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Abstract Macrozooplankton (e.g. krill, amphipods and

jellyfish) and nekton (e.g. decapod shrimp, squid and fish)

are integral parts of pelagic ecosystems, but knowledge of

their vertical distributions and migrations during winter at

high latitudes is lacking. This study provides the quantifi-

cation of macrozooplankton and nekton distributions dur-

ing the polar night in a partially ice-covered high Arctic

fjord. In January 2012, mid-water trawls and MIK nets

were deployed in Rijpfjorden, Svalbard (80� 180 N, 22� 150

E) at three depths (20, 75 and 200 m) day and night.

Simultaneously, acoustic volume backscattering strength (a

measure of biomass) was recorded using 18-, 38- and

120-kHz echosounders. We observed that the majority of

nekton were below the thermocline ([100 m) day and

night. A diverse fish community (10 species present)

dominated the nekton biomass closely followed by shrimp

and squid. Macrozooplankton, mostly large Calanus spp.

copepods and gelatinous zooplankton, were found

throughout the water column, but the majority were above

the thermocline day and night. A general additive model

with depth, time and moonlight predicted biomass to

increase with depth for both macrozooplankton (over the

top 100 m) and nekton, but revealed no patterns in biomass

over time. The model also indicated that full moon pre-

sence increased depth of macrozooplankton backscatter.

Our findings suggest a diverse and to some degree active

pelagic community during the polar night, and provide

some support for the hypothesis that moonlight induces

downward vertical migrations of macrozooplankton.

Keywords Arctic � Moon � Zooplankton � Fish �
Winter � Pelagic ecology

Introduction

The pelagic is a complex and diverse habitat, with strong

vertical structure. Many pelagic ecosystems also have

strong seasonality, especially at high latitudes (Varpe

2012). Understanding pelagic ecology therefore requires

year-round sampling. Studies of high Arctic pelagic sys-

tems in the middle of the polar winter are rare (Melnikov

and Kulikov 1980; Weslawski et al. 1991; Fischer and

Visbeck 1993; Berge et al. 2009, 2012; Daase et al. 2013)

mainly due to the logistical difficulties involved. Basic
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knowledge of community composition, biomass and ver-

tical distributions are therefore still lacking at this time of

year. In particular, we lack information on the larger

organisms that require large nets or trawls to sample them,

and very little is known about the behaviour of visually

searching predators during the polar night (cf. Kraft et al.

2013). This is a time of year with no daylight and is widely

considered to be a time of low or no food intake.

Of the few data we have from the Arctic polar night,

recent studies suggest that some high Arctic zooplankton

perform diel vertical migration (DVM) during the polar

night (Berge et al. 2009, 2012). These are surprising find-

ings as DVM is understood as a day-time avoidance of

the surface, driven by the higher efficiency of visually

searching predators when light is present (Ohman 1990;

Hays 2003). The evidence of polar night DVM is to date

built on acoustic information that exposes vertical shifts in

acoustic targets, but which has not been able to pinpoint the

species or groups of species responsible for the vertical

movement. This adds to the need for a better understanding

of the pelagic community composition during the polar

night. At somewhat lower latitudes, such as Franklin Bay

(70�N), Benoit et al. (2010) utilised acoustic techniques to

identify DVM of polar cod in mid-January corresponding

to twilight times. DVM has also been shown for krill in

early February at 70�N in northern Norway (Falk-Petersen

and Hopkins 1981).

The main aim of this study was to determine which

species of nekton and macrozooplankton are present in the

polar night and to investigate where they are in the water

column. We also aimed to investigate potential DVM

signals. We utilised a combination of two sizes of nets

(trawls) with acoustic sampling in an ice-impacted high-

latitude environment (Rijpfjorden, Svalbard at 80�N). Due

to a lack of sunlight at these high latitudes during the

middle of winter (day and night differences indiscernible to

the human eye), decreased seasonal food availability at the

surface and previous research indicating that zooplankton

overwinter at depth there, our two-tiered hypotheses were

(1) that macrozooplankton biomass would be highest in the

deepest waters and lowest near to the surface and (2) that

neither macrozooplankton, micronekton nor nekton would

show evidence of DVM. In addition, we took advantage of

a full moon event and tested whether moonlight influenced

vertical positioning of macrozooplankton and nekton in the

water column.

