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ABSTRACT 18	  
The polar night in the Arctic is characterized by up to six months of darkness, low temperatures and limited food 19	  
availability. Biological data on species composition and abundance during this period are scarce due to the logistical 20	  
challenges posed when sampling these regions. Here, we characterize the plankton community composition during the 21	  
polar night using water samplers and zooplankton net samples (50 µm, 64 µm, 200 µm, 1500 µm), supplemented by 22	  
acoustics (ADCPs, 300 kHz), to address a previously unresolved question – which species of zooplankton perform diel 23	  
vertical migration during the polar night? The protist community (smallest plankton fraction) was mainly represented 24	  
by ciliates (Strombidiida). In the larger zooplankton fractions (50 µm, 64 µm, 200 µm) the species composition was 25	  
represented primarily by copepod nauplii and small copepods (e.g. Microcalanus spp., Pseudocalanus spp. and Oithona 26	  
similis). In the largest zooplankton fraction (> 1500 µm), the euphausiid, Thysanoessa inermis, was the most abundant 27	  
species followed by the chaetognath Parasagitta elegans. Classical DVM was not observed throughout the darkest parts 28	  
of the polar night (November to mid January), although, subtle vertical migration patterns were detected in the acoustic 29	  
data. With the occurrence of a more distinct day-night cycle (i.e. end of January) acoustical DVM signals were 30	  
observed, paralleled by a classical DVM pattern in February in the largest fractions of zooplankton net samples. We 31	  
suggest that Thysanoessa spp. are main responsible for the acoustical migration patterns throughout the polar night, 32	  
although, chaetognaths and copepods may be co-responsible.  33	  
 34	  
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High latitude regions are characterized by a unique light regime with periods of 24 hours daylight during summer and 39	  
24 hours darkness during winter, known as the midnight sun and the polar night, respectively. This classification by 40	  
light regime and the angle of the sun is in contrast to the usual classification of seasonality by temperature (Berge et al. 41	  
2015a). Polar night, the period when the sun is below the horizon for 24 hours, becomes longer in duration with 42	  
increasing latitude, and can at its extreme last over 100 days at the North Pole (Tarling et al. 2015). The light regime is, 43	  
therefore, highly heterogeneous throughout the Arctic region depending upon the angle of sun and latitude (see Berge et 44	  
al. 2015a for a review of the light climate during polar night).  45	  
The Arctic polar night was long considered a period devoid of significant biological activity due to lack of light, 46	  
reduced food availability, dense sea-ice cover and low temperatures (Smetacek and Nicol 2005). However, recent 47	  
research has challenged this paradigm of winter dormancy and unanticipated levels of activity in many trophic levels in 48	  
the marine food web has been identified throughout the polar night during successive winters (Berge et al. 2009, 2015a, 49	  
b). Studies indicate that some Arctic organisms (e.g. copepods and euphausiids) respond to light levels undetectable by 50	  
the human eye (Båtnes et al. 2013; Cohen et al. 2015; Last et al. 2016), which is believed to assist more active 51	  
zooplankton species to locate prey during the dark winter (Kraft et al. 2013; Berge et al. 2015b).  52	  
As part of an anti-predatory strategy, many zooplankton species perform diel vertical migration (DVM) (Bollens and 53	  
Frost 1989; Frost and Bollens 1992; Fortier et al. 2001; Hays 2003; Brierley 2014). A classical DVM pattern is 54	  
characterized by zooplankton seeking shelter from visual predators at depth during hours of light (daytime) followed by 55	  
upward synchronized migration during hours of darkness (nighttime). Zooplankton synchronize their migration 56	  
behavior with the day–night cycle, and the rate of change in light intensity is described as the most significant external 57	  
trigger for DVM (Forward 1988; Ringelberg 1995, 2010; Tarling et al. 2002; Cottier et al. 2006). A strong seasonal 58	  
cycle in migratory behavior is characteristic in high latitudes ecosystems with distinct DVM patterns during spring and 59	  
autumn tightly coupled with the presence of a strong day-light cycle (Fischer and Visbeck 1993; Cisewski et al. 2010; 60	  
Wallace et al. 2010; Berge et al. 2014), whereas in times with less distinct day-night cycles (i.e. polar night and 61	  
midnight sun periods), a clear DVM pattern have commonly been regarded as non-existent (Blachowiak-Samolyk et al. 62	  
2006; Ringelberg 2010). Recently, however, vertical migration patterns during periods of continuous light (Cottier et al. 63	  
2006) and darkness (Berge et al. 2009, 2015a) have been reported.  64	  
Common methods used to study DVM are conventional zooplankton nets focused at midday and midnight or by 65	  
acoustic approaches (e.g. Acoustic Doppler Current Profilers, ADCPs). Using a combination of these methods allows 66	  
for the mitigation of limitations that each individual method dissembles. Zooplankton net data can suffer from 67	  
underestimation due to net avoidance by fast swimming species (such as euphausiids and amphipods) (Wiebe et al. 68	  
2004) and coarse depth resolution. This limitation is overcome partly by using acoustics, which provide exact 69	  
information of zooplankton migrations (e.g. depth distribution, speed of movement and relative biomass). However, 70	  
single frequency acoustics (i.e. ADCPs) do not provide direct information about species composition, and the four-71	  
beam configuration of an ADCP does not allow for target strength calibration and calculations of biomass (Fielding et 72	  
al. 2004). Thus, a combination of zooplankton net and acoustic approaches can both detect DVM patterns, when 73	  
present, and identify taxa most likely responsible for such migration patterns.  74	  
Although polar night DVM has been documented in earlier studies (Berge et al. 2015a and references therein) it 75	  
remains unclear which species are causing these migration patterns. Previous studies have focused on either acoustics or 76	  
zooplankton net sampling to study DVM during the polar night. In our study a combined approach of the two methods, 77	  
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allows us to examine the zooplankton community composition and diel changes in vertical distribution in greater detail 78	  
than before. Here, we present two years of zooplankton data from January and February, both sampling periods falling 79	  
within the polar night, and compare these data with continuous acoustic profiles from the entire polar night period 80	  
(October to February). The net data sampled in January reflect a darker period (no clear day-night cycle), while the data 81	  
from February reflect the end of the polar night, where increased levels in ambient light have now established a more 82	  
pronounced day-night cycle. Our study was designed to establish the missing link between acoustic DVM patterns and 83	  
the responsible species behind the acoustic signals throughout the Arctic winter. Thus, our main objectives were to (1) 84	  
describe the Kongsfjorden plankton community relative to vertical distribution and abundance and (2) to determine 85	  
which taxa, if any, perform DVM during the polar night.  86	  
 87	  
METHOD 88	  
 89	  
Study area 90	  
The study was carried out during two consecutive winters; January 2013 and 2014 on board RV Helmer Hanssen and 91	  
February 2013 on board KV Svalbard (Table 1). Data were collected in Kongsfjorden (west coast of Spitsbergen, Fig. 92	  
1) at the 330 m deep station KB3 (78°54’N, 12°00’E). Kongsfjorden has been ice-free since 2006 (Berge et al. 2015c) 93	  
due to a persistent influence of warm and saline water of Atlantic origin from the West Spitsbergen Current (WSC) 94	  
(Svendsen et al. 2002; Cottier et al. 2007). In Kongsfjorden the polar night period lasts from 25 October to 17 February, 95	  
during which the sun does not rise above the horizon (Berge et al. 2015a).  96	  
  97	  
Physical parameters 98	  
Vertical profiles of salinity, temperature and fluorescence were obtained using a CTD (Sealogger CTD, SBE Seabird 99	  
Electronics equipped with a fluorometer from Seapoint Sensors, Inc.). The fluorometer detects chlorophyll a (Chl. a) 100	  
induced fluorescence in phytoplankton cells in the water. In February 2013, depth-specific temperature and salinity 101	  
