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Table 4.22 Annual numbers of collared lemming winter
nests recorded within the 1.06 km? census area in the
Zackenberg valley 1996-2011 together with the num-
bers of animals encountered by one person with com-
parable effort each year within the 15.8 km? bird census
area during June-July.

Year New winter Old winter Animals
nests nests seen
1996 84 154 0
1997 202 60 1
1998 428 67 43
1999 205 36 9
2000 107 38
2001 208 13 11
2002 169 20 4
2003 51 19
2004 238 15 23
2005 98 83 1
2006 161 40 3
2007 251 21 1
2008 80 20 4
2009 55 9 0
2010 27 23 0
2011 27 3 0

winter nests during July and August. Du-
ring the entire season, when weather per-
mitted, Arctic hares Lepus arcticus in the
designated monitoring area on the south-
east and east facing slopes of the mountain
Zackenberg were censused during 7 July
(day 188) — 15 September (day 258).

The total numbers of muskoxen, includ-
ing sex and age from as many individuals as
possible, were censused weekly within the
47 km? census area during the period July -
October. The 16 known Arctic fox Vulpes la-
gopus dens (number 1-10 and 12-17) within
the central part of the Zackenberg valley
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were checked approximately once a week
for occupancy and breeding. The 29 fixed
sampling sites for predator scats and casts
were checked in late August and early Sep-
tember. Observations of other mammals
than collared lemming, Arctic fox, musk ox,
Arctic hare and seal sp. are presented in the
section “Other observations” below.

For the sixth year in a row, BioBasis col
lected Arctic fox scats for the analysis of
parasitic load.

Collared lemming Dicrostonyx groen-
landicus
In 2011, a total of only 27 collared lem-
ming nests from the previous winter were
recorded within the 1.06 km? census area
(table 4.22). This is the same low number
as in 2010. All previous years have had
higher numbers.

As in the seven previous seasons, not
a single nest was found depredated by
stoat in the 2011 season (figure 4.6). No
lemmings were seen by bird observers, re-
searchers or staff.

185 201 212 227

248 262 277 297

DOY

Figure 4.6 Number of
collared lemming winter
nests registered within
the 1.06 km? designated
lemming census area (red
line), along with the per-
centage of winter nests
taken over by stoats (blue
line) 1996-2011.

Figure 4.7 The sex and
age composition of
muskoxen registered du-
ring the weekly field cen-
suses within the census
area during the 2011 sea-
son (for the counts from
5 September (day 248)
onwards, only a part of
the area was censused
due to length of daylight).
F=female, M=male.
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Table 4.23 Sex and age composition of muskoxen based on weekly counts within the 47 km? census area in the Zackenberg valley from July — Au-
qust 1996-2011.

Year

1996

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

M4+
Total %
97 29
144 38
109 30
127 30
114 20
123 23
122 22
212 23
205 29
391 25
267 34
269 42
246 49
267 46

F4+

Total %
97 29
106 28
118 32
120 29
205 36
208 39
98 18
260 28
123 17
341 22
189 24
176 28
101 20
181 31

M3

Total

22
21
1

20
24
13
1
29
73
38
32
40
24
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Total

31

19
21
15
19
24
23
28
46
55
152
57
38
26
16
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54

30

26
38
16

43
62
80
44
32
29

Musk ox Ovibos moschatus
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Total

17

27
12

19
43
19

21
34
83
58
23
21
12

The muskoxen counts from a fixed posi-
tion are no longer undertaken.

Based on the weekly field censuses, ta-
ble 4.23 lists the sex and age composition
over the seasons during July and August.
In 2011, again males of four years or older
constituted the highest proportion recor-
ded. After two years with very few calves
observed, this group has now increased

Table 4.24 Fresh muskoxen carcasses found during the field seasons of 1995-2011.

F=female, M=male.
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carcasses

4+ yrs
F/M

3yrs
F/IM

2yrs
F/IM

1yr Calf
F/M

0/1
7
0/2
0/2
0/1
0/6
0/4
172 1/0 1
0/2 1
m”m
2/3
0/2
3/4
31
4/5
2/1
2/1

0/1 0/2

1/0

m”m
1/0 1

1/0 1

0/1
1/0 1/0

2/0

N 00 U1 W N =

0/1

Unsp. No. of week-
1M+1F Calf adult ly counts
Total % Total % Total %
14 4 22 1 0 8
5 1 30 32 8 8
31 8 73 20 1 8
43 10 55 13 4 1 7
51 9 77 13 0 8
44 8 72 14 0 8
32 6 124 23 119 22 7
116 13 200 22 6 1 9
102 14 94 13 0 7
202 13 246 16 1 9
58 7 63 8 18 2 8
30 5 18 3 21 3 8
8 2 18 4 15 3 9
11 2 53 9 8 1 8

in both absolute values and relatively. On
the other hand, both male and female two-
year-olds did show a decrease compared
to recent years. The mean number of ani-
mals per count was 72.3. This is just below
average for all previous seasons. Figure
4.7 illustrates the temporal development
in the proportions of the different sex and
age classes during the 2011 season. A simi-
lar trend to previous seasons was seen
with the proportion of males of four years
of age or older showing a decrease over
the course of the season and females of the
same age class showing an increase.

Three fresh musk ox carcasses (one
male and two females) were found within
the musk ox census area during the 2011
season (table 4.24). In addition, two car-
casses (two males) thought to have been
overlooked in 2010 were found inside the
survey area and two fresh carcasses were
found outside the survey area. Remains of
muskoxen calves were found at some of
the fox dens.

Arctic fox Vulpes lagopus

In 2011, breeding was verified in three
dens and a combined minimum of seven
fox pups (all white colour phase) were ob-
served at the known dens (table 4.25). Late
in the season, one adult dark colour phase
fox was observed in the field on one occa-
sion.
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Table 4.25 Numbers of known fox dens in use, numbers with pups and the total number of pups recorded at their ma-
ternal dens within and outside the central part of the Zackenberg valley 1995-2011. W=white phase, D=dark phase.

Year No. of No. of dens No. of Total no. of pups
known dens in use breeding dens recorded
inside/outside inside/outside inside/outside
1995 a0 oo oo 0
1996 5/0 4/0 2/0 5W+4D
1997 5/0 1/0 0/0 0
1998 5/0 2/0 1/0 8w
1999 7/0 3/0 0/0 0
2000 8/0 4/0 3/0 W
2001 10/2 6/1 31 12W+1D
2002 10/2 5/1 0-1/0 0
2003 11/2 8/1 3/0 17W
2004 12/2 12/2 41 18+W
2005 14/2 6/0 0/0 0
2006 15/1 6/1 3/0 17W
2007 14/1 121 31 23W
2008 15/1 141 4/1 24W
2009 15/1 131 3/0 10w
2010 16/1 14/1 2/0 1MW
2011 16/1 9/0 31 7W

Table 4.26 Numbers of Arctic hares within the designat-
ed census area per observation day counted during July
and August 2001-2011.

Year Counts Average SD Range
2001 22 1.2 1.3 h 0—5
2002 16 0.4 0.6 0-2
2003 20 2.4 1.8 0-6
2004 23 0.9 1.1 0-3
2005 48 5.5 5.1 0-26
2006 39 5.9 3.7 1-19
2007 18 4.8 3.0 0-11
2008 17 2.5 23 0-7
2009 16 4.8 2.8 1-12
2010 18 3.1 1.9 0-7
2011 14 2.7 1.7 1-7

Arctic hare Lepus arcticus

In 2011, fourteen counts with good visi-
bility were made during July and August
with a mean of 2.7 hares per census (table
4.26). This is very close to average for all
available previous seasons (3.2). An addi-
tional four counts were carried out in Sep-
tember with a mean of 6.0.

Other observations

Polar bears Ursus maritimus were observed
during the 2011 season on several occa-
sions. From 2-8 June one adult male and
one adult female was continously obser-

ved on the ice of Young Sund as close as
3 km from the station. It was presumably
a mating couple although no copulations
were observed with certainty. In addi-
tion, 8 June, an adult female with two cubs
were observed walking SW on the ice of
Young Sund about 5-6 km from the sta-
tion. They turned and disappeared in a
southerly direction. On 12 June an adult
male and a female (presumably the same
as the couple mentioned above) was ob-
served on the ice of Young Sund walking
towards Tyrolerfjord about 6 km from the
station. At the same time 12 June a lonely
adult, presumably male, was observed on
the ice of Young Sund walking towards
the station. It turned NW following the
coastline until the Old Delta about 1.2 km
from station where it again turned and left
in a SW direction towards Clavering .
Lastly, 16 June a single adult (presumably
same as the single individual obser-ved 12
June) was seen, again on the ice of Young
Sund about 4-5 km from the station, first
lying and later standing in wait for a seal
at two different seal breathing holes. Pre-
sumably this same bear was again ob-
served 17 June. This is by far the season
with most polar bears observed. Contrary
to previous observations of polar bears at
Zackenberg, none of them was observed
on land.

In 2011, no stoats Mustela erminea were
observed, and none of the new lemming

59
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Table 4.27 Wildlife specimens collected for tissue sam-
ples in 2011 and all seasons, respectively.

Species 2011 1997-2010
Arctic char 0 6
Arctic fox 1 1
Arctic hare 12 13
Collared lemming 0 6
Common raven 1 1
Dunlin 1 5
Glaucous gull 0 1
Gyr falcon 0 1
Muskoxen 10 73
Northern wheatear 0 1
Rock ptarmigan 0 2
Ruddy turnstone 1 1
Seal (sp.) 0 1
Three-spined stickleback 0 6
Fourhorn sculpin 5 5

winter nests found in the census area were
depredated by stoats. During the standar-
dised collection of scats and casts, seven
stoat scat was found (table 4.28).

Walrus Odobenus rosmarus was observed
in Young Sund from boats on several occa-
sions. BioBasis did one landing on Sandeen
23 July, where 12 walrus hauling out were
observed. On 12 September, Sandeen was
surrounded by drifting ice and one walrus
was seen on the ice near the island.

Censusing of the seals hauling out on the
ice of Young Sund is no longer part of the
monitoring programme. On 21 August a sin-
gle adult bearded seal was observed resting
on an ice floe just outside the old river delta.

Table 4.28 Numbers of casts and scats from predators collected from 29 permanent
sites in the Zackenberg valley. The samples represent the period from mid/late August
the previous year to mid/late August in the year denoted.

Year

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Fox scats

10
46
22
31
38
67
20
16
24
29
54
30
22
22
28

Stoat scats Skua casts
69
31
33
39
32
16
27
7
15
13
16
11
3
15

Owl casts
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Collection of wildlife samples

Tissue samples from dead vertebrate spe-
cies encountered in the field were collec-
ted (table 4.27). In addition, scats and casts
were collected at 29 permanently marked
sites in the Zackenberg valley (table 4.28).

4.5 Lakes

The two lakes, Sommerfuglese and Lange-
mandssg, situated in Morsenebakkerne,
were sampled six times during the period
10 July to 23 October 2011. This represent
both the summer period (July and August),
which has been sampled since 1997, and
the autumn period (September and Octo-
ber), that has been sampled during a num-
ber of extended seasons. The reason for the
latter is that results from our research pro-
jects during the last few years clearly have
shown biological activity in the lakes after
the ice-over in early/mid-September (see
Jensen and Rasch 2009 and 2010). Hence, an
extension of the standard sampling period
was carried out to allow for verification of
the findings.

It appears that the 2011 season was com-
parable to the 2010 season, both characte-
rized by a fairly early ice-off and a warm
summer (tables 4.29, 4.30 and 4.31). July
and August represent the standard samp-
ling period (i.e., the period sampled every
year) while September and October repre-
sent the autumn/early winter situation.

An automatic camera was set up at
Langemandsse in October 2010 and it has
been taking pictures of the lake weekly un-
til May 2011 and thereafter daily until the
ice was melting at the end of June 2011.

Ice and snow

Based on visits to the lakes and visual in-
spections by binoculars from the slopes

of Aucellabjerg it was estimated that both
lakes were 50 % ice free in late June (25
June for Sommerfuglese and 28 June for
Langemandssg). The ice conditions at
Langemandsso were verified by the auto-
matic camera (figure 4.8), although it was
not possible to estimate the ice coverage as
the entire lake is not included in the came-
ra view.

The lakes became ice covered again
from mid-September (table 4.29). This im-
plies the so-called growing season lasts
approximately 75 days. The ice-out and
ice-in dates were within the range found
for previous years (tables 4.30 and 4.31).
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Table 4.29 Physico-chemical variables and chlorophyll a concentrations in Sommerfuglesa (SS) and Langemandsse
(LS) during July-October 2011.

Lake SS SS SS SS SS SS LS LS LS LS LS LS
DOY 2011 191 213 232 260 275 296 191 213 232 260 275 296
Ice cover (%) 0 0 0 100 100 100 0 0 0 100 100 100 .
Temperature (°C) 99 141 84 37 31 1.9 103 153 85 24 3 0.3
pH 66 67 64 67 65 67 68 69 65 67 65 65
Conductivity (uS cm™') 19 21 26 31 34 39 27 29 36 50 45 64
Chlorophyll a (ug I'") 0.57 046 042 055 0.77 1.01 0.69 0.67 055 0.77 1.26 1.76
Total nitrogen (ug I'") 190 230 240 230 190 290 210 270 200 200 160 220
Total phosphorous (ug I") 10 6 8 4 3 4 4 4 4 8 4 4

Table 4.30 Average physico-chemical variables in Sommerfuglese (SS) in 1999-2011 (July-August) compared to single values from mid-August
1997 and 1998. ND = no data.

Lake SS SS SS SS SS SS SS SS SS SS SS SS SS SS SS
Year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Date of 50% ice cover ND 192 199 177 183 184 175 176 169 186 166 181 179 165 176 .
Temperature (°C) 6.3 6.5 6.1 10.1 8.4 8.3 11 8.7 9.8 10.1 10 106 95 104 108
pH 6.5 7.4 6.7 5.8 6.6 6 6.5 6.3 6 6.2 6.6 5.9 6.7 6.7 6.6
Conductivity (uS cm™) 15 13 10 18 18 8 12 15 22 11 10 16 22 18 22
Chlorophyll a (ug I'") 0.84 0.24 041 0.76 067 1.27 184 162 159 065 149 057 089 126 0.50
Total nitrogen (ug I'") ND 130 210 510 350 338 277 267 263 293 323 238 298 248 220
Total phosphorous (ug I''l) 4 9 1 10 19 1 1 7 9 8 10 6 7 5 8

Table 4.31 Average physico-chemical variables in Langemandsse (LS) in 1999-2011 (July-August) compared to single values from mid-August

1997 and 1998. ND = no data.

Lake LS LS LS LS LS LS LS LS LS LS LS LS LS LS LS
Year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Date of 50% ice cover ND 204 202 182 189 187 183 178 173 191 167 182 172 174 178 .
Temperature (°C) 6.8 6.4 4 9.5 8.4 8.1 1.1 91 105 98 106 838 9.1 9.2 114
pH 6.5 7 6.3 5.5 6.4 5.5 6.1 6.1 6 6.3 6 5.7 6.5 6.6 6.7
Conductivity (uS cm™) 8 9 7 9 8 6 6 8 14 5 7 7.8 18 15 31
Chlorophyll a (ug I'") 104 032 038 09 146 272 314 098 162 056 154 092 1.06 1.20 0.60
Total nitrogen (ug I'") ND 80 120 290 340 387 237 230 247 203 268 138 172 208 227
Total phosphorous (ug I") 8 7 7 1 20 13 10 1 1 6 8 6 9 10 4

Figure 4.8 Photo taken
by the automatic camera
of the 50 % ice covered
Langemandsse 28 June
2011.
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Figure 4.9 Photo of an ice
and partly snow covered
Langemandssa in mid-
May 2011. Photo: Kirsten
S. Christoffersen.
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Table 4.32 Biovolume (mm? I'") of phytoplankton species in Sommerfuglese and Langemandssa during July-October
2011.

Lake SS SS SS SS SS SS LS LS LS LS LS LS
DOY 2011 191 213 232 260 275 296 191 213 232 260 275 296
Nostocophyceae 0 0 0 0 0 0 0 0 0 0 0 0 .
Dinophyceae 0.160 0.761 0.850 0.052 0.055 0.016 0.114 0.017 0.150 0.125 0.058 0.026
Chrysophyceae  0.058 0.110 0.099 0.066 0.064 0.119 0.244 0.186 0.121 0.094 0.163 0.163
Diatomophyceae 0.001 0 0 0 0 0 0 0 0.002 0.001 0.001 0.001
Chlorophyceae  0.001 0 0 0014 0.000 0 0.004 0.058 0.051 0.020 0.026 0.008

0.000 0.002 0 0 0 0 0 0
0.119 0.137 0.363 0.261 0.324 0.240 0.248 0.199

Others 0 0 0 0.008
0.220 0.871 0.948 0.139

Total

The snow conditions of both lakes Physical and chemical conditions

were inspected in mid to late May as part
of a research project (see section 6.11). It
appeared that approximately 15% of the
ice surface of Langmandsse had no snow
(figure 4.9) and the rest of the lake had

a snow layer of 2 to 20 cm. By contrast,
Sommerfuglese was totally covered by a
thick (20-45 cm) layer of snow in May.

The early ice melt and a warm summer
lead to water temperatures of 14-15°C in
early August (tables 4.29). The mean tem-
peratures for the entire summer period
were 10.8 and 11.4°C in Sommerfuglese
and Langemandssg, respectively (table
4.29). This implies that the season on ave-
rage followed the general trend of warm-

Table 4.33 Average biovolume (mm? I') of phytoplankton species in Sommerfuglese during summer (July and Au-
gust) from 1997 to 2011 (note that some years are missing).

