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Abstract

Vertical flux of particulate matter was recorded using a moored sediment trap during 2002-03 in the
outer region of the 90 km long NE Greenland fjord Young Sound (74°18’N, 20°18°W). Sea ice cov-
ered the fjord for c. 9 months during the deployment. At 65 m depth total flux of material was 1420 g
dry weight m2and annual fluxes of carbonate (g m2), chlorophyll (mg m?), particulate organic carbon
(POC, g C m?) and nitrogen (PON, g N m2), were, 9, 53, 17 and 1.2 respectively. A steep increase in
fluxes was observed during the summer thaw when sea ice broke up and water discharge from land
began. Within the two months (July and August), >90% of the total annual vertical flux occurred.
Isotopic (6*°C & 6'°N) analysis of particulate organic material (POM) in the sediment trap, in phyto-
plankton and in the river material indicated that a maximum of ¢. 50% of the POM material originated
from land. This is supported by the high C:N ratio (by atoms) of up to 22 found in the trapped organic
material during the summer thaw as compared with 7-9 during winter and spring, when no discharge
from land occurred. Seasonal measurements of the POC discharge from rivers to the outer region of
the fjord corresponded to c. 40% of the vertical POC flux measured in the sediment trap, which fur-
ther indicates a significant terrestrial contribution to the settling material in the outer fjord area.

Besides POC, dissolved organic carbon (DOC) is discharged in an equal amount to the fjord from
rivers, resulting in a total organic carbon (TOC) input from land to the outer region of Young Sound of
13g C m2yrt This corresponds to c. 40% of the net TOC input from the Greenland Sea and to the outer
part of the fjord during the ice-free productive period underlining the significant terrestrial contribution
to sedimentation in the outer part of the fjord.

Mean permanent accumulation rates based on the depth distributions of 2°Ph, *¥’Cs and TOC in sedi-
ments at 60 m water depth in the outer fjord area revealed a burial of carbon within the sediment of 7.9g C
m2yrt Inagreement with the sediment trap measurements, 8*C values within the sediment suggest that a
substantial amount (c. 40%) of the POC in the sediment was of terrestrial origin. At the same sites, previous
studies have reported an annual release of dissolved inorganic carbon (DIC) due to mineralization from
the sediment of 12.6 g C m yr?. The sum of the annual DIC release and the burial within the sediment
represents an expected total input to the sediment of 20.5 g C m2 yr* and compares well with the vertical
flux measurement from the sediment trap of 17.0 g C m2 yr during the present study.

6.1 Introduction

The vertical flux of organic matter from the pelagic
environment determines the input of food to benthic
animals, rates of benthic mineralization as well as the
burial of material in sediments below the photic zone.
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In the Arctic marine environment, the amount of
particulate organic matter originating from primary
production is strongly influenced by the presence or
absence of sea ice, which is the main factor control-
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ling the availability of light for primary producers.
Thus, a strong seasonal variation in the vertical export
of particulate organic matter has been observed in
Arctic waters with low export rates during sea-ice
cover and elevated export rates during the open-water
period (Atkinson & Wacasey, 1987; Bauerfeind et al.,
1997). A peak in sedimentation is often associated
with sea-ice break-up due to the release of ice-algal
material from the sea-ice matrix (Fortier et al., 2002).
Ice algae live in and on the underside of sea ice and
are present primarily during April through June until
sea-ice break-up (Horner & Schrader, 1982; Chapter
4). Prior to, or in association with, the break-up of sea
ice and the development of the spring phytoplank-
ton bloom, copepods ascend from wintering depths
to surface waters to graze on the bloom (Madsen et
al., 2001). Grazing by copepods leads to production
of fecal pellets that sink rapidly in the water column
and thus enhance the vertical export to the sea floor
(Sampei et al., 2002). Due to release of dissolved
organic matter from copepod fecal pellets (Urban-
Rich, 1999) and degradation of sinking aggregates
(Ploug & Grossart, 2000) the amount of particulate
organic matter reaching the sediment is expected to
decrease with depth.

In addition to the marine sources of organic matter,
Arctic rivers discharge 30 x 106 tons of total organic
carbon (TOC) into the Arctic Ocean on an annual
basis (Rachold et al., 2004). River discharge is par-
ticularly important in the Arctic Ocean, as it receives
11% of global runoff while containing only 1% of the
world ocean water (Shiklomanov, 1998). The content
of POC relative to POC + DOC in river water varies
greatly between the Arctic rivers from 4% in the Yen-
isei river to 62% in the Mackenzie River (Rachold et
al., 2004).

