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Abstract The pelagic amphipods Themisto abyssorum

and Themisto libellula represent important links between the

herbivore zooplankton community and higher trophic levels

of the Arctic marine food webs. Large double structured

eyes of both of these hyperiid species are assumed to be used

for visual prey detection. However, no information is

available on the feeding strategies of these visually search-

ing predators for the period of the polar night, a time of year

with no or very low levels of daylight. Here, we report on the

stomach and gut content of both Themisto species collected

during a January expedition around Svalbard (78� to 81�N).

Results indicate that T. abyssorum and T. libellula feed

actively during the Arctic winter. The major food source of

both amphipods consisted of calanoid copepods, most fre-

quently Calanus finmarchicus.

Introduction

Two species of the hyperiid genus Themisto, T. libellula, a

typical Arctic species and its subarctic-boreal congener

T. abyssorum, occur in the open waters of the northern

polar regions (Dunbar 1957; Koszteyn et al. 1995;

Dalpadado et al. 2001; Dalpadado 2002). Both are epipelagic

predators and considered to be visual feeders. In their adult

life stage, both feed on smaller mesozooplankton (e.g.,

Dalpadado et al. 2008) and act themselves as prey for

marine vertebrates, for example, polar cod, little auk and

seals (Wing 1976; Falk-Petersen et al. 1987, 2004, 2009;

Scott et al. 1999; Auel et al. 2002; Marion et al. 2008;

Renaud et al. 2012). Thus, both represent links between

herbivore zooplankton and higher trophic levels in the

Arctic marine food web.

Previous studies of their feeding ecology have focused

on the larger one of the two, T. libellula (Auel et al. 2002;

Dalpadado et al. 2008; Marion et al. 2008; Noyon et al.

2011, 2012). Findings included an increased storage of

lipids of T. libellula in late summer and a diet dominated

by copepodid stages III–IV of Calanus spp. (Scott et al.

1999; Dale et al. 2006). T. abyssorum on the other hand is

known to have a more diverse diet including omnivorous

prey such as appendicularians (Dalpadado et al. 2008).

Most of these investigations are based on spring or

summer data. To our knowledge, there is no published

information on the food sources and feeding strategies of

these predators during the Arctic winter. This period of the

year, defined here as the time period when the Sun is more

than 12� below the horizon, is perceived by humans as

being continuously dark. Difficulties of obtaining winter

samples in the Arctic Ocean are the likely reason for this

scarce information (Dalpadado et al. 2008; Berge et al.

2009). Thus, a good seasonal coverage is essential for a full
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understanding of zooplankton annual routines (Varpe

2012), including their feeding activity and potential role as

predators, for instance on overwintering copepods.

The aim of this study was to identify whether the pelagic

amphipods T. abyssorum and T. libellula feed during the

Arctic polar night and if they do, what their dominant

prey is.

Materials and methods

Investigation areas

Themisto abyssorum and T. libellula were collected during

the ARCTOS Marine ecological research cruise with R/V

Helmer Hanssen at sampling sites in Rijpfjorden (80�180N,

22�160E), Sofiadjupet (81�440N, 14�170E) and Isfjorden

(78�160N, 15�330E), Svalbard, from January 12 to January

18, 2012. The area around the archipelago of Svalbard is

characterized as a transition zone between Atlantic and

Arctic waters, with the West Spitsbergen Current as the

main pathway of Atlantic water into the Arctic Ocean,

running at its western coast. This is where the sampling site

of Isfjorden is located, which is strongly influenced by the

inflowing Atlantic water masses (Nilsen et al. 2008).

North–west of Svalbard an eastward turning branch of the

West Spitsbergen Current flows along the continental slope

(Rudels et al. 1999) and keeps this area around the Sofi-

adjupet, the ‘‘Whalers Bay,’’ mostly ice free during winter

time. Rijpfjorden is a broad shallow fjord located along the

northern coast of Nordaustlandet and dominated by colder

Arctic water.

Sampling and processing

Profiles of temperature, salinity and density at each sam-

pling site were measured vertically using a Sea-Bird

Electronics SBE 9 CTD sonde throughout the total water

column. Water masses have been classified according to

Baczewska et al. (2012) and references therein (Table 1).