were measured with a portable salinity, temperature and depth logger (STD, SAIV A/S, Bergen), which did not include 102	  
a fluorescence sensor. The light sensors deployed were not sensitive enough to detect any diurnal change in illumination 103	  
during the sampling period.  104	  
 105	  
Protist community composition and Chl. a 106	  
Water samples for studying the community composition of protists and measuring chlorophyll a (Chl. a) levels were 107	  
sampled at 5 m, 15 m, 35 m, 75 m, 150 m and 330 m using Niskin bottles attached to a CTD Rosette sampler (Table 1). 108	  
The protist water samples were fixed in 1% Lugol’s and stored until further analysis. Later in the lab, protist community 109	  
samples (500 ml) were sedimented into an Utermöhl counting chamber and all protists were enumerated and identified 110	  
into five groups (athecate dinoflagellates, thecate dinoflagellates, centric diatoms, pennate diatoms and ciliates) (Wiktor 111	  
et al. 1995; Tomas 1997) and measured by length (categorized at 10 µm intervals (0-10 µm, 10-20 µm etc.)) using an 112	  
inverted-microscope (Leica DMIL LED S 40/0.45). From each sampling time and depth, 400 ml seawater was filtrated 113	  
in triplicate through glass fiber filters (Whatman GFF, 0.7 µm) and stored at -80°C until further analysis. Chl. a was 114	  
extracted at 4°C by incubation for 24 hours in 10 ml methanol and Chl. a levels were estimated using a Turner Designs 115	  
fluorometer (model 10-AU) according to Holm-Hansen and Riemann (1978).  116	  
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 117	  
Zooplankton community composition and vertical distribution 118	  
Sampling of zooplankton to study species composition, abundance and vertical distribution was conducted at local 119	  
midnight and noon (Table 1) using four mesh sizes (50 µm, 64 µm, 200 µm and 1500 µm) of nets to cover a large 120	  
proportion of the zooplankton community. We used the classification of plankton size classes by Omori and Ikeda 121	  
(1984) to categorize zooplankton organisms into either fractions of micro- (20-200 µm) meso- (200-2000 µm) or 122	  
macrozooplankton (> 2000 µm). A WP2 net (Hydro-Bios, Kiel, opening 0.25 m2, mesh size 50 µm) and a MPS net 123	  
(Multi Plankton Sampler, Hydro-Bios, Kiel, opening 0.25 m2) were deployed in vertical depth intervals of 0-20 m, 20-124	  
50 m, 50-100 m, 100-200 m, 200-330 m. The MPS net was deployed with two mesh sizes (64 µm and 200 µm) and 125	  
used to sample micro- and mesozooplankton.   126	  
Larger zooplankton organisms (> 5 mm) were sampled with a MIK net (Methot Isaac Kidd, opening 3.14 m2, mesh size 127	  
1500 µm, equipped with a flow-meter from KC Denmark) to target fast swimming species (e.g. euphausiids, 128	  
chaetognaths and amphipods) within the macrozooplankton community. The MIK net was deployed in horizontal tows 129	  
(~ 2 knots) from the surface down to 30 m. It was not possible to close the MIK net at any depth hence sampling 130	  
discrete layers in the deep was not possible. Though, with the main assumption that DVM is restricted to the upper 30-131	  
40 m of the water column (Berge et al. 2009, 2015a; Cohen et al. 2015), fast swimming macrozooplankton were 132	  
collected at 0-30 m depth to provide a comparison between night and day in this most relevant depth interval.  133	  
Upon retrieval, zooplankton nets were rinsed with seawater and the contents of cod-ends were emptied into buckets. 134	  
Gelatinous plankton were counted and removed prior to formalin addition (4%, borax buffered). In the lab, zooplankton 135	  
samples were enumerated and identified to lowest taxonomical level possible under a stereomicroscope (Leica). At least 136	  
400 individuals were counted from each sample and samples with low abundance were examined in their entirety. The 137	  
50 µm, 64 µm and 200 µm net samples were examined by sub-sampling aliquots obtained with a 5 ml automatic 138	  
pipette, with the pipette tip cut at 5 mm diameter to allow free passage of zooplankton organisms. Large (total length > 139	  
5 mm) organisms were removed before taking sub-samples. Copepod nauplii collected by WP2 net (50 µm) were 140	  
measured by length and classified into cyclopoid, calanoid or Calanus nauplii (Ogilvie 1953; Lovegrove 1956).  Micro- 141	  
and mesozooplankton counts were converted to number of individuals per m-3. Macrozooplankton species from the 142	  
MIK nets were standardized to number of individuals per 1000 m-3 and subsamples were prepared using a plankton 143	  
splitter. Length measurements of dominant macrozooplankton species (euphausiids, measured from rostrum to the tip of 144	  
telson; total length (TL) of chaetognaths measured as per Peijnenburg and Pierrot-Bults 2004) were used to examine 145	  
diel patterns in size distribution. 146	  
 147	  
Acoustics 148	  
The vertical distribution of zooplankton in the water column was determined from the backscatter data of two Acoustic 149	  
Doppler Current Profilers (ADCPs, 307.2 kHz) mounted on a fixed mooring positioned at the KB3 station (Fig. 1). A 150	  
sediment trap was also mounted on the mooring (~ 100 m) but data from this were not included in this study. Due to 151	  
interferences with the acoustic pings from the ADCPs, no acoustical data were available from the depth layer of the 152	  
sediment trap. Each ADCP was able to sample over a range of about 100 m. The upward looking ADCP was attached to 153	  
the mooring at 108 m depth in 2012-13 and at 102 m depth in 2013-14. The downward-looking ADCP was attached at 154	  
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114 m depth in 2012-13 and at 115 m depth in 2013-14. Full water column coverage was limited by the inability of the 155	  
ADCPs to record data within the blanking distance of 6 m from the transducer head and at the near surface (about 10 156	  
m). The downward looking ADCPs measured approximately down to 225 m depth. The ADCPs were configured to 157	  
measure the mean echo strength from contiguous bins of 4 m and from ensembles of 60 acoustic pings at a rate of one 158	  
ping per second. An ensemble was recorded every 20 minutes. The echo-strength data were then converted to absolute 159	  
backscatter, Sv (dB), following the application of the SONAR equation (Deines 1999, but see also Cottier et al. 2006 160	  
and references therein). Backscatter data were arranged into weekly composites as per Wallace et al. (2010), where 161	  
time-corresponding values for samples from 7 days of data were averaged to create one 24-hour dataset representing the 162	  
entire week from which it was sampled. Since the ADCPs are not calibrated echosounders, the backscatter values (Sv) 163	  
cannot be directly translated to absolute biomass, but instead represent relative biomass levels. 164	  
 165	  
Statistics of the vertical distribution 166	  
The vertical distributions of the most abundant mesozooplankton species (200 µm) were characterized by the mean 167	  
depth (Zm) and the standard deviation (Zs) of the frequency distribution throughout the water column. Equations to 168	  
calculate Zm and Zs along the depth axis were modified from Sørnes et al. (2007) applying the trapezoidal methods by 169	  
Manly (1977):   170	  
 171	  
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                                                                                                                                                            177	  
where n is the number of depth intervals, dj = lower sample – upper sample depth (m) of sample interval j, zj is the 178	  
midstrata (m) of sample interval j, fj is the density of individuals (per m-3) observed in depth interval j, and wj is the  179	  
relative abundance at depth stratum j taking into account the range of the depth interval. 180	  
 181	  
The variance in average length frequency distribution of T. inermis and P. elegans was not homogenous and therefore 182	  
we applied a non-parametric test (Kruskal-Wallis) to test for differences in individual lengths between the six sampling 183	  
events (day/night in January 2013, 2014 and February 2013). Statistical analyses were done in R version 3.1 (R 184	  
Development Core Team, 2005). 185	  
 186	  
RESULTS 187	  
 188	  
Hydrography and chlorophyll a 189	  
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The average temperature during the three sampling events (January 2013, February 2013 and January 2014) was 190	  
homogenous throughout the water column (Fig. 2). In January 2013 the temperature was ∼ 2°C, whereas the 191	  