Methods

Sampling took place from the R/V Helmer Hanssen during

a polar night cruise to Rijpfjorden, Svalbard (80� 180 N, 22�
150 E, Fig. 1) on 12 and 13 January 2012. Rijpfjorden is

located on the north coast of Nordaustlandet, Svalbard

archipelago. The fjord is north-facing and opens widely

onto the Arctic Sea via a shelf plateau (100–200 m) that is

shallower than the fjord itself. Salinity, temperature and

depth distribution were measured using a CTD (Seabird

911 plus) and processed following standard Sea Bird

Electronics (SBE) procedures. Times of moon rise and set

were calculated using a utility from the United States Naval

Observatory, freely available at http://aa.usno.navy.mil/.

Acoustic sampling

Simrad EK60 echosounders and 18, 38 and 120 kHz

transducers are permanently installed on the R/V Helmer

Hanssen (transducer depth 5.5 m). The system was set to

run continuously at maximum ping rate with a pulse

duration of 1,024 ls. The three split-beam frequencies (18,

38 and 120 kHz) were calibrated prior to the cruise on the

17 October 2011 using standard calibration techniques

(Foote et al. 1987). Post-processing was carried out using

the software Echoview v4.9. The nearfield, a range close to

the transducer faces within which the transmit pulse is not

properly formed, was calculated for 18 kHz at 5 m, 38 kHz

at 6.5 m, 120 kHz at 3.5 m and excluded from further

processing; for details and explanation see MacLennan and

Simmonds (1992). To compensate for signal loss with

beam spreading and absorption, time-varied gain (TVG)

was applied and amplified noise was removed (Watkins

and Brierley 1996). The bottom line identified by the

echosounders could not be clearly delineated from fish

lying on, or close to, the bottom. Therefore, to avoid

biasing fish biomass estimates, all signals from within

10 m of the bottom line were excluded from all analysis.

Acoustic data analyses

To prepare acoustic data for statistical modelling, ping data

were resampled by time interval and backscatter (volume

backscattering strength or Sv, dB re 1 m-1) and averaged

every 5 min/20 cm. The 38-kHz frequency data were used

for analyses of nekton distribution, rather than the 18 kHz

data, because it has been shown to be optimal for detection

of fish species (with swimbladders; sized 5–20 cm) at

depths \300 m (Simmonds and MacLennan 2005; Geoff-

roy et al. 2011) whilst suffering least from ‘contamination’

from backscatter from macrozooplankton (Madureira et al.

1993; Stanton 1998). For analysis of macrozooplankton

backscatter, the highest frequency data (120 kHz) were

used. In this study, ‘macrozooplankton’ refers to animals

with a maximum dimension C1.3 cm which, by lengths of

animals in net catches, includes jellyfish, krill, chaetog-

naths, hyperiid amphipods and pteropods and excludes

copepods. Backscatter that was likely to have originated
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from fish targets was removed from 120-kHz data using the

difference in mean volume backscattering strength

(DMVBS) between 120 and 38 kHz (Madureira et al.

1993). Cells with a DMVBS of \4 were removed (Geoff-

roy et al. 2011), leaving only echo energy arising from

micronekton and macrozooplankton (Madureira et al.

1993). For 120-kHz data, which were used for analysis of

macrozooplankton backscatter, only the top 100 m were

available because subtraction of fish echoes left few data

with a high signal to noise ratio.

