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Multidisciplinary, marine ecological observations were conducted at the shallow water edge of the Northeast Water in 
June, 1993. Although variable in size and shape, a small polynya was constantly present at Eskimonaes, at the fast-ice edge 
of Ingolfsfjord. A shallow stratified layer developed at the water surface at negative water and air temperatures-an effect of 
sea ice melting in cold water early in the season. Nutrients were recorded in considerable quantities, although by mid July 
NO, had become depleted. The chlorophyll and phytoplankton maxima at 8-12 m depth had peak values of 2 mg chl a 
m - ‘, tj pica1 for Arctic algal blooms. The phytoplankton included over 90 species and was dominated by the Frqilkariopsis 
group. Zooplankton was poor in biomass and density, but over 23 tnvn \~‘err~ found, with the copepods Oirhottct sirnilis and 
Pserrdochn~rrs acmpes being numerically dominant. Sedimentation was approximately 0.2 g dry weight m-’ d- ’ ami 

suspended matter concentrations ranged from 4 to 19 mg I - ‘. The benthos was represented by hard bottom forms only, with 
a surprisingly dense cover of macrophytes. Juvenile sea urchins fStru)tr~~lol~etr~rorrr.s ti~oehac~hiensis), brittle stars (Opltioctcvt 
suricvurtt~ and amphipods were dominant. Higher trophic levels were represented by benthic feeders, such as eiders and 
walruses, The area observed was more similar to high Arctic fjord ecosystems than to the offshore central Northeast Water 
polynya. 

Ke_v\vor& Arctic geology: coastal waters 

1. Introduction 

The Northeast Water polynya (NEW) has been 
studied intensively during the last years in the course 
of expeditions of the research vessels Ymer, Polar 
Sea and Polarstern. The main effort of these cruises 
focused on the central part of the polynya and its 
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interactions with adjacent ice-covered waters. How- 
ever, the coastal part of the polynya has not yet been 
investigated with regard to marine ecology. In gen- 
eral, Christian X Land, facing the NEW belongs to 
the least-known areas of Greenland. The geqraphi- 
tally nearest region that has been studied is the 
Jorgen Bronlund Fjord (82’N), from where a number 
of hydrological and biological observations have been 
published (Just, 1970; Andersen, 1977; Schiotte, 
1988; Bennike, 1991). A similar Greenland marine 
environment described in detail is the Franz Josef 
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Fjord (74’N) (Noel, 1935; Schcllenberg, 1935; 
&amp, 1943). 

The aim of this coastal marine survey was to 
describe the shallow water edge of the Northeast 
Water polynya. Special emphasis was on plankton 
development for comparison with concurrent ship- 
board studies. 

2. Material and methods 

Work was conducted at the mouth of the Ingolfs- 
fjord at Eskimonaes (80*26’N, 15’47’ W) from 28 
May to 17 June 1993 (Fig. 1). This area is adjacent 
to the coastal edge of the Northeast Water polynya. 
The deep entrance to the Ingolf Fjord is connected 
with the shelf slope through three valleys ot‘ 200 m 
depth (Kattner and Hirche, 1994). All measurements 
were conducted in a coastal polynya varying in area 
from 1 to 15 km’; the size and shape of the polynya 
varied daily. The open-water area extended northeast 
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Fig. I. Study urea, land fust ice and isobaths, Junt: 1993. 

from the stony-gravel beach to a depth of 35 m. It 
was a shallow water bank, exposed to strong tidal 
currents, the bottom of which was covered by stones 
of different sizes (mainly ice-rafted. rough-edged 
dropstones) with a slight admixture of red mud at the 
deepest points. 

The main sampling station was .established 2 km 
offshore, on the edge of the fast ice, with a water 
depth of 30 m. It was visited every third day to 
sample the water column with a 5 1 water cast. 
Surface to bottom profiles of salinity and tempera- 
ture were measured using an SD 200 STD mini 
sonde. Chlorophyll a, nutrients, phytoplankton, and 
suspensions (POC, total suspended matter) were 
analysed. Water samples were collected from 6 lev- 
els: lOO%, 50%, 30%, 15%, 5% and 1% of water 
transparency, established by Sewhi disc readings 
(formula LN(lO0) - LN(Z)/K, where K = 
t .f jSecchi disc depth). Samples of phytoplankton 
were preserved in acidified Lug01 solution, chloro- 
phyll a samples were filtered on GF/F Whatman 
filters. Filters were stored frozen until the end of the 
experiment and analysed using a Turner Designs 
fluorometer. Nutrient samples were fixed and anal- 
ysed in two ways: 50 ml of seawater samples pre- 
served with HgCl were analysed on board after 
approximately 3 weeks, while a second set of sam- 
ples, stored frozen at - 20°C, was analysed at Lava1 
University. For POC and P N analyses 50-150 ml 
of water was filtered through precombusted GF/F 
Whatman filters; readings were taken at the Lava1 
University after the expedition, 

Sediment traps (cylinders of 100 X 10 cm) were 
placed approximately 3-4 m above the sea bed (25 
m depth) and were changed every third day. The 
material from the traps was split for phytoplankton, 
chlorophyll a, POC and PON analyses, which were 
carried out using the same methods as for the pelagic 
samples. 

Zooplankton samples were obtained with a WP-2 
net (60 cm diameter, 200 km mesh size), hauled 
vertically from bottom to surface, and preserved in 
4% formalin. Owing to the hard bottom all over the 
ice-free area. grab samplers were useless. Thus 
zoobenthos was sampled with a light triangular 
dredge of I mm mesh. Thirty-two dredgings were 
done. Benthic samples of S-10 1 were sieved through 
a 0.5 mm screen and stored in 4% formalin. Biomass 



matic weather station, install 

ing our fieldwork were fairly stable, with high pres- 
sure (1022 mb), prevailing sunny weather (mean 
daily radiation 39 m 
from - 8 to +2”C, 

3.1. Sea ice 

During the whole period investigated the study 
area was covered by drifting ice ranging in thickness 
from 1.4 to 1.8 m. Drifting ice was a mi>.ture of 
fresh ice (less than 1 m thick) and a variety of 1 S-2 
m thick floes. The salinity of the older ice was 
approximately 0.4 ppt, while that of the 2-10 cm 
thick ice was 4-5 ppt (Table 1). The stable fjord 
fast-ice edge was situated northwest of Eskimonaes. 
Particulate matter showed a patchy distribution and 
ranged from 3 to 24 mg I - ’ in old and fresh ice 
(Table I). At least three tinres in June, the open 
channels between the ice floes froze overnight into 

Table 1 
Characteristics of sea ice at Eskimonaes 

Thickness Salinity Organic Mineral Organic matter 
(cm) (PPt) susp. susp. in susp. 