temperature was colder (∼ 1°C) in February 2013 and January 2014. Similarly, salinity did not show much fluctuation 192	  
with depth and was between 34.8-34.9 (both years and months) (Fig. 2). Fluorescence values (January 2013/2014) were 193	  
below the range of detectability and no data were obtained in February 2013 due to the lack of a fluorometer. Chl. a 194	  
concentration (measured at day/night in January 2014) was in the range 0.015-0.029 µg Chl. a L-1 throughout the water 195	  
column (Fig. 3).  196	  
 197	  
Protist community composition and distribution  198	  
The biomass of protists (January 2014) was highest at 35 m depth at midnight (1.2 µg C L-1) and noon (1.7 µl C L-1) 199	  
(Fig. 3). The species composition of the protist community was similar throughout the water column and ciliates were 200	  
the most abundant group. Ciliates contributed to more than 50% of the total biomass (54% at midnight versus 62% at 201	  
noon) and were dominated by members of the order Strombidiida. After ciliates, thecate dinoflagellates represented 202	  
28% (midnight) and 17% (noon) of the total biomass. Athecate dinoflagellates represented 15-18% (midnight/noon) of 203	  
the total biomass, whereas less abundant pennate diatoms and centric diatoms represented < 2% and ~ 1%, respectively 204	  
(Fig. 3). Ciliates, dinoflagellates (thecate) and diatoms (centric) were mainly in the size fraction 30-40 µm. Pennate 205	  
diatoms were largest in size (60-70 µm), whereas athecate dinoflagellates were smallest in cell size (20-30 µm).  206	  
 207	  
Zooplankton community composition, abundance and vertical distribution 208	  
The species composition of micro- and mesozooplankton in the WP2 (50 µm) and MPS (64 µm) net samples (January 209	  
2014) were identical (Fig. 4) with an overall dominance of copepod nauplii over small copepods. All species were 210	  
found throughout the water column but copepod nauplii and small copepods were mainly distributed in the upper 50 m. 211	  
The highest abundance of small-fraction zooplankton was in the 20-50 m depth layer (2794 ind. m-3) and the 0-20 m 212	  
depth layer (3002 ind. m-3) of the WP2 (50 µm) and the MPS (64 µm) nets, respectively (Fig. 4). The abundance of total 213	  
zooplankton (MPS net, 64 µm) was higher at noon (3002 ind. m-3) than at midnight (1477 ind. m-3) (Fig. 4). Cyclopoid 214	  
nauplii were the most common naupliar type (775 ind. m-3 integrated over the whole water column) followed by 215	  
calanoid nauplii (82 ind. m-3), while Calanus nauplii were only observed in low numbers (1.4 ind m-3). The lengths of 216	  
cyclopoid and calanoid nauplii were on average 162 ± 27 µm and 183 ± 14 µm, respectively. In the MPS net (64 um) 217	  
the abundance of copepod nauplii was higher at noon (1553-1750 ind. m-3) compared to midnight (826-946 ind. m-3) 218	  
(Fig. 4). The species composition (50 µm and 64 µm nets) was dominated by five small copepod species; Oithona 219	  
similis, Pseudocalanus spp., Triconia borealis, Microcalanus spp., Microsetella norvegica (Fig. 4). The overall 220	  
abundance of small copepods was higher throughout the water column in the 50 µm net samples (~ 900 ind. m-3) 221	  
compared to the 64 µm net samples (~ 400 ind. m-3) (Fig. 4).  222	  
Within the larger size-fraction of mesozooplankton (MPS, 200 µm), the total abundance was higher in 2013 (January 223	  
and February) compared to January 2014 (Fig. 5). The most dominant mesozooplankton species (both years) were 224	  
Oithona similis, Pseudocalanus spp., Microcalanus spp., Calanus spp. and Metridia longa (Fig. 5). Of these, Oithona 225	  
similis were the most numerous, followed by Pseudocalanus spp. and Microcalanus spp. Other abundant species 226	  
observed were the copepods Paraeuchaeta spp. and Triconia borealis, the gastropod Limacina helicina and 227	  
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appendicularians. The species composition was similar throughout the water column during the three sampling events 228	  
(January and February 2013, January 2014) but small copepods (e.g. O. similis, Pseudocalanus spp. and Microcalanus 229	  
spp.) were more abundant in surface waters (0-50 m). At the surface (0-20 m), abundances of O. similis, Pseudocalanus 230	  
spp. and Microcalanus spp. (across all sampling events) were 105-255 ind. m-3, 92-322 ind. m-3 and 38-201 ind. m-3, 231	  
respectively (Fig. 5).  232	  
We observed diel differences in abundance and distribution of both small and larger copepods (200 µm) (Fig. 5, Fig. 6). 233	  
In regard to vertical distribution, presented as mean depth (Zm), variations occurred between species, year, month and 234	  
diel cycle (Fig. 6). The most distinct vertical distribution patterns (shallower Zm at night than at day) were observed in 235	  
February 2013 and January 2014 for O. similis, M. longa, Pseudocalanus spp. and Microcalanus spp. (Fig. 6). Higher 236	  
Zm values at night within these species also corresponded with actual abundance values in the nets, i.e. higher 237	  
abundance at night than at day (Fig. 5).   238	  
 239	  
In respect to larger species (> 5 mm) within the macrozooplankton community (MIK net, 1500 µm) a remarkably 240	  
higher abundance was observed at the surface in January 2014 (nearly 5-fold) compared to January 2013 (Fig. 7, Table 241	  
2). The total abundance in January 2014 was 3428-4642 ind. 1000 m-3 compared to 679-846 ind. 1000 m-3 in January 242	  
2013, whereas the total abundance was 101-1234 ind. 1000 m-3 in February 2013. Of fast swimming macrozooplankton, 243	  
chaetognaths of the species Parasagitta elegans were the most abundant species (342-473 ind. 1000 m-3) in January 244	  
2013, whereas the euphausiid Thysanoessa inermis dominated the macrozooplankton community in February 2013 (51-245	  
1096 ind. 1000 m-3), and particularly in January 2014 (1848-2536 ind. 1000 m-3; Fig. 7, Table 2). Other less abundant 246	  
macrozooplankton species observed were the euphausiids Meganyctiphanes norvegica and Nematoscelis megalops, 247	  
amphipods of the genus Themisto spp. and gelatinous plankton such as Mertensia ovum and Aglantha digitale (Table 2).  248	  
The surface abundance and distribution of the larger macrozooplankton species varied throughout the sampling periods 249	  
but distinct diel vertical migration patterns were not detected in January 2013 or 2014 (Fig. 7). In contrast, a clear 250	  
difference in surface distribution of euphausiids and chaetognaths was observed in February with more individuals at 251	  
surface during nighttime than daytime corresponding well with classical DVM. This DVM behavior was most 252	  
pronounced for T. inermis, T. raschii and P. elegans (Fig. 7, Table 2).  253	  
Significant length differences were observed for both T. inermis (Kruskal-Wallis, chi2 = 1027.23, DF = 5, P < 0.0001) 254	  