Statistical modelling

To test our hypothesis that DVM did not occur in the polar

night, we looked for variation in depth of scattering over a

24-h cycle. To investigate diel movements of either nekton

(38 kHz) or micronekton/macrozooplankton (120 kHz), a

generalised additive model (GAM) was fit to data from both

frequencies. GAMs were used because we did not expect a

linear response between backscatter and explanatory vari-

ables. GAMs are a regression method that fit smoothing

functions between explanatory variables and the response

variable and allow for nonlinear relationships (Hastie and

Tibshirani 1990). In GAMs, a cross-validated cubic spline

smoother (Hamming 1973) replaces the least squares esti-

mate of the multiple linear regression. A Gaussian error

distribution was found to be the most appropriate (Swartz-

man et al. 2002; Zuur et al. 2009), and an identity link

function was used to keep predictor variables (e.g. depth) on

a linear scale. Specifically, the model validation process

was applied on the final GAM (Table 2) by plotting a his-

togram of residuals and residuals versus fitted values, which

revealed normality and homogeneity of variance. Inclusion

of an appropriate spatial depth autocorrelation structure into

this model was not possible within current computational

constraints (Zuur et al. 2009), and interpretive caution is

advised when considering the narrow confidence intervals

surrounding the depth smoother function. Diagnostic plots

to assess independence revealed no temporal autocorrela-

tion. Data were put into two groups (full moon presence and

absence) because the difference in residuals indicated that

the factor ‘Moon’ should be included in the model. Akaike

information criteria (AIC) were used to assess the candidate

GAMs (Akaike 1974) (Table 2).

Fig. 1 Map showing the

location of Rijpfjorden (80� 180

N, 22� 150 E) on Svalbard where

sampling took place from the

R/V Helmer Hanssen during the

multidisciplinary ‘Polar Night

Cruise’ in January 2012
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Statistical modelling and analyses were conducted

within the R software environment v2.13.2 using lattice

(Sarkar 2008), glme (Hastie and Tibshirani 1990) and

mgcv packages (Wood 2006).

Net sampling

To determine species composition, macrozooplankton were

sampled with a permanently open MIK ring-net with 1.5-

mm mesh size and a diameter of 2 m. Horizontal tows were

made on the 12 and 13 January 2012 both at midday and

midnight at 2 or 3 depths (Table 1). Tow depth was con-

trolled using the live feed from a Simrad PI depth sensor.

After net recovery, the cod end was transferred immedi-

ately to a bucket and diluted up to the 9-L mark in the

laboratory onboard. Subsamples of 0.6 L were then taken

after gentle mixing. The subsamples were fixated on 4 %

borax-buffered formaldehyde for later analyses. For nekton

and micronekton, five pelagic trawls (mesh size = 1 cm,

opening = 9 m) were deployed (Table 1). All animals

were identified to the lowest possible taxonomical level

and converted to biomass using length or wet weight (see

supplementary table). Unless otherwise stated, means are

reported with their standard deviation.

Results

The moon was full during the sampling period, and on 12

January, it set at 09:57 UTC and rose at 17:18 UTC. It was

up all night and set at 08:32 UTC on the 13 January, not

rising until 20:39 UTC. The light of the moon was bright

enough that surrounding hills at a range of approx. 3 km

were visible against the night sky with no visible cloud

cover (pers obs). The thermocline was gradual, between

50- and 100-m depth (Fig. 2) with cold temperatures (-

1 �C) in the top 50 m. Temperature increased to a maxi-

mum of 2 �C at 100 m and then decreased again to 0.5 �C

near the bottom which was at a depth of approximately

285 m.

Acoustic backscatter relationships

There was an increase in volume backscatter with depth at

all acoustic frequencies (Fig. 3). After subtraction of fish

echoes, 120-kHz data (0–100 m) suggest a potential effect

of full moon presence, with a decreasing depth of macro-

zooplankton (Fig. 4), particularly in the top 25 m when the

moon is out. Generalised additive models (GAMs) revealed

that backscatter had a nonlinear relationship with depth,

and an overall increase in backscatter with depth for both

frequencies (Fig. 5).