Lake SS SS SS SS SS SS SS SS SS SS SS SS

Year 1998 1999 2001 2002 2003 2005 2006 2007 2008 2009 2010 2011
Nostocophyceae 0 0.005 0 0 0 0 0 0 0 0 0 0 .
Dinophyceae 0.034 0.044 0.015 0.006 0.027 0.185 0.068 0.113 0.184 0.053 0.248 0.590
Chrysophyceae  0.022 0.096 0.358 0.066 0.237 0.554 0.145 0.386 0.092 0.261 0.303 0.089
Diatomophyceae 0.002 0 0.001 0 0 0 0007 O 0 0.003 0.005 0.001
Chlorophyceae  0.005 0.002 0 0 0.002 0.009 0.004 0.001 0 0 0 0.001

0.002 0 0
0.68

Others 0 0 0004 O 0 0 0 0 0
Total 0.06 0.15 038 0.07 0.27 0.75 0.22 0.50 0.28 0.32 0.56
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Table 4.34 Average biovolume (mm? I') of phytoplankton species in Langemandsse during summer (July and Au-
gust) from 1997 to 2011 (note that some years are missing).

Lake LS LS LS LS LS LS LS LS LS LS LS LS LS
Year 1997 1998 1999 2001 2002 2003 2005 2006 2007 2008 2009 2010 2011
‘Nostocophyceae O 0 0 0 ©0 0 0 O 0 O 0 0 0
Dinophyceae 0.291 0.185 0.305 0.04 0.156 0.123 0.03 0.068 0.05 0.222 0.095 0.118 0.094
Chrysophyceae  0.066 0.187 0.048 0.592 0.377 0.358 0.296 0.318 0.192 0.262 0.424 0.48 0.184
Diatomophyceae 0.002 0 0 0002 O 0 0 0009 O 0 0 0 0.002
Chlorophyceae  0.016 0 0.002 0.002 0 0.003 0.019 0.008 0.017 0.004 0.013 0.099 0.038
Others 0 0 0 0 0 0 0 0 0 0 0 0
Total 0.38 037 035 064 053 048 035 040 0.26 049 0.53 0.70 0.32 .

Table 4.35 Density (no I'") of zooplankton in Sommerfuglesa (SS) and Langemandssa (LS) during July-October 2011.

Lake SS SS SS SS SS SS LS LS LS LS LS LS
DOY 2011 191 213 232 260 275 2% 191 213 232 260 275 296
D b S L
Copepods 16.1 5.9 3.2 1.9 2.4 1.6 215 0 124 79 6.0 8.4

Rotifers

Others
Total - 236 30.1 187 231 238 23 376 239 265 310 15.2'““ . 85 -
ing that has been observed for several ous years (tables 4.30 and 4.31). The nu-
years (tables 4.30 and 4.31). trient concentrations (TP and TN) and pH

The basic water chemistry measure- remained at the same levels during the

ments included concentration of total ni-  autumn while the conductivity increased
trogen and total phosphorus as well as from mid-September in both lakes (table
conductivity and pH (table 4.29). The a- 4.29). This is probably an effect of free-
verage concentrations calculated for the zing as the ions are concentrated in the
summer period for all parameters were unfrozen water.

within the levels recorded during previ-

Table 4.36 Average density (no I'") of zooplankton species in Sommerfuglese during summer (July and August) from 1997 to 2011.

Lake SS SS SS SS SS SS SS SS SS SS SS SS SS SS SS
Year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
o e e e e e oeee L et ettt et e e e oo e er bt e e
Dashi sulon 03105 03 57 32 58 77 07 64 707 33 633 e 28778 34 .
Macrothrix hirsuiticornis 0.1 0 0 0 0 0 0 0 0.07 0 0 0 0 0 0
Chydorus sphaericus 0.05 0 0 0 0.06 0 0 0 0.13 0 0 0 0 0.1 0
Conenads 0000000000000 0000000000 0SSPSO OSSOSO

Cyclops abyssorum alpinus 08 05 05 03 05 02 09 03 0.07 027 2 1.27 047 2 1.5
(adult+copepodites)

Nauplii 5.7 1.3 6.5 1.1 1.4 2.3 0.3 0.3 0.2 167 0.13 1.93 0.07 3.7 6.9
e e e e e e et et e £t bttt et e e
Polyarthra dolicopthera 171 90 185 97 74 11 05 187 7.67 422 108 498 150.18 45 123

Keratella quadrata group 4.5 3 17 0 0 04 0.1 0 0 0.33 0 0 0 0 0

Conochilus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Euchlanis sp. 0 0 0 0 0 0 0 0 0.33 0.07 0 0 1.78 0 0
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Table 4.37 Average density (no ') of zooplankton species in Langemandssa during summer (July and August) 1997 to 2011.

Lake LS LS LS LS LS LS LS LS
Year 1997 1998 1999 2000 2001 2002
c|ad°g§ra
Daph},ia pu[e; 0 0 0 0 0 0010
Macrothrix hirsuiticornis 0 0 0.2 0 0 0 0 0
Chydorus sphaericus 0 0.1 0 05 01 007 O 0
chep},da
Cyclo;)s abyss;)"rum alpi;1us 33294122134 6886
(adult+copepodites)
Nauplii 52 38 64 31 45 45 42 0
Roﬁfe;a
Polyarthra dolicopthera 316 330 274 168 248 22 78 71 O
Keratella quadrata group 45 28 34 0 0 0.3 0 1.3
Conochilus sp. 0 0 0 0 0 0 0 0
Euchlanis sp. 0 0 0 0 0 0 0 0

LS LS LS LS LS LS LS

2003 2004 2005 2006 2007 2008 2009 2010 2011

Phytoplankton and zooplankton

The pelagic chlorophyll a concentration re-
flects the phytoplankton biomass and was
0.5 and 0.6 pg 1" in Sommerfugleso and
Langemandssg, respectively during sum-
mer and were within the levels recorded
in previous years (tables 4.30 and 4.31).
However, the chlorophyll concentrations
doubled in both lakes late in the season
(table 4.29). The increased concentration of
chlorophyll a in the late autumn is a con-
sequence of the raised nutrient concentra-
tions as indicated by the increased con-
ductivity mentioned earlier.

The phytoplankton communities were
dominated by dinophytes and chryso-
phytes (table 4.32) during most of the
season in Sommerfuglese and Lange-
mandsse. The remaining biomass in both
lakes was chlorophytes, chrysophytes
and occasionally diatoms. Typical genera
were Gymnodium, Peridinium, Uroglena,
Mallomonas and Ochromonas. The results
are comparable to findings from previous
years (tables 4.33 and 4.34). The phyto-
plankton diversity and biomass was low-
est in the beginning of the season, peaked
during August and remained surprising-
ly high during September-October, where
the light climate is rapidly declining.

4.9

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0.13 0.07 0.07 0 0 0 0.1

58 11.74 893 227 1411 15 13.6

2.2 513 1.07 3.07 227 53 54

99 18133 40 1853 32.67 463 9.9

0 41.33 0 2.6 0 1.3 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

The zooplankton community in Som-
merfugleso included cladocerans (Daphnia
pulex), copepods (Cyclops abyssorum) and
rotifers. The average abundance for the
summer period was 24 individuals I (table
4.35). Langemandsse had average zooplank-
ton densities up to 30 individuals I but
the community consisted only of copepods
and rotifers. The difference in species com-
position is caused by fish as Langemandse
holds a population of dwarf-sized Arctic
char. The recorded species composition as
well as densities in the summer period (July
and August) was within the range found
in previous years (tables 4.36 and 4.37). The
zooplankton abundances were surprisingly
high in the autumn but match the higher
food concentrations (chlorophyll).

Overall, the results from the standard
sampling programme showed similar trends
as several previous warm seasons with fairly
high water temperatures and high densities
of phyto- and zooplankton. The extended
sampling programme revealed that phyto-
and zooplankton are active long after the
ice-over has started and probably as long as
there is light. This implies that evaluations
of e.g. lake carbon budgets need to include
more than just the ice-free season.
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5 Zackenberg Basic

The MarineBasis programme

Mikael K. Sejr, Thomas Juul-Pedersen, Egon Frandsen, Martin Blicherand Ivali Lennart

This chapter presents results from the 9
year of the MarineBasis programme. The
programme conducts long-term moni-
toring of physical, chemical and biologi-
cal parameters of the coastal marine eco-
system at Zackenberg/Young Sund. The
intention is to be able to quantify any
climate related changes in this high Arc-
tic marine ecosystem. The programme is
conducted during a three week field cam-
paign in the summer combined with con-
tinuous measurements by moored instru-
ments during the rest of the year. Summer
measurements are primarily conducted in
the outer part of Young Sund and supple-
mented with data from Tyrolerfjord and
the Greenland Sea.

The sampling strategy during sum-
mer is to describe the spatial variation in
hydrographic parameters by sampling a
number of stations once (figure 5.1) and

also to determine the day-to-day varia-
tion at a single station. The programme
includes hydrographic measurements (sa-
linity, temperature, pressure, dissolved
oxygen, fluorescence, light profiles and
turbidity) combined with determination of
nutrient concentrations (NOx, PO.*, SiO,)
and surface pCO,. The species composi-
tion of phyto- and zooplankton is deter-
mined at a single station. On the sea floor,
the sediment-water exchange of nutrients,
DIC and oxygen is quantified. In addition,
the annual growth rate of the kelp Saccha-
rina latissima is estimated. To supplement
data collected in summer, a mooring is e-
stablished in the outer part of Young Sund
where continuous measurements of tem-
perature and salinity are conducted at two
depths and the vertical flux of sinking par-
ticles are estimated throughout the year
using a sediment trap.

Figure 5.1 Map of the sampling area. The dots represent the hydrographic sampling stations from the innermost Ty-
rolerfjord on the left to the East Greenland Shelf on the right.
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14 December 2010

Figure 5.2 Examples of images used to monitor ice conditions in 2010-2011 in Young
Sund. Photos: MarineBasis programme.
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5.1 Seaice

The sea ice conditions in Young Sund are
monitored by daily satellite photos, obser-
vation made by the Sirius Patrol and by
cameras mounted on the coast (figure 5.2).
In 2011, the sea ice broke up in Young Sund
approximately 11 July (figure 5.3). Perma-
nent ice formed again 20 October resulting
in an open-water period of 101 days close
to the average observation during the pro-
gramme. Snow thickness, measured by the
Sirius Patrol, was low with just 20 cm and
maximum sea ice thickness was measured
to 144 cm (table 5.1).

5.2 Water column

Annual data from mooring

The mooring was deployed 8 August 2010
and retrieved 5 August 2011. The two
CTDs positioned in 28 and 62 m depth re-
corded temperature and salinity every 20
minutes. Unfortunately, a malfunctioning
battery resulted in premature termination
of measurements at 28 m 18 May 2011.
Data from 62 m depth show the typical
seasonal variation (figure 5.4a). Tempera-
ture increased from August through Oc-
tober as warm surface water is gradually
being mixed down. At around Novem-
ber a maximum temperature of —1.4°C

is reached after which temperature de-
creased steadily to —1.75 °C correspond-
ing to heat loss to the atmosphere and
eventually sea ice formation. At around 1
May temperature started to increase con-
tinuously until the mooring was retrieved
in August. The seasonal variation of the
salinity is slightly different. A steady de-
crease from 32.35 to 32.00 was observed
from August to February. From February
until late May an increase was observed
reaching 32.15. Then salinity decreased
through June and July. The result is that
when measurement started in 2010 salin-
ity was above 32.3 but one year later was
reduced to 32. When plotting the differ-
ence (62 m-28 m) between values obtained
at the two CTDs (figure 5.4b) it is possible
to quantify the degree of vertical stratifica-
tion in the water column. When measure-
ment started temperature was lower and
salinity and density higher at 62 m. Sur-
prisingly, the difference between the two
depth increases during September most
likely as a result of the warm and low sa-
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Figure 5.3 Satellite image
showing condition 11 July
2011 when ice broke up
in the outer part of Young
Sund.

Table 5.1 Summary of sea ice and snow conditions in Young Sund.

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011
Ice thickness (cm) 120 150 125 132 180 176 155 148 144
Snow thickness (cm) 20 32 85 95 30 138 45 45 20
Days with open water 128 116 98 75 76 132 90 99 101
Figure 5.4 a). Time series
of salinity, temperature
j 62 h
13 26.1 04 {and density at 62 m dept
a in central Young Sund.
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Figure 5.5 Sinking fluxes
and accumulated sinking
fluxes of total matter and
total particulate carbon
(TPC) along with C:N ra-
tios of the material col-
lected during 2010/11 in
the outer part of Young
Sund.
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linity surface water gradually being mixed
down and hits the CTD at 28 m first. In
mid-October in about a week the tempera-
ture switched to being lowest at 28 m. This
most likely reflects that cooling took place
from the surface as sea ice formed. The
difference in salinity reached a maximum
of 2 psu units in late October and then de-
creased steadily as continued tidal driven
mixing eradicated the vertical stratifica-
tion. In late April difference in salinity

and density reached a minimum and then
started increasing again most likely as a
result of melting of sea ice and heating of
the surface water in the polynya outside
the fjord.

The annual mooring included a long-
term sediment trap comprised of 12 sepa-
rate bottles each sampling during a pre-
programmed interval. The array collected
sinking particulate material during 361
days (figure 5.5). High sinking fluxes of
total matter was recorded from August
to January, and the highest ever recorded
peak occurred in September (54.1 g m?
d?). During the rest of the deployment
period, i.e. February to August 2011, sink-
ing fluxes remained lower (below 1.5 g
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m2 d?!). The same seasonal trend was ob-
served for total particulate carbon (TPC),
showing a peak sinking flux of 669 mg m
d! during September 2010. The majority of
the sinking particulate material occurred
prior to January 2011, as illustrated by the
accumulated sinking fluxes. In addition,
the high overall sinking flux during Octo-
ber to January sampling interval was like-
ly dominated by higher fluxes early in the
sampling interval. Analysis showed that
the sinking material contained a high lith-
ogenic component (i.e. sedimentary ma-
terial) of either terrestrial or resuspended
origin, as the carbon content remained low
throughout the sampling period (1.2 to
5.1% of total matter; data not shown) and
the C/N ratio remained above 15 mol:mol
in all but two sampling intervals (11.8 and
13.4 mol:mol in August 2010 and April
2011, respectively). Annual vertical sinking
fluxes of total matter and TPC during the
2010-11 deployment (2337 and 31.9 g m™
y!, respectively) where the highest ever
recorded (207 and 1420 g m? y, and 3.2
and 17 g m? y! for TPC and total matter
from 2003-2010, respectively). Moreover,
the high sinking fluxes were dominated
by the September peak in 2010. The dis-
charge from the river Zackenberg did not
show any exceptional events in late sum-
mer 2010 that could explain the high par-
ticle load in the trap but the material could
originate from other rivers in the area or
from resuspension of marine sediments.

Summer distribution of hydrological
parameters

The spatial variation in hydrological condi-
tions is assessed by measuring vertical pro-
files along three transects in the fjord. One
transect extending from Tyrolerfjord to the
Greenland Sea was covered 2 August. Data
show large spatial differences related to the
input of freshwater in the inner parts of the
fjord. Salinity (figure 5.6) showed the typi-
cal freshwater wedge at the surface with
very low salinities in the top 1-2 m in Ty-
rolerfjord. Due to calm conditions surface
salinity was below 5 psu in the inner parts
of Tyrolerfjord. The freshwater wedge only
extended to 5-8 m depth in the Tyrolerfjord
and became gradually shallower towards
the Greenland Sea. Temperatures reflected
the freshwater stratification. Surface water
reached a maximum of 12°C in the cen-
tral part of Tyrolerfjord as the melt water
gradually warmed up. In the Greenland
Sea the cooling effect of melting sea ice re-
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Figure 5.6 Spatial varia-
tions in oceanographic
conditions along the fjord
transect 2 August 20171.
Data on salinity, tempera-
ture (°C), turbidity, fluo-
rescence and apparent
oxygen uptake (AOU umol
kg'). Measurements were
conducted to the bottom
but only the top 50 m are
shown.
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Figure 5.7 Spatial vari-
ation in oceanographic
conditions along a tran-
sect across the fjord near
Basalte. Data on tempera-
ture, salinity, fluorescence
and turbidity are present-
ed for the upper 50 m.
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bidity in the water column and hence light
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distribution of phytoplankton is estimated
by the fluorescence, which to some de-
gree is influenced by the turbidity. Hence
low fluorescence levels were found near
the surface at the inner part of Tyrolerfjord
and maximum values were found in the
Greenland Sea. Apparent oxygen demand
(AOP) measures the degree of over- or un-
dersaturation compared to the atmosphere
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with negative values meaning oversatu-
ration. Oversaturation of around 40 pmol
O, was found just below the pycnocline
at 10 m depth indicating that most part of
Tyrolerfjord has a net production of oxy-
gen by phytoplankton. In the Greenland
Sea where fluorescence shows maximum
values the oversaturation of oxygen is less
than in the inner fjord. This is most likely
because increased surface mixing since the
freshwater wedge disappears at the sill at
the entrance of Young Sund.

Another transect was conducted tra-
versing the fjord near Basalte (figure 5.7).
Data on temperature, salinity, turbidity
and fluorescence shows that freshwater
predominantly flows out of the fjord along
the southern coast whereas oceanic water
with higher concentration of phytoplank-
ton enters along the opposite coast.

