August 2005

organisms as the ciscoes, indicating a potential competi-
tion between the zooplantivore fish and Mysis (Scharf et al.
2008).

Primary production is generally low in Arctic lakes (Hob-
bie 1984), and very low in Varfluesjgen and other lakes in
the High Arctic, due to the short summer season with low
temperatures and low nutrient concentrations, combined
with high glacial silt contents and low light transmission
(Svenning 2015). Accordingly, the food basis for prey spe-
cies of M. segerstralei is far from optimal in such lakes, and
both copepods and cladocerans may more easily be preyed
down to a low level.

Seabird excrement (droppings) at Varfluesjgen, espe-
cially from the relatively numerous Brent goose, may sup-
ply nutrients for primary production and food to several of
the invertebrates in the lake. These droppings give rise to
much detritus which also may be utilized directly by Mysis
(Stockwell et al. 2020), as well by prey species of Mysis,
such as copepods and Cladocera. The excrement may also
be an important food source for A. zonella, and explain the
high occurrence of this species in diet of littoral charr in
Lake Varfluesjgen, compared to most other lake systems on
Svalbard (Svenning et al. 2007).

Large crustaceans, including Mysis species, are very
attractive prey for fish due to their relatively large size (Nils-
son 1967; Aass 1969), and the effect of fish predation is
noticeably demonstrated in lakes in North America, where
Lepidurus arcticus and the anostracan Polyartemia forcipata
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occur mainly in fishless lakes (Butler et al. 1980). A typi-
cal example is described by Nilsson (1967) after the intro-
duction of Arctic charr to a small lake in northern Sweden
inhabited by P. forcipata. This species immediately became
the most important prey, and already the first season after the
introduction of Arctic charr, it was replaced by the smaller
Bythothrephes longimanus which similarly disappeared
in the third season, rendering a zooplankton community
dominated by small Bosmina spp. Likewise, in northeast-
ern Greenland, L. arcticus occurred in all studied fishless
lakes but was either absent or present in very low densities
in lakes with fish (Jeppesen et al. 2001). Thus, when exposed
to increased fish predation, for instance due to the invasion
of new fish species, large crustacean species may quickly
disappear in arctic lakes.

The presence and significance of M. segerstralei as a prey
item for resident Arctic charr in Lake Varfluesjgen is most
probably a result of relatively low predation pressure, as
most of the Varfluesjgen charr older than 5 years are ana-
dromous, leaving the lake in beginning of the summer sea-
son, and have their most important food consumption and
growth in the sea (Svenning 1993). In 2005, nearly 3200
Arctic charr (0.1 to 5.5 kg) ascended the lake in July—August
after the sea residence (Skogstad and Skogstad 2006). This
means that this large migrant population was feeding in the
sea during most of the ice-free period, and neither seem to
feed at all during their freshwater residency (Rikardsen et al.
2003). Thus, resident Arctic charr, mainly in length groups
11-20 cm, seem more or less to be the only fish feeding on
M. segerstralei in Lake Varfluesjgen.

The low light intensity in deeper areas in Lake Varflues-
jgen, combined with less than 20-30 cm transparency due
to the glacier melting, probably also contributes to reduced
predation pressure on M. segerstralei. Arctic charr in Sval-
bard lakes feed throughout the winter period, in total dark-
ness (Svenning et al. 2007), indicating that M. segerstralei
might be eaten during the ice-covered period as well. Dur-
ing the ice-free period, there are small differences in water
transparency between day and night at this high latitude, and
predation pressure in the pelagic habitat would be nearly the
same throughout the 24-h daily period. In Lake Pulmanki-
jérvi, there is a high fish abundance including several species
which feed on M. segerstralei, but still this species is impor-
tant in the diet of both Arctic charr and benthic whitefish,
suggesting that M. segerstralei tolerates high fish predation
(Aura et al. 2015; Eloranta et al. 2015), but also suggesting
that the food basis for Mysis in such more productive lakes
is high.