(mg/l) (mg/l) (%‘c) 

2 5 6.2 2.2 74 
2 5 2.4 1.4 63 
2 5 10.8 3.2 77 

10 4 4.4 4.4 50 
10 4 9.2 6.8 58 
IO 5 2.8 8.8 24 
10 4 1.2 8.4 13 
10 5 1.2 8.4 13 

150 0.4 7.6 5.2 59 
150 0.4 18.6 5.6 77 
150 0.4 5.2 7.6 41 

Fig. 2. Particulate organic carbon in sediment traps (light bars) 
;‘nd in suspended matter in the water column (dark bars). values 
integrated from 6 levels in O-28 m depth. 

day, until the wind moved it away. A few large 
icebergs were anchored in the area, their 
above sea level not exceeding 15 m. A num 

average 10 m in diame 
fast ice since the beginning of 

the study, most of them connected with cracks in the 
ice and stranded hummocks. S profiles show 
despite the low air temperatures, brackish water was 
present in considerable amounts (Fig. 2; Table 2). 

3.2. Tides 

Extrapolation of the tide observations shows that 
tides were regular, M2, with a 12.5 h period and 80 
cm maximum amplitude. Occasional observations of 
the drift of ice floes and the ~ooplallkt~i~ net indi- 
cated that the tidal currents in the study area were 
strong. 

3.3. Hydrography 

The water temperature at the main sampling point 
ranged from - 1.6 to -a 1. ‘U°C, the salinity from 
33.0 to 31.8 ppt. A layer of less saline water was 
present at all times on the surface, regardless of the 
low air and water temperatures (Fig. 3). Two hydro- 
logical periods could be distinguished during the 

Table 2 
Characteristics of 6 melt ponds 

Layer Thickness Tcmpcraturc Salinity - 
(m) (“0 (PPt) 

Upper 0.2-0.3 t-1 to +1.5 25-28 
Intermediate 0.3- 1.8 -1.2to +1 28-3 1 
Lower 1.2-5 - 1.5 to - 1.2 31-32 



field study. During the first one (3 1 May to 1 I June) umn from 0 to 28 m, POC averaged 60 g m-’ (Fig. 
the water structure was nearly homogenous. There 2). The highest concentrations were found between 4 
was no ice melting, or any atmospheric heating of and 12 m, midway through the observation period. 
surfze waters. The track taken by the less saline The mineral particle concentrations ranged from 3 to 
water at the main station could have been due to the 10 mg l- ’ (30% of the mean suspended matter). 
considerable influence of the stationary iceberg. Dur- Secchi disc depths ranged from 9 to 12 m, which 
ing the second period ( 12 to 17 June) surface heating corresponded to a light transmission of 50% at 3 m 
and desalting were observed. The salinity and tem- depth, 5% at 15-20 m and 1% at 25-30 m. The 
perature gradient was more pronounced at the fast-ice sedimentation rate at 25 m depth was estimated at ca. 
edge compared to that at the drifting ice and was 0.2 g dry weight mm2 d-’ (60 mg POC rn-’ d-l), 
probably due to the dynamic mixing at the edge of which is less than 1% of the suspended matter 
the pack ice. present in the water column above (Fig, 2). 

3.4. Smpensions, sedirnentatiorl artd light tmnsmis- 
sion 3.5. Chlorophyll a and nutrients 

Suspended matter concentrations ranged from 0.6 Chlorophyll maxima (1.3 mg mm3 or 29 mg chl a 
to 5 mg POC dm-“. Integrated over the water col- m-’ ) were found at 12- 18 m depth during the 
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Fig. 3. Chunges in temperause, salinity and density profile at main sampling point. 



neither were depleted during the observation period. 
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Fig. 4. Changes in chlorophy;(?, Si04 and NO, profile at main sampling point. 



Table 3 
Mean. muximum und minimum ubundance (cells X IO" m- ' ) and presence of phytoplankton species in wter samples 

No Tuxon Mean P Max Min 
(a) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
I3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
35 
34 
as 
36 
37 
38 
39 
40 
41 
42 
63 
44 
4s 
46 
47 
48 
49 
50 
Sl 

974439 100.0 3 189 375.00 17 307.69 
177703 77.8 1 398 387.10 16 802.33 

2930 77.8 15 300.00 340.9 1 
141354 75.0 812 812.50 2 295.92 

6865 75.0 32 884.62 23 1.96 
2839 75.0 15 707.55 26 1.63 

235768 63.9 928 928.57 I 384.62 
33778 63.9 148 020. IO 2 743.90 

1169 55.6 I I 250.00 252.8 I 
1007 50.0 2 727.27 288.46 

309980 44.4 3 187 500.00 900.00 
14752 44.4 134 418.60 267.86 
11410 44.4 68 809.52 304.05 
390 I 44.4 36 125.00 304.05 
1933 41.7 4 772.73 548.78 
634 36.1 1 607.14 261.63 

383678 33.3 2 786 785.7 1 2 195.12 
620 33.3 1 849.32 244.57 

8093 27.8 61 928.57 312.50 
5272 27.8 36 396.08 244.57 
3269 27.8 29 489.80 27 I .08 

I68728 25.0 438 660.7 1 I2 656.25 
2033 25.0 14 744.90 ?44.57 

72014 22.2 260 100.00 459. I8 
8955 22.2 23 225.81 I 584.51 
2637 19.4 14 *450&O 424.53 

225 I86 16.7 505 750.00 I2 675.44 
39573 16.7 I80 625.00 304.05 
20636 16.7 92 628.2 I 576.92 
Imw 16.7 38 437.50 523.26 
5344 13.9 IO 613.21 I 153.8s 

IO471 Il.1 38 026.32 725.81 
3393 Il.1 6 000.00 261,63 

509 11.1 692.3 I 401.79 
224898 8.3 309 642.86 76 052.63 
109220 8.3 252 875-W 24083.33 

9930 8.3 zb: 900.00 340.91 
7522 8.3 11010.64 4 846.15 
5372 $%; IO 800.00 2 343.75 
2197 8.3 3 292.68 523.26 
2142 8.3 3 068.18 1264.04 