The environmental changes in the Arctic observed
over the last two decades have increased the interest
in discharge of freshwater and organic matter from
land to ocean (Benner et al., 2004). Although the
Greenland Ice Sheet represents a huge freshwater
source that potentially may have a profound influ-
ence on river discharge, erosion and organic matter
transport to Greenland fjords and offshore areas, very
little is known of this transport. In 1995, a research
and monitoring station ZERO (Zackenberg Ecological
Research Operations) was established in NE Green-
land to increase knowledge about climate-ecosystem
interactions. As part of an extensive monitoring pro-
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gram, the discharge of water and organic matter from
the Zackenberg River has been monitored since 1995
(Rasch et al., 2000; Hasholt & Hagedorn, 2000; Chap-
ter 2). The total freshwater discharge takes place over
a 3-month period during June—August, when air tem-
peratures exceed 0°C, and 65% of the discharge often
occurs within a few weeks. The very pulsed freshwater
discharge greatly affects the physical circulation in the
fjord. The outer parts of the fjord are minimally influ-
enced by discharge from glaciers, but pulsed terrestrial
runoff occurs during the short summer thaw generat-
ing an estuarine circulation in which lighter low-salin-
ity water is moved seaward above denser incoming
water from the Greenland Sea (Rysgaard et al., 2003;
Chapter 3). Previous studies have shown that the net
TOC input to the outer fjord area during the productive
ice-free period is 15-50 t d* (Rysgaard et al., 2003).

In order to determine the annual vertical flux of
particulate organic matter and to evaluate the rela-
tive importance of marine and terrestrial sources in
a NE Greenland fjord, a mooring equipped with a
time-series sediment trap was deployed in the outer
region of Young Sound. Sedimenting particles were
collected at c. 65 m water depth during 2002-03 at
20 individually programmed time intervals. The
material was analyzed for its content of total dry
weight, carbonate, chlorophyll, POC, PON and iso-
topic signal (6*°C & 8*N). In parallel, water samples
of the Zackenberg River were collected frequently
during May-September 2003 to determine the flux of
POC and DOC as well as the isotopic signal from the
catchment area. Finally, we compare the vertical flux
from the sediment trap with the sediment mineraliza-
tion processes and discuss the relative importance of
terrestrial and marine sources of carbon for perma-
nent burial in the sediment.

6.2 Methods

6.2.1 Study area

The study was carried out in 2002-03 in Young Sound,
a NE Greenland fjord (74°18’N, 20°18’W) situated
in the Northeast Greenland National Park. The fjord
is ¢. 90 km long and 2-7 km wide with a 40-50-m
deep sill at the entrance (Fig. 6.1). Mean air tempera-
ture is below freezing 9 months of the year, and only
the months of June through August have positive
mean air temperatures of up to 4°C (Cappelen et al.,
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Figure 6.1 (a) The study site is located 1000 kilometers north of the Arctic Circle. (b) Catchment area of the Young
Sound/Tyrolerfjord system (shaded area) showing the drainage basin of the Zackenberg River (blue area) and the study
area “Region 1” (light green area) with the position of the sediment trap. (c) Length section of the fjord showing the site

of the moored sediment trap.