The preferred candidate model (Table 2) explained

81 % of fish backscatter intensity (38 kHz, 0–250 m) and

33 % of micronekton and macrozooplankton backscatter

Table 1 Net deployments in Rijpfjorden from the R/V Helmer

Hanssen during the multidisciplinary ‘Polar Night Cruise’ in January

2012

Date Time (UTC) Net Depth (m)

12/01/12 10:25 PT 1 175

11:46 MIK 1 75

12:22 MIK 2 225

21:47 PT 2 225

22:36 PT 3 200

23:53 MIK 4 20

13/01/12 00:29 MIK 4 75

11:04 MIK 5 20

11:36 MIK 6 75

12:18 MIK 7 225

16:04 PT 4 225

16:44 PT 5 70

MIK MIK net, PT pelagic trawl

Fig. 2 CTD cast of temperature and salinity on station in Rijpfjorden

on 12 January 2012
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(120 kHz, 0–100 m only). Depth was the best predictor of

nekton backscatter intensity explaining 76 % of the varia-

tion (Table 2), whereas time alone only explained 3 and

4 % of backscatter deviance for 38 and 120 kHz frequen-

cies, respectively. Moonlight presence/absence interacted

with depth to affect macrozooplankton and micronekton

backscatter intensity (Table 2). There was a slight decrease

in backscatter during full moon in the top 20 m (Fig. 5b).

For nekton at full moon, the model predicted a lesser effect

(Fig. 5a); however, Sv values indicated (Fig. 6) that depths

of strongest scattering grid cells (-50 to -30 dB re 1 m-1)

decreased from a minimum of 150 m to a minimum of

100 m during full moon presence.

Net samples

A total of 26 species were collected using the MIK net

(Table 3). As the net was open permanently during

deployment, it could not be reliably determined whether

animals caught were from the target depth or from any

depth above it. Biomass of Calanus spp. copepods averaged

98.5 ± 51 mg m-3 and dominated the macrozooplankton

biomass (59 %) at all depths sampled, except two tows: in

one at night at 20 m Beroe cucumis dominated and, in the

other, during the second day at 225 m euphausiids domi-

nated. This was due to relatively low levels of Calanus spp.

biomass rather than high levels of either B. cucumis or

euphausiids. Gelatinous zooplankton (including chaetog-

naths, ctenophores and hydrozoans) made up 26 % of total

average biomass, but one must bear in mind that their soft

bodies can easily be damaged in plankton nets, leading to

probable underestimation of their true biomass. Chaetog-

naths had an average total biomass of 31.5 ± 16.7 mg m-3

and therefore dominated the gelatinous zooplankton bio-

mass overall (72 %). Medusae of three species of gelatinous

zooplankton made up the remaining 28 %: the ctenophores

B. cucumis, Mertensia ovum and the hydrozoan Aglanthe

digitale. The latter dominated the medusae in terms of

Fig. 3 Acoustic data (120, 38

and 18 kHz—from top) at

sampling station in Rijpfjorden,

Svalbard on 12–13 January

2012 before removal of fish

backscatter from the 120 kHz.

The greyed out area shows

when the ship moved away from

position temporarily and these

data were not used in analyses

Fig. 4 Acoustic data at 120 kHz after subtraction of fish echoes at

sampling station in Rijpfjorden, Svalbard on 12–13 January 2012.