940 8.3 1 273.58 681.82 
377 8.3 505.62 424.53 

33769 5.6 36 1125.00 31413.04 
17419 5.6 19 471.15 15 365.85 
4599 5.6 5 250.00 3 947.37 
4298 5.6 4 846.15 3 750.00 
1842 5.6 2 500.00 I 184.21 
988 S.6 I 630.43 346.15 
401 5.6 432.69 368.85 
385 5.6 394.74 375.00 



52 

53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
v- 

ettvmYrps1~ triquetrc1 

nmtae small 
Nariuwka cf. trmsitum 

Nit:sclria cf. wrlh@eGi 
Melosirc: sp. 
L+eptcxylirtdru.s SQ. 
Nitzschra rwrrhq&vtii 
Achrwntl~es tae~~iata 
Nitzochia cf. rarshoferlii 
Nit~schia neojkig ida 
Nit:ochiu seriata 
Euccunpi~ groenhdiw 
Nmicula septentrionah 
Gynrtodinium, small 
Pennatae spp. 
S_wedra sp. 
Chuetoceros cf. holsciticus 
Certritiurn arcticuni 
Heterocapsa cf. rwinima 
Nitzschia SQ.. small 
Nitzacltia fongissim 
Nitzschia SQ., 1arge 
Thalmsiosira fallax 
Awlplbidiniunt sphraenoides 
M~hira arctica 
Cysts of Thalassiosira SQ. 
Nit~schicr cf. pserrrdosericrta 
Nitzschia p.~eudortielicutissirltcr 
Pr(~t~,pe~idinilrilt cf. pelhcidrm 
Amphidinium SQ. 

437’6 a _ 2.8 4-47 268.90 
40139 2.8 40 138.89 40 138.89 
151707 2.8 15 706.52 I5 706.52 
9000 2.8 9 000.00 9 000.00 
61223 2.8 6 223.40 6 223.40 
5400 2.8 5 400. 5 400.00 
4,375 2.8 4 375.00 4 3:75.QO 
295 1 2.8 2 950.82 2 950.82 
2344 2.8 2 343.75 2 343.75 
2045 2.8 2 045.45 2 045.45 
I 70s 2.8 i 704.55 I 704.55 
I698 2.8 I 698.1 I I 698. I I 
1534 2.8 I 534.09 1 s34.09 
1378 2.8 I 377.55 I 377.55 
1339 2.8 I 339.29 I 339.29 
957 2.8 957.45 957.45 
849 2.8 8’49.06 849.06 
734 2.8 733.70 733.70 
703 2.8 7103.13 703.13 
523 2.8 523.26 5;!3.26 
511 2.8 511.36 5111.36 
464 2.8 4163.92 463.92 
375 2.8 375.00 375.00 
346 2.8 3’46. I5 3416.15 
346 2.8 3~46.15 3416.15 
326 2.8 326.09 3;!6.09 
326 2.8 326.09 31!6.09 
313 2.8 312.50 3 1,2.50 

308 2.8 308.22 308.22 
236 2.8 29b.05 296.05 

period :in the intermediate layer (Fig. 5). The num- 
bers of cells decreased during the second half of the 
observation period, along with a change in species 
composition. Dinoflagellabes, commlon at the begin- 
ning of the observations, were replaced by flagel- 
lates. The proportion of the FrqiZZuriopsis group 
decreased during the observations (Fiig. 5). 

3.7. Zuoplankton 

Ovel: 23 taxa were identified (Table 4). Copepod 
nauplii (Culanus and P seudocakanus) were predomi- 
nant, next in abundance were postnaupiiar stages of 
Oithona similis, C. glacialis, and P,, acuspes. Cirri- 
pediu naupiii ma.de up the: major component of the 
non-copepod zooplankton. The larvale of benthic or- 
ganisms and appen&icularians were relatively abun- 

dant, but, concentrations of zooplank.ton were low 
( 117-700 ind m _’ :I, as was its biomass (0,07~~~,~~ 
wet weight mm3 or 0.3-0.9 g dry weight m- ‘:). A 
number of Bosmina corregoni exoskeletons and the 
remains of two 0t:her freshwater cladocerans were 
found in half of the samples co’llected. These were 
classified as drifteld, stray organisms and were not 
included in the ana.lyses. 

3.8. Bzrz tihxs 

Over 34 species of zoobenthos alnd 11 m;;lcro- 

phytes were collected between 1 and 35 m depth 
(Table 5). Three ec:ologicai zones were distinguished 
for the benthos in the stu$y area. Tlhe first is the 
barren tiIdal zone covered with large stones and 
inhabited only by the large amphipod, Gummwus 
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Table 4 
Length, weight, mean abundance, biomass and presence of zooplankton species 

Taxon Length Weight Mean abundance Mean biomass 
(mm) (mg) (n/m’) (mg/m’) 

Presence 
(c/C) 

1 0.26 
5 1.1 
2 0.46 
2 1.00 
3 2.00 
4 2.54 
4 4.00 
2 1.00 
3 2.00 
3 2.00 
5 4.50 
6 7.80 
4 4.00 
5 4.00 
6 7.80 
8 12.28 
2 1.00 
I 0.26 
I 0.26 
1 0.26 
2 0.46 
6 2.03 
2 0.46 
I 0.26 
2 0,46 
I 0.26 
2 0.46 
I 0.26 
2 0.46 
I 0.26 
I 0.26 
1 0,26 
2 0,46 
2 0.46 
2 0.46 
2 0.46 
2 0.46 
2 0.46 
I 0.26 
2 0.46 
2 0.46 
2 0.46 
2 0.46 
2 0.46 
2 0.26 
3 I .98 
I 0.26 
I 0.26 
8 17.M) 
5 1.00 
3 1.98 

3.06 
0.01 
9.04 
0.10 
0.12 
0.07 
0.04 
0.08 
2.28 
2.76 
0.30 
0.32 
0.20 
0.33 
0.47 
0.04 
l.80 

70.38 
146 
321.00 

2.86 
0.12 
2.07 
1.04 
0.01 
0.03 
I .03 
4.83 
1.56 

42.5 I 

4.44 
O-32 
0.22 
0.09 
6.28 
0.06 
1.26 
0.12 
0.29 
0.93 
0.27 
1.33 

0.14 
4.32 
3.01 
0.89 
0.18 
0.06 
0.03 
0.72 
0.09 

634 

0.79 22 
0.01 78 
4.16 56 
0.10 56 
0.24 22 
0.17 22 
0.18 22 
0.08 100 
4.56 100 
5.51 44 
I25 78 
2.5 1 67 
0.80 78 
1.33 89 
3.64 22 
0.55 22 
I .80 44 