The resident charr in Lake Varfluesjgen occurs at a higher
density in the littoral habitat than in the pelagic and profun-
dal habitats, however, the largest resident individuals were
captured mainly in the profundal habitat at depths from
10-12 m to 20-28 m (Fig. 5), which is probably an effect
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of the presence of M. segerstralei in this habitat. In some
lakes in mid-Norway, M. relicta was likewise important for
profundal Arctic charr, and a low occurrence in the diet of
pelagic charr (Koksvik et al. 1995). In deep temperate lakes,
the summer temperature may be warm in the upper layers,
but due to temperature stratification, the deeper layers are
still cold, in contrast to Arctic lakes such as Lake Varflues-
joen, where the water temperatures in summer and autumn
are low (46 °C) throughout the whole water column (Sven-
ning 2015). The difference in temperature regimes between
temperate and Arctic lakes may be decisive for the habitat
use of young charr, with young fish staying in the cold pro-
fundal zone in temperate lakes (Bjgru and Sandlund 1995;
Klemetsen et al. 2002), while they stay in the ‘supralittoral’
(Iess than 30—40 cm depth) of Arctic and shallow high alpine
lakes (Svenning and Borgstrgm 1995; Vik 2002).

The smaller mean size of individuals of Arctic charr
captured by multi-mesh gillnets in the littoral zone of Lake
Virfluesjgen compared to the fish captured in the profundal
and pelagic zones is also an indication that the smallest fish
prefer the shallowest habitats, probably due to an antipreda-
tor response defined by the size of prey fish and size of the
cannibals (Svenning and Borgstrgm 1995; Vik 2002). With
increasing size, the resident charr in Lake Varfluesjgen may
move to deeper water in the littoral zone or move into the
pelagic or profundal zone. Therefore, the number of fish in
the profundal zone in Svalbard lakes such as Lake Varflues-
jgen may be much lower than in temperate lakes, due to the
absence of competition from the youngest age classes, and
also because the larger/ older anadromous charr are feeding
in seawater. Thus, the predation pressure from Arctic charr
on the profundal living M. segerstralei in Lake Varfluesjgen
is probably relatively low, preventing the M. segerstralei
population to go extinct.

Most Mysis species seem to be important predators
of zooplankton (Langeland 1988; Hessen and Kjellberg
1995; Spencer 1999; Stockwell et al. 2020), but the spe-
cies are also predated by both pelagic and benthic-feeding
fish (Bailey 1972; Isaac et al. 2012). Further, most Mysis
species are suggested to conduct a vertical diurnal migra-
tion, staying in deep water during the day, and feeding
in the upper water during the night (Beeton and Bowers
1982; Moen and Langeland 1989). In a recent review,
however, Stockwell et al. (2020) claimed that surprisingly
few studies had paid attention to the benthic components
of Mysis ecology and emphasized that some mysids may
remain at the bottom also at night, i.e., do not necessarily
migrate vertically. This phenomenon of vertical migration
is characteristic of plankton in deep-water situations and
is probably linked to prey avoidance. While this behavior
is evidently common in most freshwater species (i.e., M.
relicta, M. salemaai, M. diluviana) and perhaps also in
marine mysids, it may not be typical of M. segerstralei, a

species most often found in shallow freshwater lagoons,
with no possibility to escape to darkness (Risto Viinoli,
pers. comm.).

On the other hand, M. segerstralei has also been found
in the more than 30 m deep lake Pulmankijirvi, although
their potential migratory behavior has not been reviewed
(Audzijonyte and Viinold 2005). In Lake Varfluesjgen,
we set the gillnets in the afternoon and pulled or checked
them the day after. The low CPUE in the pelagic does not
support the hypothesize that resident Arctic charr migrates
between the pelagic and the profundal zone. Further, the
stomach contents in resident Arctic charr caught in the
pelagic showed no dominance of M. segerstralei but con-
tained approximately the same amount of other food items
as Arctic charr captured in the littoral zone such as cad-
disflies, copepods (C. abyssorum), and chironomid pupae,
indicating a rather potential horizontal migration between
the littoral and pelagic habitats. Further, the small por-
tion of zooplankton eaten by resident charr captured in
the pelagic zone and probably being the only potential
food item for M. segerstralei in the surface area, also sug-
gest that diurnal migration is hardly a successful strategy
for M. segerstralei in Lake Varfluesjgen. This is also in
accordance with the conclusions from Stockwell et al.
(2020) and Risto Viinola (pers. comm).

In conclusion, the marine relict, M. segerstralei, may
survive well in the deeper areas in Lake Varfluesjgen, due
to low predation pressure from a relatively small resident
Arctic charr population, and also favored by a low water
transparency caused by high glacial silt content of the
water mass during summer.
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