2001). Sea ice covers the fjord for 9-10 months of
the year. During summer, a surface layer (0-10 m) of
low salinity (<30) and with a temperature of 2-4°C
is present due to melting sea ice and freshwater input
from land. Below this layer, salinity increases to >33
with sub-zero temperatures forming a stable halocline
at 15-20 m (Rysgaard et al., 1999, 2003; Chapter 3).
The thick sea-ice and snow cover regulates activity
in the light-limited Young Sound ecosystem. Primary
production of sea ice algae in Young Sound is low
due to the poor light conditions below the snow cover
and because river discharge removes and/or inhibits
algae at the sea ice/water interface through physical
disturbance and exposure to freshwater (Rysgaard et
al., 2001; Chapter 4). After the break-up of sea ice,
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however, phytoplankton bloom in the surface water
and rapidly deplete nutrients above the well-estab-
lished halocline, causing maximum photosynthesis
to occur in a subsurface layer at 15-20 m depth (Rys-
gaard et al., 1999). Phytoplankton primary produc-
tion is tightly coupled to the grazer community in
Young Sound and it has been estimated earlier that
copepods account for >80% of the grazing pressure
upon phytoplankton during the short productive ice-
free period (Rysgaard et al., 1999; Chapter 5). When
sea ice breaks up, benthic mineralization is immedi-
ately stimulated (Rysgaard et al., 1998; Berg et al.,
2003; Chapter 8), presumably due to a peak in verti-
cal export from the water column.
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6.2.2 Sediment trap measurements
In September 2002, a mooring equipped with a time-
series Kiel sediment trap (opening 0.5 m?, K/IMT
320, K.U.M, Kiel GmbH, Germany) was deployed
in the outer region of Young Sound (74°18.93’N,
20°16.70°’W) (Fig. 6.1). The trap was positioned at
c. 65 m water depth to collect material vertically
exported from the productive photic zone of the
upper c¢. 40 m. To prevent icebergs from removing
or destroying the trap the upper buoyancy was posi-
tioned at ¢. 40 m water depth. A sill 45 m deep at
the entrance to the fjord prevents larger icebergs from
entering the fjord and no icebergs are released from
the inner parts of Young Sound. Water depth at the
position was c¢. 100 m. Sedimenting particles were
collected from 15 September 2002 to 20 September
2003 at 20 individually programmed time intervals.
Prior to launching, the collector cups of the sedi-
ment trap were filled with GF/F-filtered bottom water
and poisoned with HgCl,, (1 ml saturated solution per
100 ml water). NaCl was also added to the cup solu-
tion to increase salinity to c¢. 40. The mooring was
acoustically released from its position after 1 year of
sampling. After recovery, another 0.5 ml of the HgCl,
solution was added to each 100-ml cup and samples
were stored at 4°C. In the laboratory, zooplankton

Launching sediment trap mooring in Young Sound.

Photo: Sgren Rysgaard

Meddelelser om Grgnland ¢ Bioscience 58

“swimmers” were removed from all samples prior
to further treatment. Samples were then freeze-dried
and weighed to determine total fluxes (dry weight,
dw), and homogenized sub-samples of known weight
were taken for analyses of particulate organic carbon
(POC), particulate organic nitrogen (PON), chloro-
phyll (Chl) and calcium carbonate (CaCO,). Total
carbon contents (TC) were determined on an ele-
mental analyzer (Europa Scientific RoboPrep). The
POC and PON contents were obtained by analyses
of decalcified samples. Decalcification was achieved
by H,SO, treatment and heating to 80°C. The CaCO,
content was calculated as TC - POC. Stable isotopic
composition of the decalcified samples was analyzed
on an elemental analyzer in line with a mass spec-
trometer (Triple Collector Europa Scientific 20-20
IRMS). Isotope measurements are presented using
the conventional 6**C notation relative to PDB, and
the 8N notation relative to air. The chlorophyll
content (total pigments) of the cup material was ana-
lyzed by spectrophotometry on acetone extractions
of freeze-dried samples (Dalsgaard et al., 2000).

6.2.3 Sediment analysis

The upper 0-5 cm of sediment cores collected at 60
m water depth was freeze-dried, treated with H,SO,
and heated to 80°C to remove CaCO,, homogenized
and weighed into sample boats. The total carbon con-
tent and the stable isotopic signal of 53C were ana-
lyzed as described above. Data on carbon burial in
the sediment was taken from earlier measurements
reported in Chapter 8.

6.2.4 Sea ice measurements

The Danish Military Patrol Sirius collected data on
sea ice thickness during 2002-03, using an ice-drill
and a measuring stick at a position (74°18.59°N,
20°15.04 W) close to the sediment trap. These data
are part of the long-term monitoring program at
Zackenberg (Rysgaard et al., 2005; Chapter 4).

6.2.5 River discharge measurements

The drainage basin for the largest river in the area,
Zackenberg River, covers an area of 514 km? (Fig.
6.1; Chapter 2). A hydrometric station at the outer
part of the river recorded the water level every 15
minutes via sonic range and pressure sensors. The
measured water level was converted to meters above
sea level, which in turn was converted to discharge,
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Retrieving sediment trap mooring 1 year after launching.

using an established relationship between water level
and discharge. Water samples were collected daily
from the river during May-September 2003 using a
depth-integrated sampler. The collected water (0.8
1) was filtered (combusted GF/C) and filters frozen
and decalcified before analyzing for POC and PON
as described above. The DOC concentration in the
filtered water samples was analyzed with a Shimadzu
TOC-5000A Analyzer. These data are part of the
long-term monitoring program Zackenberg Basic
(www.Zackenberg.dk).

