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1 Summary 

This study is part of the Strategic Environmental Study Plan for Northeast 
Greenland established to provide environmental information for planning 
and regulating oil exploration activities and oil spill response in the Green-
land Sea and the shelf off Northeast Greenland. The aim is to provide infor-
mation on the ecology and temporal and spatial sensitivity of this very little 
studied marine ecosystem. As a part of this, an interdisciplinary survey with 
R/V Dana was conducted in August/September 2017. 82 stations were sam-
pled between 2° W and 20° W and 74.5° N and 79° N, primarily at stations on 
the shelf (100-400 m depth), but also at deeper stations at the shelf break and 
off shelf (up to 3.000 m depth). 

During the survey, waters in the upper 100 m were dominated by Polar sur-
face water, which is of Arctic origin and mainly associated with the East 
Greenland Current. Arctic Atlantic water, which is of Arctic origin with con-
tributions from Atlantic waters therefore had higher salinity and dominated 
the water masses in the depth range 100-200 m. The warmest and most saline 
water was return Atlantic water or re-circulating Atlantic water, and was 
mainly found along the Greenland shelf break in the depth range 100-300 m. 
The coexistence of colder and less saline East Greenland Current waters and 
warmer and more saline waters from the Atlantic was clearly visible as a dy-
namic frontal system along the East Greenland shelf break during the cruise. 
A general trend in nutrient conditions throughout the study area was prevail-
ing low concentrations in the surface waters (<20 m), particularly for nitrate 
at the shelf. The highest integrated levels of nitrate in the upper 50 m were 
recorded along the shelf break corresponding with deeper mixing of the water 
column. 

The biology in the area was clearly associated with the physical-chemical en-
vironment. Depleted nitrate levels in the surface layer, which also has the 
most favourable light conditions, likely were a major factor controlling phy-
toplankton production. Integrated phytoplankton biomass and production 
within the 0-50 m depth strata across the study area revealed the highest val-
ues at or outside the East Greenland shelf break. Likewise, the mesozooplank-
ton biomass and community composition were clearly associated with the 
oceanography and bathymetry of the area. The biomass was highest along the 
shelf break area, and species composition reflected the origin of the water. The 
North Atlantic Calanus finmarchicus was present at all stations, but much more 
abundant at the stations off the shelf in the Greenland Sea. The Arctic Calanus 
species C. glacialis and C. hyberboreus, on the other hand, had the opposite pat-
terns, and were not found at all in the upper 50 m in the Greenland Sea. A 
large part of the dominant Calanus was still present in the surface water, 
which is important for visual predators and predators feeding from the sur-
face, e.g. seabirds like little auk. The macrozooplankton like the mesozooplank-
ton had elevated biomass in the shelf break area, but also at the stations near-
shore. Acoustic measurements gave a high-resolution distribution of the den-
sity of organisms along the cruise track, and confirmed the pattern found by 
net sampling.  

As expected, the survey showed low diversity and abundance of seabirds and 
marine mammals. 22 bird species and 9 species of marine mammals were ob-
served. Little auks were the most numerous seabird observed at the cruise 
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with the highest densities observed along the shelf break, and lower densities 
on the shelf in the open pack ice. Fulmars (Fulmarus glacialis) and black-legged 
kittiwakes (Rissa tridactyla) were widespread in low numbers. Very few thick-
billed murres (Uria lomvia) were observed during the Dana cruise. This is 
consistent with the records in the Greenland Seabirds at Sea database and SEA-
TRACK data where thick-billed murres mainly have been observed further to 
the east.  
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2 Sammenfatning 

Som en del af miljøforskningsprogrammet i Nordøstgrønland blev der i au-
gust-september 2017 gennemført et tre ugers interdisciplinært forskningstogt 
med det danske forskningsskib Dana. 20 forskere deltog, og der blev taget 
prøver på 82 stationer mellem 2° V og 20° V og 74,5° N og 79° N primært på 
kontinentalsoklen, hvor vanddybden var 100-400 m, men også på dybere 
vand. De øverste 100 m af vandsøjlen var domineret af polarvand fra nord, 
mens vandet dybere i vandsøjlen i højere grad var påvirket af atlantisk vand, 
og der var en meget dynamisk frontzone langs kanten af kontinentalsoklen. 
Samtidig var vandet i overfladen meget næringsfattigt. De fysisk-kemiske ka-
rakteristika i området havde stor betydning for biologien. Den højeste pro-
duktion af planteplankton fandtes, hvor der skete en opblanding af de øverste 
vandlag i zonen mellem kontinentalsoklen og de dybere områder. Det samme 
mønster afspejlede sig også i det næste led i fødekæden: dyreplankton. Sam-
tidig var det også tydeligt, at arktiske arter dominerer i det polare vand, mens 
områder tættere på de dybe områder i Grønlandshavet var mere påvirket af 
atlantiske arter. En stor del af det dominerende dyreplankton var stadig til 
stede i de øverste vandlag, hvad der har stor betydning for de større dyr, der 
lever af dem, som fx fugle, fisk og grønlandshval. Diversiteten og antallet af 
fugle og havpattedyr var generelt lavt. Søkonger var de mest talrige og blev 
primært observeret i områder, hvor der var høj planktonproduktion på kon-
tinentalskrænten. Mallemukker (Fulmarus glacialis) og rider (Rissa tridactyla) 
blev fundet spredt i området i lavt antal. Kun ganske få polarlomvier (Uria 
lomvia) blev observeret, og formodentlig trækker de primært længere mod øst. 
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3 Eqikkaaneq 

Kalaallit Nunaata kangiani avatangiisini misissuinerup ilaattut 2017-imi 
august-septemberimi sapaatini akunnerni pingasuni danskit umiarsuaannik 
ilisimatuussutsikkut misissuummik Danamik ilisimatusartoqarpoq. 
Ilisimatusartut 20-t peqataapput uumasoqarfiusunilu 82-ini 2° W-imi, 20° W-
imi, 74.5° N-imi  79° N-imilu, pingaartumik immap naqqata nunavimmut 
atasortaata killingani, imarmi 100-400-nik ititigisumi itinerusunilu 
misileraasoqarluni. Imaq immap qaavaniik 100 meterinut ititigisup 
annerpaartaa imermik avannaaneersumik akoqarpoq, itinerusorli atlantikup 
imertaanik annerusumik akoqarluni kiisalu immap naqqata nunavimmut 
atasortaata killinga atuarlugu aporaaffiusoq allanngorartuuvoq. Aammattaaq 
immap qaava inuussutissakitsuaraavoq. Sumiiffimmi sarfaq inuussutissallu 
uumassusilinnut pingaaruteqarluinnarsimavoq. Immap naqqata 
nunavimmut atasortaata killingata itisuullu akornanni immap qaavani 
akulerussuuttoqarnerani naasut tappiorannartut pingaartumik 
pinngortarsimapput. Nerisariiaanni tullernguuttuni tassa uumasuni 
tappiorannartuni tamanna aamma atuussimavoq. Taamatuttaaq Issittup 
imartaani issittumi uumassusillit amerlanerusut illuatungaanili Kalaallit 
Nunaata imartaani imarmut itisuumut qaninnerusuni issittumi 
uumasusilinnit sunnertisimanerusut takuneqarluarsinnaasimavoq. Immap 
qaavani uumasut tappiorannartut pingaartumik uumapput, taakkualu 
uumasunut taakkuninnga nerisaqartunut soorlu timmissanut, aalisakkanut 
arfivinnullu pingaaruteqarluinnarput. Timmissat imaanilu miluumasut 
assigiinngisitaarnerat amerlassusaallu annikitsuaraasimapput. Appaliarsuit 
amerlanerpaasimapput sumiiffinnilu tappiorannartunik annertuumik 
naasoqarfiusuni siumorneqartarsimallutik. Timmiakuluit taateraallu 
sumiiffimmi siaruarsimapput ikitsuinnaasimallutillu. Appat ikitsuinnaat 
siumorneqarsimapput kangimullu ingerlaassangatinneqarlutik. 
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4 Background 

Marine hot spots are areas with enhanced and concentrated primary produc-
tion, areas with high biodiversity and areas with concentrations of biota; they 
will often contain all of these characteristics. Their temporal and spatial dis-
tribution, their predictability and the physical factors which may govern their 
presence are important issues. Information on these hot spots is essential for 
the oil companies which shall prepare environmental impact assessments, for 
preparing Net Environmental Benefit Analysis (NEBA) and for the authori-
ties, which shall regulate the activities. 

Marine Arctic regions with seasonal sea ice usually have intense periods of 
high pelagic production, thereby fuelling and sustaining the marine food 
chains throughout the year. In the assessment area, nutrient-rich Atlantic wa-
ter is mixed with the nutrient-poor water from the Arctic Ocean and in these 
front areas high primary productivity may occur, confirmed by remote sens-
ing (satellite studies) which indicates the presence of areas of high surface bio-
mass. However, remote sensing alone cannot provide reliable spatial descrip-
tion of biomass and productivity, due to the lacking ability to identify the oc-
currence of subsurface biomass. Remote sensing data which has been cali-
brated and verified by in situ data can, however, assist in providing seasonal 
and spatial information beyond the field measurements. The long life of the 
secondary producers including overwintering of non-feeding stages means 
that they can be transported away from the areas with high primary produc-
tion that supported their growth, and concentrated in other areas depending 
on bathymetry and currents. Thus, hot spots of primary production and sec-
ondary production may be decoupled. Earlier studies indicate a rich diversity 
of planktonic organisms in the coastal areas, but since the diversity has not 
been described in the offshore assessment area, potentially sensitive areas 
cannot be identified at the moment. The indicated heterogeneous distribution 
of biological productivity and limited understanding of the pelagic food chain 
in the assessment area causes significant uncertainty to environmental impact 
assessments of oil operations and possible oil spills. Moreover, dynamics of 
the pelagic-benthic coupling sustaining the offshore benthic communities re-
mains largely unknown in the area. 

Only little is known about the seabird numbers and distribution in the western 
Greenland Sea during autumn. Some information is available from seabirds 
at sea surveys using ships of opportunity, especially seismic surveys, and 
some information is available from tracking studies; the available information 
was summarized in the SEIA in 2011 (Boertmann & Mosbech 2011). Relatively 
few seabirds breed on the coasts of northeast Greenland (NEG), while large 
numbers of seabirds breed on Svalbard, including estimates of 819,000 breed-
ing pairs of thick-billed murre, more than a million pairs of little auks (Isaksen 
& Bakken 1995) and 243,000 breeding pairs of black-legged kittiwakes (Fau-
chald et al. 2015). The autumn migration of these Svalbard birds is assumed 
to pass through the Greenland Sea, and it is important to understand this mi-
gration in space and time in relation to oil activities. It is known that thick-
billed murres conduct a swimming migration where the male and the chick 
swim together, and tracking of little auks from Svalbard and the colonies near 
Scoresby Sund (Fort et al. 2013; Mosbech et al. 2012) have identified a post-
breeding and moulting area in the Greenland Sea region. In the NEG pro-
gramme there are several studies providing further information on seabird 
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distribution and numbers including aerial surveys and tracking of ivory gulls 
and little auks. In this study, we recorded seabirds and marine mammals in 
an integrated marine ship-based survey with the aim of correlating the ob-
served seabird and marine mammal distribution with the biological oceanog-
raphy recorded synoptically on the cruise. Here we present results of distri-
bution and density of seabirds and marine mammals together with supple-
mentary information from previous surveys, and recent tracking data from 
the SEATRACK programme (http://seatrack.seapop.no) providing infor-
mation on the linkage to colonies in the North Atlantic. 