Daily data on down-welling irradiance (PAR, lmol

m-2 s-1) during the research cruise were provided from

Table 1 Station and amphipod composition data at the three sampling sites in Rijpfjorden, Isfjorden and Sofiadjupet during the Arctic polar

night

Station position Rijpfjorden 80�180N, 22�160E Isfjorden 78�160N, 15�330E Sofiadjupet 81�440N, 14�170E

Sampling date January 13, 2012 January 17, 2012 January 15, 2012

Time interval (UTC) 1104–1232 hours 1957–2300 hours 0713–0900 hours

Bottom depth (m) 278 269 2257

Sampling depth (m)/water massb 20/meltwater 30/meltwater 30/meltwater

Salinity (PSU)/temperature (�C) 34.24/0.36 34.34/-0.36 33.98/-1.85

75/Arctic water 60/meltwater 500/Arctic deep water

34.41/0.68 34.23/-1.12 34.95/1.52

225/Arctic water 225/mixed Fram Strait water 1200/Arctic deep water

34.57/-1.26 34.63/1.89 34.91/-0.26

Average PAR (lmol m-2 s-1 ± SD)a Day (0700–1900 hours): 6.49 ± 4.08 – –

Night (1900–0700 hours): 7.58 ± 6.03

Themisto abyssorum

Depth (m)/density (ind 1,000 m-3) 20/60.6 30/0.4 0–1200/13.3

75/169.3 60/2.9 –

225/23.1 225/1.8 –

Size (total body length in mm ± SD) 11.9 ± 2.6 12.7 ± 1.7

Themisto libellula Absent

Depth (m)/density (ind 1,000 m-3) 20/16.1 30/5.1 –

75/25.7 60/3.9 –

225/6.7 225/0.0 –

Size (total body length in mm ± SD) 26.0 ± 5.5 22.7 ± 4.5 –

a Average down-welling irradiance PAR (lmol m-2 s-1 ± SD) measured during day—and nighttime hours from January 13 to January 17,

2012 at the Rijpfjorden Weather Station (80�130N, 22�280E) with an Iridium interface with CR1000 datalogger and Kipp & Zonen PAR LITE

Quantum Sensor
b Dominant water mass at the three sampling sites and respective depths. Classification based on temperature and salinity (see Baczewska et al.

2012 and references therein)

SD standard deviation
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the Rijpfjorden Weather Station (80�130N, 22�280E) using

a Kipp&Zonen PAR LITE Quantum Sensor on an Iridium

Satellite System. A total of 12 Methot Isaac Kidd (MIK)

hauls (3.14 m2 opening, 1.5 mm mesh size) were carried

out. The net was trawled for 10 min at a speed of *1.5

knots. Three depth intervals were sampled (20, 75 and

225 m in Rijpfjorden and 30, 60 and 225 m in Isfjorden) by

doing separate hauls at each depth. Deck lights were

switched on for the handling of the net winch, but these did

not illuminate the net or the sampling area. Due to ice

cover, no MIK tow was possible at Sofiadjupet. Instead,

samples were collected using a vertically hauled WP3 net

(1 m2, 1.0 mm mesh size, 0–1,200 m depth). At Sofiadjupet,

only T. abyssorum was present in the net. Live individuals

were immediately sorted from the catch and transferred

into buckets with cold seawater. To avoid post-capture

feeding, all examined specimens were immediately

separated from other zooplankton after the samples were

collected on deck. The collected specimens were identified

according to species and stage, and total body length was

measured to the nearest millimeter (from the anterior side

of the head to the tip of the third pair of uropods (Dunbar

1957)). After identification, all specimens were deep-fro-

zen alive at -55 �C as soon as possible (at latest within 4 h

of capture) and transferred into a -80 �C freezer after the

cruise. Subsamples of 44 adult individuals of T. abyssorum

(size range 8–15 mm) and 17 adult individuals of

T. libellula (size range 20–32 mm) were selected for

stomach and gut content analysis.

Stomach and gut content analysis

At the home laboratory, the stomach and gut of each

individual were carefully removed and placed in a solution

of glycerin in water. The degree of fullness was classified

according to Nakagawa et al. (2000) and Dalpadado et al.

(2008), with stage 0: empty, stage 1: \25 % full, stage 2:

25–50 % full, stage 3: 51–75 % full and stage 4: 76–100 %

full. The prey items were examined under a light micro-

scope and grouped into different categories based on the

work of Dalpadado et al. (2008) and modified by the

inclusion of the groups: amphipod appendages, fecal pel-

lets, eggs and the parasite Ganymedes themistos:

1) Copepods (with the presence of mandibles and/or

appendages)

2) Amphipods (presence of appendages)

3) Dinoflagellates

4) Fecal pellets/digested green

5) Eggs

6) Parasite Ganymedes themistos (Prokopowicz et al.