and P. elegans (Kruskal-Wallis, chi2 = 167.41, DF = 5, P < 0.0001) among the six sampling events (day/night in 255	  
January 2013, 2014 and February 2013) (Fig. 8). The average length of T. inermis was 12.2-12.8 mm in January 256	  
2013/2014, whereas individuals were smaller during daytime (7.8 mm) than nighttime (13.1 mm) in February (Fig. 8). 257	  
Larger individuals of P. elegans, were found at night (25.4 mm) compared to day (22.8 mm) in January 2013, whereas 258	  
P.elegans individuals were of similar size (23.3 mm at day versus 23.7 mm at night) in January 2014. In February 2013, 259	  
P. elegans individuals were smaller during day (17.0 mm) than at night (20.6 mm) (Fig. 8).  260	  
 261	  
Acoustical DVM patterns  262	  
The two consecutive years (2012-2014) of acoustic data showed evidence of zooplankton vertical migration in 263	  
Kongsfjorden during the Arctic winter from October to March (Fig. 9). In the first (end October) and final (mid 264	  
February) part of the polar night, acoustic signals revealed classical DVM patterns with zooplankton organisms 265	  
performing upward and downward (~ 220 m) migrations throughout the water column. When entering the polar night 266	  
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period, a weakening and shallowing of the DVM signal was observed throughout November demonstrating that the 267	  
zooplankton organisms restricted their migration to shallower layers. For the last part of November and until the first 268	  
part of January, signals of DVM were fundamentally absent, although, patterns of vertical migration that did not show 269	  
characteristics of a classical DVM pattern were observed. From the end of January signals of DVM increased gradually 270	  
and the acoustical signals strengthened throughout February and March. The depth of the vertical migrations also 271	  
became deeper (~ 220 m) in the final part of the polar night period when compared to the first part. In comparison with 272	  
the zooplankton net sampling, it was evident that the two sampling events in January (2013/2014) were conducted 273	  
before any strong DVM signals were detected acoustically (despite slight variations in signal strength between years), 274	  
whereas the zooplankton net sampling in February overlapped with a period defined by a distinct acoustic DVM signal 275	  
(Fig. 9).   276	  
 277	  
DISCUSSION 278	  
 279	  
In this study, we provide a comprehensive overview of the plankton community and vertical distribution during the 280	  
polar night, a period from which knowledge is scarce. Vertical migration behavior (in both nets and acoustics) is 281	  
markedly different between January and February. We describe these differences in migration patterns relative to the 282	  
changes in light regime, where the first part of January reflects a darker period (no day-night cycle) of the polar night in 283	  
contrast to February, where the slight increases in the altitude of the sun establish a more pronounced day-night cycle. 284	  
Most DVM studies in the Arctic region have been carried out using either echo sounders (Falk-Petersen and Hopkins 285	  
1981; Falk-Petersen et al. 2008; Rabindranath et al. 2011), ADCPs (Fisher and Visbeck 1993; Cottier et al. 2006; Berge 286	  
et al. 2009; Wallace et al. 2010) or zooplankton nets (Longhurst et al. 1984; Blachowiak-Samolyk et al. 2006, 2015), 287	  
with the robustness of the observations and conclusions limited by the inherent bias and limitations of each sampling 288	  
method (Berge et al. 2014). Our approach of correlating extensive zooplankton sampling (i.e. horizontal/vertical and 289	  
size fractioned nets) with acoustics provide novel insight of the responsible species behind Arctic winter DVM. Finally, 290	  
we suggest how the more active organisms within the zooplankton community are sustained at a time of year devoid of 291	  
primary productivity.   292	  
 293	  
Plankton community composition 294	  
Our findings of low Chl. a levels (0.02 µg L-1) throughout the water column are in accordance with Chl. a levels 295	  
recorded from previous winter studies in Kongsfjorden (Seuthe et al. 2011; Berge et al. 2015a) as well as in other Arctic 296	  
regions (Madsen et al. 2001; Tremblay et al. 2012; Blachowiak-Samolyk et al. 2015). In comparison to the low winter 297	  
values, Chl. a concentrations can reach > 10 µg L-1 during productive seasons (Seuthe et al. 2011; Hegseth and 298	  
Tverberg 2013). Ciliates and dinoflagellates have previously been observed as most abundant protists members in 299	  
Kongsfjorden during winter (Berge et al. 2015a; Blachowiak-Samolyk et al. 2015), though in lower numbers compared 300	  
to the productive seasons, comparing well with our observations in January. Not surprisingly, low levels of Chl. a and 301	  
protists are explained by the lack of primary production at this time of year (Smetacek and Nicol 2005). Similarly, our 302	  
observed species composition and distribution of micro- and mesozooplankton in Kongsfjorden during the polar night 303	  
match observations from previous winter studies (Ashjian et al. 2003; Madsen et al. 2008; Zamora-Terol et al. 2013; 304	  
Darnis and Fortier 2014) and other seasons in the Arctic region (Hop et al. 2002; Lischka and Hagen 2005; Blachowiak-305	  
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Samolyk et al. 2006; Willis et al. 2006; Darnis et al. 2008, 2012; Walkusz et al. 2009; Seuthe et al. 2011). Abundances 306	  
of micro- and mesozooplankton (50 µm, 64 µm and 200 µm) are generally lower during polar night in comparison to 307	  
studies conducted during the productive season in Kongsfjorden (Walkusz et al. 2009). Additionally, the presence of 308	  
omnivorous species (e.g. Pseudocalanus spp., O. similis and M. longa) in surface waters during winter also corresponds 309	  
well with previous studies (Ashjian et al. 2003; Turner 2004; Darnis and Fortier 2012). The species composition of 310	  
larger organisms within the macrozooplankton community also corresponds well with previous findings from the Arctic 311	  
(Søreide et al. 2003; Eriksen and Dalpadado 2011; Orlova et al. 2013; Webster et al. 2013; Berge et al. 2014). That T. 312	  
inermis individuals dominate the largest fractions of macrozooplankton species is also in agreement with earlier studies 313	  
from Kongsfjorden (Weslawski et al. 2000; Buchholz et al. 2010; Huenerlage et al. 2015). Although, our winter 314	  
abundances of T. inermis (Table 2; 5-254 ind. 100 m-3) are in the higher range compared to abundances (3-50 ind. 100 315	  
m-3) during summer in Kongsfjorden (Weslawski et al. 2000; Buchholz et al. 2010). For the co-dominant chaetognath 316	  