6.2.6 Horizontal carbon transport

During 2000-2001, a net carbon budget for the outer
fjord area (Region 1) was established based on total
organic carbon (TOC) measurements in the water
column and a volume-mass model (Rysgaard et al.,
2003). In short, the carbon export towards the sea
was estimated along two separate transects enclosing
Region 1 (76 km?) during the ice-free period. During
the investigation period, the TOC concentration in the
water column ranged from 60 to 110 uM. Elevated con-
centrations were found in the upper 10-25 m in asso-
ciation with the pycnocline in the period 2-12 August.
A total net retention of 28 t C d (range 15-50t C d?)
in Region 1 during the ice-free period was reported.
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6.3 Results & discussion

6.3.1 Seasonal variation in sea ice cover and river
discharge
Normally, sea ice forms in late September or early
October and stays until the following summer thaw
(Rysgaard et al., 2005; Chapter 4). However, in
2002, sea ice suddenly broke on 25 December and
was exported to the Greenland Sea due to high wind
speeds from the north and lack of sea ice outside the
fjord. New ice reached a maximum thickness of 120
cm with a 40-cm snow cover on top in April-May
2003. Sea ice broke on 3 July 2003 in outer Young
Sound, 3 weeks earlier than normal (Fig. 6.2a).
Break-up of the Zackenberg River occurred on 30
May 2003, resulting in a steep increase in freshwater
discharge to 78 m3 s at the end of June, after which
it gradually decreased and ceased in September (Fig.
6.2a). This is in agreement with earlier observations
that the annual runoff generally peaks in the begin-
ning of June to July, mainly due to melting snow
from the catchment area (Chapter 2).

6.3.2 Flux of particulate matter

A steep increase in the vertical flux of material was
observed in association with the break-up of sea ice
and peak in freshwater discharge from the River
Zackenberg (Fig. 6.2). Within two months (July and
August), more than 90% of the total annual verti-
cal flux occurred. Our data support previous reports
of a strong seasonal variation in the vertical flux of
particulate material in Arctic waters, with low flux
rates under sea ice cover and elevated export rates
during sea-ice break-up and during open-water con-
ditions. In the Northeast Water Polynya and in Baffin
Bay, 40-70% of the annual vertical particle flux was
observed from June—October (Bauerfeind et al., 1997,
Hargrave et al., 2002), and in Frobisher Bay, Arctic
Canada, 45% of the annual POC flux occurred during
July—August (Atkinson & Wacasey, 1987). During
spring, a pronounced signal in the vertical flux has
sometime been observed in seasonally ice-covered
seas due to ice-edge production (Hebbeln & Wefer,
1991; Wassmann et al., 1991) or ice-algal material
released from sea ice (Fortier et al., 2002; Bauerfeind
et al., 2005). In Young Sound, however, sea-ice-algal
primary production and biomass were very low due
to thick snow cover (40 cm) in 2002-03 (Chapter 4;
Rysgaard et al., 2005). Furthermore, previous stud-
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ies have suggested that sea-ice-algal biomass is very
low in the fjord due to extreme dynamics in sea-ice
appearance, structure and brine percolation, which is
driven primarily by the large but variable freshwater
input during snow melt and breaking of frozen rivers,
transforming the sea ice matrix into a hostile environ-
ment for sea ice algae, despite good light and nutrient
availability (Rysgaard et al., 2001; Chapter 4). Thus,

Meddelelser om Grgnland « Bioscience 58

S OND J FMAMIJ J A S

2002-2003

the very large vertical POC flux following sea ice
break-up made the winter and spring vertical POC
fluxes insignificant, although detectable (0.07-0.2
mg C m2d?) (Fig. 6.2).

In'Young Sound, the annual vertical flux rate at 65
m water depth was 1420 g dry weight material m
and 17 g POC m2 (Fig. 6.2bc). This is lower than
rates from Frobisher Bay (33 m) but higher than rates
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further offshore from East Greenland (245 m), from
the Northeast Water Polynya (150-350 m), Baffin
Bay (>200 m) and several offshore localities (>500
m) in the Greenland Sea, the Fram Strait, the Bar-
ents Sea and the Norwegian Sea (Honjo et al., 1988;
Hebbeln & Wefer 1991; Hebbeln, 2000; Wassmann
et al., 1991; Bauerfeind et al., 1997; Hargrave et al.,
2002; Bauerfeind et al., 2005). On an annual basis,
the vertical flux of POC in the sediment trap material,
in Young Sound corresponded to 1.2% of the total
dry weight flux. This agrees well with the measured
organic carbon content in the sediments at 36-163 m
water depth in the same area, which ranged from 1.1
to 1.4% (Glud et al., 2000). Furthermore, the verti-
cal flux of calcium carbonate accounted for less than
1% of the flux of dry weight material, which sup-
ports earlier measurements of low calcium carbonate
contents in the sediment of the outer part of the fjord
(Chapter 8). However, it differs strongly from obser-
vations further offshore from East Greenland that c.
30% of the annual particle flux could be ascribed to
calcium carbonate (Bauerfeind et al., 2005).