2010)

7) Unidentified

When whole prey individuals were found, their total body

length was measured. All encountered copepod mandibles

were photographed and their size was recorded to the nearest

micrometer (mandible width L1, given in Karlson and

Båmstedt (1994)) using an inverted microscope (Zeiss IM40,

magnification 60–4009) and the image analysis system

AxioVision40 V4.7.1 (Carl Zeiss Imaging Solution GmbH).

All copepod mandibles were identified to species and stage

level when possible (Table 3), following the results of

Karlson and Båmstedt (1994) and Dalpadado et al. (2008).

Results

Stomach and gut content: Themisto abyssorum

Thirty-two out of forty-four analyzed specimens of

T. abyssorum possessed a full or partly filled stomach and

gut (Fig. 1). In 16 cases, their diet consisted predominantly

of copepod residues (Table 2). This included mandibles

(Fig. 2a), antennae, fragments of prosomes and other body

parts in various stages of digestion. Adult female and male

individuals with a total body length of 11–15 mm had up to

two copepods in their stomachs. The mandible width of the

exclusively calanoid copepods varied from 50 to 175 lm.

Examination of the mandibles showed that Calanus

finmarchicus was the main prey species of T. abyssorum at

Isfjorden and Sofiadjupet (Table 3). The copepodite stages

CII, CIII, CV and adults of this species were identified. At

Rijpfjorden, two of the three mandible samples were

damaged and could not be identified to species level. Their

blade widths of 140 and 138 lm indicate that they belon-

ged to C. finmarchicus CV or C. glacialis CIII and CIV.

Other food components included fecal pellets and a

gregarine parasite, which we identified as Ganymedes spp.
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Fig. 1 Degree of gut fullness in percent for the hyperiid amphipod

Themisto abyssorum and Themisto libellula at the three sampling sites

in Rijpfjorden, Isfjorden and Sofiadjupet during the Arctic polar night
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according to its morphological structure (Fig. 2b). The

stages of digestion varied from moderately digested

material with good recognizable features of the preferred

prey such as prosomes of calanoid copepods to heavily

digested material consisting mainly of fecal pellets in the

fore- and midgut of T. abyssorum. Individuals with empty

stomach were also present at all stations; most of them,

however, from the cold Arctic, Rijpfjorden (Table 2).

Stomach and gut content: Themisto libellula

In contrast to T. abyssorum, almost all examined individ-

uals of T. libellula possessed a (partly) filled stomach and

gut at the sampling sites Rijpfjorden and Isfjorden

(Table 2; Fig. 1). Similar to its congener, its diet also

consisted mainly of calanoid copepods, with up to three

copepods per analyzed amphipod. This included CIV, CV

or adult stages of C. finmarchicus (Fig. 3a), C. hyperboreus

and Metridia longa (Table 3) with mandible widths from

117 to 240 lm. While adult female individuals of

T. libellula with a total body length from 25 to 28 mm also

possessed copepod appendages in their guts, intact man-

dibles were only found in the male specimens (total body

length from 20 to 32 mm).

Other items found in the guts included fecal pellets and

the gregarine Ganymedes spp. (Fig. 3b), probably

Ganymedes themistos at both fjords. Also, varying stages of

digestion of the diet were seen, with a higher amount of

heavily digested material (fecal pellets, Fig. 3c) at the

sampling site of Rijpfjorden (Table 2). Due to the larger size

of T. libellula, the mean gut content of this Arctic species

was nearly three times higher compared with T. abyssorum,

with an amount of 2.8 and 1.0 mm3, respectively.

Discussion

Within polar ecosystems, sampling conditions are harsh

and the investigation of zooplankton winter life cycle

strategies is a challenge in the total darkness of the polar

Table 2 Diet composition (% contribution of prey by numbers) for the hyperiid amphipod Themisto abyssorum and Themisto libellula at the

three sampling sites in Rijpfjorden, Isfjorden and Sofiadjupet during the Arctic polar night