The assessment area is highly heterogeneous in terms of ice cover and thus 
also primary productivity may be highly patchy resulting in hot spots. Large 
parts of the area are dominated by heavy drift ice throughout most summers, 
leading to relatively low productivity, and causing logistical challenges for 
scientific studies. Previous studies have thus concentrated on three areas 
where the open-water season is longer and productivity is (expected to be) 
higher: (i) the North East Water Polynya (NEW) (Hirche et al. 1994; Bauerfeind 
et al. 1997; Pesant et al. 2002), (ii) the extensive fjord systems along the East 
Greenland coast, where only Young Sound has been subject to detailed scien-
tific studies (Rysgaard & Glud 2007; Middelbo et al. 2018; Holding et al. 2019), 
and (iii) the marginal ice zone in the Greenland Sea (Richardson et al. 2005; 
Møller et al. 2006; Qu et al. 2016). To supplement the existing knowledge, the 
major activity of this project was a three-week ship-based survey around 1 
September, closely integrated with synoptic aerial surveys for seabirds and 
marine mammals. In this report we present the data from the three-week ship 
survey on physical and biological oceanography, and the distribution of sea-
birds and marine mammals. Data on distribution of fish (including acoustic 
fish abundance survey) and the benthic community carried out in relation to 
the oceanography at the same cruise are presented in Hansen et al. 2019 and 
reports from Greenland Institute of Natural Resources. 
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5 Methods 

An interdisciplinary survey with R/V Dana was conducted from 22 August 
to 12 September 2017. At eighty-two stations samples were collected between 
2° W and 20° W and 74.5° N and 79° N, primarily at 100-400 m depth on the 
shelf, but also at deeper stations at the shelf break and off shelf. The cruise 
track was altered compared to the original planned due to the ice conditions 
in the area (figure 5.1). A full list of activities can be found in Appendix 1. 
Additionally, sampling of selected parameters was carried out on a succeed-
ing cruise by R/V Dana funded by the Danish Centre for Marine Research 
(lead by Prof. Marit-Solveig Seidenkrantz, AU). 

5.1 Physical oceanography 
CTD (Conductivity-Temperature-Depth) profiles were collected at 82 stations 
(including repeated casts at selected biological stations) with a 24 Hz sam-
pling rate Seabird SBE 911plus CTD system attached to a 12 5-litre bottle car-
ousel water sampler. The CTD system was equipped with sensors for conduc-
tivity, temperature, pressure, oxygen (SBE 43), PAR (Biospherical/Licor) and 
Chlorophyll (Turner Cyclops). Temperature and salinity CTD data were post-
processed using the Seabird Seasave data acquisition and processing soft-
ware. Important processing steps included the generation of upcast bottle files 
to create a record of environmental data at water bottle release depths, the 
removal of large outliers, and depth-averaging of downcast CTD profiles over 
0.5 m vertical bins. Data on currents in the area were extracted from AVISO 
(Archiving, Validation and Interpretation of Satellite Oceanographic data), a 
service for processing and distributing satellite remote sensing data from 
Topex/Poseidon, Jason-1, ERS-1 and ERS-2, and EnviSat (https://aviso-data-
center.cnes.fr/). 

5.2 Biogeochemistry and phytoplankton 
Water samples were collected at 27 stations (biological stations) using a 12-
bottle Rosette water sampler (5-liter bottles) equipped with a Seabird SBE 
911plus CTD system. Chlorophyll-a measurements were conducted with a 
Turner Cyclops fluorescence sensor attached to the CTD calibrated against 
samples measured as described below. The water samples were analysed for 
a range of biogeochemical and biological parameters (table 5.1). 

Nutrient samples were frozen immediately after collection and later analysed 
on a flow injection autoanalyser, following Hansen& Koroleff (1999). Concen-
trations of nitrate, silicate, phosphate and ammonia were measured, but only 
results of nitrate and silicate will be presented here. 

Samples for pigment analysis (250-500 ml) were filtered on 25 mm GF/F 
(Whatman) and 10 µm filters and extracted in 96 % ethanol for 24 h before 
being analysed on a fluorometer (TD-700, Turner Design) calibrated against a 
chlorophyll-a standard (Jespersen & Christoffersen 1987). Fluorometric meas-
urements were done before and after 1 M HCl addition. 
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Primary production (PP) was measured on samples from 5 m depth and the 
depth of chlorophyll-a maxima by the 14C incubation technique (Steeman 
Nielsen 1952) using photosynthesis-irradiance curves (P-I curves). Unfiltered 
seawater (1.2 l) was transferred to a glass flask and 3 ml of NaH14CO3 (20 µCi 
mL-1; DHI Lab, Denmark) was added and mixed carefully before being added 
to 14 incubation bottles (55 ml), i.e. 11 light-incubated bottles and 3 dark-in-
cubated bottles. The light bottles from each depth were linearly arranged in 
the light incubator for ca 2 hours. Photosynthetically active radiation (PAR) 
was measured within each incubator bottle (US-SQS/L, Submersible Spheri-
cal Micro Quantum Sensor, Heinz Walz GmbH) and was used to create P-I 
curves. Incubation bottle samples were filtered on 25 mm GF/F filters (What-
man) and the filters placed inside plastic scintillation vials, 100 µl of 1 M HCl 
was added to remove excess NaH14CO3 and the filters were fumigated for 24 

Figure 5.1.   The area is charac-
terized by a large 100-250 km 
wide shelf area with water depths 
up to 400 m, a shelf break about 
75 km wide where water depth 
falls to 1,000-1,200 m and a deep 
ocean area. a) Map with station 
numbers. Stations numbered 1-
82 are from the NEG-programme 
survey, while those numbered 
2.01-2.22 are from a succeeding 
research cruise. b) The sea ice 
extent on 26 August 2017 to-
gether with the stations at the 
NEG cruise. The sea ice moved 
further south during the cruise, 
reflected in the displacement be-
tween sea ice and stations on the 
map. 

a) 

 
b) 
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hours in a fume hood. Samples were subsequently frozen. 10 ml scintillation 
cocktail (Ultima Gold, Perkin Elmer) was added to the samples before being 
counted on a scintillation counter (Liquid Scintillation Analyzer, Tri-Carb 
2800TR, PerkinElmer). Primary production rates were calculated from the ob-
tained P-I curves using the light attenuation coefficient from the measured 
PAR profile and chlorophyll-a concentrations of the sample water. Primary 
production was calculated using the equation: 

PP (mg C m-3 h-1) = (DPMfilter × DIC × 1.05) / (DPMadded × incubation time) 

where DPMfilter is the signal measured on the scintillation counter, DIC is the 
in situ dissolved inorganic carbon concentration (estimated as 2,000 μM) and 
DPMadded is the activity of the added 14C which is corrected for the incubation 
time. The constant 1.05 is the 14C discrimination factor due a 5 % metabolic 
discrimination against the heavier 14C isotope. Primary production values 
were divided by the chlorophyll-a concentration at each sample depth to pro-
duce biomass specific primary production rates (mg C mg Chl-a-1 h-1). 

Underwater Photosynthetically Active Radiation (PAR) was measured using 
the LI-COR Biospherical PAR sensor attached to the CTD. Incoming irradi-
ance (PAR) was obtained from the vessel’s on-board meteorological station. 
In situ primary production was calculated at chlorophyll-a sampling depths 
based on the obtained biomass specific primary production rates, in situ chlo-
rophyll- a concentration, in situ daily average incoming irradiance (PAR) cor-
rected for the in situ light attenuation in the water column obtained from the 
CTD profiler. Primary production rates from 5 m and depth of chlorophyll-a 
maxima were considered representative above and below the mixed layer 
depth (MLD), respectively. 

Water samples (2.5-10 l) for total particulate carbon and nitrogen concentra-
tion were filtered on pre-combusted (450 °C for 8 hours) 25 mm GF/F filters 
(Whatman), dried at 60 °C for 12 hours and frozen prior to analysis. The sam-
ples will be analysed on a mass spectrometer. 

Table 5.1.   Sample depths for biogeochemical parameters. 
Depth (m) Nutrients1 Pigments2 Prim. prod. C/N5 

1 X X   
5 X X X X 
10 X X   
15 X X   
20 X X   
30 X X  (X) 
50 X X  (X) 
100 X X  (X) 
200    X 
300    (X) 
Chl-a max3    X 
Bottom4    X 
1 Nutrients: nitrate, silicate, phosphate and ammonia 
2 Pigments: chlorophyll-a and phaeopigments at GF/F and 10 µm size fractions 
3 Sampling at chlorophyll-a maxima 
4 Sampling at near-bottom down to a maximum of 1,000 
5 The number of sampling depths was reduced (parenthesis) following the first nine sta-

tions due to time constraints during sample preparation 
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Trapezoid integration was used to calculate the integrated concentrations of 
nutrients and chlorophyll-a as well as primary production values for the 0-50 
m depth strata, i.e. covering the photic zone at all, except two biological sta-
tions (>50 m). 

5.3 Zooplankton 
Zooplankton were sampled at 27 stations. Mesozooplankton were collected in 
four depth strata with a Hydrobios Multinet equipped with 50 µm nets. 
Macrozooplankton were sampled with a MIK ring net (ICES 2017) equipped 
with 1,500 µm black nets in the upper 100 m. Additional samples in selected 
depth strata were taken when the acoustic measurement suggest high concen-
trations of organisms. 

Samples were preserved in buffered formalin (4 % final concentration). For 
copepods, individuals were counted, and species/genera, stage and sex were 
identified. Calanus hyberboreus were identified to species for copepodite stages 
CIII-CVI, while C. finmarchicus and C. glacialis were identified to species for 
CV and CVI based on prosome length (Swalethorp et al. 2011; Nielsen et al. 
2014). All smaller stages of Calanus were only identified to genus. Prosome 
length was measured for 10 individuals in each species/stage group in all 
samples. Biomass of copepods was calculated using length: C-weight regres-
sions from literature (Klein Breteler et al. 1982; Hirche & Mumm 1992; Sabatini 
& Kiørboe 1994; Satapoomin 1999; Hygum et al. 2000; Madsen et al. 2001). 
Non-copepod zooplankton groups were identified to genus or species and 
counted; their total lengths were measured. Biomass was calculated using 
length: C-weight regressions from literature. 

5.4 Acoustic measurements 

5.4.1 Spatial distribution of organisms 

Spatial distribution of plankton and fish was measured using three scientific 
Simrad EK60 split beam echo sounders with frequencies of 18, 38 and 120 kHz. 
The transducers were hull mounted on the vessel 6 metres below the sea sur-
face. See table 5.2 for technical settings of the transducers. 

The vessel sailed a total of 1520 nmi during the period of the cruise. Analyses 
of acoustic data were performed using the software system LSSS (Large Scale 
Survey System, Institute of Marine Research). Estimations of relative zoo-
plankton (and fish) abundance (presented as nautical area scattering coeffi-
cient, NASC, sA (m2 nmi-2)) were performed using raw data from 38 kHz in 
1 nmi intervals and only between stations (survey speed ~10 knots). Data from 
all three frequencies, together with net data (if/when available), were used to 
distinguish between fish and zooplankton. Areas with noise on either of the 
frequencies would be excluded from the frequency response comparison. 
Hence, frequency response of all three frequencies could often only be used 
in the upper 200 metres (depending on the noise level) as this depth was the 
maximal reach for 120 kHz. Also, sometimes data from 18 kHz would be noisy 
close to the bottom or close to the surface. Due to resonance, fish with a swim 
bladder would have a higher frequency response at 18 and 38 kHz (depending 
on size) than at 120 kHz, whereas zooplankton such as krill and copepods 
would have the highest response at 120 kHz. The total backscatter was di-
vided into three different groups (i) fish and stronger scatterers, ii) macro-
plankton (i.e. krill-like organisms), and iii) smaller zooplankton, and mean 
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volume backscattering strength (Sv, dB) thresholds of -82 dB, -85 dB and -90 
dB, respectively, were used to separate the three groups. 

Analysing acoustic data is a subjective process, and as it is difficult to separate 
e.g. mesopelagic fish from krill, the scrutinized data have to be taken with 
precautions. However, as the data have been analysed in the same manner, 
i.e. using the same threshold values for the three groups, it is possible to com-
pare relative sA values (proxy for abundance) across areas. sA has only been 
assigned to “plankton” in the upper 100 metres, both due to the fact that the 
main part of the zooplankton biomass was here, and that data from 120 kHz 
transducer, which is used to verify that it is plankton, does not reach much 
further. 

The relative abundance (sA values) for the three different groups (plankton, 
krill/amphipods and “others” (stronger scatterers)) was plotted on a geo-
graphical map illustrating the spatial distribution of organisms. The relative 
abundance was estimated by Inverse Distance Weighted Interpolation in 
ArcGIS. Data have been plotted for the whole water column (sA total, alt-
hough for plankton only for the upper 100 metres), and in different depth 
strata (0-50, 50-100, 100-150, 150-200 and 200 m-bottom). 