Parasagitta elegans our observed abundances (0.3-1.1 ind. m-3) are lower than both winter (2.4-14.7 ind. m-3) (Grigor et 317	  
al. 2014) and spring studies (0.4-31.6 ind. m-3) (Søreide et al. 2003 and references therein) conducted in the region.  318	  
 319	  
Vertical migration 320	  
The acoustic data clearly document the existence of a classical, synchronized DVM pattern during the first and last 321	  
parts of the polar night, supporting previous findings from the same region (Berge et al. 2009; Wallace et al. 2010; Last 322	  
et al. 2016). The subtle vertical migration patterns (seen only in the acoustic data) that we observe during the darkest 323	  
phase of the polar night (end of November to mid January) do not appear to be strictly circadian, and are likely 324	  
influenced by other factors such as lunar illumination and internal biological clocks (Last et al. 2016). Similar migration 325	  
patterns have also been observed in the Antarctic region during the dark winter (Gaten et al. 2008; Cisewski et al. 2010) 326	  
and have been explained by the absence of a clear day-night cycle and the consequential less light to mediate classical 327	  
DVM behavior. In the transition phase between the darkest phase of the polar night and the period when the sun 328	  
approaches the horizon (i.e. end of January), the gradual increase in solar light intensity results in a more definite day-329	  
night cycle, and hence a greater DVM signal. This is a strong indication that light is a proximate factor that trigger 330	  
migration. Moreover, the increasing intensity of the DVM signal is paralleled in the largest fractions of zooplankton net 331	  
data in February.  332	  
Planktonic organisms are known to have patchy distributions and therefore species composition and abundance can 333	  
vary within a sampling area (Dagg 1977). We assume that the spatial-temporal variability in abundance of protist, 334	  
micro- and mesozooplankton (50, 64, 200 µm fractions) reflects patchy distribution (i.e. due to currents, ship drifting) 335	  
than actual migration. The absence of DVM behavior within the smaller zooplankton fractions (50 µm and 64 µm) also 336	  
compares well with available literature (Ashjian et al. 2003; Lischka and Hagen 2005; Darnis and Fortier 2012). In 337	  
addition, a frequency setting of 300 kHz on the ADCPs is more appropriate for detecting organisms > 2.2 mm owing to 338	  
their size and detection ability of the ADCP (Stanton et al. 1994, 1998; Berge et al. 2014). Therefore, due to their size, 339	  
we can rule out that migration pattern of small zooplankton (e.g. Pseudocalanus spp., O. similis, Microcalanus spp.) 340	  
contributes to the observed acoustic patterns during polar night. However, despite the fact that no DVM of small 341	  
zooplankton is documented in our study, small-scale migrations within these species could have occurred during our 342	  
sampling periods, which might have been overlooked (i.e. too “coarse” net sampling and frequency setting of ADCP 343	  
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instrument). Thus, detection of such potential small-scale migrations requires a more high-resolution sampling design 344	  
than we applied in our study.  345	  
Previous acoustic-based studies suggest that euphausiids and Calanus spp. are responsible for the DVM patterns during 346	  
autumn and winter but without giving any direct evidence from net sampled data (Cottier et al. 2006; Berge et al. 2009, 347	  
2014). However, in this study, we find no evidence for DVM behavior in Calanus spp. most likely due to their 348	  
overwintering at depth (Conover and Huntley 1991; Hagen and Auel 2001; Auel et al. 2003; Heath et al. 2004). In 349	  
contrast, we observe DVM patterns for M. longa in February, which corresponds well to the fact that M. longa is known 350	  
to undergo vertical migrations (Daase et al. 2008) and does not have a pronounced overwintering at depth. Thus, we 351	  
consider migration of euphausiids and M. longa more likely to contribute to acoustic patterns during polar night than 352	  
Calanus spp. Euphausiids and copepods have different acoustic Target Strength (TS) values, making euphausiids more 353	  
amenable to be detected acoustically than copepods. According to Berge et al. (2014), TS values are -85 dB and -102 354	  
dB for euphausiids and Calanus spp., respectively. As for chaetognaths, TS values are often difficult to calculate 355	  
realistically using existing models (Stanton et al. 1994, 1998) since chaetognaths do not possess an exoskeleton and 356	  
carapace like crustaceans (Berge et al. 2014). Berge et al. (2014) showed that 1 large (~ 18 mm) and 1 small euphausiid 357	  
(~ 8 mm) correspondingly had the same backscatter potentials as 51 and 2 Calanus spp. individuals, respectively. Since 358	  
M. longa is a smaller copepod species than Calanus spp. even more M. longa copepods are needed to equal the 359	  
backscatter potentials of euphausiids and chaetognaths. Therefore, despite a slightly higher surface abundance of M. 360	  
longa in February compared to euphausiids and chaetognaths, we assume that the DVM patterns observed acoustically 361	  
and in MIK net data, originate from the migration of larger fast swimming zooplankton organisms, primarily 362	  
euphausiids. In addition the higher abundance of macrozooplankton species (net samples) and the correspondingly 363	  
higher (relative) biomass values (acoustic data) in 2014 compared to 2013, further supports this contention. We cannot 364	  
completely rule out the possibility, however, that M. longa or chaetognaths may be co-responsible for the acoustic 365	  
DVM signal. Despite the fact that the subtle vertical migration patterns observed acoustically (end of November to first 366	  
part of January), however, were not detected in the net data (due to lack of samples at this time), we assume these 367	  
vertical migration patterns were performed by similar species as those responsible for the February DVM patterns. 368	  
Thus, in future studies net sampling should preferably be conducted on a more regularly basis during the darkest part of 369	  
the polar night (end of November to mid January) to verify the responsible species. 370	  
The observations of diel differences in size classes of euphausiids and chaetognaths in February correspond well with a 371	  
model addressing timing of vertical migration in respect to the trade-off between mortality and energy gain (De 372	  
Robertis 2002). According to the model, timing between size classes within a population of euphausiids is different 373	  
when visual predation is high and to reduce mortality risk, larger euphausiids will initiate DVM earlier than smaller and 374	  
less conspicuous individuals. This corresponds well with our observations in February, where larger euphausiids exhibit 375	  