Prey item Rijpfjorden

T. abyssorum
T. libellula Isfjorden

T. abyssorum
T. libellula Sofiadjupet

T. abyssorum

Copepoda (fragments) 75.8 42.5 53.6 78.9 32.5

Amphipoda (fragments) – 10.0 – – –

Dinoflagellates (whole) 0.7 – 0.4 0.8 –

Fecal pellets/digested green (fragments) 10.7 43.8 34.0 17.1 27.0

Eggs, full and empty (whole) 12.1 – 3.2 0.1 9.5

Ganymedes spp. (whole) – 3.7 3.6 0.5 20.0

Unidentified (fragments) 0.7 – 5.2 2.7 11.0

Number of guts analyzed 12 5 20 12 12

Mean volume of gut content (mm3) 0.8 1.4 1.1 4.2 1.1

Fig. 2 Stomach and gut contents identified from winter samples of Themisto abyssorum; a mandible Calanus finmarchicus CV; b marine

gregarine trophozoite Ganymedes
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night—a time period when the sun is continually located

more than 12� below the horizon. During this study, the

only light source at all sampling sites was (beside the ship’s

deck lights) star and moonlight, with a mean irradiance of

6–7 PAR (Table 1, measured at the Rijpfjorden Weather

Station). This is 1009 less compared with the period of the

midnight sun with a mean irradiance of *600–700 PAR.

With the onset of shorter daylight periods in fall, many

zooplankton species such as calanoid copepods are known

to descend to deeper waters and enter a state of winter

dormancy (diapause) (e.g., Hirche 1991, 1996; Kosobokova

1999; Wold et al. 2011). Other species such as the

carnivorous hyperiid Themisto have been suggested to

maintain their active mode of life also during the winter

(e.g., Dale et al. 2006). However, evidence on their feeding

strategy has been missing.

Our study suggests active feeding in both species during

the polar night. The food items identified consisted

predominantly of calanoid copepods and did not differ

substantially between the sampling sites. With adult and

CV stages of C. finmarchicus found in the diet of both

species (Table 3), our results indicate at least a partial

overlap in terms of food sources. T. libellula also seemed to

prey upon other copepod species such as C. hyperboreus

Table 3 Information on all

encountered copepod mandibles

in the digestive tract content of

the analyzed hyperiids Themisto
abyssorum and T. libellula

Species Sex Total body

length (mm)

Wet weight

(mg)

Mandible blade

width (lm)

Species Stage

Rijpfjorden

T. abyssorum M 13 25.1 140 Calanus spp. –

T. abyssorum F 10 22.4 146 C. finmarchicus CV

T. abyssorum F 11 31.1 138 Calanus spp. –

Isfjorden

T. abyssorum M 11 30.4 175 C. finmarchicus Adult

T. abyssorum F 15 58.3 50 C. finmarchicus CII

T. libellula M 27 176.3 185 Metridia longa CIV

174 C. finmarchicus Adult

T. libellula M 20 74.3 122 C. finmarchicus CIV

117 C. finmarchicus CIV

T. libellula M 23 130.9 240 C. hyperboreus CV

135 C. finmarchicus CV

185 C. finmarchicus Adult

Sofiadjupet

T. abyssorum F 14 40.7 78 C. finmarchicus CIII

144 C. finmarchicus CV

Fig. 3 Stomach and gut contents identified from winter samples of Themisto libellula; a mandible Calanus finmarchicus adult; b marine

gregarine trophozoite Ganymedes; c fecal pellet in mid-gut segment
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and Metridia longa. The traditional analysis of digestive

tract contents is used in numerous studies to give a first

insight into the feeding modes of different species,

including fish and zooplankton (e.g., Dalpadado et al.

2008). While the stomach and gut content analysis is

expected to provide reliable qualitative results regarding

the kind of prey, the semi-quantitative estimates using this

method have to be treated with caution as predation rates

may be over- or underestimated. This is due to the variable

physical properties and thus differing digestion rate of the

prey contents. In this study, the digestive tract content of

both investigated amphipods showed moderately to

advanced stages of digestion. With the known average

digestion rate of Themisto to be 7.5–13 hours (Pakhomov

and Perissinotto 1996; Marion et al. 2008), we suggest that

our results present a good qualitative assessment of the

recent food uptake of T. abyssorum and T. libellula during

the polar night.

Our results stand in contrast to two studies, which

compared the feeding modes of T. abyssorum and

T. libellula in Arctic waters during summer and fall (Auel

et al. 2002; Dalpadado et al. 2008). Both studies suggested

that their diet differed, with extensive feeding on copepods

by T. libellula (also shown by, for example, Scott et al.

(1999), Marion et al. (2008), Noyon et al. (2011, 2012))

and a broader food spectrum for T. abyssorum. The latter

has been shown to possess a mixed diet by preying upon

copepods as well as other zooplankton groups such as

appendicularians (Dalpadado et al. 2008). The authors

concluded that this mixed diet of T. abyssorum is a possible

consequence of its broad vertical distribution in the water

column (reaching down to 2,000 m depth) and its associ-

ation with warmer, Atlantic water (Koszteyn et al. 1995;

Dalpadado 2002). Our study showed a rather similar diet

composition with a clear dominance of calanoid copepods,

indicating no difference in prey selectivity among the two

species during winter. The diet appeared to be comple-

mented by intraspecific cannibalism as well as the feeding

on dinoflagellates. With the latter, however, it remains

unclear if the amphipods fed directly upon them or if they

were digested with the copepod prey. Also, the origin of

the ingested eggs remains unclear (Table 2).