The C:N ratio in the organic sediment trap mate-
rial ranged from 7 during winter, when sea ice cover
was present and very low vertical flux rates occurred,
to 15-22 during May-July (Fig. 6.2c). C:N ratios in
organic material close to the Redfield ratio of 7 (by
atoms) is normally interpreted as sedimentation of
marine phytoplankton. The vertical flux of chloro-
phyll peaked when sea ice broke up and was highly
correlated (r? = 0.9, P<<0.001) with the vertical flux
of POC (Fig. 6.2cd). Pennate diatoms (Naviculales,
Achnanthales, Lyrellales and Bacillariales) domi-
nated the phytoplankton in the sediment trap material
but dinoflagellates (Protoperidinium spp., Ceratium
spp., Prorocentrum spp. and Dinophysis spp.) were
also present. Both diatoms and dinoflagellates were
present in the trap material throughout the year,
although low cell numbers were encountered during
winter (data not shown).

6.3.3. Marine and terrestrial sources

The high C:N ratio in the sediment trap organic mate-
rial of up to 22 during the summer thaw, as compared
with 7-9 during winter and spring, when no discharge
from land occurred, suggests that carbon sources
other than marine phytoplankton are important in
the outer fjord area (Fig. 6.2c). As POC:Chl ratios
<100 are characteristic of seston enriched with phy-
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toplankton, the ratio of 320 observed in the present
study (calculation based on annual dataset) further
indicates that carbon sources other than phytoplank-
ton cells contribute to the vertical export in the fjord.
Seasonal measurements of the POC and DOC dis-
charge from the Zackenberg River show that large
quantities of terrestrial carbon are being transported
into the fjord (Fig. 6.3). Within the 3 months of June—
August, 416 tons of POC and 421 tons of DOC enter
the fjord from the Zackenberg River. Thus, the con-
tent of POC relative to POC+DOC in the Zackenberg
River is quite high (50%) and compares with condi-
tions in the Mackenzie River (Rachold et al., 2004).
The C:N ratio in river-borne POC ranged from 10-40
with a mean value of 18 throughout the study period.
The C:N ratio of DOM was not determined, but ratios
of 50-60 found in other Arctic rivers (e.g. Kéhler et
al., 2003) suggest that the C:N ratio of river-borne
total organic material (TOM) was higher than that of
POM. The extent to which DOM precipitation con-
tributed to sedimentation is not known.

Figure 6.3 (a) Particulate organic carbon (blue dotted)
and dissolved organic carbon (red dotted) discharge from
the Zackenberg River. Accumulated transport of POC
(blue line) and of DOC (red line). (b) C:N ratio in river-
borne particulate organic matter.

30 500
— a
© 254 L400 %
O 8
5 20 30 2
2 Y
- @D

- o

E b F200 g
= =1
= 104 7]
2 100 8
s 5+ 2
= Lo

0 T T T T

50

b

_ 40-
3
£
5 30-
E
2
2 201
z
© 10

0 T T T T

Meddelelser om Grgnland « Bioscience 58



Table 6.1. Isotopic signals in organic matter from primary
producers, sediment trap material, sediment and the Zack-
enberg River.

Sample 88C (%o) O8N (%) n

-216+08 54+08 5

Pelagic primary producers

5POM from sediment trap (summer -23.6+0.1 47+02 7

mean)

°POM in the sediment at 60 m water
depth

YPOM in the Zackenberg River

-23.1+0.4 nd 20

-256+01 43+03 23

3POM. (Hobson & Welch, 1992)

"Mean value of samples collected in trap through June-September.
°Mean value of upper 5 cm of the sediment at 60 m water depth.
dMean value in suspended particulate matter of the Zackenberg River.

The high C:N ratios observed during May are pre-
sumably due to air-borne terrestrial material being
incorporated into the sea ice and liberated to the
water column as air temperatures increase during
spring. Isotopic (6°C & 6*°N) analysis of particulate
organic matter (POM) showed that the composition
of the sediment trap material was close to the aver-
age of the composition of phytoplankton and river
material (Table 6.1). This indicates that c. 50% of the
depositing POM originates from land (Table 6.1) and
hence supports the high C:N ratios observed in the
trap material during June-July 2003.