5.4.2 Vertical distribution of organisms 

At 38 stations (however not between st. 13 and 28 (see figure 4.1) due to tech-
nical problems), a WBAT (Wideband Autonomous Transceiver, Simrad) was 
mounted on the CTD to make vertical profiles of the backscatter in the area. 
Two split beam transducers (70 kHz (ES70-18CD) and 200 kHz (ES200-7CD), 
Simrad) were connected to the WBAT and mounted sideward on the WBAT 
frame and recorded acoustic data in a 100 metre range horizontally. WBAT 
data were used to get an idea of the vertical distribution of targets >2 mm in 
size (like Calanus spp., krill, amphipods, and fish larvae). The WBAT was pro-
grammed to ping with the 200 kHz transducer while being lowered down and 
to ping with 70 kHz when being heaved from bottom towards the surface. 
Ping interval was 0.6 s for both transducers, and the CTD/WBAT was hauled 
with 0.25 m s-1 in the upper 100 metres and 0.50 m s-1 below this depth. Net 
data, when/if available, were used to identify acoustic targets in different 
depth strata and also data from EK60 (18, 38 and 120 kHz) on a given station 
were used for target identification by using the frequency response. Here, we 

Table 5.2.    EK60 and Wideband Autonomous Transceiver (WBAT) settings. 
 EK60 system WBAT system 
 18 kHz 38 kHz 120 kHz 70 kHz 200 kHz 
Transducer      
    Model ES18-2013 ES38-B ES120-7c ES70-18CD ES200-7CD 
    Equivalent beam angle 10 log Ψ (dB) -17.20 -20.60 -20.4 -13.00 -20.70 
Beams      
    Alongship half power opening angle (deg) 10.60 7.03 6.44 17.65 6.81 
    Offset along angle (deg) -0.13 -0.03 -0.11 0.41 0.08 
    Athwartship half power opening angle (deg) 10.79 7.01 6.47 20.3 6.74 
    Offset arhwart. angle (deg) 0.01 -0.08 0.05 -0.69 0.02 
Survey settings      
    Sound speed (m/s) 1456 1456 1456 1456 1456 
    Puls duration (ms) 1.024 1.024 1.024 0.256 0.256 
    Electrical power (W) 2000 2000 250 125 75 
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only used data from 200 kHz when estimating abundance and vertical distri-
bution. See table 5.2 for technical settings of the two transducers. 

5.4.3 Target strength (TS) measurements and abundance estimates 

Due to high quality of data with minimal noise, WBAT data from the 200 kHz 
transducer were used to detect single targets for mean target strength (TS, dB) 
measurements on each station. A minimum of 100 TS measurements from sin-
gle targets of different size groups, respectively, were exported and the corre-
sponding spherical scattering cross-section σ (m2) was calculated for each tar-
get by using the formula: 

𝜎𝜎 = 4𝜋𝜋 × 10(𝑇𝑇𝑇𝑇 10� )  

where TS = single measurements of targets. 

Subsequently, a mean σ was calculated and converted to a mean TS value by: 

𝑇𝑇𝑇𝑇 = 10 × log (σ 4𝜋𝜋� )  

where σ = mean σ for the whole water column. 

For small zooplankton (copepods), single targets were detected 2-10 metres 
away from the WBAT. For larger targets (macroplankton and fish larvae (and 
stronger targets)), TS measurements were detected ~30-50 and ~60-80 metres 
away from the WBAT, respectively, due to avoidance closer to the WBAT. TS 
was measured in the whole water column at each station to give a mean σ. 

In the range 50-80 metres away from the WBAT, targets with a TS >-60dB (e.g. 
mesopelagic fish) were removed. Afterwards, copepods, macroplankton and 
0-group (fish larvae and stronger targets than macroplankton) were identified 
by mean volume backscattering strength (Sv) thresholds of -90 dB, -85 dB and 
-75 dB, respectively, and assigned the corresponding sA within these threshold 
intervals. sA values were analysed in 10 metre depth intervals (10-20 m, 20-30 
m, etc). For each station, the total sA from each 10 metre depth interval and 
mean σ for each station were used to calculate the vertical distribution (in 10 
m depth intervals) and abundance (ind m-3) for each size group (copepods, 
macroplankton and 0-group, respectively) by: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑖𝑖𝑖𝑖𝑖𝑖 𝑚𝑚−3) =
𝑠𝑠𝐴𝐴(50−80 𝑚𝑚)

𝜎𝜎
18522 × 𝑧𝑧
�   

where sA (50-80 m) = total sA (m2 nmi-2) 50-80 metres away from WBAT, σ = 
mean σ (m2) at the given station, z = range in metres (here 30 metres (from 50-
80 m)). sA is given in m2 nmi-2, and therefore, z is multiplied by 18,522 to get 
abundance per metre. Due to reflection from the surface, the upper 10 metres 
of the water column was not included in the analysis. 

5.5 Seabirds and marine mammals 
During the Dana cruise, 22 August to 10 September 2017, data were system-
atically collected on abundance and distribution of seabirds and marine mam-
mals according to the Manual for Seabirds and Marine Mammal Survey on 
Seismic Vessels in Greenland, and stored accordingly in the Greenland Sea-
bird at Sea database (Johansen et al. 2015). Supplemental observations were 
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collected during the subsequent survey in the area, 12 September - 1 October 
2017. However, as most daylight hours during this survey were spent station-
ary on stations, the effort was low. 

Systematic observations were conducted on transects between oceanographic 
stations from an observation box on top of the bridge, 12,5 m above sea level 
and at a typical cruising speed of 10 knots. Seabird observations were con-
ducted using 90 degree transect type A (50, 100, 200, and 300 distance bands) 
with snapshots of flying birds (2 min.) and 180 degree total counting. Marine 
mammals were observed in 180 degree transects using distance sampling. 
Due to low visibility, some of the transects were truncated at 100 m width. At 
most transects, there were two observers supplementing each other. Bird den-
sities were calculated using species specific Effective Search Width based on 
the Greenland Seabirds at Sea Database (Johansen et al. 2015) and mapped 
along the transects using inverse distance weighing (IDW) (IDW fixed width 
15 km, power = 2). As a starting point for further analysis in the Strategic En-
vironmental Assessment distribution maps from previous surveys in the 
Greenland Sea, stored in the Seabird at Sea database (surveys mainly from 
seismic vessels in 1994, 1995, 2006, 2007, 2009) as well as tracking data as 
screen dump maps from the SEATRACK programme (http://seatrack.sea-
pop.no) are presented in the species account. 
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6 Results and discussion 

6.1 Physical oceanography 

6.1.1 Water masses 

The main water masses of the East Greenland Current and surrounding wa-
ters of the East Greenland shelf and the deeper Greenland Sea in August/Sep-
tember between 74° and 80° N west of the Greenwich meridian are presented 
in figure 6.1. The classification of water masses follows the analysis of Rudels 
et al. (2002). Near-surface waters in the upper 100 m (figure 6.1) were domi-
nated by Polar Surface Water (PSW). PSW is of Arctic origin and mainly asso-
ciated with the East Greenland Current. South of the Fram Strait, PSW is mod-
ulated by a combination of freshwater input from river run-off and net pre-
cipitation and warmer, more saline Atlantic water. The core of the PSW was 
largely confined to the NE Greenland shelf between 50 and 100 m water depth 
and was characterized by salinities in the range 31-33 and temperatures <-1 °C. 
The upper part of PSW at depths <50 m is described as PSW warm (PSWw). 
PSWw was significantly warmer (T range -1 to +2 °C) and less saline (S range 
28 to 31) due to the influence of seasonal heating and melting of sea ice. The 
water masses in the depth range 100-200 m are dominated by Arctic Atlantic 
Water (AAW). AAW is a water mass of Arctic origin with contributions from 
Atlantic waters. In September 2017, it was found in the salinity and tempera-
ture range ΔS = 34-34.8 and ΔT = -1-+2 °C respectively (figure 6.1b). The warm-
est and most saline water was Return Atlantic Water or Re-circulating Atlantic 
Water (RAW, figure 6.1b). RAW was mainly found along the Greenland shelf 
break in the depth range 100-300 m with salinities >35 and temperatures of up 
to 4 °C. RAW originates in the northward flowing West Spitsbergen Current 
and crosses the northern Greenland Sea at around 78° N, where it becomes 
entrained into the southward flowing East Greenland Current system (figure 
6.2). The coexistence of colder and less saline East Greenland Current waters 
and warmer and more saline waters from the Atlantic was clearly visible as a 
dynamic frontal system along the East Greenland shelf break during the 
cruise (see figure 6.3 for an example). The most prominent deep water mass at 
depths >500 m observed during the cruise was upper Polar Deep Water (uPDW). 
uPDW is formed in the Arctic ocean and was characterized by a narrow salin-
ity range (34.8<S<35) and temperatures <1 °C (figure 6.1). 
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Figure 6.1.   θ-S diagram of all 
water masses of the East Green-
land Current and surrounding wa-
ters between 74° and 80° N west 
of the Greenwich meridian as 
sampled during the NEG cruise in 
August/September 2017. (a) All 
CTD stations and sampling 
depths. The colour scale has 
been set to a maximum depth of 
500 m; the depth range 500-
1,000 m has the same colour. (b) 
Zoom on water masses with sa-
linities ≥ 34. See explanation for 
water mass abbreviations in text. 
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6.1.2 Mixed layer depth 

The ocean mixed layer is considered as a region in the upper ocean with little 
to no variations in temperature, salinity and density. The presence of such 
nearly vertically uniform oceanic regions has often been described on the ba-
sis of vertical profiles of in situ measurements of temperature, salinity and 
pressure across the global ocean. Near-surface mixed layers are generated by 
wind-induced turbulent mixing and heat fluxes at the ocean surface (e.g. win-
ter cooling). There are different methods to calculate the lower boundary of 
the mixed layer depth (MLD). We calculated the MLD as the depth above the 
largest density difference along each CTD profile. MLDs varied between rel-
atively low values (5-15 m) in Greenland coastal and inner shelf regions, where 
deeper MLDs (>15 m) were typically found along the outer shelf and close to 
the shelf break (figure 6.4). Lower coastal and shelf MLD values might have 
developed as a consequence of strong near surface stratification caused by the 
relatively warm and low-salinity surface waters due to the influence of sea-
sonal heating and melting of sea ice (figure 6.4). 

 

 
Figure 6.2.   Schematic representation of the warm to cold water conversion in the Greenland Sea (from Håvik et al. 2017). See 
explanation in section 6.1.4. 
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Figure 6.3.  Temperature distribution along a transect crossing the East Greenland shelf break. This figure illustrates the sharp 
boundary between the colder waters of the East Greenland Current and warmer waters of Atlantic origin. 
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Figure 6.4.   (a) Location of CTD stations, (b) mixed layer depth (MLD) calculated for all CTD stations (m), (c) mean tempera-
ture inside the MLD (°C), (d) mean salinity inside the MLD, (e) depth of the chlorophyll maximum (m), (f) depth of the photic 
layer (m). 
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6.1.3 Chlorophyll maximum and depth of the photic layer 

The depths of the chlorophyll-a maximum at each CTD station were extracted. 
The characteristic depth range of the chlorophyll-a maximum was found be-
tween 30 and 40 m. Deeper chlorophyll-a maxima (up to 50 m) were occasion-
ally found along the outer shelf and individual stations at the inner shelf (fig-
ure 6.4). The depth of the photic layer at each station was then defined as the 
depth, where PAR is 1 % of the near-surface value (figure 6.4f). Typical depths 
of the photic layer varied between 20 and 40 m at inner shelf and coastal areas 
in the southwest of the sampling area, whereas photic layer depths >40 m 
were confined to the north-eastern part of the sampling area (outer shelf) and 
some individual stations across the inner shelf. 

6.1.4 Currents 

The Greenland Sea is an area of major water mass transformation of warmer 
northward flowing waters in the eastern Greenland Sea to colder and fresher 
waters flowing south in the western Greenland Sea (figure 6.2). Warmer north-
ward flowing currents are of Atlantic origin and include the Norwegian At-
lantic Frontal Current (NwAFC), the Norwegian Atlantic Slope Current 
(NwASC) and the West Spitsbergen Current (WSC). Water from the West Spits-
bergen Current flows westward in the Northern Greenland Sea and forms the 
outer East Greenland Current (EGC) while the Shelfbreak East Greenland cur-
rent and the Polar Surface Water Jet (PSW) are other parts of the EGC – a 
highly energetic and the most prominent flow feature. 

The EGC flows southward along the shelf break off the east coast of Green-
land from the Fram Strait (79° N) to Cape Farewell (60° N). Another promi-
nent feature of the circulation in the Greenland Sea is the Greenland Sea eddy 
centred in the western Greenland Sea at 75° N (figure 6.2). 