18.30 100 
37.96 100 
84 100 

1.31 67 
0.25 78 
0.95 89 
0.27 33 
0.00 44 
0.00 11 
0.48 I1 
I .26 IO0 
0.72 loo 

I I .os 100 
1.16 89 
0.08 44 
0.10 56 
0.04 44 
0.13 22 
0.03 100 
0.58 11 
0.06 100 
0.08 78 
0.43 67 
0.12 78 
0.6 1 67 
on07 89 
I .99 78 
0.78 56 
1.76 33 
0.05 44 
0.01 44 
0.57 22 
0.72 78 
0.18 ll 

2oS3 
0.609 



sis and 0. sericeirlM were r 
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Table 5 Table 5 (continued) 
Zoobathos and phytobenthos from dredgings (12 = 32) and baited I1 P Occurrence per dredging 
traps (5%) (9%) 

Taxon Zoobenthos 

n P Occurrence per dredging 
(%I (%I 

Amphitritinae n-d. 
Anaitik groeulundica 
Aaouyx nugax 
Anthozoa n,d. 
Antinoella s. protuamnte 
Antinoella sarsi sarsi 
Apherusa glacialis 
Apherusa snrsi 
Arcttrrulu groenlaudica 
Halocythia sp. 
Astarte borealis 
Atylus carinatus 
6almus balauoides 
Rrada 13 i?Josa 

Bryozoa n,d. 
Ruccinwu h~drophatruttr 
Capitelta spp. 
Chaetosone setosa 
Siona sp. 
Cuspidaria subtorta 
Cyzlopteropsis uuicalpitti 
Cylichua sp, 
Laiikft~/i’(i,~ scnrpiarMes 
Ewlrts ~niwrta 
&chone aualis 
&we uodosa 
&sirus crrspklrms 

Fwuminikru n,d, 
Ganrtwretlrrs krwtrri 
G~ww-us satosrts 

c*;rr tt,vrtnw eirmuri 

)IkalirsrElcl~~~l~,cdllitrctus 
natwothoe &brc-r 
!tamwtht~e hdirhit~t 

Hatwtothae itupar 
Harutothoe sp, 
Hesiunidte n.d. 
Hicttelkt arctkct 

Hydrmw n,d, 
Laphaaia boecki 
Lebbeus poluris 
LkywlC MCc~I 

LU?IptWMS 

Iautp?Y~etefiwtuis (‘?) 

Maeouta cakarea 

I 3.23 0.03 
1 3.23 0.03 
8 12.90 0.25 
2 6.45 0.06 
2 6.45 0.06 
7 19.35 0.23 

41 19.35 1.32 
123 45.16 3.97 
41 16.13 1.32 

4 9.68 0.13 
28 25.81 0.90 

1 3.23 0.03 
30 22.58 0.97 

1 3.23 0.03 
0 0.00 0.00 
4 12.90 0.13 
I 3.23 0.03 

I7 12.90 0.55 
1 3.23 0.03 
I 3.23 0.03 

1 I 6.45 0.35 
I 3.23 0.03 

24 22.58 0.77 
23 x71 0.74 

2 6.45 0.06 
I 3,?3 a.03 
I 3.23 0.03 

32 6.4s 1.35 
I I23 0.03 
7 6,45 a23 

35 25,81 I.13 
21 25.81 O,68 

I 3.23 0,03 

127 51.61 4.10 
13 19.35 O&42 
7 19.35 0.23 
I 3.23 0.03 
9 9.68 0.29 
0 0.00 0.00 
1 3.23 0.03 

15 29.03 0.48 
6 19.35 0.19 
2 6.45 0.06 

1 3.23 0.03 
Margarites groenkundicus 153 70.97 4.94 
Melintm sp, I 3.23 0.03 
Mwumdodes borealis 4 12.90 0.13 
Mumu fctbricii I 3.23 0.03 

MJa truuca ta 
Myriotrochus rinckii 
Mwis oculata 
Neptunea spp. 
Nereim_vra aphroditaides 
Nudibranchia n.d. 
Onisitnus edwardsi 
Ophelirta cylindricaudata 
Ophioctert sericeurn 
Ophiolepsis aculeata 
Ophiura rohusta 
Ophiura sarsi 
Philontedes hrecida 
Pardalisca cuspidata 
Paroediceros lwceus 
Pholoe uGiuta 
Polynoidae n.d. 
Portlandia arctica 
Praxiella praetertuissa 
Rhachotropis aculeata 
Rhachotropis oculata 
Rhynchonella psittacea 
Rozinante fragilis 
Sabellides octocirrata 
Sabinea septetucarittata 
Sphaerodorunr gracilis 
Spio filicortiis 
Spirorttocaris spinus 
Spirorrtocuris trvqida 
Spirorbis ,qwuilatu,~ 
Spirorbis sp, I 
Spirorbis spir_vlliuu 
Stephatrasterias albula 
Stron~~loce~~tr~~tii.~ 
droebachietrsis 

syrris sp. 
Syrrhoe crenulata 
Tanaidacea n.d. 
Terebeilides stroetui 
Triglops SQ. 

Weyprechtia pinguis 
Total 
Taxon Phytobenthos 
Hikdubran tia prototypus 
Lanrinaria agardhii 
Laniittaria cucculatu 
Lmriuariu iuterutedia 

2 6.45 0.06 
4 6.45 0.13 

39 25.81 1.26 
1 3.23 0.03 

I6 22.58 0.52 
1 3.23 0.03 
1 3.23 0.03 
2 6.45 0.06 

378 54.84 12.19 
I5 19.35 0.48 
5 16.13 0.16 
0 0.00 0.00 

51 22.58 1.65 
2 6.45 0.06 
8 16.13 0.25 
1 3.23 0.03 
1 3.23 0.03 

31 9.68 1.00 
I 3.23 0.03 
1 3.23 0.03 

24 29.03 0.77 
2 3.23 0.06 
8 9.68 0.25 
I 3.23 0.03 

I9 35.48 0.61 
I 3.23 0.03 
1 3.23 0.03 
I 3.23 0.03 
1 3.23 0.03 
I 3.23 0.03 
2 3.23 0.06 
4 12,90 0.13 

12 19.35 0.39 
3 19 77.42 10.29 

I 3.23 0.03 
67 48.39 2.16 

1 3.23 0.03 
1 3.23 0.03 
I 3.23 0.03 

27 22.58 0.87 
1878 60.5% 

6 
35 

6 
6 

Litothamnion cf. conipactus 29 
Litothamnion sp. A 17 
Nuckula sp. large colonies 17 
Phycodrp rubens 35 
Pseudolithodema e.rtensus 12 

.z.%-.- 



Sp~~aeel~aria arctic0 
Sphaceliaria plumosa 

Awy.u nugax 
Lyssianassidae SQ. A 
Oaisirnus t;rekmdatus 
099isi999us edwardsi 
T999etory.x cicada 

91= total number of specimens collected, P = presence. 