Previous mass and volume budgets of TOC cov-
ering the outer part of the fjord have revealed a net
input of TOC of 28 t C d* to Region 1 (Fig. 6.1)
from the adjacent Greenland Sea and surrounding
land during the ice-free productive period (Rysgaard
et al., 2003). During that study it was not possible
to distinguish between marine and terrestrial carbon
sources, but it appeared that the freshwater discharge
from land was the primary factor determining the
net TOC input through its influence on the estuarine
circulation in the fjord. Thus, the net TOC input to
Region 1 during the productive period is 2436 t C
yr! (Table 6.2), given an annual freshwater discharge
during the present investigation very similar to that in
2001 (Chapter 2; Rysgaard et al., 2003) and assuming
that water-column TOC concentrations were similar
in the two years. This corresponds to a net input of 32
g C m2?yrtto Region 1 in the outer part of the fjord
(Fig. 6.1; Table 6.2).

Assuming that the Zackenberg catchment area (512
km?) is representative of the entire catchment area of
3109 km? of the Young Sound/Tyrolerfjord system,
and that the discharge from the Zackenberg River can
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Preserving samples from the sediment trap system.

be linearly scaled to the entire catchment area, 2526
t POC yr? should enter the fjord from the terrestrial
compartment (Table 6.2). Scaling this input to the
outer Region 1 of the fjord, it corresponds to 6.5 g
POC m2yr?, whichis very similar to the carbon burial
observed in the sediment in this region (see below).
Besides POC, dissolved organic carbon is discharged
in an equal amount to the fjord from rivers and results
in a total organic carbon (TOC) input from land to the
outer region of Young Sound of 20.5 g C m?yr. This
amount corresponds to ¢. 40% of the net TOC input
from the Greenland Sea and land (Table 6.2), further
supporting the conclusion that the terrestrial input to
the outer part of Young Sound is significant.

6.3.4 \ertical flux, mineralization and burial
Depth distributions of 2°Pb, *¥’Cs and TOC in sedi-
ments at 60 m water depth close to the sediment trap
reveal that 7.9 g C m2yrt is buried within the sediment
(Table 6.3; Chapter 8). This rate is in the same range
as the estimated terrestrial POC transport to the outer
fjord. Furthermore, the 3**C values within the sediment
suggest that a substantial amount (c. 40%) of the POC
in the sediment is of terrestrial origin (Table 6.1).
Previous studies have reported an annual release
of dissolved inorganic carbon (DIC) due to miner-
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Table 6.2 The annual net input of carbon to the outer region of the fjord and the annual carbon flux from land.

Sources C flux d4C input from entire ¢C input to Region 1
(tCyr?h catchment area (t C yr?) (@C m2yrY)
aNet TOC input to Region 1 2436 32
(1300 - 4400) (17 -58)
5POC from the Zackenberg River 416 2526 6.5
5DOC from the Zackenberg River 421 2556 6.6
¢TOC from the Zackenberg River 837 5082 13

aNet input to Region 1 (76 km?) from land and the Greenland Sea.

"POC input from the Zackenberg River to Young Sound (the Zackenberg River catchment area is 512 km?).

°POC + DOC in the Zackenberg River.

dCarbon input from the Zackenberg River catchment area scaled to entire catchment area (3109 km?) of Young Sound (389 km?) (Fig. 6.1).

éCarbon input scaled to Region 1 during 2002-2003.
The numbers in brackets represent the maximum range of uncertainty.

alization in the sediment of 12.6 g C m? yr! at 60
m water depth in the outer region of the fjord (Glud
et al., 2000; Chapter 8). The sum of the annual DIC
release and the sediment burial represent an expected
total input to the sediment of 20.5 g C m2 yr?, which
compares reasonably well with the vertical flux
measurement from the sediment trap of 17 g C m?
yr! obtained in present study.

Table 6.3 Annual carbon fluxes in the water column and
sediment.

gCm?yrt
aertical POC flux 17.0
DIC release from sediment (60 m) 12.6
bCarbon burial in sediment (60 m) 7.9
“Total (60 m) 20.5

3 This study
9 Glud et al. (2002) and Chapter 8).
9 Sum of sediment DIC release and burial

6.4 Acknowledgements

This work was financially supported by DANCEA (the
Danish Cooperation for the Environment in the Arctic)
under the Danish Ministry of the Environment. This
work is a contribution to the Zackenberg Basic and
Nuuk Basic programs in Greenland. Aage V Jensen
Charity Foundation is thanked for providing financial
support for research facilities in Young Sound.