In addition to the spatial variation in
the fjord, the short-term variation during
three weeks in August is quantified by vi-

siting the same station in the central part of
Young Sund eight to twelve times (figure
5.8). Variation in the upper 50 m is prima-
rily driven by weather conditions where
windy days can cause mixing of the surface
layer with high temperature and low sali-
nity but also influence the phytoplankton
concentration at greater depth. Two epi-
sodes with windy conditions occurred 3
and 13 September (day 215 and 225) resul-
ting in partial mixing of the warm surface
water in the top five metres. The fluore-
scence, which indicated a distinct subsur-
face peak at the beginning, was diluted and
subsequently moved up to about 25 m be-
fore disappearing during the second windy
period. Nutrient conditions were quanti-
fied three times at the Main Station (figure
5.9). NOx showed little variation during
the sampling period with low values near
the detection limit at the upper 30 m most
likely in response to phytoplankton uptake
with increasing concentrations from 50 to

71

Figure 5.8 Temporal varia-
tion in oceanographic
conditions at the Main
Station. Measurements of
temperature, fluorescence
and salinity were conduct-
ed to the bottom at 160
m but only the top 50 m
are shown.
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Figure 5.9 Vertical nutrient
profiles at the Main Sta-
tion in outer Young Sund
2011.

Figure 5.10 Summary of
hydrographic conditions
averaged over the 0-45 m
in August at the Main Sta-
tion in Young Sund.
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150 m. Phosphate concentration showed
less vertical variation with most values
ranging from 0.4 to 0.6 pM. Silicate concen-
tration was also low at the depth of phyto-
plankton production and increase toward
the surface and the bottom.

When averaging conditions for the up-
per 45 m at the Main Station, the summer
of 2011 was characterized by low salinity
and around average temperature compared
to previous years (figure 5.10). Nutrient
conditions were generally close to the aver-
age except for phosphate, which was high.

Surface pCO,
The partial pressure of CO, (pCO,) of the
surface water determines whether the

NO, concentration

3 4 5 6 0 2 4 6 8 10

SiO, concentration

(M) (HM)

fjord acts as a source or a sink for atmos-
pheric CO,. Measurements so far have re-
vealed that the fjord takes up CO, during
summer. Measurements of pCO, are con-
ducted along fjord transect 1 but also as
often as possible at the Main Station to es-
timate the temporal variation. At the Main
Station, the surface water was undersatu-
rated with CO, compared to the atmos-
phere resulting in negative ApCO, values
with an average of -88 ppm (figure 5.11a)
which is close the average for the previous
years. ApCO, values along the fjord tran-
sect showed less variation compared to
previous years where lowest values gene-
rally were observed in the inner part of
Tyrolerfjord (figure 5.11b). The surface wa-
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(figure 5.12) which represents average con-
ditions for 2003-2011.

Phytoplankton and zooplankton
Phytoplankton identification of the 2011
samples was carried out by Diana Kraw-
czyk, Institute of Geosciences at Univer-
sity of Szczecin, Poland. Very high domi-
nance of Chaetoceros species was found

at the Main Station, which constituted at
least 70 % of all cells in the water column
(table 5.2). The dominance of a few spe-
cies resulted in low evenness and high
Shannon Wiener diversity index values
compared to previous years. However, the
total number of species found was simi-
lar to previous years and the list of the

ten most abundant taxa also resembles
previous years except for the very strong
dominance of Chaetoceros species in 2011.
Zooplankton data (table 5.3) revealed very
high abundance of Oithona species that
constituted the high proportion of the total
copepod fauna recorded so far (58 %). The
average proportion of Oithona for 2003-
2010 was 35 %. The Arctic copepod Calanus
hyperboreus constituted about 6 % of the
total copepod fauna compared to 11 % on
average for the entire sampling period.

Figure 5.12 Attenuation coefficients (average = se) in the water column of photosyn-
thetical available radiation (PAR) during summers (2003-2011).

Table 5.2 Phytoplankton diversity in Young Sund at 0-50 m depth during 2011. The
ten most abundant species are listed together with the relative proportion (%) of total

cell count.
29 Jul 5 Aug 14 Aug

No. species 23 23 22
Shannon Wiener index 1.7 1.6 1.4
Pilous evenness 0.6 0.5 0.5
Species

Chaetoceros sp. 55.2 61.5 47.4
Chaetoceros costatus 72.9 70.7 58.8
Chaetoceros socialis 81.0 70.7 70.9
Pennate diatoms not determined 83.3 73.6 85.9
Fragilariopsis oceanica 87.2 80.2 87.3
Thalassiosira antarctica var. borealis 88.5 833 89.3
Chaetoceros decipiens 93.2 83.3 89.4
Eucampia groenlandica 93.6 84.9 93.1
Thalassiosira sp. 93.8 88.9 93.9
Thalassiosira hyalina 95.7 89.1 93.9
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Table 5.3 Summary of the copepod species composition at the Main Station in 2011.

Species

Calanus spp.

Calanus finmarchicus

Calanus glacialis

Calanus hyperboreus

Microcalanus pygmaeus
Microcalanus pusillus

Metridia longa

Oncaea borealis

Oithona similis

Oithona atlantica
Oithona spp.
Pseudocalanus spp.

Pseudocalanus minutus
Pseudocalanus acuspes

Pareuchaeta spp.

Pareuchaeta glacialis

29 July 5 Aug 14 Aug
_staduim/sex average SE average SE average ~ SE

Cl 0.0 0.0 0.0 0.0 0.0 0.0
cll 768.0 176.2 917.3 238.3 469.3 64.9
cln 117.3 28.2 330.7 87.3 304.0 106.5
Cl 0.0 0.0 0.0 0.0 0.0 0.0
ci 0.0 0.0 0.0 0.0 0.0 0.0
(enl]] 0.0 0.0 0.0 0.0 0.0 0.0
clv 53.3 10.7 10.7 10.7 10.7 10.7
cVv 405.3 153.8 736.0 115.4 368.0 40.3
female 117.3 10.7 181.3 10.7 53.3 53
male 0.0 0.0 0.0 0.0 0.0 0.0
Cl 0.0 0.0 0.0 0.0 0.0 0.0
cll 0.0 0.0 0.0 0.0 0.0 0.0
(enl]} 0.0 0.0 0.0 0.0 0.0 0.0
civ 74.7 74.7 0.0 0.0 0.0 0.0
cVv 320.0 115.4 533.3 46.5 400.0 24.4
female 42.7 10.7 64.0 48.9 32.0 9.2
male 0.0 0.0 0.0 0.0 0.0 0.0
ci 245.3 28.2 245.3 38.5 96.0 48.9
cin 42.7 28.2 32.0 32.0 5.3 53
clv 298.7 94.8 448.0 55.4 1333 23.2
cv 234.7 123.0 149.3 46.5 96.0 24.4
female 213 21.3 64.0 18.5 26.7 10.7
male 0.0 0.0 0.0 0.0 0.0 0.0
female 106.7 10.7 160.0 48.9 101.3 29.7
male 128.0 48.9 138.7 38.5 58.7 23.2
female 309.3 101.8 426.7 38.5 128.0 16.0
male 74.7 59.4 32.0 18.5 58.7 14.1
Cl 74.7 46.5 85.3 28.2 16.0 9.2
cll 85.3 28.2 32.0 0.0 16.0 9.2
(enll} 74.7 38.5 53.3 10.7 69.3 32.4
clv 0.0 0.0 0.0 0.0 37.3 14.1
cvVv 117.3 10.7 202.7 64.9 112.0 48.9
female 128.0 84.7 117.3 21.3 106.7 26.7
male 58.7 324 32.0 18.5 26.7 53
female 394.7 46.5 661.3 21.3 800.0 199.8
male 309.3 38.5 480.0 84.7 501.3 83.3
male 0.0 0.0 0.0 0.0 0.0 0.0
Cl 21.3 21.3 0.0 0.0 37.3 14.1
cll 213.3 83.3 384.0 97.8 245.3 120.2
cli 309.3 28.2 544.0 48.9 309.3 83.3
clv 597.3 123.0 768.0 97.8 400.0 115.7
cv 1120.0 254.0 1450.7 139.9 1226.7 318.0
female 3797.3 710.1 5162.7 1259.2 2453.3 420.2
male 437.3 93.0 618.7 21.3 186.7 41.7
female 0.0 0.0 0.0 0.0 0.0 0.0
female 0.0 0.0 0.0 0.0 0.0 0.0
Cl 74.7 46.5 106.7 46.5 64.0 24.4
cl 74.7 38.5 298.7 56.4 464.0 145.2
cln 42.7 28.2 138.7 21.3 288.0 99.9
clv 117.3 28.2 106.7 21.3 112.0 24.4
cv 106.7 42.7 85.3 28.2 165.3 35.0
female 74.7 10.7 170.7 76.9 170.7 74.7
male 10.7 10.7 10.7 10.7 0.0 0.0
female 0.0 0.0 64.0 18.5 10.7 10.7
male 0.0 0.0 0.0 0.0 0.0 0.0
Cl 0.0 0.0 0.0 0.0 0.0 0.0
cll 0.0 0.0 0.0 0.0 0.0 0.0
(enl]] 0.0 0.0 0.0 0.0 0.0 0.0
civ 0.0 0.0 0.0 0.0 10.7 10.7
cVv 0.0 0.0 0.0 0.0 10.7 10.7
female 0.0 0.0 0.0 0.0 0.0 0.0
male 0.0 0.0 0.0 0.0 5.3 5.3
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The relative proportions of the four large
copepod species are shown in figure 5.13a.
In 2009-2011 none of these species has
constituted more than 10% and the domi-
nance of the small Oithona species in 2011
corroborates this trend. Each year the ratio
between the Arctic copepod C. hyperboreus
and the more temperate C. finmarchicus is
calculated. In 2011 the C. hyperboreus/C.
finmarchicus ratio was 1.1 (figure 5.13b)
which continues the trend of shift in the
relative importance of the Atlantic species
C. finmarchicus compared to the Arctic spe-
cies C. hyperboreus. In 2003 and 2004 this
ration was significantly higher than for the
rest of the period.

5.3 Sediment

Sediment-water exchange rates of
oxygen and nutrients, oxygen condi-
tions and sulphate reduction

Organic material is supplied to the ben-
thos from the water column where it is
mineralized or buried in the sediment.
Different processes contribute to the min-
eralization of the organic material. The
material is oxidized in the upper oxic
zone of the sediment, while sulphate re-
duction is the dominant process in the

anoxic zone below. Intact sediment cores
are collected at the permanent sampling
station (water depth approximately 60 m)
and incubated at in situ temperature in
the laboratory where the exchange rates
across the sediment-water interface are
measured. The oxygen uptake (TOU) rate
was in the high end of the rates previous-
ly observed, while the ratio between TOU

Table 5.4 Sediment-water exchange rates of O, (TOU),
NO; + NO;, SiO, and PO~ measured in intact sediment
cores, diffusive oxygen uptake by the sediment (DOU)
and the ratios of DOU to TOU and SRR (sulphate reduc-
tion rate) to DIC flux. SRR/DIC flux is calculated in carbon-
equivalents. n denotes the number of sediment cores.
Positive values indlicate a release from the sediment to
the water column. All rates are in mmol m? d"'. SE de-
notes the standard error of the mean.

Parameter

DIC -
NO; + NO, -
NH,* -0.04
PO> 0.011
Si0, 0.198
SRR -
pou 4.009
TOU/DOU 1.649
SRR/DIC -
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Figure 5.13 a) The relative
abundance (%) of total
copepods found in vertical
net hauls at the Main Sta-
tion in 2011. b) The ratio
between the abundance
of the Arctic copepod Ca-
lanus hyperboreus (adults
and copepodits) and the
temperate Calanus fin-
marchicus in Young Sund.
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Figure 5.15 Average leaf growth (+SE) of the macroalgae Saccharina latissima at 70 m

depth in Young Sund.

17" Annual Report, 2011

and diffusive oxygen uptake (DOU) was
comparable to previous years (table 5.4).
The TOU/DOU rate is an indicator of
the bioturbation activity in the sediment.
Similar to previous years the oxic zone
extended down to approximately 1.5 cm
(figure 5.14). Due to technical difficulties
dissolved inorganic carbon (DIC) was not
analyzed in time for this report, and due
to bad weather sediment cores were not
collected for sulphate reduction experi-
ments in 2011.

Underwater plants

Large specimens of the brown algae Sac-
charina latissima are sampled in early Au-
gust every year. In this species, annual
production of new blades can be identi-
fied and the length, biomass and produc-
tion in terms of carbon can be estimated
(figure 5.15). In 2011, the length of the
new leave was short compared to previ-
ous years. The average was 106 cm — only
in 2007 has lower growth been recorded.
Light availability is most likely the pri-
mary driver of annual growth in this spe-
cies. Ice conditions are also an important
factor determining growth. Because the
species is perennial, the length of the leaf
blade most likely integrates light condi-
tion during the year of collection and

the previous years. The time series from
Young Sund are currently being used in a
study of how sea ice influence the spatial
and temporal variation in macro algae
growth and depth distribution in Green-
landic waters (Krause-Jensen et al. 2012).
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6 Research projects

6.1 Climate change and glacier
reaction in the Zackenberg
region

Bernhard Hynek, Daniel Binder, Gernot
Weyss, Gernot Resch and Wolfgang Schéner

The 2011 field season was subject to two
main activities: i) continuation of mass ba-
lance measurements at Freya Glacier on
Clavering @ and ii) field measurements for
the project Refreeze (Quantifying the influ-
ence of refreezing melt water on the mass
balance and runoff of Freya Glacier, NE-
Greenland), which has been carried out

in the frame of diploma thesis by Gernot
Resch. Refreezing of melt water is known
to play an important role in both the mass
and energy budgets of Arctic glaciers, ice
caps and the Greenland Ice Sheet. Refree-
zing may take place throughout a range of
englacial and supraglacial locations. Pro-
ject Refreeze aims to estimate refreezing
melt water for Freya Glacier from both field
measurements and a modelling approach
(surface energy and mass balance model).
Refreeze field work in summer 2011 inclu-
ded installation of an automatic weather
station (measuring incoming and outgoing
shortwave as well as longwave radation,
wind speed and wind direction, air tempe-
rature, humidity, air pressure, snow height,
ice ablation and ice temperatures (figure
6.1) as well as mapping of refreezing melt
water areas by GPR (ground penetrating
radar) measurements, ice coring and GPS-
surveying of the snow line.

Field work for the mass balance of
Freya Glacier was carried out around the
end of the melt season in late August 2011.
In order to determine the surface mass ba-
lance 2010/2011, ablation was measured at
approximately 15 stakes and accumulation
was measured with GPR and in snow pits.
Ablation during summer 2011 was higher
than in the previous three years as shown
in figure 6.2, which lead to a mean glacier-
wide surface mass balance of approxi-
mately -1000 mm w.e. in 2010/2011 (com-
pared to =750 mm w.e. in 2009/2010, —466
mm w.e. in 2008/2009 and -510 mm w.e.

in 2007 /2008). The mass balance data of
Freya glacier have been reported to World
Glacier Monitoring Service WGMS and
have been published in the annual mass
balance bulletins (http:/ /www.wgms.ch/
gmbb.html).

Glacier mass balance observations are
planned to be continued in summer 2012.
Further glaciological investigations are
planned at A.P. Olsen Ice Cap for spring
2012 for establishing a monitoring of sub-
and englacial water by geophysical, hy-
drological and glaciological methods (pro-
ject Glacioburst).

Figure 6.1 Automatic
weather station at Freya
glacier established during
summer 2011.
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Figure 6.2 Measured annual surface mass balance at the ablation stakes during the
last four years.
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6.2 Mercury (Hg) transport ence the process of methylation of inor-
from the terrestrial to the ganic Hg to methyl-Hg (Macdonald et al.
. . 2003), which is much more bioavailable
marine environment and will enter into the food web. Thawing
Frank Rigét, Mikkel P. Tamstorf, Martin glaciers and permafrost is another process,
M. Larsen, Gert Asmund, Julie Maria Falk, which may release Hg to the environment
Kirstine Skov and Charlotte Sigsgaard (Macdonald et al. 2003).
In 2009 and 2010, a project was carried
Inputs of mercury (Hg) to the environ- out with the aim of estimating the amount
ment comprise both natural and anthro- of total mercury (Hg) that is transported
pogenic sources. Hg is present in the to the coastal areas from the Zackenberg
Earth’s crust, mainly in the mineral cin- drainage basin and trying to identify the
nabar (HgS), and Hg is released in natu- most important input sources of this trans-
ral processes such as weathering of rocks port. In 2009 and 2010, a total 92 and 70
and volcanic/geothermal activity (AMAP  water samples were collected, respectively.
2011). Anthropogenic Hg-emissions come  The samples were filtered and both the
mainly from fossil-fuel fired power plants, filtered water and the retained sediment
small-scale gold mining, cement produc- were analysed for total Hg. A detailed de-
tion and metal manufacturing (AMAP scription of sampling and analytical proce-
2011). Global Hg emissions are likely to in-  dures is found in Rigét et al. 2011; Jensen
crease in the future (Streets et al. 2009) and  and Rasch 2009.
predicted climate variations in the Arctic The total amount of Hg transported by
are likely to influence Hg pathways. the sediment was 2.6 and 1.4 kg in 2009
It is uncertain how the influence of a and 2010, respectively (figure 6.3). In 2009,
warming climate will affect the Hg path- on 11 August an approximately 24 hours
ways although it is expected that changes  flood occurred in the Zackenberg river.
will happen. Increasing or changing pre- The flood was caused by an emptying
cipitation pattern may influence the Hg of a glacier lake (Jensen and Rasch 2009)
deposition from the atmosphere. Similarly, and approximately 60 % of the annual Hg
increasing temperatures will likely influ- transport by sediment occurred during
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Figure 6.3 Hg amount (red-daily, blue-accumulated) transported by the  Figure 6.4 Hg amount (red-daily, blue-accumulated) transported by the

sediment during the summer period 2009 and 2010.

water during the summer period in 2009 and 2010.
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this flood. In 2010 no such flood occurred,
which explains the lower total amount
that year. The daily amount of Hg in 2010
was highest in the beginning of the season,
from mid-August until the end of the dis-
charge season it was very low.