During the NEG cruise, average surface current speeds associated with the 
EGC were up to 30 cm s-1 and eddy kinetic energies of up 400 cm2 s-2 (figures 
6.5a and b). Another prominent circulation feature during the cruise was a 
cyclonic, northward flowing current on the East Greenland shelf centred be-
tween 75° N and 78° N (figure 6.5). 
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6.2 Biogeochemistry and phytoplankton 
Marine primary producers synthesise organic compounds from aqueous car-
bon dioxide through the process of photosynthesis using light as the energy 
source. Primary producers are therefore the foundation of the marine food 
web and the energy source of all higher trophic levels. In high latitude waters 
experiencing seasonal or year-round ice-free conditions, phytoplankton re-
main the major primary producers (e.g. Carmack & Wassmann 2006), while 
ice algae, macroalgae and benthic diatoms may contribute significantly de-
pending on ice conditions and water depths. Phytoplankton production is 
mainly regulated by environmental factors such as sea ice and light condi-
tions, nutrient replenishment and stratification of the water column keeping 

Figure 6.5.   (a) AVISO (Archiv-
ing, Validation and Interpretation 
of Satellite Oceanographic data) 
surface currents (m/s) and (b) 
eddy kinetic energy EKE (cm2s-2) 
averaged over the period of the 
NEG cruise. Please note that the 
colour scale in (b) is logarithmic. 
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phytoplankton in the photic zone (e.g. Tremblay & Gagnon 2009). While light 
conditions may set the seasonal boundaries for the primary production, inor-
ganic nutrient availability and replenishment generally determines the mag-
nitude of production in high latitude systems experiencing seasonal or year-
round ice-free conditions. 

6.2.1 Nutrients 

Replenishment of inorganic nutrients is essential for sustaining phytoplank-
ton production, i.e. new production. Inorganic nutrient stocks and recycling 
along with advection, stratification and mixing of the water column are fac-
tors controlling the nutrient replenishment (e.g. Tremblay & Gagnon 2009). 
While both nitrogen, silicate, phosphate and ammonia are considered im-
portant, nitrogen and silicate are often singled out as the two main limiting 
factors on Arctic phytoplankton production in high latitude systems. Moreover, 
while silicate is essential to two important microplankton groups, i.e. diatoms 
and dinoflagellates, nitrogen remains vital to all groups. 

A general trend in nutrient conditions throughout the study area was prevail-
ing low concentrations in the surface waters (<20 m), particularly for nitrate 
(figure 6.6). Nitrate levels most often remained below or around the detection 
limit for the analysis in the upper sampling depths, while samples >20 m re-
vealed increasing concentrations. Depleted nitrate levels in the surface layer, 
which also has the most favourable light conditions, likely was a major factor 
controlling phytoplankton production, as described below. 

Integrated nutrient concentrations (0-50 m) showed low nitrate levels at the 
shelf stations, while silicate levels remained high (figure 6.7). This reversed 
pattern between nitrate and silicate on the shelf brings further support to ni-
trate replenishment being a major limiting factor for primary productivity 
along with deteriorating light conditions during this late-season study. The 
highest integrated levels of nitrate were recorded along the shelf break corre-
sponding with deeper mixing of the water column, as previously described 
by a deeper mixed layer depth (MLD) at the shelf break. 

Figure 6.6.   Nitrate (NO3) con-
centrations (µM) in relation to 
sampling depths down to 300 m 
for all stations. 
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Nutrient concentrations along a transect crossing the East Greenland shelf 
break showed a gradually ascending nitrate cline (>1 µM) moving away from 
the coast, while a descending high to moderate silicate concentration cline (>4 
µM) was observed in the upper 10 m (figure 6.8). 

High silicate concentrations on the shelf and costal stations (figure 6.7 and 6.8) 
could be an indication of replenishment from either terrestrial sources or the 
southward flowing East Greenland Current system. The Greenland Ice Sheet 
has been stipulated being an important source or transporter of dissolved sili-
cate for the fjords and surrounding coastal waters (e.g. Meire et al. 2016). 

Figure 6.7.   Integrated nitrate 
and silicate concentrations (mmol 
m-2) for the 0-50 m depth strata at 
all biological sampling stations. 
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6.2.2 Phytoplankton 

Phytoplankton are the main primary producers in high latitude waters expe-
riencing seasonal or year-round ice-free conditions. The biomass of phyto-
plankton is often depicted as the concentration of chlorophyll-a, the main pho-
tosynthetic pigment in planktonic algae. In contrast, the photosynthetic produc-
tivity of phytoplankton is often described as the amount of carbon produced 
(i.e. 14C incorporation technique) or the amount of oxygen released as a by-
product of photosynthesis. 

Integrated phytoplankton biomass and production within the 0-50 m depth 
strata across the study area revealed the highest values at or outside the East 
Greenland shelf break (figures 6.9, 6.10 and 6.11). The lower values on the shelf 
can likely be linked to nitrate limitation of the phytoplankton production, while 
high values at the shelf break correspond with the previously described bound-
ary between the colder waters of the East Greenland Current and warmer wa-
ters of Atlantic origin resulting in elevated mixing of the water column. 

In situ fluorescence measurements (e.g. CTD profiler equipped with a fluo-
rometer) are in vivo measurements, thus considered relative estimates of chlo-
rophyll-a, while the chlorophyll-a extraction method represents an in vitro 
quantitative measurement. Nonetheless, CTD profilers equipped with a fluo-
rometer often provide more detailed depth profiles of the relative phyto-
plankton biomass. 

A transect crossing the East Greenland shelf break showed a layer of high flu-
orescence (relative chlorophyll-a concentration) from 30-50 m on the shelf, 
while the high biomass layer was observed somewhat higher in the water col-
umn (20-40 m) outside the shelf break (figure 6.10). Peak phytoplankton bio-
mass (fluorescence) observed at the shelf break correspond to the boundary 
between the colder waters of the East Greenland Current and warmer waters 
of Atlantic origin. Primary production along the same transect revealed low 
rates on the shelf, while the highest production was observed at or outside the 
shelf break (figure 6.9). Comparing the primary production rates and the chlo-
rophyll-a (GF/F) concentrations in the upper 50 m along the transect also re-
vealed that the layer of chlorophyll-a maxima does not account for the highest 
production, but more moderate phytoplankton biomasses in the upper 20 m 
depicted the highest production. Decreasing incoming irradiance and solar 
angle this late in the season likely resulted in deteriorating light levels in the 

 
Figure 6.8.   Nitrate and silicate concentrations (µM) along a transect crossing the East Greenland shelf break. 
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water column, thus concentrating production to the uppermost part of the 
water column (<20 m) despite low nitrate levels. 

The deep layer of chlorophyll-a maxima characterized by low productivity 
across the shelf may represent a stressed phytoplankton biomass, which is 
settling (sinking) towards the bottom. High concentrations of phaeopigments 
(ca 1 mg m-3) compared to chlorophyll-a (ca 1.5 mg m-3) support a deteriorat-
ing phytoplankton community likely stressed by the diminishing seasonal 
light conditions and nitrate depletion. 

Figure 6.9.   Integrated primary 
production (mg C m-2 d-1) and to-
tal chlorophyll-a concentration 
and Chl-a larger than 10 µm (mg 
Chl-a m-2) for the 0-50 m depth 
strata at all biological sampling 
stations. 
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Size-fractionated pigment analysis revealed that a higher proportion of the 
biomass comes from larger phytoplankton, i.e. chlorophyll-a >10 µm, com-
pared to the smaller phytoplankton biomass (i.e. <10 µm) at the shelf break, 
while on the shelf and outside the shelf break the larger phytoplankton con-
tributed less to the biomass (figure 6.9). This is of particular interest for the 
energy transfer to the higher trophic levels, as the large filter feeding cope-
pods Calanus spp. are limited to food particles >10 µm. The shelf break there-
fore seems to comprise an abundant food supply for the important copepods 
during this late season study. 

6.3 Zooplankton 
The mesozooplankton (size 0.05-20 mm) biomass and community composi-
tion were clearly associated to the oceanography and bathymetry of the area. 
The biomass was highest along the shelf break area (figure 6.12) where the 
North Atlantic water mass meets the Arctic (figure 6.2) and the surface current 
speeds and eddy kinetic energies were highest (figure 6.5) and the highest pri-
mary production was found (figure 6.9). Large Calanus dominated the biomass 
(figure 6.13). Other abundant species of the copepods were Pseudocalanus spp., 
Microcalanus spp., Oithona similis, Oncaea borealis and Metridia longa. Copepods 
dominated the mesozooplankton biomass. Other abundant groups were Lar-
vaceans (Oikopleura spp, Fritillaria borealia), Chaetognatha (Eukhronia hamata, 
Sagitta spp.) and meroplankton larvae. 

 
Figure 6.10.   Fluorescence (relative chlorophyll-a concentration) along a transect crossing the East Greenland shelf break. 
Selected station numbers serve for comparison with the in vitro quantitative measurement of chlorophyll-a along the same tran-
sect (figure 6.9). 
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The North Atlantic Calanus finmarchicus was present at all stations, but much 
more abundant at the stations off the shelf in the Greenland Sea. The Arctic 
Calanus species C. glacialis and C. hyberboreus, on the other hand, had the op-
posite patterns, and were not found at all in the upper 50 m in the Greenland 
Sea (figure 6.13). A large part of the dominant Calanus was still present in the 
surface water, which are important for visual predators and predators feeding 
from the surface, e.g. seabirds like little auk. Compared to the west coast of 
Greenland at similar latitude in the same period, the biomass of mesozoo-
plankton was much lower both in the upper and deeper part of the water col-
umn (Møller et al. 2018). 

The macrozooplankton (size >20 mm) like the mesozooplankton had elevated 
biomass in the shelf break area, but also at the near-shore stations. There were 
dominated by krill (Meganyctiphanes norvegica, Thysanoëssa inermis, Thysano-
ëssa longicaudata), amphipods (Themisto libellula, Themisto abyssorum) and 
Chaetognatha. 

  

 
Figure 6.11.   Primary production rates (Prim prod; mg C m-3 d-1) and concentrations of chlorophyll-a (Chl-a (GF/F); mg m-3), 
chlorophyll-a larger than 10 µm (Chl-a (10 µm); mg m-3) and phaeopigments (Phaeo (GF/F); mg m-3) along a transect crossing 
the East Greenland shelf break. 
 



31 

 

Figure 6.12.   The biomass of co-
pepods in a) the upper 50 m of 
the water column and b) from 50 
m to the bottom (although never 
deeper than 1,000 m) sampled by 
a Multinet. 

a) 

 
b) 
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6.4 Acoustic measurements 
The acoustic measurements gave a high-resolution distribution of the density 
of organisms along the cruise track. The relative abundance (sA values) of the 
three different groups (plankton, krill/amphipods and “others” (stronger 
scatterers)) showed the same pattern as the samples obtained with the Multi-
net and MIK-net; the highest densities were found along the shelf break and 
in coastal areas (figure 6.15). Data are presented for the whole water column 

Figure 6.13.   The species com-
position of the copepod commu-
nity in the upper 50 m of the wa-
ter column. 

 

Figure 6.14.   The biomass of 
macrozooplankton in in the upper 
100 m of the water column sam-
pled by the MIK-net. 
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(sA total, although for plankton only for the upper 100 metres), although data 
is also available for the different depth strata for the large organisms (0-50, 50-
100, 100-150, 150-200 and 200 m-bottom). 

The WBAT data were used to get an idea of the vertical distribution of targets 
>2 mm in size (like Calanus spp., krill, amphipods, and fish larvae, i.e. larger 
meso- and macroplankton) at a finer scale than what is provided by the Mul-
tinet (figure 6.16). Broadly, the vertical distribution follows the vertical distri-
bution of phytoplankton, i.e. the highest density is found in the layers with 
much phytoplankton. However, for st. 73, where there is a high primary pro-
duction (figure 6.11), it could seem that the vertical zooplankton distribution 
follows the primary production more closely than the phytoplankton bio-
mass, peaking at greater depth, which could be an indication that the zoo-
plankton prefer healthy productive phytoplankton cells. Sometimes, a deep 
peak of zooplankton is also seen, which could be individuals avoiding the 
surface layers during daylight. 