Anna Haxen helped with linguistic corrections
and three reviewers made valuable comments that
improved the manuscript.

118

6.5 References

Atkinson, E. R. & Wacasey, J. W. 1987. Sedimentation in
Arctic Canada: particulateorganic carbon flux to a shal-
low marine benthic community in Frobisher Bay. Polar
Biol. 8: 3-7.

Bauerfeind, E., Garrity, C., Krumbholz, M., Ramseir, R. O.
& Voss, M. 1997. Seasonal variability of sediment trap
collections in the Northeast Water Polynya. Part 2. Bio-
chemical and microscopic composition of sedimenting
matter. J. Mar. Sys. 10: 371-389.

Bauerfeind, E., Leipe, T. & Ramseier, R. O. 2005. Sedimen-
tation at permanently ice-covered Greenland continental
shelf (74°57.7°/12°58.7"W): significance of biogenic and
lithogenic particles in particulate matter flux. J. Mar. Sys.
56: 151-166.

Benner, R., Benitez-Nelson, B., Kaiser, K. & Aman, R. M.
W. 2004. Export of young terrigenous dissolved organic
carbon from rivers to the Arctic Ocean. Geophys. Res.
Lett. 31: Art. No. L05305 Mar 10 2004.

Berg, P., Rysgaard, S. & Thamdrup, B. 2003. General
dynamic modeling of early diagenesis and nutrient
cycling; Applied to an Arctic marine sediment. J. Am.
Science 303: 905-955.

Cappelen, J., Jargensen, B. V., Laursen, E. V., Stannius,
L. S., & Thomsen, R. S. 2001. The Observed Climate
of Greenland, 1958-99 — with Climatological Stand-
ard Normals, 1961-90. Danish Meterological Institute,
Copenhagen, Technical Report 00-18.

Dalsgaard T., Nielsen L. P., Brotas V., Viaroli P., Under-
wood G., Nedwell D., Sundbéck K., Rysgaard S., Miles
A., Bartoli M., Dong L., Thornton D. O. C., Ottosen L.
D. M., Castaldelli G. & Risgaard-Petersen N. 2000. Pro-
tocol handbook for NICE —Nitrogen cycling in estuaries:
a project under the EU research programme: Marine Sci-
ence and Technology (MAST II1). National Environmen-
tal Research Institute, Denmark, 62 pp.

Meddelelser om Grgnland « Bioscience 58



Fortier, M., Fortier, L., Michel, C. & Legendre, L. 2002.
Climatic and biological forcing of the vertical flux of bio-
genic particles under seasonal Arctic sea ice. Mar. Ecol.
Prog. Ser. 225: 1-16.

Glud, R. N., Risgaard-Petersen, N., Thamdrup, B., Fossing,
H. & Rysgaard, S. 2000. Benthic carbon mineralization
in a high-Arctic sound (Young Sound, NE Greenland).
Mar. Ecol. Prog. Ser. 206: 59-71.

Hargrave, B. T., Walsh, I. D. & Murray, D. W. 2002. Sea-
sonal and spatial patterns in mass and organic matter
sedimentation in the North Water. Deep-Sea Res. PII:
5227-5244.

Hasholt, B. & Hagedorn, B. 2000. Hydrology and geochem-
istry of river-borne material in a high Arctic drainage
system, Zackenberg, Northeast Greenland. Arct. Antarct.
Alp. Res. 32: 84-94.

Hebbeln, D. 2000. Flux of ice-rafter detritus from sea ice in
the Fram Strait. Deep-Sea Res. PlI, 47: 1773-1790.

Hebbeln, D. & Wefer, G. 1991. Effects of ice coverage and
ice-rafteed material on sedimentation in the Fram Strait.
Nature 350: 409-411.

Hobson, K. A. & Welch, H. E. 1992. Determination of
trophic relationships within a high Arctic marine food
web using 6**C and &'°N analysis. Mar. Ecol. Prog. Ser.
84:9-18.

Honjo, S., Manganini, S. J. & Wefer, G. 1988. Annual parti-
cle flux and winter outburst of sedimentation in the north-
ern Norwegian Sea. Deep-Sea Res. PlI, 35: 1223-1234.