The total amount of Hg transported by
the water (filtered samples) was 47 g and
159 g in 2009 and 2010, respectively, which
is considerably lower than what was
transported by the sediment (figure 6.4).
The higher amount of Hg in 2010, even
though there was a higher total discharge
in 2009, is due to the higher Hg concentra-
tion in the water in 2010.

6.3 Plant-soil-herbivore inter-
actions in the Arctic — feed-
back to the carbon cycle

Julie Maria Falk and Lena Strém

Climate change is proceeding faster in the
Arctic than elsewhere on the Earth. These
changes will most likely alter the carbon
balance and the vegetations species com-
position, productivity and density (IPCC
2007b, ACIA 2005). The Arctic plant com-
munities and their carbon balance are not
only driven by the climate but can be af-
fected by grazing (Post and Pedersen 2008,
Rinnan et al. 2009, Van der Wal 2006).
Grazing has previous been shown to influ-
ence the carbon allocation and root exuda-
tion (Holland et al. 1996, Van der Wal and
Sjogersten 2007), greenhouse gas produc-
tion and emission (Holst et al. 2008, Sjoger-
sten et al. 2008) and plant species diversity
(Post et al. 2008, Olofsson et al. 2009). The
current understanding of these processes is
however limited and knowledge about this
can be of importance when discussing car-
bon balance in a changing climate.

In the summer 2010, five blocks were
established by BioBasis (Department of
Bioscience, Aarhus University, Denmark)
in the wetter part of the grassland in the
Zackenberg valley. Each block consisting of
three 100 m? squares, i.e. a control, a snow
fence and an exclosure preventing muskox-
en from grazing. The first measurements
were carried out in 2011 just after snow
melt and continued throughout the grow-
ing season. Each block was measured once
or twice per week and with several mea-
suring plots (40x40 cm) in each treatment.
The CO, and CH, fluxes were measured
with a closed chamber technique using a
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smal portable Fourier Transform Infrared
spectrometer (Gasmet Dx 40-30). Soil water
samples were taken to determine the con-
centration of the labile carbon compounds
(e.g. organic acids a readily available sub-
strate for CH, production). The physical
soil parameters; temperature, active 1ayer
depth, pH and water level were established
within each square at every measurement
and once during the season a vegetation
analyze were made in all the measuring
plots.

Figure 6.5 shows the CH, and CO, flux-
es from one of the blocks. There is relatively
large variation in the CH, fluxes from the
different treatments and a big standard de-
viation within the treatments. A large part
of the variation can be explained by the
changes in water level, active layer, organic

Figure 6.5 Gas flux mea-
surements from block
three in the wet grass-
land in the Zackenberg
valley summer 2011. The
blocks consist of three
treatments: A control,

an exclosure and a snow
control (only fence in the
wind dominated direc-
tion). a) is the CH, flux in
mg m? h''. b) is the plant/
soil CO, respiration, which
is measured with a dark
chamber. ¢) is the CO, flux
net ecosystem exchange.
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Figure 6.6 Climate ma-
nipulation plots under
Cassiope tetragona heath
in Zackenberg. Photo: Ji
Young Jung.

acid concentration and vegetation composi-
tion. The soil /plant respiration is more sta-
ble and is not leveling off as quickly as the
other fluxes. This is due to the temperature
still being relative high in mid-August. The
graph of the CO, flux NEE (net ecosystem
exchange) shows that the environment is
taking up more CO, than is respired during
the growing season.

We did not see any clear change in the
greenhouse gas fluxes, as a consequence
of excluding muskoxen grazing, after one
year. It is very likely that a trend may be
seen after several seasons of excluding
grazing. Both the treatment described here
and another grazing experiment will con-
tinue in the Zackenberg valley over the
next couple of years. Together with a de-
tailed laboratory study, which links graz-
ing, pore-water chemistry and greenhouse
gas fluxes, by using novel isotope tech-
niques we hope to be able to determine
both short and long-term effect of grazing
on the ecosystem.

6.4 Effects of climate mani-
pulations on soil organic
matter under Cassiope te-
tragona dominated heath
in Zackenberg, Greenland

Ji Young Jung, Yoo Kyung Lee, Anders
Michelsen and Niels Martin Schmidt

It is projected that climate change will be
more pronounced in the Arctic than further
south. Climate change will affect soil orga-
nic carbon (SOC) pools, which are directly
related to carbon dioxide fluxes. Thus, it is
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crucial to understand how soil processes
will respond to climate change in the Arc-
tic where large amount of SOC is accumu-
lated in many ecosystem types due to the
low rates of decomposition. In this study,
we aimed to understand the characteristics
of SOC and the effects of climate manipula-
tion on SOC in two high Arctic heaths. We
hypothesized that change in temperature
and in the growing season length would
affect microbial activities and thus the
amount and chemical composition of SOC.
This study was conducted in the long-
term climate manipulation plots estab-
lished in zone 1A in 2004 by Anders
Michelsen and coworkers. There are one
control (C) and four treatments plots, each
replicated five times: Warming (T), shad-
ing (S), short growing season (SG) and
long growing season (LG) (figure 6.6). A
detailed describtion of the manipulation
can be found in Klitgaard et al. 2006. Soil
sampling was conducted in the Cassiope
tetragona sites in 2011. Soil temperature,
litter layer thickness and thawing depth
were measured in the field. Three 15 cm
depth soil cores (5 cm diameter) were
taken in one plot, and each soil core was
divided into litter layer of 0-5, 5-10 and 10-
15 cm depths, and then three cores in the
same depth interval were pooled together.
For microbial community structure analy-
sis, 0.3-0.5 g of fresh soil was allotted to 1.5
ml of RNAlater solution on the sampling
date. Air-dried soil samples were passed
through a 2-mm sieve for further physical
and chemical analyses. Total carbon and
inorganic carbon were measured, and the
difference was regarded as soil organic
carbon (SOC). Density fractionation (so-
dium polytungstate, 1.55 g cm?) separated
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SOC as free light fraction (FLF), occluded
light fraction (OLF), and heavy fraction
(HF). For statistical analyses, one-way
ANOVA was used and the significance
level was set as 0.1.

Preliminary analyses show that thawing
depth and litter layer thickness were not
significantly different among treatments.
Soil temperature in the T treatment was 1.2-
1.5 °C higher than in the other treatments.
Bulk density, moisture content, and soil pH
did not vary among treatments. There were
no statistical differences in SOC, and SOC
in the 0-5 cm depth was in a range of 3.5 to
5.2%. Total inorganic carbon was rarely or
never detected across all treatments. Den-
sity fractionation showed that there were
differences in FLF, with lower amount of
FLF in the T and SG treatments than that in
control. Further analysis for SOC fractions
is currently taking place.

6.5 The role of plant interactions
on plant recruitment along a
snow depth gradient

Oriol Grau and Josep M. Ninot

According to recent climatic models, Arc-
tic regions are expected to undergo se-
vere changes in precipitation and tem-
perature regimes in the coming decades
(IPCC 2007a). The occurrence of distinct
vegetation types found in the high Arctic
is strongly determined by the amount of
snow cover and the length of the grow-
ing season (Elberling et al. 2008); therefore,
variations in these parameters may lead to
important alterations in the structure and
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functioning of plant communities. For in-
stance, changes in the strength of biotic and
abiotic stressors may lead to changes in the
nature of plant-plant interactions (i.e facili-
tative or competitive) along stress gradients
(Lortie et al. 2004 and Maestre et al. 2009).
Some studies suggest that plant-plant inter-
actions play a key role in plant species re-
cruitment in the high Arctic (Sohlberg and
Bliss 1984, Jones and Henry 2003).

In this study we investigate whether
plant-plant interactions affect plant recruit-
ment in three distinct plant communities
found along a mountain slope (Salix snow
bed, Dryas heath and fell field) associated
to a decreasing snow depth gradient from
the snow beds at the Zackenberg valley
bottom to the fell fields at higher altitude.
The fieldwork was conducted in July 2011
on Aucellabjerg, near the Zackenberg Re-
search Station. In each plant community we
selected a number of patches with dense
cover of i) Salix arctica, ii) Dryas octopetala x
intermedia and iii) mosses; then, we identi-
fied the species and counted the individu-
als occurring in each sample (in replicates)
in each of these communities.

We found no differences in species num-
ber and total number of individuals grow-
ing in the distinct patch types in snow bed
and heath communities (figure 6.7), but
these numbers decreased significantly in
Dryas patches in the fell field. Besides, the
Shannon diversity index in Dryas patches
clearly decreased from the snow bed at the
valley bottom to the fell field (figure 6.7).
Species diversity in the fell field was sig-
nificantly higher in moss and Salix patches
compared to Dryas patches. These results
suggest that moss carpets and Salix scrubs

Figure 6.7 Number of spe-
cies (left), number of indi-
viduals (middle) and Shan-
non diversity index (right)
in each patch type (M:
mosses; S: Salix, D: Dryas)
in each plant community
(Salix snow bed, Dryas
heath and fell field).
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Figure 6.8 Cassiope te-
tragona D. Don.

Photo: Noémie Boulanger-
Lapointe.

played a similar role in plant recruitment
in all the communities studied despite their
marked structural differences, whereas
Dryas did not show a constant pattern.
These differences could be ascribed to a dif-
fering performance of Dryas in the distinct
plant communities. According to Kohls et
al. 1994, Dryas species at higher elevations
lack N-fixing nodulation, whereas at lower
elevations becomes nodulated; under harsh
growing conditions, these plants will ac-
cumulate soil N rather than fixing atmos-
pheric N,, which is an energy demanding
process. Therefore, Dryas growing under
the severe conditions found in the fell fields
(i.e. with little protecting snow layer and
harsher climate), may act as a strong com-
petitor for soil N and may thus impair
plant recruitment.

In conclusion, these preliminary results
showed that species richness and diversity
in fell fields may be strongly determined by
the proportion of each patch type, whereas
in Salix snow beds and in Dryas heaths the
distinct patch types did not promote any
significant differences. Mosses and Salix in
fell fields may act as refugia for a high num-
ber of species, as diversity was not lower
compared to the other two communities, in
spite of the poorly vegetated aspect of this
harsh, upper zone. Contrarily, Dryas patches
in fell fields impaired plant recruitment and
species diversity. Such results suggest that
any future climatic changes altering the pro-
portion of Salix, mosses or Dryas cover may
have a noticeable influence on plant diver-
sity, especially in the fell fields.
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6.6 Arctic bell-heather — annual
growth in the Cassiope
heath

Claudia Baittinger and Noémie Boulanger-
Lapointe

Although it has been shown that dendro-
chronological analysis can be carried out
on dwarf shrubs, methodological difficul-
ties have restricted their use in the past
(Woodcock and Bradley 1994, Rayback
and Henry 2006).

During summer 2010 we collected 12
individuals of the Arctic bell-heather (Cas-
siope tetragona (L.) D. Don.), an evergreen,
strongly branched dwarf shrub, in a Cassi-
ope heath in the lowland of the Zackenberg
valley (figure 6.8). Even though the species
has numerous fragile branches, it was usu-
ally possible to collect the whole plant.

The material is currently being pro-
cessed in the laboratory and preliminary
results show that some of the individuals
are up to 100 years old. Part of the pro-
cess is the measuring of the stem length
increment as derived from the distances
between “wintermarkseptas”, which are
formed at the end of the summer growth
period when the pith is narrowing (Wei-
jers et al 2010, Rozema et al. 2009). From
these samples, we hope to be able to
build chronologies. This will make it pos-
sible to produce time series and proxy
data that can be used to describe past cli-
mate in the Zackenberg valley over the
last 100 years.
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To support our data obtained from the
samples collected in 2010 and to study
the growth patterns of C. tetragona more
closely, we collected 12 more individuals
in 2011. These plants were collected close
to the area sampled in 2010 (Boulanger-
Lapointe and Baittinger 2011). The annual
growth of the samples from the two sites
will be compared and we hope to be able
to confirm tree-ring data by cross-dating.
Earlier tree-ring studies, conducted in four
community types in the Zackenberg val-
ley have demonstrated a negative corre-
lation between Arctic willow’s (Salix arc-
tica Pall.) annual growth and spring snow
cover (Schmidt et al. 2010, Schmidt et al.
2006). Since S. arctica and C. tetragona are
growing side by side in the Cassiope heath,
we will compare the growth pattern of the
two species.

This ongoing work is part of “The
Northern Worlds’ project of the Natio-
nal Museum of Denmark. “The Northern
Worlds’ project is mainly funded by the
private foundation, Augustinus Fonden,
and is a scientific focus of the National
Museum of Denmark. This initiative hopes
to generate new insights and knowledge
in culture and climatic change.

6.7 Pollination networks and
climate change

Claus Rasmussen, Jesper Bruun Mosbacher
and Jens Mogens Olesen

Climate changes are affecting all conti-
nents and habitats, from the deserts to the
oceans, and across taxonomic groups with
about 41 % of all investigated species be-
ing affected to some degree, particularly
in their phenology (Parmesan and Yohe
2003, Parmesan 2006). One of the greatest
challenges in the study of climate change
is the prediction of the effects global en-
vironmental changes has on higher or-
ganizational levels in nature, e.g., how
will a community assemblage of several
hundred species and their interactions re-
spond to the change. Our study focuses
on the pollinator communities in the high
Arctic, and attempt to determine how phe-
nological shifts and other disturbances
may cascade through the network, and af-
fect other interacting species. The pollina-
tor community in Zackenberg, NE Green-
land has been followed in details during
1996, 1997, 2010 and 2011. In total 39 plant

species were followed on a daily basis
during each season and the visit of more
than 101 species of insects were recorded.
With four field seasons completed a more
precise pattern of pollinators interacting
with plants at Zackenberg now appears.

A generalist core group of plants and
insects are available through a large part
of the season. The flies Spilogona sancti-
pauli (27 plant species visited during the
four seasons), Rhamphomyia nigrita (24
species), and Spilogona dorsata (24 spe-
cies) are all part of the core group of in-
sects. Likewise, among the plants some of
the most attractive core species are Dryas
octopetala (47 visiting insect species dur-
ing four seasons), Papaver radicatum (41
species), and Cerastium arcticum (39 spe-
cies). The interactions recorded follow a
distinctive pattern known from mutuali-
stic communities, namely the presence of
both a generalist core (generalists species
interacting with generalists species) and
an asymmetrical specialization (specialists
interacting with generalists). Specialized
plants with only one insect species re-
ported visiting includes Pyrola grandiflora,
Ranunculus hyperboreus, Saxifraga rivularis,
and Stellaria humifusa. A number of insects
(11 species in total) have only been record-
ed from a single plant species during four
years, including Paradelia arctica, Zaphne
occidentalis, and a presumably new record
for Greenland, Spilogona tendipes. The re-
sulting network from the 2010 season is
provided in figure 6.9.

Phenological shifts from 1996-1997 to
2010-2011 were on average five days earlier
for plants and zero days earlier for insects.
Although the shift for insects is less than a
day, this spans over a large spread in shifts,
with some insects arriving weeks earlier,
and others, much later. A study of certain
focal species at a larger area around Zac-
kenberg (Hoye et al. 2007) found the shift
to be two weeks from 1996-2005 following
a temperature rise of 2.5°C during the pe-
riod (Hansen et al. 2008).

A detailed analysis of interaction pat-
terns is underway and provides further in-
sight into how the pollinator community
reacts to climate change now and in the fu-
ture. It is possible that the nested structure
of the network, the robust community of
core species, will maintain a functional eco-
logical network, where minor changes will
be the replacement in time and space of cer-
tain species.
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Figure 6.9 In this rep-
resentative network of
the pollinator commu-
nity from Zackenberg, NE
Greenland, the green dots
or nodes represent the
different plant species and
the blue dots or nodes
represent the different in-
sect species. A line or link
between an insect (blue)
and a plant (green) indi-
cates a visit or interaction.
The most connected plant
in 2010 was Dryas octo-
petala.
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6.8 A high Arctic food web
- phase lI: The core web
expanded

Tomas Roslin, Tapani Hopkins, Malin Ek, Bess
Hardwick and Gergely Vadrkonyi

To understand the dynamics of natural
communities, we need to consider not only
their species composition, but also the func-
tional links among these species. Quantita-
tive food webs (sensu Morris et al. 2005, van
Veen et al. 2006) describe both aspects of
community organization. In this project, we
aim to construct a quantitative food web
for the Zackenberg valley. When monitored
over time, the baseline web constructed
now will help us discriminate the effects of
environmental change in the high Arctic.
Work at Zackenberg was initiated in
2009. During the first two years, sampling
was focused on dissecting the specific food
web module consisting of Lepidoptera

and their parasitoids. This work was con-
tinued in 2011, with now-standard proto-
cols (see Roslin and Véarkonyi 2010, Roslin
et al. 2011 for details) implemented for the
third year in a row.