 

a) 

 

b) 

 
c) 

 

 

Figure 6.15.   The total backscatter divided into three different groups: a) fish and stronger scatterers, b) macroplankton (i.e. 
krill-like organisms) and c) smaller zooplankton, and mean volume backscattering strength (Sv, dB) thresholds of -82 dB, -85 dB 
and -90 dB, respectively, were used to separate the three groups. 
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6.5 Seabirds and marine mammals 
The survey showed in general low diversity and abundance of seabirds and 
marine mammals in the area. 22 bird species and 9 species of marine mam-
mals were observed. Total numbers recorded have been summarized in table 
6.1. The most abundant species recorded on the 1,988 km transect within the 
300 m wide transect bands were little auk, kittiwake and fulmar, and for these 
species as well as for thick-billed murre density maps have been produced. 
Little auks were the most numerous seabird with highest densities observed 
along the shelf break and in the open pack ice. During the last days of the 
cruise, a remarkable number of little auks flying north was observed. The ob-
servations of little auks confirm the tracking results of little auks from the col-
ony near Scoresby Sund (Mosbech et al. 2012) which identified a postbreeding 
staging area in the Greenland Sea region. Relatively large numbers of fulmars 
followed the ship during most of the cruise and kittiwakes also followed the 
ship and were observed especially in the open pack ice. Ivory gulls were seen 
regularly, mostly in small flocks in connection with pack ice. Small numbers 
of black guillemot, Arctic tern, thick-billed murre, Arctic skua, pomarine skua 
and long-tailed skua were also observed. Data on skuas, ivory gull and Arctic 
tern are presented (figure 6.23, figure 6.29, figure 6.30) but not discussed in fur-
ther detail. 

At the shelf break, some fin whales and northern bottlenose whales were ob-
served as well as two orcas and two blue whales (figure 6.17 and figure 6.18). 
At the shelf, one bowhead whale and a few seals were observed (table 6.1). 

 
Figure 6.16.   The vertical distribution of phytoplankton and zooplankton measured by the CTD fluorometer and the WBAT, re-
spectively, along the transect plotted in figure 6.3 and figure 6.10. 
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Figure 6.17.   Baleen whale observations and ice cover on the transects. 

 
Figure 6.18.    Toothed whales and ice cover recorded on the transects. 
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6.5.1 Seabird species account 

Northern Fulmar 

Fulmars were widespread in low numbers (figure 6.19 and figure 6.20). They 
often followed the ship, and we compensated for ship-followers in the density 
estimation. It appears that we observed higher densities than the average of 
the previous surveys in the Greenland Seabird at Sea database (figure 6.21). 

Interestingly, from the SEATRACK maps (figure 6.22) it is seen that the post-
breeding fulmars tracked from four North Atlantic colonies do not in any of 
the three years tracked use the western Greenland Sea north of 70° N and west 
of 10° W. Therefore, most likely the fulmars observed on the DANA cruise 
(figure 6.19 and figure 6.20) west of 10° W were mainly non-breeders and birds 
from the Greenland colonies. 

 

  

 
Figure 6.19.   The fulmar observations (n/km transect) overlaying the observed ice cover on the transects. 
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Table 6.1.   Seabirds and marine mammals recorded during the DANA cruise 22 August to 11 September 2017. Bird numbers 
are given as birds recorded on water or flying within the 300 m wide transect, and birds recorded outside the transect. 
Species Total obs. Transect, birds  

on water 
Transect, flying 
birds (snapshot) 

Total on  
transect 

Obs. outside 
transect 

Red-throated diver/loon 2 0 
 

0 2 

Northern fulmar 1548 191 50 241 1307 

Long-tailed duck 4 1 
 

1 3 

Ringed plover 5 0 
 

0 5 

Purple sandpiper 1 0 
 

0 1 

Unspecified sandpiper 3 0 
 

0 3 

Ruddy turnstone 1 0 
 

0 1 

Red-necked phalarope 1 0 1 1 
 

Pomarine skua/jaeger 26 1 8 9 17 

Pomarine or arctic skua/jaeger 2 0 
 

0 2 

Arctic skua/parasitic jaeger 3 0 
 

0 3 

Long-tailed skua/jaeger 8 0 
 

0 8 

Great skua 4 1 
 

1 3 

Unspecified skua/jaeger 1 0 
 

0 1 

Sabine Gull 1 0 
 

0 1 

Lesser black-backed gull 1 1 
 

1 
 

Iceland gull 2 0 
 

0 2 

Glaucous gull 43 7 8 15 28 

Black-legged kittiwake 1108 222 85 307 800 

Ivory gull 95 12 20 32 63 

Arctic tern 149 6 21 27 122 

Thick-billed murre 30 11 3 14 16 

Black guillemot 4 1 
 

1 3 

Little auk/Dovekie 19555 3120 12030 15150 4405 

Atlantic puffin 65 19 5 24 41 

Northern wheatear 2 1 1 2 
 

Hooded seal 1 0 
 

0 1 

Harp seal 1 0 
 

0 1 

Ringed seal 4 1 
 

1 3 

Unidentified seal 2 1 
 

1 1 

Bowhead whale 1 0 
 

0 2 

Blue whale 2 0 
 

0 2 

Fin whale 9 0 
 

0 9 

Unidentified baleen whale 3 0 
 

0 3 

Northern bottlenose whale 11 0 
 

0 11 

White-beaked dolphin 4 0 
 

0 4 

Orca/Killer whale 2 0 
 

0 2 

Unspecified whale 1 0 
 

0 1 
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Figure 6.20.   Density of fulmars on the Dana transects overlaying a satellite image with sea ice distribution from 26 August 
2017. 

 
Figure 6.21.   Fulmar density in the Greenland Sea calculated from the Greenland Seabirds at Sea database based on six indi-
vidual summer surveys in 1994, 1995, 2006, 2007, 2009 and 2010. 
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Figure 6.22.   The distribution of fulmar in the Greenland Sea during autumn (August-October) in 2014, 2015 and 2016 based 
on tracking with geolocators from the breeding colonies (black dots) (screen dumps from the SEATRACK programme, 
http://seatrack.seapop.no). 
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Skuas 

 

 

  

 
Figure 6.23.   Observations of skuas overlaying the observed ice cover on the transects. 
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Black-legged kittiwake 

Kittiwakes were widespread in low numbers (figure 6.24 and figure 6.25). They 
often followed the ship, and we omitted the ship-followers from the transect 
records. The abundance of kittiwakes on the Dana cruise in 2017 seems to be 
relatively high compared to the average density in the area from previous 
surveys (figure 6.26). 

It is seen from the SEATRACK maps that the western Greenland Sea also was 
an important postbreeding area for kittiwakes from a number of North Atlantic 
colonies in 2014, 2015, 2016 (figure 6.27). Remarkably, the distribution of tracked 
birds from each colony separately reveals that all four colonies studied had 
birds visiting the western Greenland Sea during autumn (figure 6.28). However, 
the discrete analysis clearly revealed that colonies in mainland Norway 
(Røst), Iceland and Svalbard contributed most with birds to the western 
Greenland Sea. 

 

 

Figure 6.24.   The black-legged kittiwake observations (n/km transect) overlaying the observed ice cover on the transects. 
. 
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Figure 6.25.   Density of black-legged kittiwake on the Dana transects, overlaying a satellite image with sea ice distribution from 
26 August 2017 (effective search width = 150 m). 

 
Figure 6.26.   Black-legged kittiwake density in the Greenland Sea calculated from the Greenland Seabirds at Sea database 
based on six individual summer surveys in 1994, 1995, 2006, 2007, 2009 and 2010. 
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Figure 6.37.   Density of thick-billed murre on the transects, overlaying a satellite image with sea ice distribution from 26 August 
2017. 

 
Figure 6.38.   Thick-billed murre density in the Greenland Sea calculated from the Greenland Seabirds at Sea database based 
on six individual summer surveys in 1994, 1995, 2006, 2007, 2009 and 2010. 
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Appendix 1 

List of samplings on R/V Dana 24-8-2017 to 9-9-2017 

 

Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

 1 2017-08-24T13:04:13+00:00 SEA    78.59.856 N 003.29.802 W 2265 

 1 2017-08-24T13:28:41+00:00 SEA    78.59.748 N 003.30.125 W 2263 

 2 2017-08-24T16:02:18+00:00 SEA    78.59.915 N 004.22.924 W 1707 

 3 2017-08-24T18:43:34+00:00 WP2    78.59.911 N 005.13.563 W 20 

 3 2017-08-24T19:15:30+00:00 SEA    78.59.910 N 005.14.762 W 1114 

 3 2017-08-24T20:04:24+00:00 MULTI  78.59.940 N 005.16.175 W 1097 

 3 2017-08-24T22:05:25+00:00 BONGO  78.59.620 N 005.19.338 W 1049 

 3 2017-08-24T22:43:13+00:00 SEA    78.58.112 N 005.21.523 W 993 

 3 2017-08-25T00:58:57+00:00 TV3    79.00.729 N 005.20.999 W 20 

 3 2017-08-25T02:36:24+00:00 MIK    79.02.116 N 005.15.880 W 11 

 3 2017-08-25T03:26:18+00:00 MIK    78.59.542 N 005.13.888 W 41 

 3 2017-08-25T04:14:08+00:00 HAPS   78.58.731 N 005.14.016 W 185 

 3 2017-08-25T07:23:58+00:00 VGRAB  78.59.136 N 005.10.782 W 1148 

 4 2017-08-25T10:05:04+00:00 SEA    78.59.924 N 006.07.492 W 425 

 5 2017-08-25T11:52:40+00:00 SEA    78.59.959 N 006.53.998 W 267 

 6 2017-08-25T14:03:14+00:00 WP2    78.50.089 N 006.51.624 W 243 

 6 2017-08-25T14:43:46+00:00 WP 3   78.50.250 N 006.51.036 W 245 

 6 2017-08-25T15:05:43+00:00 BONGO  78.49.957 N 006.50.493 W 246 

 6 2017-08-25T16:37:16+00:00 MULTI  78.48.376 N 006.48.131 W 241 

 6 2017-08-25T17:01:22+00:00 SEA    78.48.515 N 006.46.761 W 247 

 6 2017-08-25T18:46:54+00:00 SEA    78.49.449 N 006.32.063 W 267 

 6 2017-08-25T19:48:03+00:00 TV3    78.50.603 N 006.25.980 W 285 

 6 2017-08-25T21:08:40+00:00 VGRAB  78.51.638 N 006.17.604 W 301 

 6 2017-08-25T21:57:54+00:00 MIK    78.50.951 N 006.20.668 W 293 

 6 2017-08-25T22:52:03+00:00 MIK    78.48.004 N 006.23.697 W 274 

 6 2017-08-25T23:34:49+00:00 HAPS   78.47.807 N 006.28.929 W 274 

 6 2017-08-26T00:05:23+00:00 HAPS   78.48.756 N 006.23.998 W 286 

 6 2017-08-26T00:20:52+00:00 VGRAB  78.48.900 N 006.23.993 W 285 

 6 2017-08-26T00:36:21+00:00 VGRAB  78.49.068 N 006.23.944 W 287 

Gear code Parameter 
BONGO Zooplankton 
FOTÃ˜ Pelagic trawl 
HAPS Bottom sample 
MIK Macrozooplankton 
MULTI Zooplankton 
SEA CTD (Seabird) 
TV3 Benthic trawl 
VGRAB Bottom sample 
WP 3 Zooplankton 
WP2 Zooplankton 



 