Horner, R. & Schrader, G. C. 1982. Relativ contributions
of ice algae, phytoplankton, and benthic microalgae to
primary production in nearshore regions of the Beaufort
Sea. Arctic 35: 485-503.

Kéhler, H., Meon, B., Gordeev, V. V., Spitzy, A. & Amon,
R.M.W. 2003. Dissolved organic matter (DOM) in the
estuaries of Ob and Yenisei and the adjacent Kara-Sea,
Russia. — In: R. Stein, Fahl, K., Fltterer, D.K., Galimov,
E.M., & Stepanets, O.V. (eds.). Siberian river run-off in
the Kara Sea. Proc. Mar. Sci. 6: 281-308.

Madsen, S. D., Nielsen, T. G. & Hansen, B. W. 2001. Annual
population development and production by Calanus fin-
marchicus, C. glacialis and C. hyperboreus in Disko Bay,
western Greenland. Mar. Biol. 139: 75-93.

Ploug, H. & Grossart, H.-P. 2000. Bacterial growth and
grazing on diatom aggregates: Respiratory carbon turn-
over as a function of aggregate size and sinking velocity.
Limnol. Oceanogr. 45: 1467-1475.

Meddelelser om Grgnland « Bioscience 58

Rachold, V., Eicken, H., Gordeev, V. V., Grigoriev, M. N.,
Hubberten, H.-W., Lisitzin, A. P.,, Shevchenko, V. P. &
Schirrmeister, L. 2004. Modern terrigenous organic carbon
input to the Arctic Ocean. — In: Stein, R. & Macdonnald,
R. W. (eds.). The organic carbon cycle in the Arctic Ocean.
Springer-Verlag Berlin Heidelberg, 33-55 pp.

Rasch, M., Elberling, B., Jakobsen, B. H. & Hasholt, B. 2000.
High-resolution measurements of water discharge, sediment,
and solute transport in the river Zackenbergelven, Northeast
Greenland. Arct. Antarct. & Alp. Res. 32: 336-345.

Rysgaard S., Thamdrup B., Risgaard-Petersen N., Berg P,,
Fossing H., Christensen P. B. & Dalsgaard T. 1998. Sea-
sonal carbon and nitrogen mineralization in the sediment
of Young Sound, Northeast Greenland. Mar. Ecol. Prog.
Ser. 175: 261-276.

Rysgaard, S., Frandsen, E., Sejr, M. K., Dalsgaard, T., Blicker,
M. E. & Christensen, P. B. 2005. Zackenberg Basic: The
marine monitoring programme. In: Rasch, M. & Caning,
K (eds.). Zackenberg ecological research operations 10"
annual report, 2004. Danish Polar Center, Ministry of Sci-
ence, Technology and Innovation, Copenhagen, 85 pp.

Rysgaard, S., Kiihl, M., Glud, R. N. & Hansen, J. W. 2001.
Biomass, production, and horizontal patchiness of sea ice
algae in a high-Arctic fjord (Young Sound, NE-Green-
land). Mar. Ecol. Prog. Ser. 223: 15-26.

Rysgaard, S., Nielsen, T. G. & Hansen, B. 1999. Seasonal vari-
ation in nutrients, pelagic primary production and grazing
in a high-Arctic coastal marine ecosystem, Young Sound,
Northeast Greenland. Mar. Ecol. Prog. Ser. 179: 13-25.

Rysgaard, S., Vang, T., Stjernholm, M., Rasmussen, B.,
Windelin, A. & Kiilsholm, S. 2003. Physical conditions,
carbon transport and climate change impacts in a NE
Greenland fjord. Arct. Antarct. Alp. Res. 35: 301-312.

Sampei, M., Sasaki, H., Hattori, H., Kudoh, S., Kashino, Y.
& Fukuchi, M. 2002. Seasonal and spatial variability in
the flux of biogenic particles in the North Water, 1997-
1998. Deep-Sea Res. PII 49: 5245-5257.

Shiklomanov, I. A. 1998. Comprehensive assessment of
the freshwater resources of the World: Assessment of
eater resources and water availability in the World.
WMO,UNDP, UNED, FAQ et al., WMO, Geneva, 88 pp.

Urban-Rich, J. 1999. Release of dissolved organic carbon
from copepod fecal pellets in the Greenland Sea. J. Exp.
Mar. Biol. 232: 107-124.

Wassmann, P., Peinert, R. & Smetacek, V. 1991. Patterns

of production and sedimentation in the boreal and polar
Northeast Atlantic. Polar Res. 10: 209-228.

119