As a novel initiative for 2011, we ex-
tended the core web constructed during
previous years by quantifying trophic
links to key modules of the larger, sur-
rounding food web. To achieve this aim,
we measured two novel links of the web:
the impact of lepidopteran larvae on the
reproduction of their host plant, and the
predation by birds on lepidopteran lar-
vae (figure 6.10). To quantify the former
link, we measured the rate and extent of
herbivory on flowers of Dryas, and the
resultant change in seed set and size. To
measure the latter, we used two types
of baits: live larvae tethered to fixed lo-
cations, and plasticine dummies mi-
micking live larvae (figure 6.11; see also
Howe et al. 2009).
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Figure 6.10 Tritrophic interactions quantified during 2011.To quantify interactions between herbivores and plants; we measured the impact of an
abundant moth (b), Sympistis nigrita, on the reproduction of its host plant (a), Dryas octopetala x integrifolia. To quantify interactions between
herbivores and predators, we examined attack rates by birds (c) and spiders (e) on larvae of S. nigrita. Finally, to quantify mortality incurred by pa-
rasitoids (d), we drew on extensive rearings of host larvae.

The impact of herbivory on plants
proved both widespread and drastic. Of
the Dryas flowers in two major samples
(n=743 and n=672), 14.4% and 8.3 %, re-
spectively, were affected by herbivory. Her-
bivory was reflected in a significant reduc-
tion in the probability of seed set, and in a
pronounced decrease in resultant seed size
(figure 6.12). Our predation experiments
revealed attacks by birds to be relatively in-
frequent among both tethered and dummy
larvae, whereas, as a surprise outcome, pre-

dation by spiders turned out to be a key
source of mortality among tethered larvae
of Sympistis nigrita (figure 6.13).

Overall, the experiments conducted in
2011 offered some first extensions of our
lepidopteran-parasitoid food web to the
larger web of the Zackenberg valley. This
approach revealed a strong impact of her-
bivores on their host plants, and allowed
us to compare the relative mortality in-
curred by birds, spiders and parasitoids
on these herbivores. Hence, it will help us

Figure 6.11 Baits used to quantify predation by birds and spiders. a) Larva of S. nigrita tethered to fixed spot by thin thread (exposed for 587 bait-
days). b) Plasticine bait mimicking live larva (exposed for 9028 bait-days). For comparison, ¢) shows a wild larva feeding on a Dryas flower.
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Figure 6.12 The effect of herbivory on the seed size of Dryas. Shown are means with
SEs. For this analysis, flowers were classified into four categories: undamaged flowers,
“stamens”, i.e. flowers in which the stamens had been (partly or wholly) consumed,
but the pistil left intact; “pistil”, i.e. flowers in which the pistil had been at least partly
consumed, sometimes along with some stamens, “all”, i.e. flowers in which both the
pistil and the stamens had been consumed.

understand the dynamics of not only in-
dividual populations, but of compound
communities. This offers an intriguing de-
velopment, as most food webs constructed
to date have been focused on single mo-
dules of the web (see van Veen et al. 2006).
Thus, the strength of interactions observed
within certain modules of a food web have
rarely been related to those among mul-
tiple modules of the web (but see Pocock
et al. 2012). To pursue and extend this ap-
proach, we are currently developing mo-
lecular techniques to reconstruct trophic
relationships among multiple parts of the
Zackenberg food web. Once established,
they will offer unique oppurtunities for
studying trophic relationships in high Arc-
tic food webs.
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6.9 Pelagic carbon cycling un-
der influence of a melting
ice cap

Mikael K. Sejr, Thomas Juul-Pedersen, Anette
Bruhn, Colin Stedmon, Martin E. Blicher, Tage
Dalsgaard, Nikolaj From Petersen, Daniel F.
McGinnis and Diana Krawczyk

The Greenland fjords are strongly influ-
enced by freshwater from land and the
Greenland Ice Cap. The interaction be-
tween the fjords and the Ice Cap is two-
way, as fjords can be an important heat
source for sub-surface melting of glaciers.
The input of freshwater has implications
for the physical conditions in fjords such
as circulation patterns, light regime and
stratification, which in turn have implica-
tions for ecosystem structure, biological
production and exchange of CO, with the
atmosphere. The aim of this project was
to quantify how the input of freshwater in
Young Sund influences the physical and
biological conditions in the fjord.

The availability and quality of light are
key parameters controlling the productivi-
ty of Greenlandic coastal water. Although
solar elevation and sea ice cover play an
important role during summer, the under-
water light environment is regulated by
water constituents such as dissolved and
particulate organic matter, phytoplankton
and suspended sediments. The relative
importance of each of these constituents
varies depending on the influence of shelf
water entering the fjords, extent of glacial
ice melt and the size and vertical distribu-
tion of the phytoplankton biomass. Pro-
files of spectral irradiance were made at

35%

F

Figure 6.13 Tentative partitioning of mortality among an imaginary cohort of 50 larvae of the moth Sympistis nigrita. During the 25-day larval pe-
riod, an estimated 38 % of individuals are killed by spiders, 19 % by parasitoids and 8 % by birds. Only 35 % survive predation or parasitism.
Photos: Tapani Hopkins and Gergely Varkonyi.
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the MarineBasis stations in Young Sund
and water samples were collected to mea-
sure the light absorbing properties of the
constituents (figure 6.14). The aim is to de-
velop a spectral model of light penetration
in these waters, which can be applied to
evaluate the importance of different con-
stituents for light attenuation and herein
how we can expect the light environment
in Greenlandic coastal waters to alter in re-
sponse to climate driven changes in physi-
cal conditions.

Phytoplankton composition and pro-
duction in Young Sund are influenced by
the very different light conditions but also
the degree of stratification and nutrient
availability. To determine the degree of
vertical mixing, which regulates the input
of nutrients into the photic zone during
summet, very high resolution vertical pro-
files of temperature and conductivity were
measured along the fjord transect. Focus
was also on determining the importance of
deep chlorophyll maxima (DCM) for the
total summer pelagic primary production
in Young Sund. We identified the preva-
lence, species distribution, community
structure and photosynthetic efficiency
(Fy/Fyp) of DCM and surface chlorophyll
maxima, with emphasis on determining
the factors affecting and limiting primary
production. Phytoplankton dynamics were
analyzed in a grid with a minimum of six
sampling depths at each of the nine sta-
tions along the transect. From every water
sample, species composition and size frac-
tioned chlorophyll a concentrations were
determined, and Fy,/Fy; was measured
directly and after incubation in darkness
or weak light. Fy,/F,, gives a qualitative
measure of the productivity and physio-
logical status of the phytoplankton present
(tigure 6.15).

Primary produced material is either ex-
ported towards the benthos or diverted
through the pelagic food web where the
material may be more or less degraded and
recycled within the water column. Under-
standing the vertical sinking flux of mate-
rial and its composition therefore provide
important information on the pelagic carbon
cycle (figure 6.16). Other processes such as
input of allochthonous material, e.g. riverine
discharge, and advection of autochthonous
material from the area also affect the pelagic
carbon cycling, especially in coastal regions.
The project carried out measurements of pe-
lagic primary production (particulate and
dissolved), and sinking flux of particulate
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Figure 6.14 Diffuse attenuation coefficients (Kd) in surface 5 m calculated from the
light profiles measured at three of the stations sampled: inner fjord (Tyrolerfjord St. 10),
Young Sund (Main Station), and outside Young Sund (Greenland Shelf). Also plotted
are the absorption spectra of particulate (aPart) and dissolved organic matter (2@CDOM),
and water (aW). Kd at wavelengths above 550 nm is largely due to absorption by water
and effects of scattering by inorganics. At lower wavelengths particulate and dissolved
organic matter dominate to a greater extent. The absorption by coloured dissolved or-
ganic matter (@CDOM) is higher outside the fjord as the system imports Arctic terrestrial
organic matter from shelf waters rather than from the surrounding landscape.

material, as well as bacterial O,-uptake and
pCO, content of the surface water. Together
these data provide information on the pe-
lagic carbon cycling at different levels of ter-
restrial input within the fjord and in the ad-
jacent coastal waters.

The project was funded by the Green-
land Climate Research Centre, the Dan-
ish Environmental Protection Agency and
the Ministry of Education and Research in
Greenland (IIN).
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Figure 6.15 Overview of the different phytoplankton communities along the transect from the glacier to the open sea. The community composi-
tion shifts from a ciliate/flagellate dominated community in the inner fjord to a total domination of large chain-forming diatoms in the outer fjord.
The chlorophyll maxima (CM) gradually move from the surface to become a deep CM (DCM), with moderate values in the inner fjord and high va-
lues in the mouth of the fjord. The maximal photosynthetic efficiencies (FV/IFM) often not coincide with the depth of the CM.
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Figure 6.16 Vertical sinking fluxes of chlorophyll a (mg m? d') and total matter (g m? d') along the sampling tran-
sect. Stations ID (x-axis) are not spaced according to actual distances.
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6.10 Ecological function of
aquatic mosses in Arctic
lakes

Tenna Riis, Birgitte K. Tagesen and Kirsten S.
Christoffersen

Aquatic mosses are often the only mac-
rophytes in high Arctic lakes. Despite

the low nutrient availability and a short
ice free period mosses can create mas-
sive stands on the lake bed even in deep-
er lakes if light penetrates to the bottom.
Mosses most likely constitute an impor-
tant component in the overall ecology of
lakes as primary producers and food re-
source for secondary producers, and there-
by as important organisms in carbon and
nutrient cycling. However, macrophytes
have seldom been included in food web
studies (Christoffersen et al. 2008).

The aim of the project is to describe the
ecological function of aquatic mosses in
high Arctic lakes with low nutrient avai-
lability and a short food chain. Moreover,
we will determine growth and photosyn-
thetic rates of mosses in different water
depths in lakes, and test the hypothesis
that mosses constitute a significant food
resource for benthic animals in high Arctic
lakes. Furthermore, we will test a recon-
struction method previously used for esti-
mating growth rates of high Arctic aquatic
mosses back in time in order to describe
the influence of climate variations.

The project is running for two years
with field work in Zackenberg August 2011
and August 2012. We are working in two
of the lakes in Moreenebakkerne (Sommer-
fugleso og Langemandsse). In 2011, we

initiated in situ growth
experiments for the two
dominant moss species
(Scorpidium scopioides and
Drepanocladus trifarius; figure
6.17). Shoots of mosses were
mounted on plastic frames
and placed in two depths in
Sommerfuglese (0.9 m and
2.0 m; figure 6.18). Shoot
length and shoot weight
was measured before in-
cubation. The plants are
situated in the lake until
August 2012 where shoots
are re-measured, and annual
growth rate on basis of weight
and length calculated. We will
also measure the area cover and
biomass at different depth of the
two moss species in order to esti-
mate annual moss production in
the lakes.

In 2011, we also analyzed
growth rate for D. trifarius us-
ing a reconstruction method
based on change in annual
shoots morphology (Riis and
Sand-Jensen 1997, Sand-Jensen
et al. 1999). On weight basis, we
measured a mean annual growth

Figure 6.17 The two

rate of 1.5 0.6 mg shoot™ year™. Pre- dF’mf”‘aS”tmosrsf Spj"
o . cles In Sommeriugleso
liminary analyses suggest that the an- and Langemandsso

nual growth rate is limited by the snow
cover in June. We will also analyze the in-
ternal carbon, nitrogen and phosphorus in
shoots of different age to assess the alloca-
tion and usage of nutrient in the moss spe-
cies. The nutrient analyses are currently
being processed.

in Moraenebakkerne,
Scorpdium scorpioides (left)
and Drepanocladus trifarius
(right). Photo: Tenna Ris.

Figure 6.18 Moss moun-
ted on plastic frames and
left in the lake at 0.9 and
2 m depth for 12 months.
Here seen through the ice
in Sommerfuglesa in Oc-
tober 2011. Photo: Lars
Holst Hansen.
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Table 6.1 Photosynthetic rates of Scorpidium scorpioides and Drepanocladus trifarius
measured in situ in Sommerfuglese at 0.9 m and 2 m depths. Plants were incubated in
lake water. Netto photosynthetic rate (NPR, n=5) and respiration (n=2) was measured.

Species Depth NPR Respiration

(m) (umol O, g DW' day') (pmol O, g DW' day™)
Scorpidium 0.9 82.6+31.6 1.9
scorpioides 2.0 43.0+11.7 2.5
Drepanocladus 0.9 81.2+18.9 23
trifarius 2.0 63.6+23.4 33

We measured in situ ambient photo-
synthetic rates by incubating moss shoots
in small bottles over 24 hours in Sommer-
fuglesg in two different depths (table 6.1).
The preliminary results show higher pho-
tosynthetic rate at 0.9 m compared to 2.0
m depth, but no differences between the
two species (two-way ANOVA, F=11.33,

p <0.05) indicating light limitation at hig-
her depths. In 2012, we will measure CO,
limitation and effect of temperature on
photosynthetic rates in the two moss spe-
cies in order to predict changes in moss
production with future climate changes.

We also collected samples for natural
abundance of N and "*C in all biotic com-
partments in the lakes, in order to analyze
food web relations and especially the role of
mosses as food for other trophic levels. We
will supplement these samples in 2012 to ob-
tain a more complete data set. We will also
conduct a laboratory experiment including
selected grazers (Lepidorus arcticus, Daphnia
sp. and chironomids) where the inverte-
brates are offered radioactive labeled (*C)
food sources in order to analyze the role of
moss as food resource for benthic animals.

The project will be completed in 2012
and a thorough summary of the results will
be presented in the 2012 annual report.

6.11 Winter ecology of lakes

Kirsten S. Christoffersen

Very little is known about the biological ac-
tivity of planktonic and benthic organisms
in ice covered high Arctic lakes. The ice co-
ver typically lasts for 9-10 months and the
winter season in Arctic lakes is considered
a challenging period for any organism liv-
ing in lakes due to low temperatures and
poor light conditions and thus no or lit-

tle food. The ice and snow cover has been
shown to affect the abundance and compo-
sition of the plankton communities during
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summer (Christoffersen et al. 2008). Recent
studies from subarctic lakes have shown
that the biota (plankton and fish) is active
during most of the winter period and that
some organisms (copepods) are capable of
reproducing (Rautio et al. 2011). However,
it is logistically difficult to run continuous
and frequent sampling programmes during
the winter period. Consequently, few stud-
ies have so far been conducted of winter
ecology of high latitude lakes.

Our knowledge of winter ecology of
plankton and benthic communities at high
latitudes lakes is thus limited and poten-
tial interactions between species have
rarely been investigated, even though the
transition from summer to winter is ex-
pected to induce changes in the behavior
of co-existing species due to their diffe-
rent survival strategies. Low temperatures
and poor light conditions render primary
production impossible and zooplankton
must therefore rely on other food source.
It appears that copepods are active under
ice and are capable of doing so because of
storage reserves (lipids) in their bodjies.
Furthermore, low water temperatures and
a stagnant water body are known to fa-
vour small or mobile phytoplankton spe-
cies while larger ones such as diatoms will
sink out of the water column. Combining
these factors with the assumed lower pro-
ductivity and reduced prey availability
during wintertime, leads to the expecta-
tion that both diet composition and feed-
ing rates and energetic status as well as
growth rates should differ highly between
winter and summer seasons.

The aim of the project is to investigate
how geochemistry and geophysics influ-
ence the biology of invertebrate organisms
in ice covered lakes. Results from two pre-
vious years showed good growth condi-
tions for plankton and therefore fish popu-
lations will be used to determine growth
and reproduction rates of zooplankton,
and to test the hypothesis that the long
winter period constitutes an equally im-
portant growth period as the summer pe-
riod for some species.

The main focus of the project that has
been carried out for past three years (after
the ISICaB-project in 2008), is to provide
information about winter conditions by
measuring ice thickness, water tempera-
ture, light, oxygen, inorganic nutrients,
plankton abundances and to evaluate their
winter survival strategies. The measure-
ments have been carried out in several
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Figure 6.19 Dirilling holes
in the 1.8 m thick ice and
sampling through the

ice in May 2011. Photo:
Kirsten S. Christoffersen
and Jergen Skafte.

lakes with water depth of >2 m including
the two monitoring lakes in Moraenebak-
kerne, as well as Borese. Most of the sam-
pling is carried manually through holes in
the ice (figure 6.19).

Light intensity and temperature have
been recorded continuously in e.g., Som-
merfuglesg and the results showed clearly
that light was severely reduced due to the
ice and snow cover from the beginning
of November 2010 to mid-June 2011 (fig-
ure 6.20). The water temperature stayed
low during the winter in this shallow lake
(max. depth of around 2.5 m) but rose
with the increased light climate from June
and onwards (figure 6.21). Thus, the water
temperatures change from close to zero up
to 16 °C within few weeks.
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Figure 6.20 The light intensity (lux) in Sommerfuglese through the season. from mid-
June the light increases dramatically even though the lake had an ice cap until the be-

ginning of July.
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20000 seum, University of Copenhagen (pers.
Sommerfugleso comm. PR. Mgller) it is presumably the
16000 | northernmost record of the species in East
. Greenland. The sticklebacks were there-
3 fore examined in details to obtain informa-
Z 12000+ tion of their biology.
5 The species has a circumpolar distri-
é 8000 1 bution and occur in Arctic as well as in
g temperate regions of the northern hemi-
4000 sphere. According to Froese and Pauly
2012 (http:/ /www.fishbase.org) the spe-
ol R = cies distribution extend south to the Black

Sea, Southern Italy, the Iberian Peninsula
and Northern Africa. In Eastern Asia the
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Figure 6.21 There is an
exponential increase in
temperature concomitant
with increases in the light
climate from June and on-
wards. The water tempe-
ratures change from close
to zero up to 16°C within
few weeks.