58 

Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

 6 2017-08-26T00:49:41+00:00 VGRAB  78.49.242 N 006.23.738 W 290 

 6 2017-08-26T01:17:02+00:00 VGRAB  78.49.510 N 006.19.851 W 299 

 6 2017-08-26T01:32:35+00:00 VGRAB  78.49.699 N 006.19.819 W 299 

 6 2017-08-26T01:52:57+00:00 VGRAB  78.49.905 N 006.19.652 W 296 

 6 2017-08-26T02:01:12+00:00 VGRAB  78.50.002 N 006.19.304 W 303 

 7 2017-08-26T04:11:47+00:00 CTD    78.39.647 N 006.39.280 W 247 

 7 2017-08-26T05:51:28+00:00 CTD    78.32.001 N 007.02.139 W 268 

 8 2017-08-26T07:56:20+00:00 SEA    78.30.554 N 006.17.660 W 302 

 8 2017-08-26T08:24:44+00:00 SEA    78.30.619 N 006.18.342 W 304 

 8 2017-08-26T09:13:24+00:00 MULTI  78.30.817 N 006.20.613 W 301 

 8 2017-08-26T09:47:21+00:00 SEA    78.30.986 N 006.22.421 W 303 

 8 2017-08-26T10:30:16+00:00 WP2    78.31.188 N 006.23.984 W 302 

 8 2017-08-26T10:40:33+00:00 WP2    78.31.244 N 006.24.345 W 308 

 9 2017-08-26T12:48:34+00:00 SEA    78.22.090 N 006.30.380 W 281 

10 2017-08-26T14:53:34+00:00 SEA    78.12.201 N 006.21.498 W 335 

11 2017-08-26T17:14:35+00:00 SEA    78.04.812 N 005.45.786 W 331 

12 2017-08-26T17:42:37+00:00 WP2    78.04.761 N 005.45.118 W 331 

12 2017-08-26T17:55:02+00:00 WP2    78.04.732 N 005.44.837 W 331 

11 2017-08-26T18:28:44+00:00 MULTI  78.04.730 N 005.43.774 W 338 

11 2017-08-26T18:42:21+00:00 SEA    78.04.741 N 005.43.369 W 339 

12 2017-08-26T19:29:38+00:00 HAPS   78.04.847 N 005.41.744 W 328 

12 2017-08-26T20:08:00+00:00 HAPS   78.04.898 N 005.40.507 W 334 

12 2017-08-26T20:29:11+00:00 HAPS   78.04.987 N 005.39.617 W 334 

12 2017-08-26T20:54:35+00:00 VGRAB  78.04.983 N 005.39.510 W 335 

12 2017-08-26T21:09:08+00:00 VGRAB  78.05.004 N 005.39.379 W 335 

12 2017-08-26T21:25:05+00:00 VGRAB  78.05.015 N 005.39.366 W 335 

12 2017-08-26T21:37:58+00:00 VGRAB  78.05.039 N 005.39.241 W 339 

12 2017-08-26T21:52:02+00:00 VGRAB  78.05.053 N 005.39.192 W 339 

12 2017-08-26T22:11:43+00:00 HAPS   78.05.113 N 005.38.779 W 337 

12 2017-08-26T22:29:39+00:00 HAPS   78.05.155 N 005.38.551 W 341 

12 2017-08-26T22:45:10+00:00 HAPS   78.05.199 N 005.38.347 W 340 

12 2017-08-26T23:09:07+00:00 MIK    78.05.419 N 005.37.528 W 338 

13 2017-08-27T06:22:23+00:00 MULTI  77.30.573 N 002.01.771 W 384 

13 2017-08-27T07:34:57+00:00 SEA    77.31.110 N 002.05.337 W 2999 

13 2017-08-27T09:23:11+00:00 WP2    77.32.105 N 002.09.066 W 2987 

13 2017-08-27T10:04:38+00:00 SEA    77.32.313 N 002.09.700 W 2984 

13 2017-08-27T10:41:43+00:00 MIK    77.32.112 N 002.10.667 W 2985 

13 2017-08-27T11:15:06+00:00 WP2    77.31.287 N 002.14.014 W 2996 

13 2017-08-27T11:25:21+00:00 WP2    77.31.280 N 002.13.944 W 2997 

14 2017-08-27T13:43:01+00:00 SEA    77.17.976 N 003.13.012 W 2968 

14 2017-08-27T15:26:15+00:00 FOTÃ˜   77.17.379 N 003.20.547 W 2977 

15 2017-08-27T20:26:38+00:00 WP2    77.03.443 N 004.49.931 W 1482 

15 2017-08-27T20:35:48+00:00 WP2    77.03.435 N 004.50.304 W 1479 

15 2017-08-27T20:47:35+00:00 SEA    77.03.436 N 004.50.719 W 1475 

15 2017-08-27T21:19:04+00:00 MULTI  77.03.462 N 004.51.772 W 1462 

15 2017-08-27T22:34:41+00:00 SEA    77.03.596 N 004.54.112 W 1440 
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Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

15 2017-08-28T00:06:19+00:00 MIK    77.03.916 N 004.55.121 W 1430 

15 2017-08-28T00:51:27+00:00 MIK    77.02.472 N 004.54.826 W 1438 

15 2017-08-28T01:19:46+00:00 HAPS   77.03.770 N 004.53.855 W 1442 

15 2017-08-28T02:24:34+00:00 VGRAB  77.04.407 N 004.51.105 W 1461 

15 2017-08-28T03:20:24+00:00 VGRAB  77.04.489 N 004.50.368 W 1460 

15 2017-08-28T04:16:24+00:00 VGRAB  77.04.426 N 004.49.403 W 1471 

16 2017-08-28T06:25:10+00:00 SEA    76.57.096 N 005.31.576 W 1246 

17 2017-08-28T08:38:41+00:00 SEA    76.51.641 N 006.09.273 W 1066 

18 2017-08-28T11:47:13+00:00 MULTI  76.48.013 N 006.52.416 W 846 

18 2017-08-28T12:17:49+00:00 WP2    76.48.071 N 006.52.653 W 412 

18 2017-08-28T12:27:36+00:00 WP2    76.48.045 N 006.52.917 W 398 

18 2017-08-28T12:40:27+00:00 SEA    76.48.011 N 006.53.197 W 390 

18 2017-08-28T13:32:33+00:00 MIK    76.47.897 N 006.53.971 W 375 

18 2017-08-28T13:59:40+00:00 MIK    76.46.523 N 006.57.712 W 362 

18 2017-08-28T14:31:33+00:00 WP 3   76.45.652 N 007.00.329 W 351 

18 2017-08-28T14:59:11+00:00 WP 3   76.45.594 N 007.01.016 W 345 

18 2017-08-28T16:25:55+00:00 TV3    76.44.196 N 007.05.818 W 333 

19 2017-08-28T17:43:39+00:00 SEA    76.40.838 N 007.22.201 W 325 

20 2017-08-28T19:21:29+00:00 WP2    76.32.215 N 007.34.623 W 581 

20 2017-08-28T19:35:44+00:00 SEA    76.32.086 N 007.35.082 W 576 

20 2017-08-28T20:10:16+00:00 MULTI  76.31.725 N 007.36.309 W 576 

20 2017-08-28T21:03:19+00:00 SEA    76.31.067 N 007.36.586 W 620 

20 2017-08-28T22:18:08+00:00 HAPS   76.30.153 N 007.38.992 W 618 

20 2017-08-28T23:04:36+00:00 MIK    76.29.531 N 007.39.065 W 641 

20 2017-08-28T23:53:13+00:00 MIK    76.27.619 N 007.32.748 W 36 

20 2017-08-29T00:25:59+00:00 HAPS   76.28.524 N 007.34.770 W 757 

20 2017-08-29T01:26:38+00:00 VGRAB  76.27.936 N 007.35.775 W 774 

20 2017-08-29T01:56:35+00:00 VGRAB  76.27.629 N 007.36.490 W 781 

1  2017-08-29T03:45:39+00:00 SEA    76.17.633 N 007.20.536 W 788 

22 2017-08-29T06:02:25+00:00 SEA    76.08.129 N 007.44.320 W 31 

23 2017-08-29T08:20:58+00:00 SEA    76.02.870 N 008.25.457 W 1352 

23 2017-08-29T09:00:04+00:00 MULTI  76.02.521 N 008.29.358 W 1313 

23 2017-08-29T10:02:57+00:00 SEA    76.02.440 N 008.31.975 W 1286 

23 2017-08-29T11:52:53+00:00 MIK    76.01.794 N 008.36.117 W 1269 

23 2017-08-29T12:52:39+00:00 WP 3   76.01.439 N 008.35.917 W 1284 

23 2017-08-29T13:47:15+00:00 WP2    76.01.133 N 008.38.075 W 1279 

24 2017-08-29T14:58:49+00:00 SEA    75.58.387 N 009.19.586 W 974 

24 2017-08-29T17:35:07+00:00 FOTÃ˜   75.54.830 N 009.24.903 W 1092 

25 2017-08-29T19:15:56+00:00 SEA    75.52.925 N 010.03.118 W 723 

26 2017-08-29T21:33:06+00:00 SEA    75.54.298 N 010.46.652 W 300 

27 2017-08-29T23:08:45+00:00 MIK    75.53.481 N 011.24.131 W 298 

27 2017-08-29T23:58:33+00:00 MIK    75.55.122 N 011.19.326 W 202 

27 2017-08-30T00:55:34+00:00 HAPS   75.53.134 N 011.24.175 W 298 

27 2017-08-30T01:33:29+00:00 HAPS   75.53.168 N 011.23.400 W 300 

27 2017-08-30T01:47:30+00:00 VGRAB  75.53.138 N 011.23.057 W 297 

27 2017-08-30T02:17:44+00:00 VGRAB  75.53.004 N 011.22.695 W 298 
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Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

27 2017-08-30T02:30:53+00:00 VGRAB  75.53.033 N 011.22.592 W 299 

27 2017-08-30T02:44:00+00:00 VGRAB  75.53.022 N 011.22.494 W 299 

27 2017-08-30T03:10:32+00:00 VGRAB  75.53.041 N 011.22.119 W 297 

27 2017-08-30T03:24:48+00:00 VGRAB  75.53.016 N 011.21.795 W 293 

27 2017-08-30T03:41:33+00:00 HAPS   75.52.942 N 011.21.398 W 293 

27 2017-08-30T03:59:15+00:00 SEA    75.52.844 N 011.21.281 W 294 

27 2017-08-30T04:31:49+00:00 MULTI  75.52.583 N 011.20.858 W 293 

27 2017-08-30T05:13:20+00:00 SEA    75.52.433 N 011.20.049 W 291 

27 2017-08-30T06:14:09+00:00 TV3    75.53.352 N 011.17.783 W 267 

27 2017-08-30T07:23:51+00:00 WP2    75.54.710 N 011.12.830 W 228 

27 2017-08-30T07:37:32+00:00 WP2    75.54.777 N 011.12.638 W 229 

27 2017-08-30T07:57:44+00:00 WP 3   75.54.846 N 011.12.392 W 231 

28 2017-08-30T09:30:36+00:00 SEA    75.48.853 N 011.55.031 W 357 

29 2017-08-30T13:00:19+00:00 SEA    75.44.418 N 012.17.788 W 355 

29 2017-08-30T17:31:13+00:00 SEA    75.48.564 N 012.29.035 W 402 

29 2017-08-30T18:18:11+00:00 SEA    75.48.558 N 012.29.448 W 402 

29 2017-08-30T18:58:16+00:00 MULTI  75.48.546 N 012.30.214 W 402 

29 2017-08-30T19:39:02+00:00 WP2    75.48.446 N 012.31.800 W 399 

29 2017-08-30T19:52:24+00:00 WP2    75.48.436 N 012.32.077 W 393 

29 2017-08-30T20:09:03+00:00 SEA    75.48.442 N 012.32.428 W 388 

29 2017-08-30T21:34:53+00:00 TV3    75.49.305 N 012.42.173 W 394 

29 2017-08-30T23:05:59+00:00 HAPS   75.49.635 N 012.46.308 W 397 

29 2017-08-30T23:50:00+00:00 MIK    75.49.920 N 012.45.378 W 389 

29 2017-08-31T00:29:49+00:00 MIK    75.51.264 N 012.39.809 W 396 

29 2017-08-31T00:56:36+00:00 HAPS   75.52.114 N 012.36.564 W 402 

29 2017-08-31T01:16:37+00:00 VGRAB  75.52.235 N 012.36.665 W 400 

29 2017-08-31T01:37:55+00:00 VGRAB  75.52.326 N 012.36.876 W 406 

29 2017-08-31T01:55:36+00:00 VGRAB  75.52.366 N 012.37.169 W 404 

29 2017-08-31T02:15:22+00:00 VGRAB  75.52.505 N 012.37.407 W 405 

29 2017-08-31T02:35:07+00:00 VGRAB  75.52.631 N 012.37.679 W 406 

30 2017-08-31T04:07:58+00:00 SEA    75.57.443 N 013.17.313 W 278 

31 2017-08-31T05:50:04+00:00 SEA    76.04.970 N 013.46.646 W 257 

32 2017-08-31T07:43:38+00:00 SEA    76.13.506 N 014.13.772 W 269 

32 2017-08-31T07:58:15+00:00 MULTI  76.13.635 N 014.14.356 W 278 

32 2017-08-31T08:50:25+00:00 SEA    76.14.146 N 014.16.075 W 270 

32 2017-08-31T09:35:02+00:00 MIK    76.14.814 N 014.18.016 W 271 

32 2017-08-31T10:18:53+00:00 WP2    76.13.177 N 014.20.737 W 271 

32 2017-08-31T10:31:53+00:00 WP2    76.13.279 N 014.20.653 W 275 

32 2017-08-31T10:46:05+00:00 WP 3   76.13.392 N 014.20.585 W 277 

33 2017-08-31T12:19:13+00:00 SEA    76.23.751 N 014.24.750 W 249 

34 2017-08-31T14:04:11+00:00 SEA    76.33.854 N 014.16.796 W 215 

35 2017-08-31T15:29:08+00:00 SEA    76.34.491 N 015.01.581 W 215 

36 2017-08-31T16:49:29+00:00 SEA    76.35.730 N 015.37.948 W 191 

36 2017-08-31T17:51:17+00:00 TV3    76.36.043 N 015.33.255 W 208 

36 2017-08-31T19:12:16+00:00 MIK    76.34.997 N 015.26.588 W 243 

36 2017-08-31T20:06:11+00:00 SEA    76.35.371 N 015.39.133 W 190 
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Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