strong DVM and are absent at the surface during daytime. We assume that the differences in behavior between size 376	  
classes are mediated by the increased light intensity in February improving visual predation on euphausiids. Moreover, 377	  
it also a fact that only part of a population may seem migratory (merely adult individuals) due to different behavior 378	  
strategies among age classes within the population (Riley 1976). This compares well to our February net samples, 379	  
where migration seems to be more pronounced in larger (i.e. more adult) individuals. Another component of the De 380	  
Robertis (2002) model suggests that the day/night variability in distribution patterns of smaller and larger size classes 381	  
(i.e. euphausiids and chaetognaths as observed in our study) could be explained by differences in energetic needs and 382	  
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the changing distributions of potential food in the water column. Although, it is uncertain how zooplankton evaluate 383	  
energy gain and predation risk, it is intriguing that our results seem to support this model.  384	  
The MIK net seems to be the most efficient zooplankton net at targeting responsible winter migrants in our study. 385	  
Nonetheless, we are aware of limitations in our sampling design by the combined approach of horizontal (surface) and 386	  
vertical (whole water column) net hauls. For instance the WP2 (50 µm) and MPS (64 and 200 µm) nets can only be 387	  
deployed to a certain distance above the bottom, which result in under-sampling of organisms residing near bottom, 388	  
where hyper-benthic organisms and/or overwintering Calanus spp. may concentrate. Furthermore, we were not able to 389	  
conduct stratified MIK sampling throughout the water column due to logistical restraints. We can, however, report on a 390	  
similar species composition of macrozooplankton when deploying the MIK net from the surface to ~ 300 meters 391	  
(unpubl. data) demonstrating that the surface MIK samples, with respect to species composition, represented the 392	  
macrozooplankton community throughout the water column. Finally, our findings in Kongsfjorden reflect coastal 393	  
conditions (~ 330 m depth) and timing of migration, amplitude of DVM signal and species composition may differ 394	  
considerably in open ocean conditions or ice-covered ecosystems, where the light climate within the water column is 395	  
different.   396	  
 397	  
Ecosystem implications 398	  
Food limitation during the polar night is a likely constraint to survival for many zooplankton organisms (Quetin and 399	  
Ross 1991). Thus, some zooplankton (e.g Thysanoessa inermis) are able to shift from a herbivorous diet during 400	  
productive seasons to a more omnivorous/carnivorous diet during periods of food scarcity (Båmstedt and Karlson 1998; 401	  
Falk-Petersen et al. 2000) to meet dietary requirements and sustain survival during the winter (Huenerlage et al. 2015). 402	  
Potential prey organisms available for consumption of the larger zooplankton organisms during our sampling period are 403	  
members of the protist community and the smaller zooplankton fractions. Previous studies have shown that euphausiids 404	  
and copepods are capable of exploiting planktonic prey in the size range 5 to 400 µm (Hansen et al. 1994; Levinsen et 405	  
al. 2000; Møller et al. 2006; Agersted et al. 2011). Since the majority of protists in our study are within the size fraction 406	  
20-40 µm and the nauplii are in the size range 162-183 µm, the larger zooplankton organisms should be able to feed on 407	  
these organisms. The carnivorous P. elegans is known to feed on copepods (e.g. Calanus spp.) during winter (Grigor et 408	  
al. 2015), which also corresponds to our observations of individuals with copepods in their guts (data not shown). Other 409	  
potential food sources available for consumption during winter are small copepods (Pseudocalanus spp., Microcalanus 410	  
spp., O. similis), detritus (e.g. marine snow particles) and sediment. Other studies have also shown that euphausiids feed 411	  
on detritus and sediment during food scarcity (Dilling et al. 1998; Cleary et al. 2012; Möller et al. 2012; Renaud et al. 412	  
2015). Thus, questions remain if the winter migrants are feeding on such potential food sources and/or if they rely on 413	  
tactile and/or visual stimuli to detect/encounter these prey organisms. It is likely, however, that the feeding behavior of 414	  
zooplankton individuals during polar night matches the behavior of midnight sun zooplankton, where some individuals 415	  
of zooplankton perform unsynchronized migration patterns to meet dietary needs (Cottier et al. 2006). Currently, such 416	  
potential feeding of T. inermis during winter is being investigated with aid of molecular tools by investigating gut 417	  
content (Grenvald et al. in preparation).  418	  
Kongsfjorden is frequently influenced by Atlantic water masses due to advection, which impact species composition 419	  
and abundance of zooplankton (Cottier et al. 2007; Walkusz et al. 2009; Wallace et al. 2010). The boreal euphausiid 420	  
Nematoscelis megalops, considered a true Atlantic species, was first recorded in Kongsfjorden in 2006, although, in low 421	  
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densities (0.07 ind. 100 m-3, Buchholz et al. 2010). We observed N. megalops in higher numbers (3-4 ind. 100 m-3), 422	  
which indicate that the fjord system was influenced by advection (i.e. increased influx of Atlantic water). Our 423	  
hydrography data (Fig. 2) did not show evidence of recent advection, but according to Berge et al. (2015b) that 424	  
presented five years of temperature data in Kongsfjorden, it was evident that the water column was influenced by 425	  
warmer water masses prior to January 2014 compared to 2013. This intrusion of warmer water can explain the different 426	  
abundance patterns of meso- and macrozooplankton in 2013 versus 2014. As such, the more macrozooplankton 427	  
organisms in 2014 including our records of N. megalops, illustrate that the community composition in Kongsfjorden is 428	  
in a transitional state, and that its planktonic community is becoming more and more Atlantic dominated. Evidence for 429	  
shift in community structure has previously been documented from both benthic (Kortsch et al. 2012) and pelagic 430	  
(Weydmann et al. 2014; Berge et al. 2015c) communities.  431	  
 432	  
Conclusions 433	  
In this study, we investigated the plankton community in Kongsfjorden during the polar night period with respect to 434	  
species composition, abundance and DVM patterns. Overall, the species composition was similar to the productive 435	  