The project will continue in the fol-
lowing years depending on funding and
the overall aim is to contribute with valu-
able data to the on-going monitoring pro-
gramme (BioBasis) and to provide better
understand of how freshwater ecosystems
respond to climate changes.

6.12 Three-spined stickleback
Gasterosteus aculeatus L.
recorded for the first time
at Zackenberg - short de-
scription and comparative
analysis with Arctic char
food biology

Anders Birk Nielsen, Ladislav Hamerlik and
Kirsten S. Christoffersen

Nine dead specimens of three-spined
stickleback (Gasterosteus aculeatus 1..) was
found on the shore near the old river del-
ta in June 2010 (pos. 74° 27" 42.765” N;
20° 34’ 55.881” W by Jannik Hansen, De-
partment of Bioscience, Aarhus Univer-
sity). According to Nielsen and Bertelsen
1992 and the checklist for fish fauna of
Greenland held by the Zoological Mu-

species is found north of Japan (35°N),
and in North America above 32°N as well
as in Greenland. Nielsen and Bertelsen
1992 state that the northernmost loca-
tions are Upernavik in West Greenland
and Ittoqqortoormiit in East Greenland,
while Moller et. al 2010 notes Ella & as the
northern limit recorded for the species in
East Greenland.

The three-spined stickleback is common
in West and East Greenland and is known
from many locations below 72°N (pers.
comm. P. R. Meller). However, recent re-
cords of the species as far north as Svalbard
(Pethon 1998) suggest that this species is
expanding its natural distribution pattern
most likely as a consequence of the actual
warming that the Arctic is experiencing.

The three-spined stickleback occurs
in the marine coastal zone, in brackish
waters (e.g. large deltas), in rivers and
streams with slow currents and in the lit-
toral zone of lakes. However, sticklebacks
spawn only in freshwater and can form
migrating coastal populations or statio-
nary populations in streams and lakes.

Their food may consist of almost any-
thing they can manage to catch and swal-
low. The typical diet consists of inverte-
brates such as crustaceans, chironomids,
oligochaetes and snails as well as their

Table 6.2 General characteristics of the collected three-spined sticklebacks.

Fish ID Fork length Body wet weight Sex Colour Stomach wet
.................................. mm) O WEIGRE ()
S1 46 0.85 Male Dark/Silver 0.03
S2 55 1.41 Maturing female Dark/Silver 0.045
S3 60 2.7 Mature female with eggs  Dark/Silver 0.04
sS4 51 1.79 Mature female with eggs  Dark/Silver 0.04
S5 64 1.69 Maturing female Dark/Silver 0.028
S6 85 7.58 Mature female with eggs  Dark/Silver 0.114
S7 49 2.98 Maturing female Dark/Silver 0.034
S8 57 2.98 Maturing female Dark/Silver 0.061
S9 53 1.58 Male Dark/Silver 0.064
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own eggs. Bergesen 1996 notes that since
sticklebacks seem to occur almost every-
where in the aquatic habitat the species
may represent an early stage of endemiza-
tion. With no prior samplings of the three-
spined stickleback at Zackenberg, an effort
was made in order to determine whether
the sticklebacks was of marine or freshwa-
ter origin. This evaluation was supported
by analyzing chironomid stomach con-
tents from the sticklebacks and Arctic char
sampled at Zackenberg in 2010.

Methods

The fishes collected from Zackenberg were
verified as three-spined sticklebacks, and
weighted and measured fork length. The
top layer of decomposed tissue was gently
removed using a scalpel in order to deter-
mine the original skin colour. The develop-
ment and extend of the stickleback’s lateral
armor plating was visually inspected. The
abdomen was opened from vent to esopha-
gus using a scalpel and scissors. Internal
decomposition of tissue was minor. Sex and
gonadal maturation was determined. The
stomach sac and esophagus was removed
in one piece and weighed to the nearest
gram. A tissue sample consisting of muscu-

lar tissue was taken above the lateral line
between the caudal fin and the brain and
subsequently conserved in 70 % ethanol.
The stomach and esophagus contents
were sorted using a dissection microscope
and mounted on glass cover slides. Re-
covered chironomid larvae, pupae and
head capsules were used to identify the
stomach content to the lowest taxonomic
level possible by means of light micros-
copy. Principal component analysis (PCA)
and non-metric multidimensional scaling
(NMDS) was run on binary data deter-
mining the presence or absence of specific
chironomid taxa. This approach was also
used on landlocked and anadromous Arc-
tic char (Salvelinus alpinus L.) sampled at
Zackenberg in 2010 (Nielsen 2011).

Results

The sampled sticklebacks showed similar
morphological traits, with seven female
fish within the nine collected fish (table
6.2). In order to evaluate the food con-
sumption of the sticklebacks and compare
them to other analyses conducted on ana-
dromous and landlocked Arctic char from
Zackenberg, a complete species list was
developed (table 6.3). When evaluating the
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Table 6.3 Species distribution of the chironomids recovered from anadromous Arctic char (RA1-RF1), landlocked Arctic char (LAT and LB2) and the

stickleback’s (S1-S9) stomach contents.

RA RA RA RA
1 2 3 4

Proc/ad,us(H)sp i
Diamesa sp. 1 (cf. aberrata) - 1 1 1
Diamesa sp. 2 -1 - 1
Diamesa sp. 3 - - 1 1
Diamesa sp. 4 - - - -
Diamesa spp. - pupae T 1 1 1
Corynoneura arctica-type - - - =
Cricotopus fuscus gr./tibialis gr. - - - -
Cricotopus (1.) laricomalis gr. - - - -
Cricotopus tremulus gr. - - - -
Cricotopus sp. - - - -
Diplocladius cultiger - - - =
Limnophyes sp. - - - -
Metriocnemus hygropetricus gr. - - - -
Orthocladius (Euo.) sp. - - - =
Orthocladius sp. - - -1
Psectrocladius limbatellus gr. - - - =
Psectrocladius sordidellus gr. - - - =
Pseudosmittia sp. - - - =
Tokunagaia sp. - - 1 1
Chironomus anthracinus-type - - - -

Tanytarsus gracilentus - - - -

- - - - - - -1 1 - - -

11 1 1 - - - - - - -

RB RB RB RC RD RE RF LA LB S1 S2 S3 S4 S5 S6 S7 S8 S9
1T 2 3 1 1 1 1 1 2
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Figure 6.22 Principal Component Analysis of the stomach contents of stickleback (purple,

Zackenberg (blue, n=11), and landlocked Arctic char sampled from Langemandssg (green,
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Figure 6.23 Non-metric multidimensional scaling (NMDS, Serensen similarity, stress
0.32) analysis of the stomach contents of stickleback (purple), anadromous Arctic char
(blue) and landlocked Arctic char (green).

Figure 6.24 Stickleback (S5) prior to analysis. External decomposition of the collected
sticklebacks was evident, while internal decomposition was less profound. The stickle-
backs from Zackenberg showed extensive lateral armour-plating, linking them to the
distinct oceanic form. Photo: Anders Birk Nielsen.

n=9), anatropous Arctic char sampled from the river
n=2). All fish were sampled/caught in 2010.

species list with respect to the presence of
chironomids with specific ecological traits,
the sampled fish could be affiliated with
three different compositions of ingested
chironomids (figures 6.22 and 6.23).

Discussion

The measured bodyweight of the collected
sticklebacks are probably minimum esti-
mates as it was influenced by the varying
degree of decomposition observed among
the nine sampled fish. Furthermore, a
number of the sampled sticklebacks had
emptied their intestinal contents to the vial
in which they were stored.

All investigated sticklebacks were silver
colored with a dark nuance. The stickle-
backs were equipped with lateral armor-
plating covering two thirds of the back
and sideline. Two characteristic dorsal
spines were present in all sampled speci-
mens as shown in figure 6.24. The dark
nuance of the skin and the presence of
dorsal spikes and lateral armor-plating
are circumstantial evidence of the marine
origin of the sampled sticklebacks (figure
6.24). The collected fish consisted of seven
females and two males. All females con-
tained ripening or mature eggs.

Sampled chironomids from the sto-
machs showed only minor signs of decom-
position. This was seen as delicate features
of the headcapsules, larvae and pupae
remained visible in the samples. The pre-
sence of such details indicated recent feed-
ing behaviour up until hours of being
washed up on the shore.
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Principal component analysis (PCA)
and non-metric multidimensional scaling
(NMDS) was applied to the stomach de-
rived chironomid taxon distribution. Such
analyses showed well defined groups
among sticklebacks and anadromous/
landlocked Arctic char samples. Based on
the chironomid composition found in the
guts we can conclude that the collected
sticklebacks, with some certainty, had not
been feeding within the river Zackenberg
prior to sampling. It should be mentioned
though that the collection of the stickle-
backs was done two months prior to the
sampling of the Arctic char. This could
possibly explain some of the observed
differences among stomach contents. As
a consequence of the semi-terrestrial na-
ture of some of the chironomid taxa found
in the sticklebacks and landlocked Arctic
char, these two groups appears to be closer
to each other than the sampled anadro-
mous Arctic char.

When evaluating the ecological pro-
perties of the investigated chironomids,
two general characteristics became evi-
dent. Chironomids derived from the river
dwelling fish was dominated by Diamesa
sp. — a coldwater stenothermal, rheophil-
ous genus affiliated with running waters
with low fluctuations in water tempera-
tures. While chironomids originating from
the fish in the delta and Langemands Se
was dominated by the semi terrestrial Met-
riocnemus hygropetricus gr., and the preda-
tor Procladius sp. that lives in lakes and
ponds.

Conclusion

The occurrence of three-spined stickle-
back as far north as Zackenberg could
be a consequence of the species pro-
found ability to utilize new habitats
made available through climate change
in central NE Greenland. Throughout
our study it became evident that the
sampled sticklebacks had been feeding
recently and that several of them where
ready to spawn. Because of the healthy
state of the sampled specimens, we must
consider the three-spined stickleback as
a potential future inhabitant in the Zack-
enberg area. This should not give any
reason to concern as sticklebacks are pre-
sent at several high Arctic marine and
freshwater localities outside Greenland,
with no apparent effect on the aquatic
ecology of the systems.

6.13 Brood mixing in Sander-
ling Calidris alba

Jeroen Reneerkens, Laura Kooistra, Jacques
de Raad and Pieter van Veelen

Current knowledge of the breeding system
of sanderling Calidris alba is, mainly based

on observational data of a limited number

of nests (e.g. Parmelee and Payne 1973). In
Zackenberg, for several consecutive years
sanderlings have been colour-marked (Re-
neerkens et al. 2010) and blood samples have
been collected for parentage analysis and
molecular sexing (Luttikhuizen et al. 2011).
We now have a better understanding of mate
and site fidelity as well as territory size (Re-
neerkens and Grond 2009). In addition, trans-
ponders and thermologgers in the nest cups
clearly indicated that clutches within the
same breeding area are being incubated by
either one or two adults (Reneerkens 2011,
Reneerkens et al. 2011). Such information is
not only interesting for evolutionary biolo-
gists interested in the evolution of parental
care systems (e.g. Andersson 2005), but also
important to interpret results of bird censuses
and to adequately measure and understand
inter-annual variation in nest predation.

Recent research in Zackenberg of the
breeding system of sanderling has mainly
reported on the incubation stage of san-
derling (Reneerkens 2011, Reneerkens et
al. 2011). Within 24 hours after hatch, pre-
cocial chicks of waders start moving under
guidance of one or both parents. For the
interpretation of monitoring, it is essential
to know whether each observed brood is
the product of a single clutch, to what ex-
tent parents stay with their offspring and
which of the sexes does so.

Here we report a case of brood mixing
that we observed during summer 2011. On
4 July we found a sanderling clutch with
four eggs and were able to catch both the in-
cubating male and female the same day. The
adults were colour-ringed and thus indivi-
dually recognisable in the field. On 9 July,
two days before the predicted hatch date
based on egg flotation (Liebezeit et al. 2007),
we found the male guiding two chicks 80
metres away from the nest cup. The chicks
were metal ringed by us. There was no sign
of the female or the other two chicks. Three
days later we found the male with the same
two chicks in the vicinity of where we first
sighted the family. To our surprise, 13 July
we resighted the female with two other
chicks and another male. Based on their
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body weight the chicks were three days
older than the chicks that hatched from the
clutch she incubated. Both the male and the
female were observed to brood these chicks
and both were alarming because of our
presence. Two and four days later both the
female and the other male were still guid-
ing these two chicks. We caught the chicks
and the male and collected a blood sample.
Parentage analysis based on eight micro-
satellite loci (Luttikhuizen et al. 2011) clearly
showed that both males were the biological
father of the chicks they were guiding. The
female, on the other hand, had apparently
left her own offspring that hatched from the
clutch that she laid herself to guide chicks
from a male she had not mated. Besides be-
ing an intriguing case that makes us won-
der about the benefits of this behaviour for
the female, it also shows that care should
be taken when interpreting the number

of breeding pairs in an area, based on the
number of broods.

6.14 MANA Project

Philippe Bonnet, Kirsten Christoffersen,
Javier Gonzalez, Joel Granados, Mohammed
Aljarrah and Jesper Aagard Christensen

The MANA project is a collaboration be-
tween IT University of Copenhagen, the
Department of Biology at University of
Copenhagen, the school of computing at
Reykjavik University, Arch Rock Corpo-
ration, a company based in San Francisco
that provides wireless sensor networks
systems, and Dan-System, a small Danish
Enterprise, specializing in technical solu-
tions for niche markets.

The overall goal of the MANA project
is to improve scientific data acquisition in
remote, harsh environments, e.g., polar
regions, deep-sea locations, or other pla-
nets. Such environments are hard to access
by humans, and provide limited commu-
nication bandwidth. As a result, manual
measurements are costly, manually tapped
data loggers are unreliable, and remote su-
pervised control is impractical. We aim at
enhancing sensors and data loggers with
computation and communication capabili-
ties so that we can programme them to be
reliable and autonomous. We plan to de-
velop sensor network-based data loggers
that check the data they collect and corre-
late measurements in time and space, and
autonomously adapt their sampling strat-
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egy in order to optimize data quality as

well as ressource utilization.

We focus on the monitoring of limnic pa-
rameters in the Zackenberg region, North-
east Greenland. The goal is to document the
effects of climate change on lake environ-
ment, in particular during the winter season
that has been neglected so far because of
logistical constraints. The newly developed
data loggers should introduce a remarkable
progress in terms of temporal resolution
with respect to the manual measurements
that have been carried out a couple of times
a year since 1996.

The MANA project started 1 February
2008. We installed the Capoh system com-
posed of a buoy and a base station in Au-
gust and October 2008, maintained it in
August 2009, 2010 and 2011. The status as
of August 2011 is the following:

e The Water Quality Monitor (WQM)
sensor failed. We took it back to our lab
in Copenhagen for maintenance. The
WQM had a single point of failure in
our online installation. We anticipated
such a failure and attached external
data loggers under the buoy. The ac-
quired data is still being processed.

* We calibrated and tested a wireless
link between the base station at the
lake and House 6 at Zackenberg Re-
search Station. The base station at the
lake is now accessible from a laptop
connecting to the “MANA" wireless
network at Zackenberg.

 Javier Gonzalez designed and imple-
mented a testbed replicating the MANA
installation in the lab at IT University
(MSc thesis), and Mohammed Aljarrah
built a tool to test the MANA installa-
tion in situ at Zackenberg.

6.15 Virtual Instrumentation

Philippe Bonnet, Javier Gonzalez and Joel
Granados

INTERACT is an FP7 infrastructure pro-
ject under the auspices of SCANNET, a
circumarctic network of 45 terrestrial field
stations in northern Europe, Russia, USA,
Canada, Greenland, Iceland, the Faroe Is-
lands and Scotland. INTERACT specifical-
ly seeks to build capacity for research and
monitoring in the European Arctic and be-
yond, and is offering access to numerous
research stations through the Transnation-
al Access programme.



17" Annual Report, 2011

The INTERACT consortium has identi-
fied gaps relating to methods for automatic
data collection and methods for coordi-
nated storage of data from many sites. The
specialists will operate Joint Research Ac-
tivities in close cooperation with the Station
Managers to develop and test techniques
for data collection and storage in relevant
fields of research that particularly need im-
proved methodology and observation.

Joint Research Activity Work package
5, “Virtual Instrumentation” has a main
objective to leverage low-power wireless
communication capabilities to make in situ
sensing easier to manage and more effec-

tive. Another goal is to develop a new im-
ager-based phenology workflow.

In August 2011, we proceeded to expe-
riment with wireless links at Zackenberg.
Our goal was to validate the radio link
model worked out by Javier Gonzalez and
Joel Granados. The result of their work
was incorporated in an INTERACT de-
liverable (D5.1 - Survey Report of Sensor
Networking in the Arctic).

In addition, Joel Granados experiment-
ed with the BioBasis team on different
tools for our new imager-based phenology
workflow.
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7 Disturbances in the study area

Jannik Hansen

This account covers the period from 30
April to 7 November 2011. For details
about the opening of the station and the
operations, see chapter 8.