2- 10 m. A kelp coverage > 50% was observed on 
37% of the squares. 

Minor fish species from the families Lumpenidae 
and Cottidae were represented by single, juvenile 
specimens. More comma were small Cyclopteridae, 

Table 6 
Birds and mammals observed at Eskimonaes, June 1993 

Taxon Days Remarks 

4 
20 

Erigrtathrrs barbatrrs 2 

birds 
Garia stellata 4 

Somateria nrollissima 19 
Somateria spectabilis I 

Clarrgula hyamalis 1 
Branta bcrnicla 3 
Stercararius longicaudatus 2 
Fulmarus glacialis 21 
Rissa tridactyla 20 
Xema sabini 1 

Larus hyperboreus 4 
Pagophila eburnea 20 
Uris loniiia I 

Sterna paradissea 6 
Cepphus grylle 3 
Charadrius hiaticula 3 
Plectrophenax nilwlis 7 

single animals 
flocks of 2 to 12 young 
males. resting and feeding 
single, on ice 
flock of five at the fasI 
ice edge 
single 

single 
flocks of 4 to 24 birds 
single 
single 
three birds 
six birds 
several birds each day 
groups Of 3 t0 6 bid;; 

single 
single 
few birds each day 
single 
six birds 
pair and single 
pairs 
few birds 

Days = number of days when Lpnimals were observed. 

en s, 

Ophiocten sehxum, disc di 

Fig. 6. Length frequency distribution of dominant zoobenthos taxa 
from Eskimonaes. 



Tublc 7 
Composition of excrements of eiders and walruses 

Number of Prey size class 
items (mm) 

W&uses (500 g excrements) 
Sabinec; septemcarinnta 16 40-60 
Mya truncata 32 40 
Ancm\:r nugar I4 30-35 
Buccirtuurtt spp 3 40-I? 
Ascidiw n.d, 2 45 
Polychacta n,d. 3 3 

Gravel 300g 
Canmon Eider ( 100 g excrements) 

9 Margarites gmenlandicrts . 

Hiatcllr arctica 9 

Gammwelhrs lwmari 2 
Polychueta n.d. I 

~tr~n~~l~~etitrotrts dJWbcJC/JielJsi.v ? 
Hydrozoa n.d. ‘) 

Gravel log 

9 

9 

20-E 
‘) 

‘1 
9 

though never in large numbers. A herd of several 
walruses (young males?) rested and fed close to the 
coast throughout June, Analyses of droppings left by 
Common Eiders and walruses (Table 7) showed 
gastropods, amphipods and decapods to be important 
in their diet, All these prey items were also repre- 
sented in the dredging material. 

d was situated in the middle of a 
pregution, between two large 
later fused in the Northeast 

July (Schneider and Bud&s, 
I997-this volume), According to satellite data from 
rwi~us years the Eskimonaes area became ice-free 
rly during the poiynya opening (Schneider and 

BudCus, 1997-this volume). The salinity of fresh, 
2- 10 cm thin ice was rather low (Table l), and 
should be IO-15 ppt (Weslawski et al., 1993). These 
IOW v&~es suggest that this sea ice had been formed 
from the uppermost, desalted. thin water layer. 

Schneider and Bu US (1994) classified the two- 
layered hyd t’aphic structure of the NEW as formed 

by Polar Water at the surface (up to 150 m) and 
Arctic Intermediate ?Vater below. Eskimonaes is sit- 
uated in an area of low salinity and relatively high 
surface temperature. as can be seen from hori~o~ta 
profiling in July (Schneider and Budeus, 1997-this 
volume). Surface water stratification is commonly 
regarded as the key factor starting the algal bloom in 
the Arctic (Rey and Loeng, 1985). Our samples 
show that the melting of sea ice in cold water was an 
important component of initial stratification, prior to 
intensive atmospheric melting. This later phe- 
nomenon has been described in detail (Huppert and 
Josberger, 1980). A desalted surface layer some 3 m 
thick was observed from the beginning of our obser- 
vations (Fig. 3). A va!ue of 32.5 ppt was taken as the 
background salinity in the area (Schneider and 
Bud&s, 1994). The freshwater layer catches most of 
the atmospheric heat, as was observed in Arctic leads 
(Golovin et al., 1993). Further south m Franz Josef 
Fjord (74”N), summer sea surface temperatures may 
reach 6°C (Jakkhelln, 1936). Our study site was 
situated in an area where marine surface waters 
contained a high proportion of freshwater (Schneider 
and Bud&s, 1994). Later, in June, when air tempera- 
tures increased, the stagnant water in the fast-ice 
melt ponds displays a relatively high temperature as 
a result of intense atmospheric heating. This did not 
occur in the open-water body at our main sampling 
point (Fig. 3). Our observations were conducted on 
relatively deep melt ponds, different from those ob- 
served on pack ice by Carstens ( 1994), who found 
only very shallow freshwater puddles of different 
sizes, 

4.3. Suspended matter 

Bauerfeind et al, (1997-this volume) recorded av- 
erage sedimentation rates of 0.02 g dry weight rn-’ 
d- ’ at 130 m depth in the central part of the NEW. 
This is about 10% of the values we observed in 
coastal waters at 25 m depth. Considering the higher 
phytoplankton densities found in our samples and the 
shallower sampling depth, the percentage of sedi- 
menting organic matter at Eskimonaes is similar to 
that of the central NEW. The amount of suspended 
matter found in the fast ice of Spitsbergen fjords was 
similar to the ice at Eskimonaes: the amount of 
sedimenting matter, however, was nearly 10 times 



tion of nitrates (below’4 pm/l in surface waters) 

show similarly low nutrient c 
chlorophyll concentration peak. 

ay-June. Silicate concentra- 

concentrations found in the N 
Bud&s, l997-this volume) or the early bloom situa- 
tion in Spitsbergen fjords (Weslawski et al., 1988; 
Eilertsen et al., 1989). 