36 2017-08-31T21:06:46+00:00 WP2    76.35.507 N 015.39.419 W 190 

36 2017-08-31T21:23:41+00:00 WP2    76.35.563 N 015.39.361 W 189 

36 2017-08-31T21:40:23+00:00 HAPS   76.35.656 N 015.39.334 W 189 

36 2017-08-31T22:04:58+00:00 HAPS   76.35.715 N 015.39.074 W 191 

36 2017-08-31T22:15:56+00:00 VGRAB  76.35.765 N 015.38.978 W 191 

36 2017-08-31T22:27:28+00:00 VGRAB  76.35.841 N 015.39.001 W 193 

36 2017-08-31T22:38:45+00:00 VGRAB  76.35.855 N 015.39.035 W 192 

36 2017-08-31T22:50:15+00:00 VGRAB  76.35.919 N 015.39.012 W 190 

36 2017-08-31T23:00:31+00:00 VGRAB  76.35.993 N 015.39.034 W 192 

36 2017-08-31T23:28:04+00:00 VGRAB  76.37.256 N 015.43.759 W 189 

36 2017-08-31T23:38:56+00:00 VGRAB  76.37.296 N 015.43.755 W 187 

36 2017-08-31T23:49:50+00:00 VGRAB  76.37.339 N 015.43.809 W 187 

36 2017-08-31T23:59:40+00:00 VGRAB  76.37.388 N 015.43.790 W 189 

36 2017-09-01T00:10:05+00:00 VGRAB  76.37.428 N 015.43.732 W 192 

37 2017-09-01T04:26:23+00:00 SEA    76.47.509 N 016.19.560 W 194 

38 2017-09-01T08:44:36+00:00 MULTI  76.51.932 N 015.10.316 W 242 

38 2017-09-01T09:06:26+00:00 SEA    76.52.190 N 015.10.583 W 246 

38 2017-09-01T09:47:47+00:00 WP2    76.52.216 N 015.09.526 W 243 

38 2017-09-01T10:00:32+00:00 WP2    76.52.232 N 015.09.118 W 241 

38 2017-09-01T10:20:16+00:00 WP 3   76.52.320 N 015.08.464 W 247 

38 2017-09-01T10:37:31+00:00 WP 3   76.52.353 N 015.08.051 W 247 

38 2017-09-01T11:00:08+00:00 SEA    76.52.467 N 015.07.467 W 251 

38 2017-09-01T12:04:24+00:00 MIK    76.52.919 N 015.07.044 W 247 

39 2017-09-01T14:11:16+00:00 SEA    76.57.064 N 014.23.875 W 210 

40 2017-09-01T15:53:47+00:00 SEA    77.06.269 N 014.18.398 W 256 

41 2017-09-01T17:37:10+00:00 WP2    77.15.878 N 014.00.290 W 256 

41 2017-09-01T17:48:28+00:00 WP2    77.15.883 N 014.00.325 W 252 

41 2017-09-01T18:02:09+00:00 SEA    77.15.870 N 014.00.479 W 249 

41 2017-09-01T18:38:31+00:00 MULTI  77.15.760 N 014.01.238 W 258 

41 2017-09-01T19:02:43+00:00 MIK    77.15.898 N 014.01.997 W 253 

41 2017-09-01T19:23:20+00:00 MIK    77.16.641 N 014.05.459 W 253 

41 2017-09-01T20:08:42+00:00 SEA    77.17.716 N 014.12.255 W 265 

41 2017-09-01T21:14:04+00:00 SEA    77.17.591 N 014.13.068 W 269 

41 2017-09-01T22:02:37+00:00 HAPS   77.17.430 N 014.13.483 W 270 

41 2017-09-01T22:38:35+00:00 HAPS   77.17.403 N 014.12.661 W 271 

41 2017-09-01T22:51:43+00:00 VGRAB  77.17.449 N 014.12.082 W 268 

41 2017-09-01T23:04:35+00:00 VGRAB  77.17.433 N 014.11.695 W 263 

41 2017-09-01T23:16:10+00:00 VGRAB  77.17.385 N 014.11.408 W 267 

41 2017-09-01T23:28:31+00:00 VGRAB  77.17.344 N 014.11.050 W 262 

41 2017-09-01T23:42:10+00:00 VGRAB  77.17.311 N 014.10.553 W 261 

42 2017-09-02T01:12:08+00:00 SEA    77.24.995 N 013.42.544 W 264 

43 2017-09-02T02:42:23+00:00 SEA    77.25.446 N 012.59.226 W 259 

44 2017-09-02T04:11:06+00:00 SEA    77.25.115 N 012.13.644 W 401 

45 2017-09-02T06:01:13+00:00 SEA    77.24.719 N 011.30.256 W 463 

45 2017-09-02T06:28:53+00:00 MULTI  77.24.660 N 011.30.589 W 465 

45 2017-09-02T07:13:21+00:00 SEA    77.24.472 N 011.30.692 W 467 
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Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

45 2017-09-02T08:34:21+00:00 WP2    77.24.828 N 011.30.543 W 463 

45 2017-09-02T08:46:06+00:00 WP2    77.24.857 N 011.30.478 W 463 

45 2017-09-02T08:59:49+00:00 WP 3   77.25.014 N 011.30.360 W 451 

45 2017-09-02T09:18:03+00:00 VGRAB  77.25.217 N 011.30.263 W 442 

45 2017-09-02T09:36:24+00:00 VGRAB  77.25.330 N 011.30.055 W 437 

45 2017-09-02T09:53:39+00:00 VGRAB  77.25.410 N 011.29.813 W 435 

45 2017-09-02T10:41:36+00:00 MIK    77.26.012 N 011.32.323 W 444 

46 2017-09-02T14:48:22+00:00 SEA    77.25.071 N 014.27.071 W 291 

47 2017-09-02T16:31:17+00:00 SEA    77.25.115 N 015.13.495 W 318 

48 2017-09-02T18:15:48+00:00 SEA    77.24.956 N 016.02.344 W 274 

49 2017-09-02T19:57:54+00:00 SEA    77.28.472 N 016.41.708 W 82 

49 2017-09-02T20:32:36+00:00 WP2    77.28.131 N 016.40.494 W 81 

49 2017-09-02T20:59:46+00:00 MULTI  77.28.070 N 016.40.010 W 71 

49 2017-09-02T21:15:31+00:00 MULTI  77.28.022 N 016.40.070 W 71 

49 2017-09-02T21:32:57+00:00 SEA    77.28.427 N 016.39.104 W 80 

49 2017-09-02T22:02:41+00:00 MIK    77.28.518 N 016.38.979 W 84 

49 2017-09-02T22:28:29+00:00 HAPS   77.29.502 N 016.40.401 W 120 

49 2017-09-02T23:00:12+00:00 HAPS   77.29.446 N 016.40.271 W 117 

49 2017-09-02T23:08:49+00:00 VGRAB  77.29.455 N 016.40.288 W 117 

49 2017-09-02T23:17:41+00:00 VGRAB  77.29.444 N 016.40.317 W 116 

49 2017-09-02T23:26:07+00:00 VGRAB  77.29.418 N 016.40.212 W 115 

49 2017-09-02T23:34:04+00:00 VGRAB  77.29.375 N 016.40.079 W 117 

49 2017-09-02T23:41:45+00:00 VGRAB  77.29.366 N 016.40.042 W 117 

50 2017-09-03T01:05:04+00:00 SEA    77.23.032 N 017.15.454 W 168 

51 2017-09-03T02:32:15+00:00 SEA    77.12.913 N 017.16.462 W 196 

52 2017-09-03T04:04:15+00:00 SEA    77.06.569 N 017.51.506 W 245 

53 2017-09-03T05:28:49+00:00 SEA    76.57.002 N 018.04.962 W 162 

54 2017-09-03T07:12:31+00:00 SEA    76.43.339 N 018.19.224 W 151 

54 2017-09-03T07:49:47+00:00 MULTI  76.42.830 N 018.19.800 W 150 

54 2017-09-03T08:32:34+00:00 SEA    76.42.173 N 018.19.104 W 205 

54 2017-09-03T09:11:58+00:00 MIK    76.41.934 N 018.18.212 W 233 

54 2017-09-03T09:49:18+00:00 WP2    76.43.233 N 018.17.346 W 211 

54 2017-09-03T10:02:18+00:00 WP2    76.43.159 N 018.17.591 W 213 

54 2017-09-03T10:18:48+00:00 WP 3   76.43.001 N 018.17.966 W 214 

55 2017-09-03T12:33:28+00:00 SEA    76.44.934 N 019.23.163 W 198 

56 2017-09-03T14:01:48+00:00 SEA    76.35.001 N 019.28.172 W 249 

57 2017-09-03T16:33:57+00:00 FOTÃ˜   76.28.300 N 019.29.725 W 387 

57 2017-09-03T17:48:37+00:00 SEA    76.30.817 N 019.28.578 W 333 

57 2017-09-03T18:18:08+00:00 MULTI  76.31.059 N 019.29.282 W 327 

57 2017-09-03T18:45:16+00:00 WP2    76.31.239 N 019.29.786 W 325 

57 2017-09-03T18:54:47+00:00 WP2    76.31.295 N 019.29.879 W 322 

57 2017-09-03T20:00:53+00:00 WP 3   76.30.963 N 019.28.605 W 329 

57 2017-09-03T20:13:05+00:00 SEA    76.31.035 N 019.28.465 W 320 

57 2017-09-03T21:32:16+00:00 SEA    76.31.322 N 019.27.490 W 318 

57 2017-09-03T22:18:24+00:00 TV3    76.29.827 N 019.29.634 W 361 

57 2017-09-03T23:30:54+00:00 MIK    76.27.182 N 019.29.078 W 402 
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Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