Surface activities in the study area
April - November: The number of ‘per-
son-days’ (one person in the field one day)
spent within the main research area, zone
1 was 1252 (table 7.1), which is approxi-
mately the same number as in previous
five years. This area is open to research,
and more activity in this area is expected.
The “low impact area” 1b was visited 77
times, which is a little above the usual le-
vel. The “goose protection area”, zone 1c,
was visited seven times during the closed
period (20 June-10 August).

This season, the use of the all terrain
vehicle (ATV) was mainly along the desig-
nated roads to the climate station and the
beach at the delta of the river Zackenberg.
There were three trips in June off the de-
signated road system. In addition, during
October, the ATV was in use three times.
However, the use of the ATV at and near
the station has become higher since 2007,
remaining at this higher level.

During the early and late part of the
season, snowmobiles were used for lon-
ger transportation and transportation of
equipment.

Table 7.1 'Person-days’ and trips in the terrain with an All-Terrain Vehicle (ATV) allo-
cated to the research zones in the Zackenberg study area May—-November 2011. The
‘Goose Protection Area’ (1C) is closed for human traffic from 20 June to 10 August
(DOY 171-222). Trips on roads to the climate station and the delta of the river Zacken-

berg are not included.

Research zone

May Jun Jul Aug

All of 1 (incl. 1a)

Sept Oct  Total
161 280 319 321 78 93 1252

1b N/A 10 40 16 7 4 77
1c (20 Jun-10 Aug) 1 6 0 7
1 w.o./Aucellaelv N/A 10 69 49 8 9 145
2 N/A 5 12 9 0 2 28
ATV-trips N/A 3 0 0 0 3 6

Erratum: In previous years, the activi-
ties in area 1 have been miscalculated. The
correct data will be published in the 2012
annual report.

Aircraft activities in the study area

In 2011, the station had 16 fixed-wing air-
craft visits and no helicopter visits. See
chapter 8 for details. During the 2011 sea-
son, the arrival of aircraft did not make
the waterfowl fly up from the lakes, ponds
and fens nearby.

Discharges

Water closets were in use from late May
onwards, facilitated by frost preventing
equipment in the house of residence. From
here, all toilet waste was grinded in an
electrical mill and led into the river.

Likewise, solid, biodegradable kitchen
waste was run through a grinder mill, and
into the river. The mill was in use until the
end of the season.

Fly maggot killing agents are no longer
used for the waste.

The total amount of untreated waste-
water (from kitchen, showers, sinks and
laundry machine) equalled approximately
1411 “person-days”, which is less than last
year. The gradual phase-out of perfumed
and non-biodegradable detergent, soap,
dishwashing liquid etc. is continuing.
More environmentally friendly products
are being substituted for the former.

Combustible waste (paper, cardboard,
wood etc.) was burned at the station. For
management of other waste see chapter 8.

Manipulative research projects

For the eighth consecutive season, shade,
snow melt and temperature was manipu-
lated at two sites, each with 25 plots (see
Jensen and Rasch 2011).

Avian predation on arthropod larvae
was studied by putting out 162 tethered
artificial arthropod larvae (play dough) at
16 sites, and 120 (in varying group sizes)
untethered artificial arthropod larvae in 15
sites (section 6.8).
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Take of organisms and other samples
The coordinates and the extent of all col-
lection sites mentioned below are regis-
tered with BioBasis Zackenberg.

For the “Arctic bell-healer — annual
growth in the Cassiope heath” project,
twelve individuals of Cassiope tetragona
were sampled (section 6.6).

A herbivore-plant-soil interactions study
collected four monolith samples of soil in-
cluding the vegetation within the monolith,
at each of the two sites (section 6.3).

A stress gradient study collected 24
samples of soil and Salix and Dryas leaves
(section 6.5).

31258 land arthropods were collected
during the season, as part of the BioBasis
programme (see section 4.2).

Fourty-two blood samples of approxi-
mately 80 pl were collected from adult
and 88 of 10 pl from chicks of sanderlings
Calidris alba for a parentage and breeding
strategy study (section 6.13).

Tissue samples were collected from six
adult and four calves of muskoxen Ovibos
moschatus (from carcasses), two Arctic fox
Vulpes lagopus (juvenile carcasses), eleven
Arctic hares Lepus arcticus (carcass rem-
nants), two pink-footed goose Anser bra-
chyrhynchus (carcasses), one ruddy turn-
stone Arenaria interpres (full carcass, chick),
one long-tailed skua Stercorarius longicau-
dus (full carcass), one common raven Cor-
vus corax (carcass) and five four-horned
sculpins Myoxocephalus quadricornis (three
found freshly dead, two collected) for the
BioBasis DNA bank.

In addition, for the BioBasis DNA bank,
one long-tailed skua Stercorarius longicau-
dus egg (accidentally damaged during

work at the nest) and one ruddy turnstone
Areniaria interpres egg were collected in ad-
dition to a blood sample from a common
ringed plover Charadrius hiaticula chick.

Approximately 140 faecal samples from
Arctic fox Vulpes lagopus, one from a polar
bear Ursus marinus, five from long-tailed
skua Stercorarius longicaudus, one from red
knot Calidris canutus, nine from sanderling
Calidris alba, two from dunlin Calidris al-
pina and one from a female Lapland bun-
ting Calcarius lapponicus, along with 26 Ep-
pendorf tubes filled with faecal samples
from northern collared lemmings Dicros-
tonyx groenlandicus, which were collected
for the ‘Interactions 2011-2014’ project.
This project also took the following: Four-
teen blood samples of approximately 20
pl were collected from adult and thirteen
of 10 pul from chicks of dunlin, and seven
2x20 pl blood samples from adult and a
single 10 ul samples from a young long-
tailed skua (section 4.3).

For “a high Arctic food web”, approxi-
mately 16000 arthropods insects were
caught in six malaise traps. The project
also caught >200 lepidopteran larvae in
five live-trapping pitfall traps at four loca-
tions. All other caught arthropods were re-
leased unharmed.

The “pollination network” project col-
lected 608 specimens representing up to 95
different species of insects in a 500 m x 500
m area south of the research station (sec-
tion 6.7). In addition, 50 Polygonum vivipa-
rum leaves were collected.

For the “Greenlandic seed bug: is sex
necessary” project, approximately 600 Ny-
sius groenlandicus were collected (Jensen
and Rasch 2011).
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8 Logistics
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Henrik Spanggard Munch and Lillian Magelund Jensen

8.1 Use of the station

In 2011, the field season at Zackenberg
Research Station was from 30 April to 7
November, in total 191 days. During this
period, 53 scientists visited the station.

Of the 53 visiting scientists, 12 stayed at
Daneborg. They were serviced by 8 logisti-
cians employed by the Department of Bio-
science at Aarhus University and stationed
at Zackenberg and Daneborg during dif-
ferent parts of the field season.

The total number of bed nights during
2011 was 1857. 1631 of the bed nights were
spend at Zackenberg (1246 related to sci-
entists and 385 to logisticians). 226 of the
bed nights were spend at Daneborg (170
related to scientists and 56 to logisticians).

During the season, the station was visit-
ed by persons from 16 different countries:
Finland, Austria, Greenland, Sweden,
Canada, Chile, Italy, Switzerland, Russia,
USA, Netherland, France, Spain, Korea,
Cameroun and Denmark.

8.2 Transportation

During the field season, fixed winged air-
crafts (DeHaviland DHC-6 Twin Otter)
landed 35 times at Zackenberg. Of the

35 landings, 16 landings were related to
transport of cargo.

8.3 Maintenance

During 2011, the following construction
and maintenance was carried out at the
station:

e Athouse no. 10, a new base for the
building was completed. New stairs,
platform and sewage pipe were put up

e Athouses no. 2-5 and 8, new platforms
for equipment and boxes were put up

* At the runway, a new platform for hand-
ling cargo was put up

The maintenance condition of the station
is very good. Besides the normal paint-
ing of the houses, we do not expect larger
maintenance costs during the next years
to come.

8.4 Handling of garbage

The non-burnable waste was removed
from Zackenberg Research Station by air-
craft to Daneborg on the empty return
flights during the fuel lifts from Daneborg
to Zackenberg and from there by ship to
Denmark. Approximately 33 m® of waste
were removed from the station.

Approximately 100 m® non-burnable
waste accumulated from the construction
during 2010 was removed from Daneborg
by ship to Denmark.

8.5 Zackenberg at Daneborg

The research house at Daneborg can ac-
commodate 10 scientists (in five double
rooms) and has modern laboratory and
storage facilities. The house contains a
fully equipped kitchen, a living room with
TV and stereo, toilet, shower and laundry
facilities.

For information concerning booking
and/or renting the research house for a
specific period please contact the Zacken-
berg Secretariat (zackenberg@dmu.dk) at
the Department of Bioscience, Aarhus Uni-
versity.
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9 Personnel and visitors

Compiled by Lillian Magelund Jensen

Research Zackenberg

Noémie Boulanger-Lapointe, Research
assistant, Département de Chimie-Bi-
ologie, Université du Québec a Trois-
Rivieres, Canada (BioBasis, 26 July-24
August)

Kirsten Christoffersen, Researcher, Fresh-
water Biological Laboratory and Polar
Science Center, University of Copenha-
gen, Denmark (Limnology and MANA,
17 May-31 May and 25 August-1 Sep-
tember)

Michele Citterio, Researcher, Department
of Marine Geology and Glaciology,
Geological Survey of Denmark and
Greenland, Denmark (GlacioBasis, 30
April-17 May)

Rasmus Egede, Technician, Asiaq — Green-
land Survey, Greenland (ClimateBasis,
25 August-1 September)

Malin Ek, Research assistant, Department
of Biosciences, University of Helsinki,
Finland (Insect community ecology, 16
June-14 July)

Julie Maria Falk, Researcher, Department
of Earth and Ecosystem Sciences, Lund
University, Sweden (Plant-Soil-Herbi-
vore, 16 June-11 August)

Henrik Geisler, Technician, Asiaq — Green-
land Survey, Greenland (ClimateBasis,
25 August-1 September)

Javier Gonzales, Research assistant, IT
University, Copenhagen, Denmark
(MANA and INTERACT, 18 August-1
September)

Joel Granados, Research assistant, IT Uni-
versity, Copenhagen, Denmark (MANA
and INTERACT, 18 August-1 September)

Oriol Grau, Researcher, Department of
Plant Biology, University of Barcelona,
Spain (Plant interactions, 7-21 July)

Eric Steen Hansen, Researcher, Natural
History Museum of Denmark, Univer-
sity of Copenhagen, Denmark (Bio-Ba-
sis, 7 July-21 July)

Jannik Hansen, Research assistant, Depart-
ment of Bioscience, Aarhus University,
Denmark (BioBasis, 31 May-4 August)

Lars Holst Hansen, Research assistant,
Department of Bioscience, Aarhus Uni-
versity, Denmark (BioBasis, 17 May-16
June and 21 July-7 November)

Tapani Hopkins, Research assistant, De-
partment of Biosciences, University of
Helsinki, Finland (Insect community
ecology, 16 June-25 August)

Ji Young Jung, Researcher, Division of Life
Sciences, Korea Polar Research Insti-
tute, Korea (Soil microbial ecology and
biogeochemistry, 11-18 August)

Laura Kooistra, Research, assistant, Centre
for Ecological and Evolutionary Studies,
Animal Ecology Group, The Netherlands
(Ornithology, 28 June-19 July)

Line Anker Kyhn, Researcher, Department
of Bioscience, Aarhus University, Den-
mark (BioBasis, 16 June-14 July)

Signe Hillerup Larsen, Research assistant,
Department of Marine Geology and
Glaciology, Geological Survey of Den-
mark and Greenland, Denmark (Gla-
cioBasis, 30 April-17 May)

Yoo Kyung Lee, Researcher, Division of Life
Sciences, Korea Polar Research Institute,
Korea (Soil microbial ecology and bioge-
ochemistry, 11-18 August)

Anders Lindroth, Researcher, Department
of Earth and Ecosystem Sciences, Lund
University, Sweden (GeoBasis, 4 Au-
gust-11 August)

Mikhail Mastepanov, Researcher, Depart-
ment of Earth and Ecosystem Sciences,
Lund University, Sweden (GeoBasis, 4
august-11 August)

Lars O. Mortensen, Research assistant,
Department of Bioscience, Aarhus Uni-
versity, Denmark (BioBasis, 31 May-14
July)

Jesper Mosbacher, Research assistant, De-
partment of Biology, University of Co-
penhagen, Denmark (Ecological net-
works, 14 July-25 August)

Josep M. Ninot, Researcher, Department of
Plant Biology, University of Barcelona,
Spain (Plant interactions, 7-14 July)

Herbert Mbufong Njuabe, Research assis-
tant, Department of Bioscience, Aarhus
University, Denmark (GeoBasis, 30
April-16 June)

Lau Gede Petersen, Research assistant, De-
partment of Geography and Geology,
University of Copenhagen, Denmark
(GeoBasis, 30 June-1 September)
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Maria Rask Pedersen, Research assistant,
Department of Geography and Geo-
logy, University of Copenhagen, Den-
mark, (GeoBasis, 30 April-7 July)

Jacques de Raad, Research assistant, Centre
for Ecological and Evolutionary Studi-
es, Animal Ecology Group, The Nether-
lands (Ornithology, 28 June-19 July)

Claus Rasmussen, Researcher, Department
of Bioscience, Aarhus University, Den-
mark (Ecological networks, 14 July-25
August)

Laura Helene Rasmussen, Research assis-
tant, Department of Geography and Ge-
ology, University of Copenhagen, Den-
mark (GeoBasis, 28 July-1 September)

Jeroen Reneerkens, Researcher, Centre for
Ecological and Evolutionary Studies,
Animal Ecology Group, The Nether-
lands (Ornithology, 14 June-19 July)

Gernot Resch, Researcher, Climate Re-
search Department, Central Institute for
Meteorology and Geodynamics, Austria
(Glaciology, 28 June-25 August)

Tenna Riis, Researcher, Department of Bio-
science, Aarhus University, Denmark
(Limnology, 25 August-1 September)

Tomas Roslin, Researcher, Department
of Agricultural Sciences, University of
Helsinki, Finland (Insect community
ecology, 16 June-7 July)

Niels Martin Schmidt, BioBasis Manager, De-
partment of Bioscience, Aarhus University,
Denmark (BioBasis, 30 June-14 July)

Kirstine Skov, Research assistant, De-
partment of Geography and Geology,
University of Copenhagen, Denmark
(GeoBasis, 7 July-4 August)

Lena Strom, Researcher, Department
of Earth and Ecosystem Sciences, Lund
University, Sweden (Plant-Soil-Herbi-
vore, 30 June-7 July)

Birgitte K. Tagesen, Technician, Depart-
ment of Bioscience, Aarhus University,
Denmark (Limnology, 25 August-1 Sep-
tember)

Mikkel P. Tamstorf, GeoBasis manager,
Department of Bioscience, Aarhus Uni-
versity, Denmark (GeoBasis, 30 April-17
May, 4 August-18 August and 19 Octo-
ber-7 November)

Gergely Varkonyi, Researcher, Finnish En-
vironment Institute, Friendship Park
Research Centre, Finland (Insect com-
munity ecology, 30 June-21 July)

Gernot Weyss, Technician, Climate Re-
search Department, Central Institute for
Meteorology and Geodynamics, Austria
(Glaciology, 28 June-25 August)
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Research Daneborg

Martin E. Blicher, Researcher, Greenland
Climate Research Centre, c/o Green-
land Institute of Natural Resources,
Greenland, (MarineBasis, 27 July-19
August)

Anette Bruhn, Researcher, Department
of Bioscience, Aarhus University, Den-
mark (MarineBasis, 27 July-12 August)

Tage Dalsgaard, Researcher, Department
of Bioscience, Aarhus University, Den-
mark (MarineBasis, 27 July-12 August)

Egon R. Frandsen, Technician, Department
of Bioscience, Aarhus University, Den-
mark (MarineBasis, 27 July-19 August)

Thomas Juul-Pedersen, Researcher, Green-
land Climate Research Centre, c/o
Greenland Institute of Natural Resour-
ces, Greenland, (MarineBasis, 27 July-19
August)

Steen Savstrup Kristensen, Researcher,
DTU Space, National Space Institute,
Denmark (PROMICE, 18-21 August)

Ivali Lennart, Technician, Greenland Cli-
mate Research Centre, c/0 Greenland
Institute of Natural Resources, Green-
land, (MarineBasis, 27 July-19 August)

Nikolaj From Pedersen, Researcher, De-
partment of Biology, University of Co-
penhagen, Denmark (MarineBasis, 27
July-12 August)

Mikael K. Sejr, Researcher, Department
of Bioscience, Aarhus University, Den-
mark (MarineBasis, 27 July-19 August)
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Peter Hansen, Carpenter, Department of
Bioscience, Aarhus University, Den-
mark (GeoBasis, 4 August-11 August)
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Andreas Ahlstrem, Department of Ma-
rine Geology and Glaciology, Geologi-
cal Survey of Denmark and Greenland,
Denmark

Mohammed Aljarrah, IT University, Co-
penhagen, Denmark

Kristian R. Albert, Institute for Chemical
Engineering, Technical University of
Denmark, Denmark

Claudia Baittinger, National Museum of
Denmark, Denmark

Daniel Binder, Department of Climatology,
Central Institute for Meteorology and
Geodynamics, Austria

Philippe Bonnet, IT University, Copenha-
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Jesper Aagard Christensen, IT University,
Copenhagen, Denmark

Torben R. Christensen, Department of
Earth and Ecosystem Sciences, Lund
University, Sweden

Daniel F. Ginnis, Institute of Biology, Uni-
versity of Southern Denmark, Denmark

Ladislav Hamarlik, Department of Bio-
logy and Ecology, Matthias Belius Uni-
versity, and Institute of Zoology, Slovak
Academy of Sciences, Slovakia

Per Hangaard, Asiaq — Greenland Survey,
Greenland

Birger Ulf Hansen, Department of Geogra-
phy and Geology, University of Copen-
hagen, Denmark

Bess Hardwick, Department of Agricul-
tural Sciences, University of Helsinki,
Finland

Bernhard Hynek, Department of Clima-
tology, Central Institute for Meteorolo-
gy and Geodynamics, Austria

Diana Krawczyk, Institute of Geosciences,
University of Szczecin, Poland

Aart Kroon, Department of Geography
and Geology, University of Copenha-
gen, Denmark

Morten Larsen, Asiaq — Greenland Survey,
Greenland

Magnus Lund, Department of Bioscience,
Aarhus University, Denmark

Anders Michelsen, Department of Biology,
University of Copenhagen, Denmark

Anders Birk Nielsen, Freshwater Biologi-
cal Laboratory and Polar Science Cen-
tre, University of Copenhagen, Den-
mark

Jens Mogens Olesen, Department of Bio-
science, Aarhus University, Denmark

Dorthe Petersen, Asiaq — Greenland Sur-
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Wolfgang Schoner, Department of Climato-
logy, Central Institute for Meteorology
and Geodynamics, Austria

Charlotte Sigsgaard, Department of Geo-
graphy and Geology, University of Co-
penhagen, Denmark

Kisser Thorspe, Asiaq — Greenland Survey,
Greenland

Pieter van Veelen, Centre for Ecological
and Evolutionary Studies, Animal Eco-
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Appendix A

Lichens

Lichens: Degree of covering (A), number
of lichen thalli (B), maximum thallus di-
ameter in cm (C), presence of lichens (D)
in plots in 1994, 2000, 2005 and 2011, re-

spectively.