4.5. Phytoplankton 

Our results differ from the data obtained by Rey 
and Loeng (1985) from the ice-covered Barents Sea. 
There, the main phytoplankton component was 
Phaeocystis pouchetti and Nitzschia grunooii. In 
Spitsbergen fjords P. pouchetti and Chaetoceros 
sociulis predominated (Eilertsen et al., 1989). In our 
coastal samples P. prruchetti was found only occa- 
sionally, despite the presence af this species in NEW 
open water (Hellum, 1997-this volume, and our own 
observations from RV Polarsterd. N. grunouii was 
recorded in concentrations of 6 X lo9 cells dme3 in 
the central NEW and of 9 X lo* cells dme3 in 
Eskimonaes. The observations from the marginal ice 
zone north of Svalbard in June (Socal and Wiktor; 
unpubl. data) showed low cell concentrations (2.7 X 
lo6 cells dm- 3, with a high proportion of Phaeocys- 
tis pouchetti. The lack of P. pouchetti in the coastal 
zone of the NEW was probably due to the relatively 
high concentration of silicate, which favoured di- 
atoms. The phytoplenkton succession north of Sval- 
bard (Socal and Wiktor; unpubl. data) shows the 
spring-bloom diatoms being replaced by Prymnesio- 
phyceae, minor flagellates and dinoflagellates in the 
course of June-July. Hellum (1997this volume) re- 

et al. ( 1994) found an 
chl~~rophyll a m- ’ in June and 15 

ary production could 
be estimated from the data of Platt et al. (1982) and 
Legendre et al. ( 1994), using the conversion 
a/0.025. As a result, the coastal NE 
production would range from 1000 to 
m-2 d- ’ in June 1993. Another indirec 
estimating the primary production is the relation 
between sedimenting POC and total primary produc- 
tion Using the equations summarised in Wassma~~ 
( 1990), the primary production estimated from POC 
sedimented at Eskimonaes in June ranged from 50 to 
1000 mg C m-’ d-‘. One should bear in mind the 
strong advection component which diminishes the 
sedimentation rates at our shallow water station, 
underestimates the production derived from it. 
estimated values place the coastal edge of the NEW 
among the highly productive Arctic areas; such as 
southwest Greenland, with 160 g C m’” yr- ’ or 
70-100 g C rnw2 yr- ’ (Smidt, 1979; Awdersen, 
198 11, or the Svalbard fjords with 80- 120 g C mp2 
yr- * (Eilertsen et al., 1989). Much lower values 
were noted in a northern Greenland fjord with 187 
mg C rnw2 d” (Andersen, X977). The influence of 
ice cover on light attenuation is not a factor limiting 
primary production, since the shade-adapted Arctic 
algae reported from Baffm Bay were more produc- 
tive below the 1% light transparency depth, than in 
the 50% light transmission layer (Subba Rae and 
Platt, 1984). 



Hirche et al. (1994) reported a low zooplankton 
biomass (10 mg dry weight M- ? and extremely low 
macrozooplankton densities iol the NEW area in 199 1 s 
These findings were confirmed by data from 1993 
(&& and Kwasniewski, 1997-t&s volume) and are 
within the ranges found in our samples. Typically, 
herbivore grazing was low and much of the produc- 
tion was advected downstream or sedimented (Hirche 
et al., 1994; Hirche and Kwasniewski, 1997-this 
volume). in spring, stray Calanus furmarchicw and 
coppodite IV C. g&i&s dominated the NEW ZOO- 
plankton. Contrary to our own observations, other 
workers found Pseudoculunus S~JJ. to be relatively 
low in density and species rank in the central part of 
the NEW (Fortier, 1994; Hirche and Kwasniewski, 
1997-this volume). 

The zooplankton species composition found at 
Eskimonaes is similar to the offshore polynya assem- 
blages, with the exception of the minor calanoids and 
Cirripediu nuuplii characteristic of Arctic fjord 
plankton (Koszteyn and Kwasniewski, 1989; Wes- 
lawski et al., 1992). A comptirably low biomass and 
species composition is characteristic of the fast-ice, 
fjordic plankton assemblage observed on Spitsbergen 
(Weslawski et al., 1993). The most common calanoid 
in our samples, Qirlsor~r sin&s (Table 4), was also 
numerically dominant in the O- I00 tm layer in the 
offshore polynyn (Hirche and Kwasnicwski, I907- 
this voluma), 

The striking feature of the study urea is the ab- 
nce of ice-associated faunn reported from all high- 

Arctic localities (Barmud, 1939: Culliksen, 1984: 
Gulliksen and Lanne, 1989: Melnikov, 1989). A 
possible explanation is the type of ice cover ob- 
sewed-namely the predominance of fjordic fast ice 
and one-year ice, ~~eg~ss~i~te~ fauna is not com- 
mon in this type of ice (Wesbvski et al., 1993): 
however, aggregations of this fauna are typical for 
the multi-year pack ice (Gulliksen, 1984). Ice fauna 
were not found in the offshore p~lynya zm.@mkt~~~ 
either (Hirche and Kwnsniewski, 1997-this volume). 

The unusual presence of Q&water cladocerans in 
our zooplankton samples could be due to land run-off 

matter f’rsm lakes and ponds. Subfossil 
cludoceran findings have been reported in northeast 
Greenland by Roen ( 1988). However, recent popula- 

tions of Bosmir~~ have been found in the freshwaters 
of the area (Roen. 1962). 

Despite the small area sampled and the rather 
uniform type of sea bed, the species number is 
suggestive of rich and diversified benthic communi- 
ties. If we include several unidentified species of 
bryozoa, hydrozoa and large foraminifera, the ben- 
thic fauna of this shallow, hard bottom area may be 
in excess of I50 species. This number is in the same 
range as in comparable localities in Svalbard 
(Weslawski et al., 1992). One of the principal taxo- 
nomic groups in the Arctic benthos are the am- 
phipoda. Of these, over 86 species are known from 
northeast Greenland (Stephensen. 19441, whereas 
only 28 have been found in the Jorgen Bronlund 
Fjord at North Greenland (Just, 1970). Our 2 1 species 
show that amphipods are well represented in the 
limited area studied. The dominant benthic species, 
S. dmebuchiensis, is commonly reported from a 
number of Arctic localities, and it is an important 
grazer on macrophytes. The body sizes prevailing in 
our samples were similar to those of l-2 year old 
Alaskan juveniles (Munk and Macintosh, 1993). The 
trochid gastropod Mmgarites sr~~enl~~~l~lictrs, one of 
the most common species in the area, is also a kelp 
grazer, Thorson ( 1934) reported different macro- 
phytes from Franz Josef Fjord, dominated by Dvs- 
rnurastipt sp. The high percentage cover of large 
macrophytes in relatively shallow water is an un- 
usual phenomenon for the High Arctic, Observations 
from Franz Josef Land and eastern Svalbard show 
that large kelps are rare at depths shallower than 20 
m, probably because of ice scouring (Weslawski and 
Zajaczkawski, 1992). The permanent presence of a 
small pdynya in the study area may explain the 
wealth of macrophytes. 