seasons. Of the smallest plankton, ciliates and dinoflagellates were most numerous, whereas for the zooplankton (< 64 436	  
µm), copepod nauplii were found in highest numbers followed by small copepods. In the larger fractions of zooplankton 437	  
(> 200 µm), copepods, euphausiids and chaetognaths were most abundant. No DVM behavior was detected within the 438	  
smallest fractions of plankton species (< 64 µm). Classical DVM behavior could not be confirmed during the darkest 439	  
part of the polar night (November to mid January) in either the acoustics or net samples. Subtle patterns of vertical 440	  
migration uncoupled to a circadian cycle were, however, observed acoustically throughout November and the first part 441	  
of January. Yet, acoustical DVM signals appeared in the final part of January with increasing intensity. These DVM 442	  
patterns were also documented in net samples in February. We suggest that the migrations patterns observed are caused 443	  
mainly by Thysanoessa spp., although, M. longa and P. elegans may also contribute to the DVM signals to a lesser 444	  
degree. Finally, we suggest that the small fraction of plankton represents a potential food source, which is likely to fuel 445	  
zooplankton migrations and support minimum dietary requirements of active zooplankton species during polar night. 446	  
Although, our analyses are based on a rather short time series (i.e. net samples), we argue that our data demonstrate a 447	  
comprehensive overview of plankton ecology during a dark phase and a more light influenced phase of the polar night. 448	  
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Table 1: Sampling deployments with different gears in Kongsfjorden during two consecutive winters (2013/2014). 747	  
NOON = a sample collected at midday (local time), NIGHT = a sample collected at midnight (local time), DAY = 748	  
sampling not focused on midday or midnight. * = Samples taken in duplicates. Chl. a and protists were collected with 749	  
Niskin bottles. 50 µm (WP2), 64 µm (MPS), 200 µm (MPS) and 1500 µm (MIK) refer to the mesh sizes of zooplankton 750	  
nets. 751	  
 752	  
Table 2: The abundances (1000 m-3) of macrozooplankton species (> 5 mm) in the upper 30 m of the water column 753	  
sampled by MIK net (1500 µm) averaged for night and day samples (n = sample size). * = Mertensia ovum, Aglantha 754	  
digitale, Sminthea arctica, Beroe cucumis, Bolinopsis infundibulum, Dimophyes arctica. ** = Apherusa glacialis, 755	  
Gonatus fabricii, Tomopteris helgolandica, Clupea harengus, euphausiid larvae (calyptopis), fish larvae, fish eggs, 756	  
Paraeuchaeta spp., Leptoclinus maculatus, Pandalus borealis, Pelagobia longicirrata, post-larvae (Polychaeta), 757	  
Appendicularian. 758	  
 759	  
Figure 1:  Location of the sampling site and position of the mooring in Kongsfjorden (Svalbard). 760	  
 761	  
Figure 2: Vertical profiles of salinity, temperature (°C) and fluorescence (arbitrary units) in relation to zooplankton net 762	  
sampling in January 2013, February 2013 and January 2014. In February 2013 no fluorescence was measured.  763	  
 764	  
Figure 3: The vertical depth distribution (5 m, 15 m, 35 m, 50 m, 75 m, 150 m, 330 m) of protist biomass (µg C L-1), 765	  
composition and Chl. a concentration (µg Chl a L-1) at midnight (left, n = 1) and noon (right, n = 1) in January 2014. 766	  
 767	  
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Figure 4: Vertical distribution, abundance (ind. m-3) and species composition of dominant micro- and mesozooplankton 768	  
in January 2014. The upper panel represents a single profile of total zooplankton abundance (ind. m-3) sampled with 769	  
WP2 net (50 µm) and divided into nauplii morphotype and small copepod species. The lower panel represents day (left, 770	  
n = 2) and night (right, n = 2) profiles of zooplankton abundance (ind. m-3) collected with the MPS net (64 µm). Error 771	  
bars display standard deviations. 772	  
 773	  
Figure 5: Vertical day/night profiles of numerically most common mesozooplankton taxa (ind. m-3) recorded in the 774	  
MPS net (200 µm) in January 2013 (upper panel), February 2013 (middle panel) and January 2014 (lower panel). Day 775	  
samples (n = 2 in January 2013/2014, n = 1 in February 2013) are on the left axis and night samples (n = 2 in January 776	  
2013/2014, n = 1 in February) on the right. The two day-sampling events and the two night-sampling events in January 777	  
2013 and January 2014 are combined means. Error bars display standard deviations. The ‘Others’ group is represented 778	  
by less abundant mesozooplankton species (e.g. larvae of ostracods, gastropods, and cirripedia, copepod species such as 779	  
Triconia borealis, Oithona atlantica, among others).   780	  
 781	  
Figure 6: Vertical distribution presented as mean depths (Zm) of the most abundant mesozooplankton (200 µm) in 782	  
Kongsfjorden (KB3) in January 2013/2014 and February 2013 at nighttime (black boxes) and daytime (white boxes). 783	  
Error bars show standard deviation (Zs). Os = Oithona similis, Pse = Pseudocalanus spp., Mic = Microcalanus spp., Cal 784	  
= Calanus spp., Mlo = Metridia longa, oth = less abundant mesozooplankton species (e.g. larvae of ostracods, 785	  
gastropods, and cirripedia, copepod species such as Triconia borealis, Oithona atlantica, among others).   786	  
 787	  
Figure 7: Average of night (dark grey, right side) and day (light grey, left side) MIK net samples of most abundant 788	  
macrozooplankton species (ind. 1000 m-3) at 0-30 m depth in Kongsfjorden January 2013, February 2013 and January 789	  
2014. n = numbers of zooplankton net samples. Error bars show standard deviations.  790	  
 791	  
Figure 8: Length frequency distributions (mm) of euphausiids (Thysanoessa inermis) and chaetognaths (Parasagitta 792	  
elegans) in Kongsfjorden in January and February 2013 and January 2014 (day; light grey, left side and night; dark 793	  
grey, right side). n = number of individuals measured. 794	  
 795	  
Figure 9: Two consecutive years of winter ADCP data (five months from 1 October to 1 March 2012/13 and 2013/14) 796	  
presented as backscatter values (dB, Sv). The ADCP data are weekly averages compiled to one 24-hour dataset 797	  
representing 7 days of data (i.e. one week). The vertical dotted lines represent the polar night period in Kongsfjorden 798	  
(Svalbard) when the sun is below the horizon (> 24 hours). The color scale (right hand side) indicates backscatter 799	  
values (dB). The upper panel is 2012/2013 data and the lower panel is 2013/2014 data. The vertical grey shaded areas 800	  
indicate concurrent sampling time with zooplankton nets. The white bar (~ 100 m depth) illustrates position of the 801	  
sediment trap. No data exists from this depth layer. 802	  