Epilithic lichen communities: L 1-L8, L 10,

L15, L16 and L 20-L 22.

Epigaeic communities: L 11-L14 and L 17-L

19.

The degree of covering was estimated us-
ing the following, modified scale of Hult-

Sernander:

5=%

4="%1/4
3=%1/8
2=1/8-1/16

+ = just present
++ = dominating

L1

1994

2000 2005

Xanthoria elegans
Xanthoria sorediata
Umbilicaria virginis
Umbilicaria lyngei

Usnea sphacelata

Physconia muscigena
Pseudephebe minuscula
Sporastatia testudinea
Rhizocarpon geographicum
Lecanora polytropa

Lecidea atrobrunnea
Rhizoplaca melanophthalma
Aspicilia

Placynthium

Stereocaulon

Rock

+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ +

+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
+ 0+ + + + + o+ o+ o+ o+ o+ o+ o+

+

+ 4+ 4+ o+ o+ o+ o+ o+ o+
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L2

2000

2005

2011

Umbilicaria lyngei
Pseudephebe minuscula
Sporastatia testudinea
Rhizoplaca melanophthalma
Rock

v+ + + NED

100 2

2 4.5

- = N>

v+

100

2.7

4.2
5.5
1.5

- = NP

v+

100

2.7
4.2
5.5
1.5

L3

1994

2000

2005

Rhizocarpon geographicum
Sporastatia testudinea
Umbilicaria lyngei
Pseudephebe minuscula
Rock

N + + W »~ID

- W »~ID

13 1.5

N+

- W »~ID

N+

16

1.5
2.2

20
16

1.5
2.4
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L4 1994 2000 2005 2011

A B C A B C A B C A B C
Physcia caesia D D D D '
Umbilicaria decussata 13 40 48 50
Xanthoria candelaria 12 22 0.5 32 1 38 1
Miriquidica garovaglii 4 6 1 6 2.2 6 2.8
Candelariella vitellina 2 7 0.5 7 0.5 7 0.5
Sporastatia testudinea - 2 2 2 2.5 2 2.5
Acarospora - 1 1.5 1 1 2.3
Rhizoplaca melanopthalma 1 1
Rock 5 5 5 5
L5 1994 2000 2005 2011

A B C A B C A B C A B C
Dimelaena oreina 3 3 3 3 '
Umbilicaria lyngei 1 15 1 15 1.5 1 20 2 1 23 2
Sporastatia testudinea 1 6 1 6 1 6 1 8
Rhizoplaca melanophthalma 1 7 1 7 3 1 7 4 1 7 5
Rhizocarpon geographicum 1 5 1 6 1 1 6 1 6 2
Rhizocarpon (gray thallus) 1 2 1 2 1 2 9.5 1 2 10
Pseudephebe minuscula + 1 1 7 2 1 7 2 1 7 2.8
Umbilicaria decussata + 2 2 + 2 2.7 + 2 2.7
Lecidea atrobrunnea + 2 1 + 2 2 + 2 2
Caloplaca epithallina + 1
Rock 5 5 5 5
L6 1994 2000 2005 2011

A B C A B C A B C A B C
Umbilicaria virginis 29 31 15 a1 15 50 15
Lecidea atrobrunnea 3.2 3.7 4.2
L7 1994 2000 2005 2011

A B C A B C A B C A B C
Miriquidica garovaglii 4 5 5 7 5 7
Umbilicaria decussata 2 12 2 20 2 2 20 2 16
Rhizocarpon geographicum 1 1 32 1 40 1 1.2 40
Candelariella vitellina + 1 1 1
Rock 4 4 4 4
L8 1994 2000 2005 2011

A B C A B C A B C A B C
Parmelia saxatilis 4 5 4 4
Umbilicaria decussata + - + 2 1.5 -
Pseudephebe minuscula - - -
Rock 4 4 5 5
L10 1994 2000 2005 2011

A B C A B C A B C A B C
Umbilicaria lyngei 3 1.2 ) 3 1.5 ) 3 1.7 ) 3 1.8
Sporastatia testudinea 2 2 2
Rhizocarpon cf. superficiale 1 1 1 20 2.2 1 20 2.2
Pseudephebe minuscula + 1 - +
Rock 4 4 4 4
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L11 1994 2000 2005 2011
A B A B A B A B

‘Cassiope 5 5 5 5

Salix arctica 1 1 1 1

Cetrariella delisei 1 7 1 5 1 5 1 7

Cetraria islandica 1 5 1 5 1 3 1 3
Stereocaulon alpinum 1 4 1 4 1 6 1 7
Peltigera malacea + 2 + 2 + 2 + 1
Flavocetraria nivalis + 1 + 2 + 1 + 3
Solorina crocea + 1 - - -

Cladonia pyxidata + + + +

Cladonia borealis + + + +

Ochrolechia frigida + - + 1 + 1

Psoroma tenue + + + +

Peltigera rufescens - 1 4 1 4 + 8

Peltigera leucophlebia - + 1 + 2 + 50

Flavocetraria cucullata - + 1 + 1 + 1

Candelariella canadensis +

Psoroma hypnorum +

Moss 1 1 1 1

L12 1994 2000 2005 2011

A B A B A B A B

Dryas 4 4 4 4

Carex rupestris 3 3 3 3

Hierochloé alpina + + + 1

Salix arctica + + + +

Potentilla + + + +

Silene acaulis + +

Stellaria longipes + + + +

Cerastium - - - +

Flavocetraria nivalis 1 25 1 30 1 30 1 30

Cetraria islandica 1 20 1 20 1 20 1 20

Stereocaulon alpinum 1 10 1 10 1 30 1 30

Peltigera rufescens 1 10 1 <5 1 6 1 12

Candelariella canadensis 1 10 + 5 + + 5

Ochrolechia frigida 1 1 1 1

Cetraria muricata + 10 + 4 + 5 + 5

Cladonia borealis + + <5 + 5 + 5

Cladonia pyxidata + + 5 + 5 + 5

Baeomyces placophyllus + + + + 3
Arthrorhaphis alpina - + 5 + 7 + 7

Candelariella terrigena - + 2 + -

Peltigera didactyla - + + +

Psoroma tenue - + + +
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Kobresia myosuroides 5

5 5 5
Carex bigelowii + + + +
Luzula confusa + + 1 1
Hierochloe alpina
Polygonum viviparum +
Dryas +
25 25

Cladonia pocillum + 25 >25

Physconia muscigena +

+ 4+ o+ o+ o+ 4

Cladonia borealis +

+ 4+ 4+ 4+ o+ o+

Rinodina turfacea +

Peltigera rufescens + 3
Cladonia pyxidata +
Caloplaca cerina

Cetraria muricata

+ 4+ o+ o+ o+

Peltigera didactyla

4 5
Carex rupestris 3 3
Cladonia pocillum 1 1

1

36
10

>100
10

c. 100
15
10

Thamnolia vermicularis

"
o

Flavocetraria nivalis
Hypogymnia subobscura
Alectoria nigricans

Bryoria chalybeiformis

N = W

Ochrolechia upsaliensis

+ 4+ 4+ 4+ o+ o+ o+
- N N N b

Peltigera rufescens

Peltigera venosa
Rinodina turfacea
Baeomyces
Catapyrenium cinereum

Cladonia pyxidata

+ 4+ o+ o+ o+

Lecanora epibryon

Phaeorrhiza nimbosa

+
|
+
|

Ochrolechia frigida +

+
+

Physconia muscigena + -

Solorina bispora +

Flavocetraria cucullata -
Cetraria muricata - 10

Caloplaca cerina

+ 4+ 4+ 4+

Caloplaca tiroliensis

+ + + + 4+ 4+ 4+
-

Lecanora behringii

Saxifraga oppositifolia

+ o+ o+ o+ o+ o+ o+

Buellia papillata

Moss + 5 +
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L15 2000 2005 2011
A B C A B C A B C

Dimelaena oreina 3 3 3

Lecidea atrobrunnea 2 2 2

Rhizoplaca melanophthalma 1 1 1

Sporastatia testudinea 1 1 1

Umbilicaria decussata 1 45 1.3 1 50 1.7 1 60 1.8

Physcia caesia + 6 + 6 + 6

Melanelia infumata + + 3 +

Rhizocarpon geographicum 1.7

Rock

L16 2000 2005 2011

A B C A B C A B C

Umblllcarla lyngel ................ 3 ) >100H 25 ) 3 >100 ) 3.7 ) 3 >100 ) 4

Pseudephebe minuscula 1 1 1 1.8

Rhizocarpon (yellow thallus) 1 1 1 2.2

Sporastatia testudinea’ 1 1 3.4 1 3.5

Umbilicaria hyperborea + 3 + 3 + 3

Melanelia disjuncta 1 1 1

Rock 4

L17 2000 2005 2011

Cassiope tetragona
Carex bigelowii

Salix arctica
Polygonum viviparum
Stellaria longipes
Cladonia amaurocraea
Stereocaulon alpinum
Cetrariella delisei
Cladonia mitis
Cladonia borealis
Cladonia pyxidata
Cetraria islandica
Ochrolechia frigida
Peltigera leucophlebia
Peltigera malacea
Psoroma tenue
Sphaerophorus globosus
Cladonia trassii
Nephroma expallidum

Psoroma hypnorum

- N N +

= = N N =2 = N N U
- N N

o+ o+ 4+ o+ 4+ o+ 4+ o+
I+ 4+ + + + + + 4+ o+ 4+

+ 4+ 4+ 4+ o+ o+ o+ o+ o+ o+ o+ o+
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L18 2000 2005 2011
A B A B A B
W.C":at.‘s“s'l";)“;;;tetragona """""" 4 4 PR
Dryas 2 2 2
Salix arctica 2 2 2
Carex rupestris 1 1 1
Saxifraga oppositifolia + + +
Cladonia mitis 1 1 2
Stereocaulon alpinum 1 1 1
Cetrariella delisei + 15 + + 15
Flavocetraria cucullata + <10 + + <10
Arthrorhaphis alpina + 5 + + 10
Candelariella placodizans + 3 + 4 + 7
Cladonia trassii + 2 + + 2
Baeomyces + + +
Cladonia phyllophora + + +
Cladonia pocillum + + +
Cladonia pyxidata + + +
Peltigera didactyla + + + 3
Psoroma tenue + + +
Solorina bispora + + +
Caloplaca - + +
Buellia papillata +
Cladonia borealis + 2
Moss 2 2 2
Bare soil 3 3 3
L19 2000 2005 2011
A B A B A B
W&:a.;s'l"éi;;tetragona """""" 5 5 5
Carex bigelowii 2 2 2
Salix arctica 2 2 2
Polygonum viviparum - + +
Stellaria longipes + + +
Cladonia mitis 2 2 3
Cladonia phyllophora 1 1 1
Stereocaulon alpinum 1 1 1
Thamnolia vermicularis + 20 + +
Cetrariella delisei + + +
Cladonia amaurocraea + + +
Cladonia borealis + + +
Cladonia pyxidata + + +
Peltigera scabrosa + + +
Psoroma tenue + + +
Pertusaria geminipara +
Cladonia borealis +
Cladonia macroceras +
Moss 2 2 2
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L20 2011
A B C
Physaa dub,a ............................................ 3 .................................
Xanthoria candelaria 3

Rhizoplaca melanophthalma 1 12 1.4

Rhizocarpon geographicum + 1 0.5
Umbilicaria decussata +
Xanthoria elegans + 2 1.3
Rock 4
L21 2011
A B C
Xantho”aEIegans .................................. 3 9 .......... 55
Physconia muscigena 1 1 5.6
Caloplaca alcarum +
Lecanora contractula +
Lecidea +
Rock 5
L22 2011
A B C
xantho,—,ae/egans .................................. 5 .................................
Lecidea tessellata 3 1.3
Physcia dubia 1 12
Lecanora contractula + 1

Rock
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Appendix B

Julian days

Regular Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
years

1 32 60 91 121 152 182 213 244 274 305 335

-

2 2 33 61 92 122 153 183 214 245 275 306 336
3 3 34 62 93 123 154 184 215 246 276 307 337
4 4 35 63 94 124 155 185 216 247 277 308 338
5 5 36 64 95 125 156 186 217 248 278 309 339
6 6 37 65 96 126 157 187 218 249 279 310 340
7 7 38 66 97 127 158 188 219 250 280 311 341
8 8 39 67 98 128 159 189 220 251 281 312 342
9 9 40 68 99 129 160 190 221 252 282 313 343
10 10 41 69 100 130 161 191 222 253 283 314 344
11 11 42 70 101 131 162 192 223 254 284 315 345
12 12 43 71 102 132 163 193 224 255 285 316 346
13 13 44 72 103 133 164 194 225 256 286 317 347
14 14 45 73 104 134 165 195 226 257 287 318 348
15 15 46 74 105 135 166 196 227 258 288 319 349
16 16 47 75 106 136 167 197 228 259 289 320 350
17 17 48 76 107 137 168 198 229 260 290 321 351
18 18 49 77 108 138 169 199 230 261 291 322 352
19 19 50 78 109 139 170 200 231 262 292 323 353
20 20 51 79 110 140 171 201 232 263 293 324 354
21 21 52 80 111 141 172 202 233 264 294 325 355
22 22 53 81 112 142 173 203 234 265 295 326 356
23 23 54 82 113 143 174 204 235 266 296 327 357
24 24 55 83 114 144 175 205 236 267 297 328 358
25 25 56 84 115 145 176 206 237 268 298 329 359
26 26 57 85 116 146 177 207 238 269 299 330 360
27 27 58 86 117 147 178 208 239 270 300 331 361
28 28 59 87 118 148 179 209 240 271 301 332 362
29 29 88 119 149 180 210 241 272 302 333 363
30 30 89 120 150 181 211 242 273 303 334 364

w
v
w
puirg

920 151 212 243 304 365
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306

;EZfs Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
1 1 32 61 92 122'“‘ 153'“‘ 183'”‘ 214'”‘ 245'”‘ 275'”‘

2 2 33 62 93 123 154 184 215 246 276 307
3 3 34 63 94 124 155 185 216 247 277 308
4 4 35 64 95 125 156 186 217 248 278 309
5 5 36 65 96 126 157 187 218 249 279 310
6 6 37 66 97 127 158 188 219 250 280 311
7 7 38 67 98 128 159 189 220 251 281 312
8 8 39 68 99 129 160 190 221 252 282 313
9 9 40 69 100 130 161 191 222 253 283 314
10 10 41 70 101 131 162 192 223 254 284 315
1 1 42 71 102 132 163 193 224 255 285 316
12 12 43 72 103 133 164 194 225 256 286 317
13 13 44 73 104 134 165 195 226 257 287 318
14 14 45 74 105 135 166 196 227 258 288 319
15 15 46 75 106 136 167 197 228 259 289 320
16 16 47 76 107 137 168 198 229 260 290 321
17 17 48 77 108 138 169 199 230 261 291 322
18 18 49 78 109 139 170 200 231 262 292 323
19 19 50 79 110 140 171 201 232 263 293 324
20 20 51 80 111 141 172 202 233 264 294 325
21 21 52 81 112 142 173 203 234 265 295 326
22 22 53 82 113 143 174 204 235 266 296 327
23 23 54 83 114 144 175 205 236 267 297 328
24 24 55 84 115 145 176 206 237 268 298 329
25 25 56 85 116 146 177 207 238 269 299 330
26 26 57 86 117 147 178 208 239 270 300 331
27 27 58 87 118 148 179 209 240 271 301 332
28 28 59 88 119 149 180 210 241 272 302 333
29 29 60 89 120 150 181 211 242 273 303 334
30 30 90 121 151 182 212 243 274 304 335
31 31 91 152 213 244 305

Dec

336

337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
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