57 2017-09-03T23:57:48+00:00 MIK    76.27.765 N 019.29.099 W 397 

57 2017-09-04T01:00:47+00:00 HAPS   76.31.246 N 019.28.492 W 322 

57 2017-09-04T01:41:36+00:00 HAPS   76.31.387 N 019.28.635 W 318 

57 2017-09-04T01:56:18+00:00 VGRAB  76.31.439 N 019.28.798 W 320 

57 2017-09-04T02:11:26+00:00 VGRAB  76.31.467 N 019.28.822 W 321 

57 2017-09-04T02:25:29+00:00 VGRAB  76.31.480 N 019.28.808 W 319 

58 2017-09-04T05:08:44+00:00 SEA    76.11.589 N 018.54.375 W 326 

59 2017-09-04T08:10:56+00:00 SEA    75.52.429 N 018.34.565 W 268 

60 2017-09-04T09:59:48+00:00 SEA    75.42.862 N 018.24.991 W 457 

61 2017-09-04T12:32:04+00:00 SEA    75.51.480 N 017.53.830 W 61 

61 2017-09-04T13:04:42+00:00 MULTI  75.51.291 N 017.53.488 W 71 

61 2017-09-04T13:25:09+00:00 WP2    75.51.162 N 017.53.162 W 89 

61 2017-09-04T13:36:31+00:00 WP2    75.51.166 N 017.52.948 W 86 

61 2017-09-04T13:47:23+00:00 WP2    75.51.118 N 017.52.796 W 89 

61 2017-09-04T13:56:17+00:00 WP2    75.51.081 N 017.52.594 W 92 

61 2017-09-04T14:15:12+00:00 SEA    75.51.001 N 017.52.197 W 101 

61 2017-09-04T15:04:37+00:00 HAPS   75.51.456 N 017.54.958 W 61 

61 2017-09-04T15:48:16+00:00 HAPS   75.51.558 N 017.54.920 W 56 

61 2017-09-04T15:52:09+00:00 HAPS   75.51.528 N 017.55.015 W 57 

61 2017-09-04T15:58:26+00:00 VGRAB  75.51.514 N 017.55.116 W 57 

61 2017-09-04T16:05:45+00:00 VGRAB  75.51.500 N 017.55.283 W 59 

61 2017-09-04T16:12:22+00:00 VGRAB  75.51.424 N 017.55.330 W 62 

61 2017-09-04T16:28:34+00:00 VGRAB  75.51.313 N 017.55.696 W 83 

61 2017-09-04T16:35:32+00:00 VGRAB  75.51.325 N 017.55.872 W 81 

61 2017-09-04T17:18:10+00:00 MIK    75.50.810 N 017.42.109 W 171 

62 2017-09-04T18:58:00+00:00 SEA    75.52.652 N 016.57.880 W 71 

63 2017-09-04T20:37:52+00:00 SEA    75.52.681 N 016.16.651 W 101 

63 2017-09-04T21:04:29+00:00 HAPS   75.52.524 N 016.15.679 W 99 

63 2017-09-04T21:11:29+00:00 HAPS   75.52.520 N 016.15.522 W 98 

63 2017-09-04T21:29:17+00:00 HAPS   75.52.485 N 016.14.963 W 99 

63 2017-09-04T21:59:28+00:00 VGRAB  75.52.444 N 016.13.958 W 111 

63 2017-09-04T22:09:57+00:00 VGRAB  75.52.425 N 016.13.662 W 108 

63 2017-09-04T22:16:23+00:00 VGRAB  75.52.413 N 016.13.461 W 104 

63 2017-09-04T22:23:25+00:00 VGRAB  75.52.398 N 016.13.247 W 105 

63 2017-09-04T22:30:39+00:00 VGRAB  75.52.380 N 016.13.038 W 107 

63 2017-09-04T22:38:29+00:00 VGRAB  75.52.310 N 016.12.744 W 111 

63 2017-09-04T22:45:17+00:00 VGRAB  75.52.297 N 016.12.416 W 115 

63 2017-09-04T22:52:32+00:00 VGRAB  75.52.288 N 016.12.105 W 118 

64 2017-09-05T01:39:00+00:00 SEA    75.41.485 N 015.06.800 W 199 

65 2017-09-05T03:25:31+00:00 SEA    75.31.942 N 014.53.165 W 197 

66 2017-09-05T04:58:09+00:00 SEA    75.31.942 N 014.53.161 W 197 

66 2017-09-05T05:38:05+00:00 MULTI  75.25.509 N 014.18.795 W 209 

66 2017-09-05T06:02:24+00:00 WP2    75.25.413 N 014.17.870 W 200 

66 2017-09-05T06:17:47+00:00 WP2    75.25.299 N 014.17.124 W 196 

66 2017-09-05T06:34:05+00:00 SEA    75.25.194 N 014.16.322 W 196 

66 2017-09-05T07:09:23+00:00 MIK    75.25.109 N 014.14.828 W 193 
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Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

66 2017-09-05T08:23:24+00:00 TV3    75.26.183 N 014.12.657 W 217 

67 2017-09-05T10:28:46+00:00 SEA    75.18.796 N 013.45.927 W 213 

68 2017-09-05T12:03:46+00:00 SEA    75.12.954 N 013.17.966 W 212 

69 2017-09-05T13:48:13+00:00 SEA    75.05.835 N 013.04.451 W 218 

70 2017-09-05T15:02:21+00:00 SEA    75.05.835 N 013.04.451 W 218 

70 2017-09-05T15:34:56+00:00 MULTI  74.58.987 N 012.47.375 W 565 

70 2017-09-05T16:12:01+00:00 WP2    74.58.447 N 012.48.596 W 570 

70 2017-09-05T16:26:35+00:00 WP2    74.58.281 N 012.49.057 W 573 

70 2017-09-05T17:09:54+00:00 WP 3   74.57.714 N 012.50.721 W 559 

70 2017-09-05T17:58:01+00:00 SEA    74.57.235 N 012.51.927 W 555 

70 2017-09-05T19:54:29+00:00 SEA    74.56.880 N 012.56.294 W 475 

70 2017-09-05T20:19:01+00:00 WP 3   74.56.518 N 012.58.710 W 460 

70 2017-09-05T21:12:52+00:00 HAPS   74.55.619 N 013.01.289 W 453 

70 2017-09-05T21:38:58+00:00 HAPS   74.55.168 N 013.03.141 W 450 

70 2017-09-05T22:00:09+00:00 VGRAB  74.54.754 N 013.04.443 W 459 

70 2017-09-05T22:25:53+00:00 VGRAB  74.54.231 N 013.05.862 W 460 

70 2017-09-05T22:41:48+00:00 VGRAB  74.53.897 N 013.06.779 W 462 

70 2017-09-05T23:01:51+00:00 VGRAB  74.53.445 N 013.07.974 W 462 

70 2017-09-05T23:23:58+00:00 VGRAB  74.52.956 N 013.09.335 W 465 

71 2017-09-06T01:11:46+00:00 SEA    74.49.701 N 012.24.688 W 1243 

72 2017-09-06T03:37:01+00:00 SEA    74.43.309 N 011.52.710 W 1158 

73 2017-09-06T06:06:36+00:00 SEA    74.37.061 N 011.20.619 W 762 

73 2017-09-06T06:36:07+00:00 MULTI  74.36.840 N 011.21.138 W 324 

73 2017-09-06T07:49:16+00:00 WP2    74.36.336 N 011.22.166 W 2938 

73 2017-09-06T08:01:00+00:00 WP2    74.36.263 N 011.22.371 W 2938 

73 2017-09-06T08:12:47+00:00 SEA    74.36.186 N 011.22.490 W 2940 

73 2017-09-06T10:20:44+00:00 BONGO  74.34.770 N 011.18.581 W 2969 

73 2017-09-06T14:52:20+00:00 FOTÃ˜   74.33.912 N 011.13.448 W 3002 

73 2017-09-06T16:24:56+00:00 MIK    74.36.170 N 011.26.044 W 2935 

73 2017-09-06T17:06:10+00:00 MIK    74.36.152 N 011.34.712 W 2889 

74 2017-09-06T20:16:57+00:00 SEA    74.41.751 N 013.25.646 W 914 

74 2017-09-06T20:42:20+00:00 SEA    74.41.467 N 013.27.304 W 896 

74 2017-09-06T21:10:38+00:00 MULTI  74.41.120 N 013.28.741 W 878 

74 2017-09-06T22:05:49+00:00 WP2    74.40.438 N 013.31.679 W 831 

74 2017-09-06T22:15:19+00:00 WP2    74.40.271 N 013.31.878 W 846 

74 2017-09-06T22:30:43+00:00 SEA    74.40.023 N 013.32.186 W 874 

74 2017-09-06T23:59:19+00:00 MIK    74.38.915 N 013.32.449 W 1049 

74 2017-09-07T00:43:00+00:00 MIK    74.40.084 N 013.27.606 W 1079 

74 2017-09-07T00:58:25+00:00 VGRAB  74.40.386 N 013.26.226 W 1091 

74 2017-09-07T01:43:00+00:00 VGRAB  74.39.862 N 013.26.568 W 1178 

75 2017-09-07T02:43:40+00:00 VGRAB  74.40.389 N 013.26.358 W 1085 

75 2017-09-07T03:38:06+00:00 HAPS   74.40.366 N 013.25.857 W 1434 

75 2017-09-07T10:46:43+00:00 SEA    74.22.470 N 014.16.234 W 611 

76 2017-09-07T14:42:11+00:00 FOTÃ˜   74.37.903 N 014.15.749 W 170 

76 2017-09-07T17:24:13+00:00 SEA    74.49.202 N 013.52.599 W 188 

76 2017-09-07T18:05:12+00:00 MULTI  74.48.695 N 013.54.000 W 191 
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Station Time Gear code 
Position latitude 
start 

Position longitude 
start 

Bottom depth 
start 

76 2017-09-07T18:28:48+00:00 WP2    74.48.499 N 013.55.032 W 183 

76 2017-09-07T18:40:26+00:00 WP2    74.48.350 N 013.55.351 W 181 

76 2017-09-07T18:51:56+00:00 WP2    74.48.204 N 013.55.678 W 179 

76 2017-09-07T19:13:36+00:00 SEA    74.47.948 N 013.56.334 W 179 

76 2017-09-07T19:48:49+00:00 SEA    74.47.564 N 013.57.080 W 176 

76 2017-09-07T20:36:51+00:00 TV3    74.48.161 N 013.55.570 W 180 

76 2017-09-07T22:15:51+00:00 MIK    74.48.896 N 013.53.640 W 188 

76 2017-09-07T22:33:17+00:00 MIK    74.48.125 N 013.55.222 W 188 

76 2017-09-08T00:29:33+00:00 HAPS   74.40.570 N 013.31.078 W 838 

76 2017-09-08T01:29:03+00:00 VGRAB  74.40.666 N 013.31.670 W 789 

76 2017-09-08T02:08:16+00:00 VGRAB  74.40.653 N 013.31.170 W 817 

76 2017-09-08T02:46:21+00:00 VGRAB  74.40.625 N 013.31.479 W 810 

76 2017-09-08T03:26:33+00:00 HAPS   74.40.226 N 013.30.991 W 897 

76 2017-09-08T05:02:06+00:00 VGRAB  74.42.996 N 013.21.331 W 906 

76 2017-09-08T05:36:02+00:00 VGRAB  74.42.611 N 013.21.474 W 951 

76 2017-09-08T06:13:19+00:00 VGRAB  74.42.158 N 013.21.612 W 1023 

77 2017-09-08T09:41:48+00:00 SEA    74.34.247 N 012.53.898 W 2320 

78 2017-09-08T14:48:32+00:00 SEA    75.02.742 N 011.30.417 W 2070 

79 2017-09-08T17:18:19+00:00 SEA    75.10.206 N 011.57.429 W 1100 

80 2017-09-08T19:48:07+00:00 SEA    75.17.396 N 012.24.295 W 244 

80 2017-09-08T20:22:22+00:00 MULTI  75.17.311 N 012.25.707 W 238 

80 2017-09-08T20:43:55+00:00 WP2    75.17.184 N 012.26.422 W 238 

80 2017-09-08T20:54:11+00:00 WP2    75.17.129 N 012.26.692 W 235 

80 2017-09-08T21:07:31+00:00 WP 3   75.17.045 N 012.27.018 W 237 

80 2017-09-08T21:20:24+00:00 WP 3   75.16.967 N 012.27.263 W 235 

80 2017-09-08T21:40:25+00:00 SEA    75.16.850 N 012.27.527 W 236 

80 2017-09-08T22:28:37+00:00 MIK    75.16.452 N 012.26.870 W 238 

0  2017-09-08T23:12:48+00:00 MIK    75.14.968 N 012.20.285 W 291 

81 2017-09-09T00:30:30+00:00 SEA    75.12.634 N 012.11.155 W 518 

81 2017-09-09T02:00:02+00:00 TV3    75.13.301 N 012.08.447 W 555 

82 2017-09-09T05:08:02+00:00 HAPS   75.26.859 N 011.24.350 W 991 

82 2017-09-09T06:27:37+00:00 SEA    75.25.892 N 011.25.602 W 1007 

83 2017-09-09T10:47:34+00:00 FOTÃ˜   75.48.074 N 010.41.912 W 408 

84 2017-09-09T12:55:47+00:00 HAPS   75.48.631 N 010.01.070 W 978 

86 2017-09-09T17:34:29+00:00 HAPS   76.08.924 N 008.29.528 W 1018 

87 2017-09-09T22:34:11+00:00 HAPS   76.33.236 N 007.03.342 W 1091 
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IDENTIFICATION OF OFFSHORE HOT SPOTS
An integrated biological oceanographic survey focusing 
on biodiversity, productivity and food chain relations

This study provides information on the marine ecosystem 
in the western Greenland Sea and the shelf off  Northeast 
Greenland. The biology in the area was clearly associ-
ated with the physical-chemical environment. Integrated 
phytoplankton biomass and production were highest at 
or outside the East Greenland shelf break. Likewise, the 
zooplankton biomass was highest along the shelf break 
area, and species composition refl ected the origin of the 
water. As expected, the survey showed low diversity and 
abundance of seabirds and marine mammals. In total 
22 and 9 species were observed, respectively. Little auks 
were the most numerous seabirds with the highest densi-
ties found along the shelf break.
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