Assemblages of lipid-rich calanoid copepods were

present throughout the water column at the three sampling

sites in January (personal observations), thus being avail-

able as a food source for Themisto. These populations were

sampled with a multinet (Hydrobios, 0.25 m2 opening,

mesh size 200 lm) at five depths (260, 200, 100, 50 and

20 m) and will be analyzed for mesozooplankton species

composition, vertical and size distribution (to be reported

in a separate publication). The highest densities of

Themisto were observed within the upper 75 m of the water

column (Table 1). Therefore, the hyperiids may play a role

in the control of mesozooplankton communities also during

the Arctic winter.

The presence of the gregarine trophozoite Ganymedes

spp., probably G. themistos, in both amphipod species was

unexpected. While this parasite has been previously

recorded and was newly described from T. libellula sam-

ples collected in the Canadian Arctic (Prokopowicz et al.

2010), to our knowledge our study is the first to document

its appearance in T. abyssorum (Fig. 2b). Leander (2008)

described the group of marine gregarines as single-celled,

host-specific organisms, which inhabit the intestines of

invertebrates and can reach large sizes. Because of this

host specificity, we recognize the necessity to genetically

compare the parasites in order to reach a reliable conclu-

sion if the same species (G. themistos) infects both

Themisto species. In our study, most amphipod individuals,

which contained Ganymedes in their digestive tract also

had other food items (including copepod mandibles) pres-

ent. Therefore, we agree with Prokopowicz et al. (2010)

that this trophozoite infection does not seem to have

a significant impact on the feeding and survival of

T. libellula. Furthermore, we suggest that the same is also

true for its congener T. abyssorum.

Our findings of active feeding raise questions concern-

ing the mechanism that enables these supposedly visual

predators to hunt during the polar night. A characteristic

feature of hyperiid amphipods are the large, double struc-

tured eyes which possess special upward-pointing regions

covering a narrow field of view (Land 1989, 2000). Land

(2000) suggested that these regions are an adaptation to the

task of detecting small objects against the dim down-

welling light in the water column. As little down-welling

light is available at high latitudes during the Arctic winter

(with the exception of the periodic moonlight events), this

part of the eye structure may only play a small part in the

active foraging strategy of Themisto during this time of the

year if at all. The lower part of the eyes is considered to be

used to detect bioluminescent sources, whose brightness

would show only little variation with depth (Land 1989,

2000). We found one specimen of a bioluminescent

copepod in the digestive tract of the analyzed amphipods,

Metridia longa (Table 3). There is the opportunity that

Metridia itself could provide background illumination, a

concept suggested for other visual predators, for example,

polar cod (Boreogadus saida) (Benoit et al. 2010). Berge

et al. (2012) recently documented the presence of small

bioluminescent dinoflagellates retaining metabolic rates

that enable them to produce light also during the polar

night. It is a possibility that Themisto uses this illumination

to actively prey on copepods. Beside the visual aspect,

feeding modes of hyperiids may also depend on mechani-

cal, tactile and olfactory stimuli. Carnivorous zooplankton

including copepods of the genus Euchaeta, scyphozoan
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jellyfish and siphonophores have been shown to use tactile

stimuli over vision, tracking the vertical movements of

their prey. This enables them to prey upon zooplankton

equally well under darkness and daylight conditions (Hays

2003). However, because of the lack of investigations it

still remains unclear to what degree tactile or other

impulses such as olfactory or mechanical ones are impor-

tant in the feeding strategy of Themisto. Our observations

of active feeding during dark conditions suggest that

alternatives to visual search may be more important than

previously acknowledged. We suggest further studies,

including controlled laboratory investigations, of the

potential role of tactile or other prey search mechanisms in

Themisto spp. in order to understand to what extent a

pelagic predator relies on visual search.

Conclusion

Our results showed that the Arctic hyperiids T. abyssorum

and T. libellula are active raptorial feeders during the polar

night. The most important prey items consisted of calanoid

copepods such as Calanus finmarchicus. In addition, we

present first evidence of a marine gregarine infection

within the hyperiid Themisto abyssorum.
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