Cyclopteropsis macalpini, a smnll benthic fish 
commonly found in our samples, is a rare species, 
known from a few localities in northernmost Green- 
land (Muus et al., 198 1). The absence of pelagic 
feeding birds and seals in the NEW area, as well as 
the predominance of benthic feeders was noted by 
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The coastal edge of t in spring w 
site of a small stationary coastal po~y~ya. 
water stratification was caused by the melting of sea 
ice in cold water; atmospheric heating was iess 

thin surface water layer was observe t was an area 
where the algal bloom 
comparable to the peak values found offshore later in 
summer. There was an evident lack of specialised 
ice-associated fauna, the zooplankton was poor in 
biomass and density and its species represented a 
neritic assemblage type. This leads to the conclusion 
that most of the production sinks ~ngrazed to t 
bottom: indeed, the relatively high sedimentation 
rates confirm this. However, strong tidal currents 
apparently remove much of the sedimenting matter 
from the coastal area. The benthos was represented 
mainly by smaller and juvenile forms, which may 
suggest the importance of the area as a nursery 
ground. The wealth of macrophyte cover found at 
Eskimonaes and the abundance of herbivores in the 
benthos is an unusual phenomenon in high Arctic 
ice-covered waters. This, as well as the absence 01 
symplrgic fauna, place the characteristics of the area 
studied close to those sf other Arctic fjords. Higher 
trophic levels were represented mainly by benthic 
feeders (eiders, walruses and minor benthic ,fishes); 
seals and pelagic-feeding seabirds were uncommon. 

Acknowledgements 

We would like to express our sincere thanks to all 
people and institutions who helped us during the 
field work, especially to Dr. Hans-Jiirgen Hirche and 
Dr. Gerhard Kattner from AWI, the chief scientists 
of RV Polarstern. Dr. Henning Thing and the offi- 
cers from the Danish Polar Center gave us much 
appreciated assistance in the Greenland logistics. Dr. 
Michael Gosselin and Martha Stiircken-Rodewald 
kindly analysed the nutrients. Peter Galbraith kindly 

Andersen, G.G.N., 1977. Primary production, ii~um~nation and 
rography in Jorgen Bronlund Fjord, North Greenland. 
d. Gronl.. 205: l-27. 

Andersen, Q.G.N.. 1981. The annual cycl 
primary production and hydrog~pby in t 
West Greenland. 

arnard, J.L.. 1959. 

phytoplankton 

Central Arctic Basin. Geophys. Res. Pap,, 63: 115-152. 
Bauerfeind. E., Garrity, C., Krumbholz, M., Ramseier, R.O. and 

VoB. M., 1997. Seasonal variability of sediment trap collec- 
tions in the Northeast Water Polynya. Part ? Rk+.rm;fi~l n-d Y Ir-..-.‘..C”I -11 
microscopic composition of sedimenting matter. J. Mar. Syst., 

199 I. Marine mammals in Peary Land, North Green- 
land. Polar Rec., 27: 357-359. 

Carstens, M., 1994. Melt Ponds. In: H.-J. Hirche and G. Kattner 
(Editors), The 1993 NEW Expedition scientific cruise report 
on r/v “Polarstern” Ark IX/2 and 3. er. Polarforsch., 142: 
80-82. 

Eilertsen, H.Ch., Taasen, J.P. and Weslawski, J.M.. 1989. Phyto- 
plankton studies in fjords of west Spitsbergen. Physical envi- 
ronment and production in spring and summer. J. Plankton 
Res., I I: 1245-1260. 

Fortier. L.. 1994. The magnitude and fate of biogcnic carbon 
production in and outside the NEW Polynya: recycling versus 
export to fish and deep waters. Unpubl. Rep. 

Golovin, P.N.. Kochetov. S.V. and Timohov. L.A.. 1993. The 
charueteristic fcaturcs of tkermohalinc? structure in the Arctic 
Ice lea&i, Bkeanalogiu, 33: 833-838. 

Gosselin, M., Lcgendre, L. and Peswnt, S., 1994. Brimury prsduc- 
tion in the NEW Polynya. Unpubl. Rep. 

Gullikscn, B., 1984. Under ice fauna from Svalbard waters. 
Sarsia, 69: 17-23. 

Gulliksen, B. and Lonne, M., 1989. Distributian, abundance and 
ecological importance of marine sympsgic fauna (under ice 
fauna) in the Arctic. Rapp. Proc. Verb. Reun. Cons. Int. 
Explor. Mer, 158: 126-130. 

Helium von Quilifeldt, C., 1997. Distribution of diatoms in the 
Northeast Water PoPynyu. Greenland. J. Mar. Syst., IO: 2: ; .- 

240. 
Hirchc, H.-J. and Kwasnicwski, S., 1997. Distribution. reprduc- 

tion and development of Cnlurzlrs species in the Northeast 
Water in relation to environmental conditions. J. Mar. Syst.. 
IO: 299-3 17. 

Hirche, H.J., Hagen, W., Mumm, N. and Richter, C.. 1994. The 
Northeast Water Polynya, Greenland Sea. III. Meso and 
macroplankton distribution and production of dominant her- 
bivorous copepods during spring. Polar Biol., 14: 491-503. 



Hocl, A, (Editor), 1935. Zoological research of the Norwegian 
Scientific Expeditions to East Greenland. Shrift. Svalb. Ishilvet, 
ti l-55. 

Huppen, H.E. and Josberger, E.G., 1980. The melting of ice in 
cold stratified water. J. Phys. Oceanogr., 10: 953-960. 

n, A.. 1936. Oceanographic investigations in East Green- 
waters in the summers of 1930-1932. Skrift. Svalbard 

Ishavet, 67: 38-72. 
Joiris, C,, Helsen, L., Tahcn, J. and Vens, V., 1994. Marine 

mammals and birds during ARK IX/2 and 1X/3. In: H.-J. 
Hirche and G. Kattner (Editors), The 1993 Northeast Water 
Expedition, Scientific cruise report of HV “Polarstern” Arctic 
Cruises Ark IX/2 and 3, USCG “Polar Sea” Cruise NEWP 
and the NEWL,and expedition. Rep. Polar Res., 142: 112- 119. 