 



 



 



 



 



 



 



 



 



Year Date Chl. a Protists 50 µm 64 µm 200 µm 1500 µm 

20
13

 

15 Jan. - - - - NIGHT - 
16 Jan. - - - - NIGHT/NOON NIGHT/NOON 
17 Jan. - - - - NOON NOON 
10 Feb. - - - - NIGHT NOON* 
11 Feb. - - - - NOON NIGHT* 

20
14

 

16 Jan. NIGHT - - NIGHT - NIGHT/NOON 
17 Jan. NIGHT/NOON NIGHT  NOON NIGHT/NOON NIGHT/NOON 
18 Jan. NIGHT/NOON NOON - NIGHT NIGHT/NOON NIGHT/NOON 
19 Jan. NIGHT/NOON - DAY NOON - NIGHT/NOON 
20 Jan. - - - - - NOON 

 



Species (# ind. 1000 m-3) January (day) 
2013 (n = 2) 

January (night) 
2013 (n = 1) 

February (day) 
2013 (n = 2) 

February (night) 
2013 (n = 2) 

January (day) 
2014 (n = 5) 

January (night) 
2014 (n = 4) 

Gelatinous plankton* 2 ± 2 10 7 ± 2 10 ± 6 46 ± 44 40 ± 17 
Euphausiids       

Thysanoessa raschii 21 ± 21 11 0 ± 0 72 ± 23 588 ± 568 668 ± 576 
Thysanoessa inermis 220 ± 267 152 51 ± 7 1096 ± 5 1848 ± 1238 2536 ± 976 

Thysanoessa longicaudata 6 ± 4 11 13 ± 19 11 ± 1 35 ± 14 49 ± 21 
Meganyctiphanes norvegica 0 ± 0 4 0 ± 0 0 ± 0 2 ± 3 2 ± 2 

Nematoscelis megalops 0 ± 0 0 0 ± 0 0 ± 0 38 ± 26 32 ± 19 
Amphipods       

Themisto abyssorum 0 ± 0 0 0 ± 0 0 ± 0 2 ± 2 6 ± 3 
Themisto libellula 1 ± 1 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 

Chaetognaths       
Eukrohnia hamata 80 ± 53 177 6 ± 0 2 ± 3 87 ± 33 145 ± 107 

Parasagitta elegans 342 ± 240 473 16 ± 2 26 ± 27 701 ± 347 1069 ± 551  
Sagitta maxima 0 ± 0 0 1 ± 0 0 ± 0 0 ± 0 0 ± 0 

Gastropods       
Clione limacina 5 ± 1 8 5 ± 0 17 ± 22 4 ± 3 8 ± 4 

Other** 2 ± 0 0 1 ± 1 0 ± 0 77 ± 21 88 ± 29 
Total ind. 1000 m-3 679 ± 581 846 101 ± 23 1234 ± 83 3428 ± 1599 4642 ± 1393 

 