Note that only top 100 m are shown (bottom depth approximately

285 m), because high biomass of fish [100 m masked echoes from

macrozooplankton. The greyed out area shows when the ship moved

away from position temporarily, and these data were not used in

analyses

Polar Biol (2015) 38:75–85 79

123



numerical abundance at an average of 0.6 ± 0.3 indiv m-3

(81 %), but B. cucumis dominated the biomass with an

average of 10 ± 4.7 mg m-3 (83 %), with A. digitale at

1.9 ± 1.1 mg m-3 (15 %) and M. ovum taking up the

remaining 2 % with 0.5 ± 0.2 mg m-3. Fragile species

such as M. ovum are particularly poorly represented due to

the aforementioned sampling artefacts even compared with

the more robust B. cucumis. A sixth gelatinous zooplankton

species, the scyphozoan Cyanea capillata, was sampled by

pelagic trawl. However, individuals were observed dam-

aged stuck to netting and subsequently frozen so they could

not be quantitatively analysed. Pelagic trawls caught 15

species in total (Table 4). On average, over the five trawls,

fish represented 41 ± 15 % of the nekton biomass, decapod

shrimp (Pandalus borealis) 37 ± 11 % and squid (Gonatus

fabricii) 19 ± 9.6 %. Polar cod (Boreogadus saida) and

Atlantic cod (Gadus morhua) contributed 85 ± 5 and

13 ± 5 % of the fish biomass, respectively, with other fish

species contributing 1 ± 2 % of the fish biomass. A broad

overview by biomass of taxonomic grouping from both net

types (Fig. 7) supports the large biomass of nekton at depth

observed with the 38-kHz echosounder. Very few fish

(5.7 9 10-4 indiv m-3) and no squid or shrimp were found

in the pelagic trawl taken at 70-m depth.

Discussion

Nekton

Nekton backscattering intensity had a strong positive

relationship with depth, being found mostly below the

thermocline in warmer waters. This is not unexpected as a

study of polar cod (Boreogadus saida) in Amundsen Bay

(71�N) also reported large, localised aggregations of B.

saida in deep, warmer waters during winter (Geoffroy et al.

2011). They suggest aggregation distributions are driven by

spawning, prey distribution, temperature and a predator

avoidance adaptation including avoidance of ringed seals

(Phoca hispida) (Benoit et al. 2008; Geoffroy et al. 2011).

B. saida was the dominant fish species present here, and

aggregation features visible in echograms from this study

(Fig. 3) are similar to aggregations in the echograms of

Geoffroy et al. (2011). With the thermocline above 100 m

(approx. 50–100 m), these data suggest nekton migrants

probably did not cross it, again similar to the findings in the

Canadian Arctic (Benoit et al. 2010; Geoffroy et al. 2011).

Above the thermocline, the temperature drops to sub-zero,

which can slow fish movement and freeze blood of species

such as Atlantic cod (Gadus morhua) and haddock (Mel-

anogrammus aeglefinus) (Castonguay and Cyr 1998). B.

saida synthesises anti-freeze proteins and lives in sub-zero

temperatures, but it has been suggested that its vertical

movements through the thermocline are limited (Melnikov

and Chernova 2013).

Mean biomass of fish species (56 mg m-3) was similar

to mean biomass of decapod shrimp (Pandalus borealis,

42 mg m-3), which are also important predators of

macrozooplankton such as euphausiids, amphipods and

Fig. 5 Smooths of generalised additive model (GAM)-derived

effects of depth on a 38 kHz (nekton) and b 120 kHz (macrozoo-

plankton) data. Note change in scale. Moon presence = grey, no

moon = black. Dotted lines are 95 % confidence limits. Please note

that inclusion of an appropriate spatial depth autocorrelation structure

into this model was not possible within current computational

constraints (Zuur et al. 2009), and interpretive caution is advised

when considering the narrow confidence intervals surrounding the

depth smoother function
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chaetognaths (Savenkoff et al. 2006), as are squid (Gonatus

fabricii) (Nesis 1965; Kristensen 1984). P. borealis and

G. fabricii have long antennae and tentacles, respectively,

which may contribute to a decreased reliance on vision for

prey capture. The high backscatter values of the group of

nekton that appear to partially decrease their depth distri-

bution during moon presence could be an indication of

dense fish shoals or larger fish individuals rather than

aggregations of P. borealis or G. fabricii (Swartzman et al.

2002). Studies from other regions have linked dive depth of

predators of nekton (birds, mammals, swordfish and

sharks) to lunar cycles (Wilson et al. 1993; Horning and

Trillmich 1999; Schaefer and Fuller 2002; Abascal et al.

2010; Saunders et al. 2011; Libini and Khan 2012), but

there are key local differences due to size of prey and

oceanographic features (Benoit-Bird et al. 2009; Saunders

et al. 2011). There are, however, presently no such studies

from the high north during the polar night.