Just, J,, 1970. Amphipoda (Crustacea) from Jorgen Bronlund 
Fjord. Medd. Gtinl., 184: 1-39. 

Kattner, G, and Hirche, H.J., 1994. The Northeast Water Expedi- 
tion. Data report of RV “Polarstem“ Arctic Cruises IX/2 and 
3, Rep, Polar Res., 145: l-267. 

Kattner, G. and Bud&s, G., 1997. Nutrient status of the Northeast 
Water Polynya. J, Mar. Syst., 10: 185-197. 

Koszteyn, J. and Kwasniewski, S., 1989, Comparison of fjord and 
shelf mesonooplanktan communities of the southern Spitsber- 
en region, Rap. Proc. Verb, Reun, Cons. Int, Explor. Mer, 

188: 164-169. 
Kramp, P,L., 1943. Hydroida. The Zoology of East Greenland. 

Medd. Gnnl,, 121: l-52, 
Lam, R,J., Kattner, G., Tillmann, U, and Hirche, H,J., 1994. The 

st Water polynya (Greenland Sea) II. Mechanisms of 
nutrient supply and influence on phytoplankton distribution. 
Polar Biol,, 14: 483-490. 

Le re, L,, Pesant, S. and Robineau, B., 1994, Development 
fate of phytoplankton in the Northcase Water Polynya. In: 
rtier (Editor), The magnitude and fate of hiagenic c&on 
ction in and outside the NEW Polynya: recycling versus 

export to fish and deep waters, Wnpubl. Rep, 
MelnCkov, 4, A,, I989, f the ANtic sea ice. AN SSSR, 

lnrt, Obonol, Sin 192 pp,, in Russian. 
9, Production of zooplankton in the Ocean: the 

d ptxtilams, Oceano r, Mar, Biol, Annu, Rev., 

1993. Composition and distribution of mesozooplank- 
ton in the Nansen Basin, Arctic Ocean, during summer, Polar 
Biol,, 13: 451-461, 

Munk, JE and Macintosh, R,A., 1993, Continuing studies of 
reen urchin wth and recruitment near Kodiak, Alaska, J. 

Shellfish Rest, 12: l-145, 
Muus, B,, Sdomonsen, F. and Vibe, Ch., 1981. Groenlands 

Fauna. Gyldendal Narsk, 463 pp. 
Petersen, G,H,, NW. Thct reconstruction of the paleoclimate. In: 

VM KotIiakov and V.E. Sokolov (Editors), Arctic Research; 
Advances and Prospects. Part 2, pp. 271-2110. 

Platt, T.H., Harrison, W.G.. Irwin, B., Home, E.P. and Gallegos, 
C.L., 1982. Photosynthesis and photoadaptation of marine 
phytoplankton in the Arctic. Deep-Sea Res., 29: 1159- I ! 70. 

Rey. F. and Loeng, H., 1985. The influence of ice and hydro- 
graphic conditions on the development of phytoplankton in the 
Barents Sea. In: J. Grey and M.E. Christiansen (Editors), 
Marine Biology of Polar Regions and Effects of Stress on 
Marine Organisms. Wiley, UK. 

Roen, U., 1962. Studies on freshwater Entomostraca in Greenland 
II. Medd. Gr@nl., 170: 2, l-240. 

Roen, U., 1988. Remains of early glacial Cladocera from North 
Greenland. In: V. Sladece (Editor), Proc. 23rd Cong New 
Zealand (8th Feb., 1987). Vol. 23, pp. 845-847. 

Schellenberg, A., 1935. Die Amphipoden der Norwegischen Ex- 
pedition nach Ost Gronland in den Jahren 1929. 1930. 1931 
und 1932. Skr. Svalb. Ishavet, 66: 7-39. 

Schiotte, T., 1988. Marine Mollusca from Jorgen Bronlund Fjord, 
North Greenland, including the description of Diaphana 
mfelsby, n.sp. Medd, Gronl. Biosci., 28: l-24. 

Schneider, W. and Bud&s, G., 1994. The North East Water 
polynya, (Greenland Sea) I. A physical concept of its genera- 
tion, Polar Biol., 14: l-9. 

Schneider, W. and Bud&us, G., :997. Summary of the Northeast 
Water Polynya formation and development. J. Mar. Syst., 10: 
107-122. 

Smidt, E.L.B., 1979. Annual cycles of Primary Production and of 
zooplankton at Southwest Greenland. Medd. Grtanl. Biosci., 1: 
l-55. 

Stcphensen, K., 1944. The zoology of Enst Greenland; Am- 
phipoda. Medd. Grand., 121: I-161. 

Subba Rao, D.V. and Platt, T.H., 1984. Primary production of 
Arctic waters. Polar Biol., 3: 191-202. 

Thorson, G,, 1934. Contribution to the animal ecology of the 
Scoresby S18und fjord c~tmplcx, East Greenland. Medd. Granl., 
100: 1-67, 

Wassmau, P., 1990, Relations between primary fund export pro- 
duction in the boreal coastal zone of the North Atlantic. 
Limnol. Oceanogr., 35: 464-47 1. 

Wcslawski, J,M, and Zajaczkowski, M., 1992. Benthos of the 
Tikhaia Bay. In: 1. Gjertz and B. Mtirkved (Editors), Environ- 
mental Studies from Franz Josef Land, with Emphasis on 
Tikhaia Bay, Hooker Island. Norsk Polarinst. Medd., 120: 
23-34, 

Weslawski, J,M,, Kwasniewski, Jezierski, J,, Moskal, W. and 
Zajaczkowski, M., 1988. Seasonality in an arctic fjord system, 
Homsund, Spitsbergen. Polar Res., 6: lg5- 189. 

Weslawski, J.M., Kwasniewski, S. and Wiktor, J., 1992. Winter in 
a Svalbard fjord ecosystem. Arctic, 44: 115-123. 

Weslawski, J.M., Kwasniewski, S., Wiktor. J. and Zajaczkowski, 
M., 1993. Observations on the fast ice bian in the fjords of 
Spitsbergen. Polar Res., 14: 331-343. 