Macrozooplankton

The model (applied to top 100 m only) predicted a

descent of macrozooplankton during full moon. Observed

directly from processed echosounder data, mean Sv

decreased during full moon in the top 20 m. Moonlight

can be detected by mesozooplankton (copepods) to

around 100–140 m depth (Båtnes et al. this issue) so it is

possible that moonlight at least partially explains the

response of macrozooplankton at these depths. Over sixty

years ago, Moore (1950) observed that during the full

moon, diel migrants were not found \100 m and Patten

(1971) showed that moonlight increased fish predation on

salmon larvae. Gliwicz (1986) first showed that moon-

light can influence DVM of freshwater zooplankton due

to higher death rates of the zooplankton during new

moon, as planktivorous fish avoided increased predation

during the full moon. During a study of vertical

migration by krill (Meganyctiphanes norvegica) in the

Table 2 Generalised additive model (GAM) selection process including depth, time and moon presence/absence as explanatory variables for

backscatter (Sv)

Model number Model structure Nekton (38 kHz) Macrozooplankton (120 kHz)

r2
adj

DAIC AIC r2
adj

DAIC AIC

1 Sv * s(Depth) 0.76 0 44,075 0.23 0 30,867

2 Sv * s(Time) 0.03 ?519,887 555,710 0.04 ?37,034 67,901

3 Sv * s(Depth) ? s(Time) 0.77 -19,014 25,061 0.27 -9,521 21,346

4 Sv * s(Depth) ? f(Moon) 0.77 -23,649 20,426 0.25 -14,683 16,184

5 Sv * s(Depth) ? s(Time) ? f(Moon) 0.78 -37,988 6,087 0.29 -18,290 12,577

6 Sv * s(Depth) 9 (fMoon) ? s(Time)a 0.81 -41,970 2,105 0.33 -28,971 1,896

Models were selected using Akaike information criteria (AIC). Model 6 was selected as the preferred model for both the 38- and 120-kHz data

(full equation given as footnote). DAIC indicates the step-wise reduction (or increase) in AIC as variables are added to or removed from the first

model—final AICs are given in bold text
a Svis = a ? f (Depths) * factor (Moon) ? f(Timei) ? eis eis * N (0, r2) where Svis is Sv values at time i at depth s, a is the intercept, f is the

smoothing function, and eis are residuals independently, normally distributed with expectation 0 and variance r2

Fig. 6 Plot of 38 kHz volume backscattering strength or Sv, dB re

1 m-1 against depth. Moon presence = grey, no moon = black.

Points represent Sv averaged every 5 min/20 cm. There is some

evidence of a group of stronger scatterers (-50 to -30 dB re 1 m-1)

with a partially decreased depth distribution during the full moon. The

response to moon presence is weak, especially compared with the

response of macrozooplankton
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Ligurian Sea using a 153-kHz Acoustic Doppler Current

Profiler (ADCP), Tarling et al. (1999) made two

important observations: (1) as moonrise moved progres-

sively further away from sunset so did the sinking of

M. norvegica (i.e. they sank when the moon rose) and

(2) during a lunar eclipse, M. norvegica remained at the

surface. Similarly, Pinot and Jansá (2001) utilised a

153-kHz ADCP in the Mediterranean Sea and reported

Table 3 Species presence indicated by a black dot for each MIK net taken during 12 and 13 January 2012 in Rijpfjorden, Svalbard

Species Day 75 m Day 225 m Night 20 m Night 75 m Day 20 m Day 75 m Day 225 m

Beroe cucumis • • • • • • •
Mertensia ovum • • •
Aglanthe digitale • • • • • • •
Thysanoessa inermis • • • • • • •
T. longicaudata • • • • • •
T. raschii • • • • •
Eukrohnia hamata C20 mm • • • • • • •
E. hamata C10 mm • • • • • • •
Sagitta elegans C20 mm • • • • • • •
S. elegans C10 mm • • • • • • •
Hyperia galba •
Hyperoche medusaraum • • • •
Themisto abyssorum C5 mm • • • • • •
T. libellula C5 mm • • • •
Apherusa glacialis • • • • • • •
Erythrops erythropthalma •
Clione limacina C5 mm • • • • • •
Limacina helicina C5 mm • • • •
Calanus finmarchicus AM • • • • • •
C. finmarchicus AF • • • • • •
C. finmarchicus CV • • • • • •
C. finmarchicus CIV • • • • • •
C. glacialis AM • • • • • • •
C. glacialis AF • • • • • • •
C. glacialis CV • • • • • • •
C. glacialis CIV • • • • • • •
C. hyperboreus AM • • • • • •
C. hyperboreus AF • • • • • •
C. hyperboreus CV • • • • • •
C. hyperboreus CIV • • • •
Metridia longa AM • • • • • • •
M. longa AF • • • • • • •
M. longa CV • • • • • • •
Paraeuchaeta norvegica AM • •
P. norvegica AF • • • • • •
P. norvegica CV • •
Bradyidius similis • • •
Polychaete larvae •
Gaetanus tenuispinus •
Appendicularia larvae •
Caligus spp. •

M male, F female, CV, CIV, CIII copepodite stages
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that zooplankton preferred deeper layers during the full

moon. Our short-term observations and model predictions

of increased depth of macrozooplankton during a full

moon support the conclusions of Tarling et al. (1999),

which state that moonlight is the exogenous cue that sets

an endogenous lunar rhythm (Benoit-Bird et al. 2009).

On the other hand, some studies make no mention of

lunar influence, possibly because either they have not

tested this hypothesis with their data (Cisewski et al.

2010) or that other factors have a primary influence in

different areas. In addition, bioluminescent light is visi-

ble during the polar night and it is possible that this light

source plays a role in determining vertical movements in

animals that we could not account for (Haddock et al.

2010; Berge et al. 2012).

Macrozooplankton net counts were not robust enough for

statistical analysis due to the permanently open operation of

the nets and sampling difficulties affecting estimates of

gelatinous zooplankton biomass. However, in terms of

macrozooplankton biomass, gelatinous zooplankton still

made up almost a third of all macrozooplankton sampled.

This is likely a substantial underestimation but is still an

indication of their relative importance for the mid-winter

Arctic pelagic ecosystem. Due to sampling constraints, there

are few data available for comparison, but abundances of

Aglanthe digitale were approximately two orders of mag-

nitude less than summer time abundances at 20 m in the

Canada basin, whilst abundances of Beroe cucumis were up

to four times greater (Raskoff et al. 2005; Purcell et al. 2010;

Lilley et al. 2011). The dominance of Calanus spp. copepods

is consistent with previous studies in this region and in the

wider Arctic Sea (Falk-Petersen et al. 2009). Surprisingly,

Adult Metridia longa and Calanus spp. copepods were found

at all depths with higher biomasses at 20 and 75 m than at

225 m (see also Daase et al. 2013). Previous research has

indicated that they would typically be overwintering at depth

Table 4 Species presence indicated by a black dot for each pelagic trawl net taken during 12 and 13 January 2012 in Rijpfjorden, Svalbard

Species Day 175 m Night 225 m Night 200 m Day 225 m Day 70 m

Todarodes sagittatus • • • •
Pandalus borealis • • • •
Euphausiids • • • • •
Boreogadus saida • • • • •
Gadus morhua • • • • •
Melanogrammus aeglefinus • • • •
Reinhardtius hippoglossoides • • • • •
Mallotus villosus •
Sebastes spp. • • • • •
Leptoclinus maculatus •
Liparis spp.

Cyanea capillata • • • • •

Fig. 7 Biomass (dry weight in mg m-3) of MIK net data in greyscale and pelagic trawl data in blue, a 12 January daytime sampling, b 12–13

January midnight (time of full moon), c 13 January daytime sampling. (Color figure online)
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(Hays 1995; Hirche and Kosobokova 2011) and it is possible

that this unexpected vertical distribution of copepods near

the surface is due to high densities of nekton predators at

depth.
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